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Author’s Note
◆

This book began with a question that would not let go: why has a civilisation so manifestly gifted at 
invention so often failed to keep what it invented? India gave the world crucible steel and the zero, 
near-calculus and the rules of grammar, and watched the value, the name, and the fortune drift to 
others. And yet, in our own decade, the same country has built digital public infrastructure that a 
billion people use and that other nations now adopt under India’s own name. The distance between 
those two facts — between the spark and the tap, between Wootz and UPI — is the subject of these 
pages.

I owe an obvious and happy debt to Vaclav Smil, whose Invention and Innovation: A Brief History of 
Hype and Failure showed me that a clear-eyed account of technological progress must count its 
failures as honestly as its triumphs. I have tried to honour that discipline throughout, and nowhere 
more than in the chapter that bears its mark most plainly. If this book has a single methodological  
commitment,  it  is  to  refuse both of  the easy stories  — the triumphalism that  flatters  and the 
victimhood that excuses — in favour of the harder one that is merely true.

The argument that emerged is simple to state and, I hope, harder to dismiss. For a nation at India’s  
stage, innovation — the adaptation, improvement, and scaling of knowledge that already exists — is 
a  cheaper  and  surer  path  to  prosperity  than  frontier  invention,  which  should  be  approached 
deliberately and later. But the journey taught me to sharpen that claim in one crucial way: India’s 
deepest and most distinctive genius has always been institutional invention — the design of new 
arrangements  for  organising  human  affairs,  from  the  guild  and  the  bill  of  exchange  to  the 
Constitution and India Stack. That is the kind of invention India can lead at now, and it is the most 
likely shape of whatever it invents next.

A word on what this book is not. It is not a work of original scholarship, and it leans gratefully on the 
historians, economists, and scientists whose findings it synthesises. It is not a polemic for any party or 
programme; where I have views I have tried to mark them as such and to give the other side its due. 
And it is not a prophecy. The possibilities it describes are real but conditional — earned only if the 
rungs are climbed and the discipline held.

It is written for the practitioner as much as the reader: for those who build enterprises, run schools, 
shape policy, and direct the scarce capital of philanthropy toward the public good. To that end each 
framework and strategy chapter closes with questions for reflection and a note for the practitioner, 
and each historical chapter with a short ledger of what was invented, whether it was scaled, and 
which rungs of development it moved. My hope is modest and serious in equal measure: that a reader 
who finishes these pages will  measure India — and their own work within it  — not against a 
borrowed yardstick, but against the genius India actually has.
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C H A P T E R  1

The Argument in a Spark and a Tap
◆

A civilisation is not measured only by what it discovers, but by what it  
manages to keep, to spread, and to own. India has always been rich in the  

first. This book is about the other three.

Two objects sit at the far ends of this book’s title, separated by more than two thousand years. One is a 
small grey ingot of steel, cooled slowly inside a sealed clay crucible somewhere in the south of the 
peninsula, around the time of the Buddha. The other is a number flickering on a phone screen in a 
vegetable market in Surat this morning — a payment confirmed, a balance updated, a transaction 
settled between two strangers’ banks in the time it takes to hand over a bag of okra.

The ingot is Wootz. The number is UPI. Between them lies the entire argument of this book, and it is 
worth stating plainly at the outset, before the evidence is laid out, because everything that follows is 
in service of it: India has, for most of its history, been extraordinarily good at invention and 
surprisingly poor at innovation. It  has discovered,  again and again,  ideas and materials and 
methods that the rest of the world coveted — and then watched the value, the scale, and the credit  
drift elsewhere. UPI is one of the rare and recent occasions on which India did the whole thing: 
invented, scaled, and kept the value at home. Understanding the distance between the spark and the 
tap — why it took so long, what closed it, and what it teaches — is the work of the chapters ahead.

A Sword That Held an Edge the World Couldn't Match

Begin with the steel.

For close to two millennia, the finest cutting edge available anywhere on earth came out of South 
India. The metal was a high-carbon crucible steel — carbon content somewhere between one and two 
per cent, far above ordinary steel — produced by sealing iron together with carbon-rich material 
such as wood and leaves inside a clay crucible and heating it slowly. The smelting centres were spread 
across what are today Tamil Nadu, Andhra Pradesh, and Karnataka, wherever good ore and fuel met. 
The Kannada and Telugu word for steel was ukku. European travellers recorded the crucible process 
from the seventeenth century onward, but the name we now use is later still: Wootz, an anglicised 
mangling of ukku, appears in print only towards the close of the eighteenth century — in a 1795 paper 
read before London’s Royal Society.

What made Wootz extraordinary was not just its hardness but the pattern it carried — a watery,  
rippling banding across the blade, formed as carbides segregated during slow cooling and forging. 
Forged into swords in the workshops of the Middle East, this metal became the legendary Damascus 
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blade, the stuff of crusader nightmares and bazaar poetry: a sword said to cleave a helmet without 
dulling its edge and then slice a silk scarf drifting down onto it. The reputation was not mere legend. 
Centuries later, in 2006, a study published in  Nature examining an old Damascus sabre reported 
carbon nanotubes within its structure — a finding that, handled carefully and without the breathless 
overstatement it sometimes attracts, suggests these craftsmen had stumbled, through pure empirical 
mastery, onto material structures that modern science only named in our own lifetimes.

So here was a genuine, world-beating invention: a material no one else could make, produced for two 
thousand years, exported across Asia, the Arab world, and Europe. By the late seventeenth century, 
Wootz ingots were leaving the peninsula by the tens of thousands.

And yet. Read that last sentence again, because the tragedy is hidden inside it. They left as ingots. The 
raw material went out; the famous object came back stamped with someone else’s city. The blade that 
conquered the world’s imagination is not called the Golconda blade or the Mysore blade. It is called 
the Damascus blade — named for the Syrian forging-and-trading hub that turned India’s invention 
into a finished, branded, premium product. The twelfth-century geographer al-Idrisi could write that 
nothing surpassed the edge of Indian steel, and he was right about the steel — but it was Damascus 
that owned the name, the market, and the mystique. India invented the substance and exported the 
value.

And then it lost even the substance. The crucible technique was unforgiving: heat the billet a little too 
high in the forge and the magic vanished, leaving ordinary steel. The knowledge lived in the hands 
and intuition of artisans, not in transmissible, codified, scalable process. As demand shifted and 
colonial  extraction  reorganised  the  economy,  the  chain  of  master-to-apprentice  transmission 
thinned and finally snapped. By the nineteenth century, European metallurgists — Faraday among 
them — were running experiments trying to reverse-engineer a material India had been making since 
before Rome. The invention had been so poorly institutionalised that its own civilisation forgot how 
to make it.

Hold  that  image.  A  supreme  invention,  exported  as  a  commodity,  branded  by  foreigners,  and 
ultimately lost. It is the oldest pattern in this book.

A Tap That Moved a Billion Rupees Before Lunch

Now jump across the centuries to the okra.

A vegetable seller in a Surat market today does not keep a cash box the way her mother did. A 
customer points a phone at a printed QR code taped to the cart, taps twice, and a chime confirms the 
money has moved — not a token, not an IOU, but actual rupees, transferred from the buyer’s bank 
account to the seller’s, cleared and settled in real time, at no cost to either of them. Neither party 
thinks about it. That unthinking ordinariness is the whole achievement.
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The system underneath is the Unified Payments Interface — UPI — built by a not-for-profit, the 
National Payments Corporation of India, and launched in 2016. It is worth pausing on what it actually 
is, because it is easy to mistake it for “an app.” It is not an app. It is a set of open rails — a public 
protocol that any bank and any payment app can plug into, so that money moves between them as 
freely as email moves between providers. PhonePe, Google Pay, Paytm, a dozen others: these are 
merely storefronts sitting on top of one shared, public piece of national plumbing.

The scale this plumbing now carries is difficult to hold in the mind.

SIDEBAR — UPI by the numbers (May 2026)
• 23.2 billion transactions processed in a single month

• 29.9 trillion₹  in total value moved that month — a record

• 737.79 million transactions on an average day

• roughly 84,000 crore₹  moving every single day

• around 90% of India’s retail digital payment volume

• and these figures exclude newer credit-on-UPI flows, so real usage runs higher still

Source: National Payments Corporation of India (NPCI) monthly data, May 2026.

Read the headline of that box slowly. The title of this section is not hyperbole. UPI does not move a  
billion rupees before lunch. On an ordinary day it moves something on the order of forty thousand 
crore before lunch — and does it for a street vendor and a billionaire on identical, free, instant terms.

But the number is not the point. The point is what kind of thing UPI is, because it is the mirror image 
of  Wootz in every respect  that matters.  Wootz was a physical  material;  UPI is  an institutional 
arrangement — a protocol, a set of rules, a standard, a public good. Wootz was held in the tacit skill of 
artisans and lost; UPI is codified, documented, open, and endlessly reproducible. Wootz was exported 
as a raw commodity and branded by others; UPI was built, scaled, and owned at home — and is now 
being  exported as a standard, adopted or studied by other nations rather than the reverse. With 
Wootz, India invented and let the value escape. With UPI, India invented, innovated, scaled, and kept 
the value. It took, give or take, twenty-five centuries to close that gap.

That gap, and its closing, is the subject of this book.

The Pattern Between Them: Invent, Rarely Scale

Set the sword and the tap side by side and a pattern declares itself — one that will recur, with  
variations, through every era we examine.

India has rarely lacked for ingenuity. The chapters ahead are crowded with it: the zero and place-
value notation that rewired the world’s mathematics; the surgical traditions of Sushruta; Panini’s 
grammar, so formally precise it reads today like a description of a computing machine; the rust-
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defying iron of the Delhi pillar; the Kerala school of mathematicians who brushed against calculus 
two centuries before Newton. Later: world-class twentieth-century physics conducted on threadbare 
budgets;  a  space programme that reached Mars on its  first  attempt for less than the cost  of  a 
Hollywood film about reaching Mars.

What India has  historically lacked is the second step — the unglamorous, institutional,  capital-
hungry, system-building work of turning a discovery into a product, a product into an industry, and 
an industry into durable national advantage. Invention is a flash of the individual mind or the 
inspired workshop. Innovation, in the sense this book will use the word, is a system: capital willing to 
take risk,  institutions that enforce contracts and protect  ideas,  markets that reward the scaler, 
education that renews the talent pool, infrastructure that lets a good idea travel. Wootz failed at 
precisely this second step. UPI, finally, did not.

It would be too neat — and untrue — to say India has only now learned the second step. There were 
earlier exceptions, and they are among the most important stories in this book: the Green Revolution 
that fed a nation, the cooperative that became Amul, the Constitution itself. Tellingly, several of those 
exceptions were not gadgets or materials at all, but institutional inventions — new arrangements of 
people, incentives, and rules. We will return to why that is no coincidence. For now, hold only the 
shape of the thing: in India, the spark has been common and the system rare, and the central drama 
of the country’s material history is the long, uneven, still-incomplete effort to build the system that 
lets the spark become more than a memory.

Two Axes for the Whole Book

To navigate that drama without getting lost, this book will use a simple map — two axes, on which 
almost everything we discuss can be located. Keeping them distinct is what keeps the argument 
honest, so it is worth fixing them clearly now. They will reappear, by name, throughout.

The first axis is newness: invention versus innovation. At one end sits invention — the discovery 
of genuinely new knowledge, a thing or idea that did not exist before. At the other sits innovation — 
the  application,  adaptation,  recombination,  and  scaling  of  knowledge  that  already  exists,  into 
something useful and widely adopted. The economist Joseph Schumpeter drew the chain a century 
ago: invention → innovation → diffusion. A lone discovery changes nothing until someone turns it into 
a usable offering (innovation) and that offering spreads through society (diffusion). This axis carries 
the book’s central strategic claim, which Chapter 3 will argue in full and the closing chapters will pay 
off: for India at its present stage of development, innovation is a dramatically cheaper and 
faster path to prosperity than frontier invention — and the time to bet heavily on invention 
comes later, once the rungs below it are climbed. This is not a counsel of modesty. It is a reading 
of India’s own track record.

*The second axis is  domain: what  kind of  thing is being invented.  Here there are three families.  
Technological inventions are things and processes — Wootz steel, a vaccine, a rocket. Social inventions  
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are  new  arrangements  of  human  behaviour  —  marriage,  money,  the  very  idea  of  democracy.  
Institutional  or  hybrid*  inventions  sit  across  social  science and economics  — the independent 
judiciary, the bank, the limited-liability corporation, the cooperative. Chapter 2 takes this axis apart 
in detail, because the inventions that change the most lives are very often the invisible ones in this 
third family, and they are systematically under-credited precisely because no single person can be 
named as their inventor.

The two axes are independent, and that independence is the analytical engine of the book. Any 
achievement can be placed on both at once. Wootz: a technological invention (axis two) that India 
failed to  innovate and scale (axis one). UPI: an  institutional invention (axis two) that India  did 
innovate, scale, and own (axis one) — the rare full house. Hold these two rulers in your mind, and the 
long sweep from the crucible to the QR code stops being a parade of disconnected marvels and 
becomes a single, legible story with a measurable plot.

How to Read What Follows

A word, finally, on the shape of the journey and how to travel it.

This book is deliberately front-loaded. The deep past matters and is treated with respect, but it is 
treated briskly: the ancient and colonial chapters are compressed, because the lessons that can 
actually be used — by a policymaker, a philanthropist, an educator, a founder, a public servant — live 
overwhelmingly in the modern and contemporary record. The largest part of the book sits in the years 
after 1991, where the commercial and institutional lessons are sharpest and where the gap between 
spark and system was, at last, decisively narrowed in places.

Three threads run the length of the book, and it helps to know them in advance. The first is the 
invention-versus-innovation distinction just introduced — the spine. The second is a recurring 
taxonomy of invention — technological, social, institutional — that will keep surfacing the under-
credited institutional achievements that turn out to be India’s real comparative strength. The third is 
a ladder of development, introduced in Chapter 4, a frank inventory of the factors a nation must 
climb through to move from developing to developed — education, infrastructure, productivity, the 
rule of law, capital, the innovation system, and more. That ladder becomes the scorecard against 
which every era in this book is honestly assessed. From the historical chapters onward, each one 
closes with a short reckoning — The Ledger — that asks the same three questions of its era: What did 
India invent? Did it manage to innovate and scale it? And which rungs of the development ladder did 
it actually move?

Read the book straight through and it tells a story. But it is also built to be read in fragments by busy 
people, which is why each chapter carries a little visible furniture — a data sidebar, a one-line 
takeaway,  and,  in  the  framework  and  strategy  chapters,  a  few  questions  to  think  with  and  a 
practitioner’s note. Use whichever rhythm suits you. The argument survives both.
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We begin, then, not with a triumph but with a tension — a sword the world couldn’t match and then 
forgot, and a tap so ordinary no one notices the miracle. The distance between them is the distance 
India has travelled, and the distance it has yet to go.

Takeaway.  India’s historical weakness was never invention — it was the system that turns 
invention into scaled, owned, durable advantage. Wootz shows the old failure; UPI shows the gap 
can be closed. The rest is a study of how, and how to do it again on purpose.

Questions for Reflection

1.  Wootz left India as a raw ingot and returned, in effect, as a foreign-branded premium 
product. Where in today’s Indian economy is the same pattern still playing out — value 
invented here but captured elsewhere?

2.  UPI succeeded partly because it was built as open public infrastructure rather than a private 
product. What other national problems might yield to that same design choice?

3.  The chapter claims several of India’s greatest successes were institutional inventions rather 
than technological ones. Before reading further, which examples would you nominate — and 
why are they so easily overlooked?

4.  If innovation is genuinely the cheaper path for India now, what is the risk of a nation telling 
itself that story for too long, and never making the harder bet on invention?

For the Practitioner

If your work touches education, philanthropy, government, or enterprise, the operative lesson of this 
chapter  is  not  historical  but  immediate:  invention is  cheap to  celebrate and expensive to 
capture. When you fund a breakthrough, back a founder, or design a programme, ask the Wootz 
question before the work begins — who will own the value once this succeeds, and what system needs 
to exist for that owner to be us? A discovery with no path to scale, no protection, no transmissible 
process, and no capital behind it is a Wootz ingot: admirable, exportable, and ultimately someone 
else’s brand. Build the second step into the plan from the first day, or be prepared to watch the edge 
you forged get its name from another city.

End of Chapter 1.
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C H A P T E R  2

A Taxonomy of Human Invention
◆

We raise statues to the people who invent engines, and almost none to the 
people who invent rules. Yet it is the rules that decide whether the engines  

are ever built.

In the last chapter, a sword and a payment system stood in for the whole argument of this book. But 
notice something about that pairing that we passed over quickly: the two things are not the same kind 
of thing at all. One is a metal. The other is an agreement. Wootz you could hold in your hand and drop 
on your foot; UPI you cannot hold at all — it is a set of rules about how money is allowed to move, 
written down and agreed upon, with no physical existence beyond the servers and the law. And yet 
this book insists on calling both of them inventions, and on judging India by its record at producing 
both.

That insistence needs defending, because the ordinary idea of “invention” is far too narrow to carry 
the weight  this  book places  on it.  So  before  we travel  through twenty-five  centuries  of  Indian 
ingenuity, we need a better map of what ingenuity even is. This chapter draws that map. It is the 
second of our two axes — the domain axis — opened up and examined, and it matters more than it 
might first appear, because the entire thesis of the book turns on a category of invention that most 
people do not think of as invention at all.

Beyond the Gadget: What Counts as an Invention

Ask anyone to picture an invention and the mind reaches for an object. The light bulb. The telephone. 
The wheel. A patent drawing with dotted lines and a part numbered 14. Invention, in the popular 
imagination, is a thing — preferably a thing with a clever inventor, a eureka moment, and a year 
attached.

This picture is not wrong so much as it is dangerously incomplete. It captures one family of invention 
and quietly hides two others that are, by almost any measure of human consequence, far more 
important. The reason the narrow picture persists is worth naming, because the same bias will distort 
how we read India’s whole history if we let it. We celebrate the gadget because the gadget is visible, 
attributable, and ownable. You can photograph it, name its inventor, and patent it. An arrangement 
— a  custom,  a  law,  a  market,  a  constitution — has  none of  these  conveniences.  It  cannot  be 
photographed, rarely has a single author,  and usually cannot be owned. So it  slips beneath the 
threshold of what we honour as invention, even when it has reshaped more lives than any machine.
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Let us therefore adopt a wider and more honest definition. An invention is any new and reproducible  
solution to a recurring human problem — whether that solution is made of metal or of rules. A plough 
and a property law are both inventions:  each is a deliberate human contrivance,  each solves a 
problem that recurs across generations, and each can be copied, taught, and spread. The plough 
moves earth; the property law moves incentives. Both are technologies. One is simply made of a 
harder material than the other.

With that definition in hand, three families come into view.

Technological Inventions: Things and Processes

The first family is the familiar one — technological invention — and it has two branches that are 
worth separating, because the second is chronically under-credited.

The first branch is the  artefact: a new object. Wootz steel, the transistor, the printing press, the 
vaccine, the wheel. These are the inventions our museums display and our schoolbooks list. The 
second branch is the process: a new method or technique. The crucible smelting that made Wootz 
possible was itself a process invention, distinct from the steel it produced. The Haber–Bosch method 
for fixing nitrogen from the air did not give us a new object — it gave us a new way, and that way now 
feeds a large share of humanity through synthetic fertiliser. The Bessemer process did not invent 
steel; it invented a way to make steel cheaply, and in doing so remade the industrial world.

The lesson hiding in that distinction will recur throughout this book: the method often matters more 
than the object, and yet the object gets the glory. A society can possess a marvellous artefact and still 
lose everything if it never masters — or never transmits — the process behind it. That is precisely 
what happened to Wootz. India had the object and even the process, but held the process as tacit craft 
rather than codified method, and so it could not be defended, scaled, or recovered once the chain of 
hands was broken.

Technological inventions are the easiest of the three families to attribute, to date, and to own. That 
convenience is exactly why they dominate our idea of invention — and exactly why a book about 
India’s true strengths must be careful not to stop here.

Social Inventions: Marriage, Money, Democracy

The second family has no physical existence at all. A social invention is a new and durable pattern of 
coordinated human behaviour that solves a collective problem — an arrangement, not an artefact. It 
is invented not in a workshop but in the slow negotiation of how people agree to live together. Three 
examples show its range and its power.

Consider marriage. We tend to think of it as natural, even eternal — but it is a contrivance, and a 
brilliant one. Marriage is a social technology for organising the hardest problems a community faces: 
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who raises the children, how property passes between generations, how kinship binds strangers into 
alliances,  how sexual  access and obligation are regulated.  That its  form varies so wildly across 
cultures and eras — monogamous and polygamous, arranged and chosen, patrilineal and matrilineal 
— is the proof that it is designed, not given. Each variant is a different engineering solution to the 
same set of human problems.

Consider money. Before money, exchange depended on the double coincidence of wants: I have grain 
and need cloth, and I must find someone who has cloth and needs grain. Money is the abstraction that 
dissolves that impossible search — a shared agreement that a token carries value, accepted by all, 
redeemable against  anything.  It  is  arguably the single  most  consequential  invention in human 
history, and it is pure social agreement: a coin is worth something only because everyone consents to 
the fiction that it is. From commodity money to the first coined currency to paper to the digital 
balances UPI now moves, money has been reinvented again and again, each version a social invention 
layered on the last.

Consider democracy. It is a social invention for the oldest and most dangerous problem of all: how a 
community makes binding collective decisions, and how power changes hands, without bloodshed. 
The Athenians built one version; the modern representative republic is a much later reinvention of 
the idea, not a direct inheritance of it. India’s own adoption of democracy at extraordinary scale — a 
subject we return to in Chapter 9 — is itself one of the boldest social inventions of the twentieth  
century, whatever its imperfections.

Here is the point to hold onto: social inventions are frequently  more consequential than gadgets, 
because they are the operating system on which the gadgets run. Money, marriage, and democracy 
have shaped more lives, more deeply, than almost any machine ever built.

Hybrid Inventions: Judiciary, Banking, the Corporation

The third family sits across the line between the social and the economic, and it is the one this book 
will lean on most heavily. A hybrid — or institutional — invention is a formalised arrangement, with 
explicit  rules,  defined  roles,  and  machinery  for  enforcement,  that  fuses  social  agreement  with 
economic function. These are inventions of social science and economics together, and three of them 
built the modern world.

The  independent judiciary is  an invention for  resolving disputes  and constraining power by 
impartial rule rather than by force or favour. The germ of the idea is ancient — Hammurabi’s code, 
carved nearly four thousand years ago, was an early attempt to put law above the whim of the 
powerful — but the genuinely radical move, the notion of a court independent of the ruler who 
appointed it, is a slow institutional achievement that most of history did without. It is invisible, it has 
no single inventor, and it underwrites everything from a property sale to a free election.

Banking is the invention of credit at scale: the discovery that idle savings can be pooled, lent, and 
turned into productive capital, and that trust itself can be made into an instrument. India’s own 
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hundi — a transferable bill of exchange that moved money across the subcontinent without moving a 
single coin — was a sophisticated piece of this invention centuries before European banks, and we 
will return to it in Chapter 6. Banking’s quiet companion was an accounting breakthrough: double-
entry bookkeeping, codified by the Italian friar Luca Pacioli in 1494, though merchants had used it 
earlier. It looks like mere arithmetic. It was in fact a revolution — a method for making an enterprise 
legible to itself, without which large-scale commerce is simply impossible.

The  corporation may be the most powerful hybrid invention of all. The joint-stock company — 
pioneered at scale by the Dutch East India Company in 1602, the first to sell tradable shares to the 
public — solved the problem of pooling capital from strangers. Limited liability, codified in English 
law in the mid-nineteenth century,  added the masterstroke:  it  capped an investor’s  risk at  the 
amount invested, so that ordinary people could fund grand ventures without wagering their homes. 
This legal fiction — a company treated as a person, able to own, contract, sue, and outlive its founders 
— is so fundamental that it has been called, with some justice, the most important invention of the 
modern commercial era. No machine did more to make industrial capitalism possible than this 
arrangement of words.

SIDEBAR — The three families at a glance

Family What it is Examples Can you name the 
inventor?

Can you patent it?

Technological A new object or 
process

Wootz steel, the 
vaccine, the 
Bessemer process

Usually yes Usually yes

Social A new pattern of 
human behaviour

Marriage, money, 
democracy

Almost never No

Hybrid / 
Institutional

A formal 
arrangement fusing 
social rule and 
economic function

Judiciary, banking, 
the corporation, 
UPI

Rarely, and only 
partly

Almost never

Note the pattern down the right-hand columns: the further a family sits from the gadget, the harder it is to attribute 

and to own — and, as the next sections argue, the more lives it tends to touch.

Why the Invisible Inventions Matter Most

Read down the right-hand side of that table and a quiet scandal reveals itself. The inventions that are 
hardest to attribute and impossible to patent are, again and again, the ones that touch the most 
human lives.
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Weigh it honestly. Which has shaped more lives — the light bulb, or money? The jet engine, or the  
rule  of  law? A particular  wonder  drug,  or  the  institution of  the  limited-liability  company that 
financed the laboratory which produced it? In each pairing, the visible gadget is dwarfed by the 
invisible arrangement. The arrangement is the soil; the gadget is a single plant grown in it. We 
photograph the plant and ignore the soil.

This is not an argument against technological invention — the world plainly needs both, and the most 
prosperous  societies  are  the  ones  that  produce  them  together.  It  is  an  argument  against  a 
measurement error with serious consequences. If we count invention only by what we can patent and 
display — by labs, patents, and gadgets — we systematically undervalue the institutional invention 
that may be a society’s true comparative strength. And for India, that measurement error is not 
academic. It is the difference between a nation that thinks its only path to greatness runs through 
frontier  laboratories,  and  a  nation  that  recognises  it  has  been  quietly  brilliant  at  institutional 
invention for three thousand years — from ancient republics and guilds to the cooperative, the 
Constitution, and the digital public infrastructure that now moves a fifth of the world’s real-time 
payments. That recognition is the seed of this book’s central strategic claim, and we will not let it out 
of sight.

The Attribution Problem: Who Invents a Custom?

There remains a puzzle that explains the whole bias, and it is worth ending on, because naming it is 
the first step to correcting it.

A technological invention has an inventor, a date, and often a patent. We can say  Edison, 1879 or 
Bessemer, 1856 and feel we have located the thing in history. But who invented marriage? Who 
invented money? Who invented the panchayat, or the very idea that a court should be independent of 
the king? These questions have no answers,  because social and institutional inventions are not 
authored — they  emerge,  accreted over generations from countless small  adjustments,  with no 
founder to credit and no moment to date.

This is the attribution problem, and it has a cost that ripples through everything. Credit shapes what 
societies celebrate, and celebration shapes what they fund, protect, and teach. We built an entire 
global  apparatus — the patent  system — to reward and protect  the gadget-inventor,  precisely 
because we can identify and date the gadget. We built nothing comparable to reward the institution-
builder, because we cannot point to a single one. So the institutional inventor labours unseen, the 
institutional invention is taken for granted as if it had always existed, and a society that excels at this 
kind of invention may never realise that it possesses a gift worth cultivating on purpose.

This matters enormously for the chapters ahead. India’s institutional inventions — the ancient 
ganasangha republics,  the merchant  shreni,  the  panchayat,  the  hundi,  and in our own age the 
Constitution,  the  cooperative  movement,  and  India  Stack  —  are  systematically  under-credited, 
abroad and, more damagingly, at home. To see them clearly as inventions, equal in dignity to any 

15



W O O T Z  T O  U P I

sword  or  rocket,  is  not  a  rhetorical  flourish.  It  is  the  necessary  first  step  toward  doing  them 
deliberately, at scale, as a matter of national strategy rather than happy accident. From here on, this 
book treats institutional invention as a first-class achievement — and you will find, by the end, that 
this reframing is not a side argument but the spine of the case for how India should climb.

Takeaway.  The inventions that move the most lives are usually the ones with no inventor’s name 
attached — money, the rule of law, the corporation. India’s deepest genius has long been of this 
invisible, institutional kind. Recognising it as genuine invention is the first step to practising it on 
purpose.

Questions for Reflection

1.  Take one institution you use without thinking — a bank account, a marriage certificate, a 
limited company, an independent court. Try to imagine the world before it was invented. 
What problem did its inventors actually solve?

2.  The chapter argues that process inventions matter more than artefacts but get less credit. 
Where in your own field is the valuable, transmissible method being neglected in favour of 
the showy thing?

3.  If patents reward gadget-inventors and nothing comparable rewards institution-builders, 
what might a society do to honour and incentivise institutional invention?

4.  India is described as a chronic institutional inventor. Before the historical chapters make 
the case, which Indian institutions — ancient or modern — would you nominate as genuine 
inventions, and why are they so rarely described that way?

For the Practitioner

The working lesson here is a reframing of your own role. If you lead a trust, a school, a department, or 
an enterprise, you are almost certainly an institutional inventor — designing rules, incentives, and 
arrangements  — whether  or  not  you have  ever  called  yourself  one.  Treat  that  work with  the 
seriousness reserved for invention. When you design a grant programme, a governance structure, a 
cooperative, or a public service, you are building something as real and as consequential as any 
machine, and the same disciplines apply: it must solve a recurring problem, it must be reproducible 
and teachable, and it must be designed to be transmitted rather than held in one person’s head — or 
it will share the fate of Wootz. The most enduring thing you build will likely not be a thing at all.  
Budget for it, document it, and protect it accordingly.
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End of Chapter 2.

17



W O O T Z  T O  U P I

C H A P T E R  3

Invention vs Innovation: Discovery vs 
Application

◆

The discoverer asks whether a thing can be done at all. The innovator asks  
whether it can be done here, cheaply, for everyone, and by next year. These  

are different questions — and they do not cost the same to answer.

We have now established two axes. The first chapter promised that the more important of them — 
the distinction between invention and  innovation — carries the strategic heart of this book. This 
chapter makes good on that promise. It is the most argumentative chapter in Part I, because here the 
book stops describing and starts claiming: that for India, at this moment in its development, the path 
to prosperity runs far more through innovation than through invention,  and that this  is  not a 
confession of weakness but a reading of economic logic and historical precedent alike.

To make that claim stick, we need to leave the comfort of intuition and borrow some sharper tools 
from economics. Three bodies of thought — one Austrian, one American, one Asian — will do most of 
the work: Joseph Schumpeter on the anatomy of innovation, the theory of absorptive capacity on 
what it takes to borrow knowledge, and the catch-up growth literature on how poor countries have 
actually become rich. Each will be introduced in plain language first and named second, so that the 
argument leads and the scholarship serves.

Discovery and Application: Drawing the Line

Begin with the distinction itself, drawn as cleanly as the messy world allows.

Invention is the discovery of new knowledge — the creation of something, an idea or a thing or a  
method, that did not exist  before.  Its defining question is  “Is it  possible?” The transistor,  when 
Bardeen, Brattain, and Shockley built the first one at Bell Labs in 1947, was an invention in this pure 
sense: it answered a question no one had answered, that a small solid device could amplify and switch 
electrical signals.

Innovation is  the  application  of  knowledge  that  already  exists  —  adapting  it,  recombining  it, 
improving it, and above all carrying it into widespread, useful adoption. Its defining question is not 
“Is it possible?” but  “Can we make it useful, affordable, and available — here, now, at scale?”  The 
transistor radio that Japanese firms put into the hands of the world in the late 1950s invented no new 
physics. It was a triumph of innovation: of miniaturisation, manufacturing, cost, and market. The 
invention happened in America; an enormous share of the value was captured in Japan.
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Hold that example, because it is the whole book in a sentence. The line between the two is not always 
razor-sharp — a great innovation often demands minor inventions along the way, and the categories 
shade into each other at the edges. But the distinction is analytically indispensable, because invention 
and innovation answer different questions, demand different capabilities, carry different risks, and, 
crucially, cost wildly different amounts. To treat them as one thing — to lump them together as “R&D” 
or “tech” or “ingenuity” — is to lose the single most important strategic distinction a developing 
nation can make.

Schumpeter's Chain: Invention → Innovation → Diffusion

No one drew this line more forcefully than the Austrian economist Joseph Schumpeter, writing in the 
first half of the twentieth century, and it is worth sitting with his framework because it corrects three 
common errors at once.

Schumpeter insisted, first, that invention and innovation are different acts performed by different  
people. The inventor produces an idea; the entrepreneur carries it into economic reality. An invention 
that  never finds its  entrepreneur,  he argued,  is  economically  inert  — it  changes nothing until 
someone takes the risk of putting it to work. This is the first error corrected: the romantic belief that 
the discovery is the hard part. For Schumpeter, the discovery is merely the beginning; the doing is the 
achievement.

Second, Schumpeter defined innovation far more broadly than gadgets. In his early work he listed five 
distinct forms it could take: a new product, a new method of production, the opening of a new market, 
the capture of a new source of supply, and — tellingly — a new way of organising an industry. That 
last form matters greatly for this book, because it means institutional and organisational invention is  
innovation in the fullest Schumpeterian sense. The cooperative that became Amul, the open-protocol 
design  of  UPI:  these  are  Schumpeterian  innovations  as  surely  as  any  new engine.  Chapter  2’s 
“invisible inventions” are not a separate category from economic innovation; they sit at its very 
centre.

Third, and most famously, Schumpeter gave us creative destruction — the “perennial gale,” as he 
called it, by which new innovations sweep away the firms, industries, and ways of working they 
replace. Innovation is not merely additive; it is violent. The power loom destroyed the handloom 
weaver; digital payments are dismantling the cash economy and the businesses built around it. This 
is the engine of capitalist growth, and it has an uncomfortable corollary that India’s policymakers 
have often resisted: you cannot have the creation without the destruction. A society that protects its 
incumbents from the gale — as India did for decades, a story Chapter 12 tells — protects itself out of 
growth.

Add the third link in the chain — diffusion, the spread of an innovation through society — and the 
picture is complete: invention, then innovation, then diffusion. Here is the punchline that should 
reorder a nation’s priorities. The overwhelming majority of economic value and human welfare is 
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created not at the invention stage but in the innovation and diffusion stages. The inventor of the zero 
changed mathematics; the millions who learned to compute with it changed the world. Wootz is the 
cautionary version: India performed the invention and surrendered the innovation and diffusion — 
the forging, the branding, the markets — to others. Value lives downstream of discovery, and India 
has too often stood at the spring while others built the mills.

The Asymmetry of Cost and Risk

Now to the economic heart of the matter, and the reason the thesis is not merely patriotic consolation 
but sound strategy. Invention and innovation carry profoundly asymmetric costs and risks, and the 
asymmetry runs entirely in a developing nation’s favour.

Frontier invention is breathtakingly expensive, slow, and uncertain. It means funding a hundred 
laboratories so that one yields a breakthrough; it means tolerating failure as the normal case and 
success as the exception; it means deep pools of patient capital, a thick ecosystem of universities and 
specialists, and a willingness to lose money for years. The payoff is real but lottery-like, and most of 
the world’s nations have never been able to afford the ticket.

Innovation on existing knowledge is a fundamentally different proposition. Because someone has 
already answered “Is it possible?”, the innovator is spared the most expensive and uncertain question 
in the whole enterprise. What remains — making the thing cheaper, adapting it to local conditions, 
manufacturing it well, distributing it widely — is hard work, but it is bounded, lower-risk work with a 
visible target. You are no longer betting on whether the destination exists; you are only finding the 
cheapest road to it.

Economists have long recognised that this asymmetry hands a peculiar gift to latecomers. Alexander 
Gerschenkron,  studying  how  backward  economies  industrialised,  called  it  the  advantages  of  
backwardness:  a  nation  that  arrives  late  can  borrow  proven  technologies  wholesale,  skip  the 
pioneers’ dead ends and sunk costs, and so grow faster than the pioneers ever did. Raymond Vernon’s 
product life-cycle theory described the same dynamic from the other side — new products are 
invented in rich economies, but as they mature and standardise, their production migrates to lower-
cost nations, which capture the value of the diffusion stage. The lesson is consistent: for a poor 
country in a hurry, imitation and adaptation are not second-best.  They are the mathematically 
superior bet.

But there is a vital catch, and honesty requires foregrounding it rather than burying it. Borrowing 
knowledge is neither free nor automatic. In 1990, the management scholars Wesley Cohen and Daniel 
Levinthal gave the catch a name —  absorptive capacity — and a sharp definition: a firm’s, or a 
nation’s, ability to recognise the value of new external knowledge, assimilate it, and apply it. Their 
central,  counter-intuitive  finding  was  that  you  cannot  absorb  what  you  have  no  capacity  to 
understand. Absorptive capacity depends on prior related knowledge, which means a country must 
invest in education, skills, and even some research of its own — not in order to invent at the frontier, 
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but simply in order to borrow intelligently from those who do. This is the hinge on which the whole 
strategy turns, and it leads directly to the next chapter’s ladder: innovation-led catch-up is cheaper 
than frontier invention, but it is not cheap. It must be paid for in human capital.

SIDEBAR — What India actually spends on R&D

India’s gross expenditure on research and development (GERD) sits at roughly 0.64–0.65% of GDP — and 
has stayed in the 0.6–0.7% band for years. The comparison, drawn from India’s own Economic Survey 
2023–24, is stark:

Two further facts sharpen the picture. India’s spend is below the global average of roughly 1.8%. And of 
what India does spend, only about 36% comes from the private sector — against roughly 75–77% in 
China, Korea, and the United States. India’s research is thin, and what exists is disproportionately carried 
by the state.

Country R&D as % of GDP

Israel ~5.7%

South Korea ~5%

United States ~3.5%

China ~2.4%

India ~0.64%

Read one way, this is a weakness. Read another — the way this chapter argues — it is a map: India is not currently 

resourced to win at frontier invention, and its scarce capital is better deployed climbing the cheaper rung first.

The Central Thesis: Innovation Now, Invention Later

Assemble the pieces and the strategy assembles itself.

The cost-and-risk asymmetry says innovation is the cheaper bet.  Gerschenkron and Vernon say 
latecomers are positioned to win it. Cohen and Levinthal say winning it still requires investment in 
absorptive capacity, but far less than frontier invention demands. And India’s own R&D figures 
confirm that the country is, for now, structurally under-equipped for invention-led growth and far 
better suited to innovation-led growth. The conclusion is not modest and it is not defeatist: for India 
at its present stage, innovation is the rational priority, and frontier invention is a bet to be 
scaled up later — deliberately, on a schedule, as capacity is built.

This is precisely the path the successful catch-up economies actually walked, and it is worth naming 
their map because India is, in its own way, retracing it. In the 1930s the Japanese economist Kaname 
Akamatsu  described  what  became  known  as  the  flying-geese paradigm:  a  developing  economy 
advances through a sequence — first importing a product, then learning to produce it domestically, 
then exporting it, then moving up to the next, more sophisticated product as the lead “goose” vacates 
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the simpler one. Japan led; Korea, Taiwan, and Singapore followed in formation; later China took the 
trailing positions and rose through them at extraordinary speed. None of these economies began by 
inventing at the frontier. They began by making, better and cheaper, what others had invented.

The Korean case is the most instructive, because Korea documented its own ascent. The scholar Linsu 
Kim titled his study of it Imitation to Innovation, and the sequence he traced is the thesis of this book 
in miniature: Korea moved from duplicative imitation (copying mature foreign products) to creative  
imitation (improving on them) to, finally,  genuine innovation and invention at the frontier — the 
Korea of Samsung’s chips and world-leading R&D intensity. The “later” in “innovation now, invention 
later” is not a vague hope. It is a documented destination that real nations have reached, by walking 
the rungs in order.

Two honest cautions keep this thesis from curdling into either complacency or recklessness — and 
the book will hold both throughout. The first: the “later” is real, and skipping it has a cost. A nation 
that stays on the imitation rung forever, never building toward invention, risks the middle-income 
trap — caught above the cheap-labour economies and below the frontier innovators. The second, its 
mirror: leaping to the frontier too soon wastes scarce capital on prestige. A poor country that pours its 
limited research budget into glamorous moonshots while its absorptive capacity and institutions 
remain thin tends to produce showcases, not growth — a failure mode Chapter 16 examines candidly. 
The entire art, as Chapter 20 will argue, lies in the timing of the shift from one rung to the next.

UPI, fittingly, illustrates the thesis rather than contradicting it. It was a world-leading achievement 
— but it was built by innovating on existing technologies (mobile phones, the banking network, a 
digital identity system) and combining them into a novel institutional arrangement. It was not a leap 
of frontier physics.  It  was India proving it  can run the full  Schumpeterian chain — invention, 
innovation, diffusion — when the thing being scaled sits within its absorptive reach. That is exactly 
the kind of victory the strategy predicts.

What This Book Will Try to Prove

It is only fair, having stated a thesis this strong, to state plainly how the rest of the book will test it — 
and to concede what would prove it wrong.

The chapters ahead are arranged as evidence. The historical chapters (Parts II and III) establish the 
cost of the gap: Wootz, the colonial deindustrialisation that turned the workshop of the world into a 
raw-material colony, and the tragedy of early-twentieth-century Indian science — Raman, Bose, 
Saha, Ramanujan — producing world-class discovery with almost no innovation to carry it to scale. 
The  modern  chapters  (Parts  IV  and  V)  establish  India’s  revealed  comparative  advantage  in  
innovation:  the  software-services  industry,  frugal  engineering  from  Mangalyaan  to  generic 
pharmaceuticals, and the institutional triumph of India Stack. The strategy chapters (Part VI) pay the 
thesis off, arguing when and how the shift toward invention should be made.
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Honesty demands naming the thesis’s falsification condition. If India’s greatest modern successes 
turned out, on inspection, to be frontier inventions conceived and captured at home, the “innovation 
now” argument would weaken considerably. The book does not assume the verdict; it submits the 
evidence and lets the reader weigh it. That said, the pattern is already visible in the chapters’ very 
titles, and it points one way: India’s standout achievements cluster overwhelmingly in innovation — 
and disproportionately in the institutional innovation that Chapter 2 taught us to see.

But a strategy of “innovation now, invention later” is useless without a way to know where India 
currently stands and when the moment to shift has arrived. For that we need a measuring instrument 
— an explicit account of the rungs a nation climbs from developing to developed, against which every 
era in this book can be honestly scored. Building that instrument is the work of the next chapter.

Takeaway.  Invention answers “Is it possible?”; innovation answers “Can we make it useful, cheap, 
and widespread — here, now?” The second question is far cheaper to answer, and history shows 
latecomers win by answering it first. For India, innovation is the rational rung to climb now; 
invention is the summit to plan for, not the base camp to start from.

Questions for Reflection

1.  Schumpeter argued that an invention without an entrepreneur is economically inert. Where 
have you seen a genuinely good Indian discovery or idea fail simply because no one carried it 
into use — and what was missing?

2.  Absorptive capacity means a nation must invest in knowledge merely to borrow well. If 
India’s scarce education and research budgets were aimed explicitly at “borrowing 
intelligently” rather than “inventing originally,” what would be spent differently?

3.  The flying-geese and imitation-to-innovation paths both end at frontier invention — 
eventually. What signals would tell you that an Indian sector has earned its move from the 
innovation rung to the invention rung?

4.  The thesis carries a falsification condition. Can you think of an Indian success that 
genuinely was frontier invention captured at home — and does it strengthen or complicate 
the “innovation now” argument?

For the Practitioner

The operative tool from this chapter is the cost-and-risk asymmetry, and it should reshape how you 
allocate scarce resources. Before funding a venture, a programme, or a research effort, ask which 
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question it  is  really answering.  If  it  is  answering  “Is  it  possible?” — pioneering genuinely new 
knowledge — recognise that you are buying a lottery ticket: occasionally transformative, usually a 
write-off, and affordable only against deep pockets and patient time. If it is answering “Can we make 
this  useful,  cheap,  and widespread here?” — taking  something  already proven and adapting  it 
brilliantly  to  Indian  conditions  and  budgets  —  you  are  making  the  higher-probability,  faster-
returning bet that this book argues India should favour now. Most philanthropic and developmental 
capital is best spent on the second kind. And whichever you choose, remember the catch: even 
borrowing well must be paid for in human capital. Fund the absorptive capacity — the people who 
can understand and adapt — before you fund the frontier.

End of Chapter 3.
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C H A P T E R  4

The Ladder of Development
◆

Every nation that grew rich climbed broadly the same rungs in broadly the 
same order. The tragedy of the ones that stalled was rarely that they lacked a 

top rung. It was that they reached for it while standing on air.

The last three chapters built a lens. This one builds a ruler.

We now have a way of  seeing — two axes, a taxonomy, a thesis. What we still lack is a way of 
measuring: an explicit account of what it actually takes for a poor country to become a rich one, 
against which we can hold each era of India’s story and ask, honestly, how far up the climb that era  
reached. This chapter supplies that ruler. It names the factors a developing nation must acquire, and 
— this is the part that commits us to an argument — it puts them in sequence, as a ladder whose 
lower rungs tend to bear the weight of the higher ones.

A warning before we climb. No serious economist believes development is a tidy staircase ascended 
one clean step at a time. The rungs reinforce one another; progress on one lifts the others; nations 
stall, skip, and climb out of order. The most famous attempt to impose strict stages on development — 
Walt Rostow’s 1960 model of economic “take-off,” with its neat progression from traditional society to 
an age of mass consumption — was criticised precisely for being too linear, too deterministic, and too 
flattering to the Western path it generalised from. This chapter does not repeat Rostow’s error. The 
ladder here is a heuristic, not a law: a claim about which factors typically have to be in place before 
others can bear weight, offered because it is useful, not because reality is ever so obedient. India, as we 
will see, is one of history’s great out-of-order climbers — and that is part of what makes it worth 
studying.

With that caution lodged, here is the ladder.

What "Developed" Actually Means

Before we can rank the rungs, we have to be honest about the summit — and the honest answer is  
that “developed” is not the same as “rich.”

For most of the twentieth century, development was measured by a single number: gross domestic 
product per head. The trouble is that the man who did more than anyone to build GDP, Simon 
Kuznets, warned from the start against mistaking it for welfare — a nation’s income, he cautioned, 
says little about how that income is distributed or whether it translates into lives actually worth 
living.  A  country  can  post  a  handsome  GDP  on  the  back  of  oil  wells  while  its  people  remain 
unschooled, unhealthy, and unfree.
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The  corrective  came  in  1990,  when  the  Pakistani  economist  Mahbub  ul  Haq,  drawing  on  the 
philosophical work of his friend Amartya Sen, launched the Human Development Index. Sen’s insight 
— the  capabilities approach — reframed the entire question. Development, he argued, is not the 
accumulation of money but the expansion of human freedoms: the real capabilities people have to be 
healthy, to be educated, to choose the lives they have reason to value. Income matters only as a means 
to those ends. By this light, a developed nation is one whose people are long-lived, well-taught, 
prosperous enough to choose, and free enough to act — measured, in the HDI, through health, 
education, and income together.

This is the summit the ladder climbs toward: not a bank balance, but a population that is healthy, 
capable, secure, and free. Holding that definition firmly matters for everything that follows, because 
it tells us why the rungs are ordered as they are. The ladder is sequenced by what human capability 
requires first.

Rung 1 — Human Capital: Education and Health

The first rung is people: alive, healthy, and able to learn. It sits at the bottom because nothing above it 
can be built without it.

A population worn down by disease, hunger, and early death cannot work, save, build, or absorb. A 
population that cannot read cannot run a modern economy, operate its machines, or — crucially for 
this book’s thesis — absorb the knowledge invented elsewhere. Recall the catch from the last chapter: 
absorptive capacity, the ability to borrow knowledge intelligently, depends on prior education. This 
means human capital is not merely the first rung of development in general; it is the precondition of 
the entire “innovation now” strategy. A nation cannot imitate, adapt, or improve what its workforce 
cannot understand. Health and basic education are therefore doubly foundational — the base of the 
ladder and the fuel for the climb.

This is why the rung comes first in time as well as in logic. The East Asian economies that vaulted from 
poverty  to  prosperity  —  Korea,  Taiwan,  Japan  —  did  something  striking  before  their  growth 
accelerated: they educated and immunised their populations first, building broad, healthy literacy as 
the platform everything else stood on. Human capital was not the reward of their development. It was 
its runway.

Rung 2 — The Hard Wiring: Infrastructure and Energy

The second rung is physical: the roads, ports, power, water, sanitation, and telecommunications that 
let people, goods, and ideas move. Call it the hard wiring.

It sits just above human capital — and largely co-evolves with it — because it is the multiplier that 
turns capable people into a productive economy. A skilled worker with no reliable electricity, a farmer 

26



W O O T Z  T O  U P I

with no road to  market,  a  firm with  no  bandwidth:  each is  a  capability  stranded for  want  of 
connection. Energy is the deepest layer here, because nothing else runs without it; reliable, affordable 
power is the bloodstream of every later rung. Infrastructure is also where the state’s role becomes 
unavoidable, since roads and grids are the classic public goods that markets alone underprovide.

There is a reason this rung sits below institutions and capital rather than above them. Physical 
infrastructure delivers visible returns relatively quickly and can be built even where the subtler 
institutional  machinery is  still  weak — which is  exactly why so many developing states,  India 
included, have found infrastructure a more tractable problem than judicial reform. You can pour a 
road before you can fix a court.

Rung 3 — The Soft Wiring: Institutions, Rule of Law, an Independent 
Judiciary

The third rung is the hardest to see and the hardest to build: the institutions that make complex, 
impersonal,  large-scale economic life possible.  Secure property rights.  Enforceable contracts.  An 
impartial, independent judiciary. Predictable regulation. Low corruption. Call it the soft wiring — 
and note that it is precisely the family of hybrid institutional inventions from Chapter 2.

Here an honest tension must be faced, because the placement is contestable. A powerful school of 
thought — Douglass North’s institutional economics, and the work of Daron Acemoglu and James 
Robinson that won the 2024 Nobel Prize, distinguishing  inclusive from  extractive institutions — 
argues that institutions are not the third determinant of prosperity but the deepest: the root cause of 
why some nations are rich and others poor. By that logic, this rung belongs at the bottom.

Why, then, place it third? Because of a distinction between when a factor first matters and when it 
becomes binding. A nation can begin to grow with imperfect institutions — China’s early take-off is 
the standing proof,  achieved on cheap labour and built  infrastructure long before its  courts or 
property rights met any rich-world standard. Weak institutions are survivable in the early climb. But 
they become the  binding constraint the moment a country tries to move up — to attract patient 
capital,  to  let  firms  scale  and  strangers  transact  at  arm’s  length,  to  sustain  the  long-horizon 
investment that innovation demands. Institutions are placed third not because they matter least, but 
because they are the rung on which early-stage catch-up most reliably stalls. They are where the easy 
growth ends and the hard growth must be earned. India, with a thicket of able institutions and a  
notoriously slow judiciary, knows this rung intimately.

Rung 4 — Capital, Productivity, and the Innovation System

The fourth rung is  where prosperity compounds: a financial  system that channels savings into 
productive investment, rising productivity, and — at the very top — a functioning innovation system.
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These belong high on the ladder because each rests on every rung below. Capital flows efficiently only 
where institutions protect it (rung 3), infrastructure connects it (rung 2), and skilled people deploy it 
(rung 1). And productivity — not the mere piling-up of more workers and more machines — is what 
ultimately separates rich nations from poor ones. Robert Solow’s growth accounting delivered the 
seminal finding that most long-run growth comes not from adding inputs but from a mysterious 
residual: the rising efficiency, the better ideas, the total factor productivity that lets a society produce 
more from the same. Paul Romer’s later, Nobel-winning work named the engine inside that residual 
— ideas themselves, knowledge that, unlike a machine, can be used by everyone at once and so 
compounds without limit.

And here, at the very top of this rung, sits the innovation system: the universities, laboratories, R&D, 
and entrepreneurial finance that let a nation push the knowledge frontier itself. Mark well where it 
sits — at the summit, resting on everything beneath. This is the structural reason behind the whole 
thesis of this book. Frontier invention is the highest, most capital-hungry rung on the ladder. A nation 
that lunges for it before securing the rungs below — before it has the human capital to staff it, the 
institutions to fund it, the productivity base to sustain it — is reaching for the top while standing on 
air. “Innovation now, invention later” is not modesty. It is the architecture of the ladder, read aloud.

The Ambient Conditions — Trust, State Capacity, and the Demographic 
Clock

Three further factors do not sit on the ladder so much as govern whether, and how fast, a nation can 
climb it at all. They are the ambient conditions of the whole ascent.

Social trust is the lubricant of every rung. The economist Moses Abramovitz called the bundle of trust, 
cooperation, and shared norms a nation’s “social capability,” and argued that catch-up potential is 
realised only where it is present; Robert Putnam’s work on social capital showed how the simple 
willingness  of  strangers  to  cooperate  underwrites  everything  from  honest  markets  to  effective 
government. Low-trust societies pay a tax on every transaction.

State capacity — the sheer ability of a government to actually do what it sets out to do, to collect a tax, 
deliver a service, enforce a rule — determines whether good policy becomes real outcome or remains 
paper. A state can have wise laws and pour roads to nowhere if it cannot implement; capacity is the 
difference between intention and effect.

And the demographic clock is the one factor that is not a capability but a window. When a country’s 
birth  rate  falls  and  its  working-age  population  swells  relative  to  its  dependents,  it  enjoys  a 
“demographic dividend” — a few decades, as the economists David Bloom and Jeffrey Williamson 
showed, of unusually favourable arithmetic, when a large workforce supports relatively few children 
and elderly. But the window closes. The workforce ages; the dividend becomes a burden. This factor 
imposes  something  the  others  do  not:  a  deadline.  A  nation  must  climb  the  ladder  while  its 
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demographics still push at its back — and India’s window, wide open today, will not stay open 
forever.

The Scorecard We Will Carry Forward

This, then, is the instrument. From here onward, every historical and contemporary chapter closes 
with a short reckoning — The Ledger — and the ladder is what the Ledger measures against. For each 
era we will ask three questions: What did India invent? Did it manage to innovate and scale it? And 
which rungs of this ladder did the era actually move? The recurring answer, building chapter by 
chapter, becomes the book’s verdict.

It is worth fixing India’s present position on each rung now, as the baseline the whole story climbs 
toward — the opening line of the scorecard.

SIDEBAR — India on the ladder today

A snapshot, one datum per rung (latest available figures):

• Rung 1 — Human capital: Human Development Index value 0.685, ranked 130 of 193 (2025 
Human Development Report) — “medium human development,” now just below the “high” threshold 
of 0.700. Life expectancy 72 years; adult literacy roughly four in five. Inequality, however, knocks 
about 31% off India’s HDI.

• Rung 2 — Hard wiring: Near-universal electricity access achieved; over 900 million internet users; 
World Bank Logistics Performance Index 38th. Quantity largely built; reliability and quality uneven.

• Rung 3 — Soft wiring: World Justice Project Rule of Law Index 79th; Corruption Perceptions Index 
score 39/100, rank 91 of 180 (2025). Contract enforcement remains slow. This is India’s weakest rung 
— and, the ladder predicts, its binding constraint.

• Rung 4 — Capital, productivity, innovation: Global Innovation Index ~39th — a strong showing 
for India’s income level — but R&D spend just ~0.64% of GDP (from the last chapter), most of it 
state-funded. India innovates well above its research weight, and invents well below the frontier.

• Ambient — the demographic clock: Median age about 28–29 years, among the youngest of any 
large economy. The window is open now. It will not be open in 2055.

Read top to bottom, the snapshot tells the book’s story in advance: a nation strong on its base and its ambitions, 

throttled in the middle, racing a clock.

Look hard at that pattern, because it is the argument of the entire book compressed into a single  
column. India stands firm on Rung 1 and climbs impressively toward the innovation end of Rung 4 — 
it punches far above its weight in innovation. It is held back most by Rung 3, the institutional middle. 
And it does all of this against a demographic deadline. The strategy that follows from this shape is 
exactly the one Chapter 3 argued and the closing chapters will detail: consolidate the rungs you stand 
on, fix the institutional rung that binds you, harvest the cheap and powerful gains of innovation while 
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the clock favours you — and time the reach for the frontier for when the ladder beneath it can finally 
bear the weight.

Part I is now complete. We have the lens and we have the ruler. It is time to start the climb where 
India’s story starts — in the deep past, with a civilisation that invented brilliantly, again and again, 
and could not quite build the ladder to keep what it made.

Takeaway.  Development is a ladder — human capital, then hard infrastructure, then institutions, 
then capital and the innovation system, all racing a demographic clock. Frontier invention sits at 
the very top, which is why it must come later. India is strong at the base, strong in its ambitions, 
and throttled in the institutional middle. That shape is the whole story.

Questions for Reflection

1.  The chapter places institutions on the third rung, not the first, while conceding that some 
economists call them the deepest cause of prosperity. Do you find the “binding constraint” 
defence persuasive — or should the rule of law sit at the very bottom?

2.  India is described as an “out-of-order climber” — world-class digital infrastructure 
alongside lagging sanitation, frontier ambitions atop a thin research base. Which of India’s 
out-of-order leaps strike you as genuine shortcuts, and which as foundations skipped at 
future cost?

3.  The demographic clock imposes a deadline the other factors do not. If you had one decade of 
India’s open window to spend on a single rung, which would you reinforce, and why?

4.  The summit is defined, after Sen, as expanded human freedom rather than mere income. 
Does that definition change which rung you would prioritise — and would a purely GDP-
focused planner climb differently?

For the Practitioner

Use the ladder as a diagnostic before you commit resources. Whatever you are building — a school, a 
livelihood programme, an enterprise, a public service — locate it on the ladder and then look down. A 
brilliant intervention on a high rung will fail if the rung beneath it is missing: a coding academy 
founders where basic literacy and reliable electricity do not yet reach; a credit programme stalls 
where contracts cannot be enforced. The most common and most expensive error in development 
work is to fund an ambitious high-rung solution while the binding constraint sits two rungs below, 
unaddressed. Find the binding constraint first — the lowest rung that is genuinely weak — and you 
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will usually find the highest-leverage place to spend. And remember the clock: in India today, the cost 
of delay is not merely lost time. It is a closing demographic window that will not reopen.

End of Chapter 4. End of Part I.
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P A R T  I I

The Civilizational Inheritance
Antiquity – 1200
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C H A P T E R  5

Technological Genius of the Ancient 
Subcontinent

◆

The ancient subcontinent could make almost anything. What it could not  
reliably do was write down how, teach it to strangers, and build the  

institution that would still remember after the master had died.

Part I built the instruments; now the climb begins, and it begins in the deep past — not out of 
antiquarian reflex, but because the pattern this whole book traces is already fully formed here, in the 
very first chapters of the story. The ancient subcontinent was, by any honest reckoning, one of the 
most inventive civilisations the world has produced. It discovered things no one else had discovered, 
in metal and mathematics and medicine, sometimes a thousand years before anyone else arrived at 
the same door.

And yet. The same shadow that fell across Wootz in Chapter 1 falls across nearly every achievement in 
this  chapter.  Again  and  again,  ancient  India  performed  the  invention  and  surrendered  the 
innovation, the diffusion, and the credit to others. This is not a chapter of national grievance — the 
genius is too real for that, and grievance is the enemy of clear sight. It is a chapter of diagnosis. To  
understand why India must climb the ladder a certain way now, we have to see clearly how, even at 
the dazzling summit of its inventive power, it kept failing to build the rungs.

This is  also the first  of  the era chapters,  and so the first  to close with a  Ledger — the honest 
accounting, promised in Chapter 4, of what an age invented, whether it scaled, and which rungs of the 
development ladder it moved. The Ledger here sets the template for every era that follows.

Crucible Steel: The Wootz Achievement

We have already met Wootz, so we need not retell it — but we can now see it correctly: not as an 
isolated marvel, but as one peak in a long mountain range of metallurgical mastery.

The same civilisation that sealed iron and carbon in crucibles to make the finest steel in the ancient 
world also did something nearly as difficult at the other end of the metallurgical scale. At Zawar, in 
Rajasthan, Indian metalworkers mastered the smelting of zinc — a genuinely formidable problem, 
because zinc boils at a temperature below that needed to reduce its ore, so the metal vapourises and is 
lost before it can be captured. The solution was a technique of downward distillation, condensing the 
zinc vapour in sealed retorts, that India developed and operated at industrial scale centuries before 
Europe managed the same feat. Add the high-carbon steels, the sophisticated iron, the bronze-casting 
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of the Dancing Girl of Mohenjo-daro from two and a half millennia earlier still, and a picture emerges 
of unbroken, world-leading skill with metals across thousands of years.

Here, already, is the diagnostic note that will recur. This mastery lived in the hands and lineages of 
artisans as  tacit craft — extraordinary process knowledge, transmitted master to apprentice, but 
never abstracted into codified, written, generalisable science. It could make the thing; it could not 
always explain the thing, and so it could not defend the thing, scale the thing, or teach the thing to a 
stranger across the sea. When the lineage thinned, the knowledge died. The skill was supreme. The 
system to preserve and compound it was absent.

The Idea of Nothing: Zero and Place Value

If Wootz is the emblem of India’s invention-without-scale, the zero is the magnificent exception that 
proves the rule — and the most consequential idea the subcontinent ever gave the world.

Two distinct inventions are tangled together in the popular phrase “India invented zero,” and it is  
worth separating them. The first is the place-value decimal system: the breathtakingly economical 
idea that the same ten symbols can represent any number imaginable, their meaning set by position 
— that the 3 in thirty means something different from the 3 in three. The second is zero as a number 
in its own right — not merely a blank placeholder for an empty column, but a quantity you can add, 
subtract, and compute with. The placeholder is old and appears in several cultures; the leap to zero as 
a full-fledged number, with rules of arithmetic governing it, is India’s distinctive achievement. In 628 
CE, the mathematician Brahmagupta set down the first known systematic rules for calculating with 
zero and with negative numbers — getting most of it right, and even his famous stumble over division 
by zero is the error of a mind working at a genuine frontier.

Now watch what happened to this supreme invention, because it is Wootz all over again, written in 
numerals instead of steel. The system was carried westward by Arab scholars, who recognised its 
power and transmitted it onward; it reached medieval Europe, where Fibonacci’s Liber Abaci of 1202 
helped popularise it; and there it conquered the world of commerce and science. And what is it called, 
in every European language to this day? Arabic numerals. The single most powerful conceptual tool 
India ever invented travels the planet under the name of the people who merely carried it. India 
invented the idea and exported even the credit.

The difference from Wootz is profound and worth dwelling on, because it is the one ray of light in this 
chapter. The zero scaled. It diffused across the entire earth and became the substrate of all modern 
mathematics, science, and commerce. In Schumpeter’s terms, the innovation and diffusion stages 
were triumphantly completed — just not by Indians. India proved it could invent something the 
whole world would adopt. What it could not yet do was capture the value of its own invention.
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The Pillar That Refuses to Rust

In a courtyard in Mehrauli, in Delhi, stands a column of iron some seven metres tall and six tonnes in 
weight, raised around 400 CE during the reign of the Gupta emperor Chandragupta II. For roughly 
sixteen centuries it has stood in the open air — and it has barely rusted.

The mystery drew speculation for generations, some of it fanciful. The truth, established through 
modern analysis led notably by the archaeometallurgist R. Balasubramaniam of IIT Kanpur, is more 
impressive than any legend. The pillar is wrought iron of exceptional purity with an unusually high 
phosphorus content — around a quarter of a per cent, far above modern wrought iron, precisely 
because ancient Indian smelting did not remove it. Over centuries of Delhi’s wetting and drying 
cycles, that phosphorus catalysed the slow formation of a thin, dense, self-healing passive film — a 
compound of iron, oxygen, hydrogen, and phosphate, only fractions of a millimetre thick — that seals 
the metal beneath from further corrosion. It is, in effect, a regenerative shield that the ancient smiths 
engineered without the faintest concept of phosphorus or oxidation.

And there is the diagnostic note again, sharper than ever. The genius of the pillar’s makers was not 
theoretical understanding; it was  empirical process control of the highest order — generations of 
perfected craft that reliably produced this remarkable iron. They knew exactly how. They had no way 
of knowing why. And because the why was never captured — never turned into transmissible theory 
— the achievement could not be generalised, taught at scale, or improved upon. It remained what it 
is: a singular, towering monument, not the seed of an industry. A reproducible science of corrosion-
resistant iron would wait fifteen hundred years, and arise elsewhere.

Knife, Grammar, and the Edge of Calculus

Three further achievements complete the portrait, each from a different domain, each telling the 
same story.

In  medicine,  the  surgical  tradition attributed to  Sushruta — set  down in a  text  whose layers 
accumulated over centuries — describes hundreds of procedures and instruments: the couching of 
cataracts, the setting of fractures, and most famously the reconstruction of the nose using a flap of 
forehead skin. That last technique was so advanced that when an account of it reached Britain in the 
late eighteenth century, European surgeons adopted it gratefully and named it the “Indian method” 
of rhinoplasty. Here was real, transferable surgical invention — yet in India it did not compound, 
across  the  intervening  centuries,  into  a  cumulative,  institutionalised  science  of  surgery.  The 
knowledge was preserved and revered more than it was extended.

In language, the grammarian Panini, working perhaps in the fifth or fourth century BCE, produced 
the  Ashtadhyayi:  a  description  of  Sanskrit  in  roughly  four  thousand  terse,  formal  rules  of 
extraordinary precision and economy. It is no exaggeration, and not merely patriotic enthusiasm, to 
call it a proto-computational system — a generative, recursive, rule-based machine for producing 
valid language, anticipating by two and a half millennia ideas that modern formal linguistics and 
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computer science would independently discover. The twentieth-century linguist Leonard Bloomfield 
regarded it as among the most remarkable intellectual achievements humanity had ever produced. 
And yet, locally, it was a summit rather than a staircase: the tradition perfected and commented upon 
Panini for centuries but did not build from his formal method toward a broader cumulative science. 
The world rediscovered his genius only when modern linguistics caught up to it.

In mathematics, the most poignant case of all. In Kerala, from the fourteenth century, Madhava of  
Sangamagrama and the school that followed him developed infinite series for  and for the sine andπ  
cosine functions — arriving at results that, in Europe, would be credited to Newton, Gregory, and 
Leibniz some two to three centuries later. They stood, by any reasonable description, at the very edge 
of the calculus.  And there they stopped — or rather,  there the knowledge stayed,  composed in 
Sanskrit verse, confined to a regional lineage, never diffusing across India, never reaching the wider 
world, never quite formalised into the general framework that calculus became in European hands. It 
is the single most exquisite illustration in this book of invention stranded for want of innovation: a 
civilisation that touched one of the great mathematical breakthroughs in history, and could not make 
it travel even to the next province.

SIDEBAR — The ancient catalogue, and who carried it onward

Invention Approx. date Who scaled, branded, or inherited 
it

Crucible (Wootz) steel from ~5th c BCE Forged and branded abroad as 
“Damascus” steel

Zero & place-value decimals by ~5th–7th c CE Transmitted by Arab scholars; 
reached the world as “Arabic 
numerals”

Rust-resistant iron (Delhi Pillar) ~400 CE Never reproduced at scale — a 
singular monument

Surgery (Sushruta tradition) text layered, by ~4th c CE Reached the West as the “Indian 
method” of rhinoplasty (19th c)

Formal grammar (Panini) ~5th–4th c BCE Rediscovered by modern Western 
linguistics

Infinite series / near-calculus 
(Kerala school)

~14th–15th c CE Did not diffuse; calculus formalised 
later in Europe

Read the right-hand column straight down. Almost every line says the same thing: invented in India, carried onward 

— and named — by someone else.
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The Ledger: Dazzling Invention, Little Cumulative Scale

What did the age invent? An astonishing catalogue, across metal, number, medicine, and language: 
crucible steel and industrial zinc, the place-value system and the zero, the corrosion-defying iron of 
the Delhi pillar, a surgery advanced enough to teach Europe, a formal grammar that prefigured 
computer science, and the seeds of the calculus. Measured purely by acts of original discovery, few 
civilisations in history can match it.

Did it innovate and scale? Almost never — with one luminous exception. The zero completed the full 
Schumpeterian  chain  of  invention,  innovation,  and  worldwide  diffusion,  proving  India  could 
originate an idea the entire planet would adopt. But the scaling and the credit were captured by 
others, and every other achievement in this chapter fell short of diffusion entirely: Wootz left as raw 
ingots, the pillar was never reproduced, Sushruta’s surgery did not compound, Panini was a peak 
without a staircase, and the Kerala school’s near-calculus could not travel even within India. The age 
was a frontier of invention and a desert of innovation.

Which rungs of the ladder did it move? This is the uncomfortable heart of the matter. These were 
triumphs of individual genius and elite craft sitting atop a thin pinnacle of Rung 1 — a learned, literate 
elite — but they did not broaden that rung into mass human capital, and crucially they did not build 
Rung 3 or Rung 4: no enduring, self-renewing institutions of science that could remember, transmit, 
and compound knowledge across generations independent of any single master or lineage.  The 
knowledge lived in individuals, guild secrets, and palm-leaf manuscripts — tacit, elite, and mortal. 
When a lineage broke, the knowledge broke with it. The age climbed brilliantly and built no ladder, 
and so  each generation’s  genius  had to  be,  in  effect,  reinvented or  simply  lost.  That  is  why a 
civilisation that touched calculus, formal grammar, and rust-proof iron did not industrialise, did not 
cumulatively advance its science, and would, in the centuries to come, prove tragically vulnerable.

The template lesson, which the rest of the book will test era by era:  invention is not the binding  
constraint on India, and never has been. The binding constraint is the system that makes invention  
cumulative — that codifies it, institutionalises it, scales it, and keeps it. The ancient subcontinent 
proves the abundance of the spark. It also proves, with equal force, the cost of the missing system.

Takeaway.  Ancient India invented at the frontier again and again — steel, the zero, rust-proof iron, 
surgery, formal grammar, the seeds of calculus. Almost every time, the scaling, the diffusion, and 
the credit went to someone else. The genius was never in doubt. The system to keep it was missing 
from the start.

End of Chapter 5.
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C H A P T E R  6

India's Forgotten Social and Institutional 
Inventions

◆

India did not lack for inventing institutions. Its tragedy was a deeper  
institution — one engineered to ensure that nothing, and no one, could ever  

move.

The previous chapter measured India’s ancient genius in steel, number, and stone. But Chapter 2 
warned us  against  stopping  at  the  gadget,  and that  warning  matters  most  here.  For  if  India’s 
technological inventions  were  dazzling  but  stranded,  its  institutional inventions  were  arguably 
deeper still — and they reveal the comparative strength this book keeps insisting on: that India’s 
truest, most under-credited talent has always been for inventing arrangements of people, not just 
things.

This chapter recovers four of those forgotten inventions — deliberative republics, guild-corporations, 
village councils, and a continental credit network — each a genuine institutional achievement that 
the modern world would reinvent centuries later and call  new. And then it  confronts the fifth 
invention,  the one that explains why all  the others were arrested:  caste,  the master-institution 
engineered to freeze the very social order the others might have set in motion. The pattern of Chapter 
5 repeats, but with a darker and more specific cause. The institutions were brilliant. A different 
institution made sure they could never evolve.

Republics Before Rome Fell: The Ganasangha

We are taught that representative self-government is  a Greek invention,  polished by Rome and 
handed down to the modern West. The subcontinent’s own experiment is left out of that lineage 
almost entirely — yet it was real, and in some cases it predated the founding of the Roman Republic.

In the centuries around the Buddha’s lifetime, in the sixth and fifth centuries BCE, a cluster of polities 
flourished  across  the  northern  subcontinent  that  were  not monarchies.  The  Sanskrit  term  is 
ga asaṅ ghaṇ  — roughly, “rule by assembly” or “rule of the many.” The Vajji confederation, centred on 
Vaishali,  the  Licchavis,  the  Mallas,  and  the  Shakyas  —  the  Buddha’s  own  clan  —  governed 
themselves  not  through  a  king  but  through  assemblies  that  deliberated,  debated,  and  decided 
collective matters  by discussion and vote.  Buddhist  texts  preserve admiring descriptions of  the 
Vajjian  practice  of  meeting  in  full  assembly,  deciding  in  concord,  and  honouring  their  own 
established conventions.
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Honesty requires the qualification, because the romantic version overstates the case. These were not 
democracies in the modern, inclusive sense. The assemblies were bodies of the aristocratic clan heads 
— an oligarchy of the kshatriya elite, not a franchise of the whole people. But the institutional 
invention is nonetheless genuine and significant: a working, non-monarchical, deliberative form of 
collective self-rule, with assembly procedure, debate, and decision by counted voice, at a moment 
when most of the world knew only kingship.

And then it vanished. The ganasanghas were steadily absorbed by the rising centralising monarchies 
— Magadha first, and then the Mauryan empire that swallowed the subcontinent by the late fourth 
century BCE. The republican experiment did not scale, did not institutionalise, and did not persist. 
India invented deliberative self-rule and then, for two thousand years, lived under kings. The idea 
would have to be imported, reinvented, and finally built to last only in 1947 — a story for Chapter 9.

Guilds, Trust, and the Shreni

If the ganasangha was India’s lost political invention, the shreni was its lost economic one — and it 
came remarkably close to inventing the corporation itself.

From at least the fifth century BCE, Indian economic life was organised around the shreni: guilds of 
merchants, artisans, and craftsmen, one for each trade. To describe them as mere trade associations 
badly undersells what they were. A shreni set quality standards, fixed prices and wages, governed 
apprenticeship, and enforced a professional code; it had its own insignia and seal; it possessed judicial 
authority over its members, and could even impeach and punish its own elected chief for misconduct. 
The king himself was enjoined to respect guild law — the Manusmriti instructs the ruler to inquire 
into and uphold the customs of guilds as a recognised source of law.

Three features mark the shreni as something more than a guild — as a genuine ancestor of the 
modern corporation. It could own property and enter contracts as a collective body. It had continuity  
beyond its individual members, persisting as its membership turned over. And, most strikingly, the 
wealthier shrenis functioned as banks: they accepted deposits, made loans, and acted as custodians of 
perpetual endowments — a donor might entrust a sum to a guild, which would pay out the interest in 
perpetuity to fund a temple lamp or a public work.  The guild of ivory carvers of Vidisha grew 
prosperous enough to finance the southern gateway of the great stupa at Sanchi. Here was collective 
legal personality, perpetual succession, pooled capital, and deposit banking — the structural DNA of 
the corporation — flourishing in India centuries before anything comparable in Rome, and well over 
a thousand years before the joint-stock company of Chapter 2.

But the shreni did not make the leap. It never evolved the further institutional inventions that turned 
the European guild into the modern corporation: tradable shares, limited liability, the impersonal 
capital market that lets strangers anywhere invest in an enterprise they will never see. It remained 
embedded in trade, community, and trust rather than abstracted into a pure machine for raising 
capital. And under colonial rule its authority withered — as the British observer George Birdwood 
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noted in 1880, the loosening of guild authority did real damage to crafts that depended on hereditary 
skill. India invented the chassis of the corporation and left the engine for others to build.

The Panchayat and Local Self-Rule

Beneath the republics and the guilds lay the most durable Indian institution of all — so durable it 
outlasted every empire that ruled above it. The panchayat, the “council of five,” governed the village: 
a body of local elders managing disputes, common land, water, and the everyday business of collective 
life,  with real autonomy under emperors who taxed the countryside but largely left its internal 
governance alone.

This durability made the village council famous, and then over-famous. The colonial administrator 
Charles  Metcalfe,  writing  in  1830,  called  India’s  villages  “little  republics”  that  survived  while 
dynasties rose and fell above them — an image that nationalists later embraced, and that Gandhi 
elevated into an ideal of village self-rule. The institution was genuine, and its persistence across 
millennia is itself a remarkable fact of institutional design.

But here the book’s commitment to honesty bites hardest, because the village republic of legend 
conceals a harder truth. The panchayat was rarely the egalitarian assembly of romance. It  was 
typically dominated by the landed and the upper castes, and it could be — and often was — an 
instrument for enforcing hierarchy rather than dissolving it. The same institution that managed the 
commons  also  policed  the  boundaries  of  caste.  Its  modern  descendants  include  both  the 
constitutional  panchayati  raj that democratic India would deliberately build,  and the notorious 
“khap panchayats” that still hand down regressive verdicts. The panchayat is thus the perfect bridge 
to this chapter’s dark centre: a durable, genuine institution of local self-rule, and at the same time a 
vehicle through which the master-institution of hierarchy reached into every village.

The Hundi: Banking Before Banks

Before there were banks in India, there was the hundi — and it solved the same problem that UPI 
would solve two thousand years later: how to move value across vast distances without moving coin.

A hundi was a written financial instrument — a bill of exchange, a promissory note, a remittance 
order  —  passed  across  a  continent-spanning  network  of  indigenous  bankers,  the  shroffs  and 
sahukars. A merchant in one city could deposit money with a banker, receive a hundi, carry that slip 
of paper across the subcontinent in perfect safety, and redeem it for cash from a corresponding 
banker at the other end. The system extended credit, financed trade, and settled debts; it came in 
standardised forms — payable on sight or after a fixed term — and it ran, for centuries, as the 
financial circulatory system of Indian commerce, through the Mughal era and deep into the colonial 
period.
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What made it work was the same thing that limited it:  trust, carried by community and kinship 
networks.  The  hundi  was  a  magnificent  piece  of  financial  technology  built  on  personal  and 
communal reputation — and precisely because it rested on relationship rather than on impersonal, 
regulated, legally codified institutions, it did not, on its own, evolve into the modern formal banking 
system. That transformation, when it came, arrived substantially through colonial and post-colonial 
institution-building layered on top of the indigenous network. The hundi was the instinct; formal 
banking was the institution.

Hold this example especially close, because it is the one that travels furthest forward. The hundi’s  
deep idea — that value can move as trusted information across a network, with no coin changing 
hands — is exactly the idea that India would finally institutionalise, scale, and own in the twenty-first 
century. UPI is the hundi’s true heir: the same ancient instinct, at last given the impersonal, open, 
codified institutional form that lets a stranger trust a stranger without a shared community to vouch 
for either. What the hundi did for a caste-bound merchant network, UPI does for a billion people. We 
will arrive there in Chapter 15.

Caste: A Social Technology and Its Terrible Cost

We come now to the invention that explains all the arrested development above — and it must be 
approached with clear eyes and no euphemism, because it caused immense and enduring human 
suffering.

Caste was, in the cold analytical sense this book uses, a social technology: a system for organising 
labour, status, and social reproduction across generations. Through varna and the thousands of jati 
into which it subdivided, it fixed occupation by birth, enforced endogamy, ranked every group in a 
hierarchy of ritual purity, and bound the whole into a self-perpetuating order. By the brutal logic of 
social engineering, it “worked”: it produced a stable, predictable, immensely durable division of 
labour  that  required  no  central  enforcement,  because  it  was  reproduced  in  every  birth,  every 
marriage, every meal.

But its cost was catastrophic, and not only in the obvious moral terms — though those come first. 
Caste dehumanised those it ranked lowest, inventing untouchability and condemning millions to 
hereditary  degradation.  No  analysis  of  its  “function”  can  be  allowed  to  soften  that.  The  most 
penetrating diagnosis came from B. R. Ambedkar, who argued that caste was held together above all 
by endogamy, and that it was not merely a division of labour but a division of labourers — a graded 
inequality that fragmented society into a hierarchy of contempt. Ambedkar saw, too, that it was 
fundamentally hostile to fraternity, mobility, and the shared civic life a modern nation requires.

For  this  book’s  specific  argument,  caste  was something further  still:  it  was  an  anti-innovation 
institution, perhaps the most effective ever devised. Consider what innovation requires — the broad 
cultivation  of  human  capital,  the  free  movement  of  people  between  occupations,  the  open 
recombination of knowledge across groups, the mobility that lets talent find its work. Caste was 

41



W O O T Z  T O  U P I

engineered to forbid every one of these. It denied education to most of the population, throttling Rung 
1 at its root. It fixed occupation by birth, eliminating the mobility that lets ability flow to opportunity. 
It locked craft knowledge inside hereditary lineages as guarded secret rather than transmissible, 
improvable, codifiable science — the very mechanism that, in Chapter 5, doomed Wootz and the Iron 
Pillar to be tacit craft rather than cumulative knowledge. Caste did not merely coexist with India’s 
failure to make its inventions cumulative. It was a principal cause of it.

This  is  the  bitter  resolution of  the  chapter’s  paradox.  India  was a  civilisation of  extraordinary 
institutional inventiveness that nonetheless could not let its institutions evolve — because its deepest 
institution was designed, with terrible efficiency, to ensure that the social order, and the people 
within it, could never move.

SIDEBAR — The ancient instinct and its modern heir

Ancient invention What it did Its scaled — and more inclusive — 
modern heir

Ganasangha (clan-republic) deliberative, non-monarchical self-
rule

The Constitution & parliamentary 
democracy (Ch 9)

Shreni (guild / proto-
corporation / guild-bank)

pooled capital, set standards, 
banked endowments

The company & the cooperative — 
Amul (Ch 11)

Panchayat (village council) local self-government Constitutional panchayati raj, 73rd 
Amendment, 1992

Hundi (bill of exchange) moved value as trusted 
information across distance

UPI & India Stack (Ch 15)

Every ancient instinct found a modern heir — but only once deliberate design gave it the inclusive, impersonal, 

institutional form that hierarchy had denied it. The genius was never lost. It was frozen, awaiting a thaw.

The Ledger: Inventive Institutions, Frozen by Hierarchy

What did the age invent? A suite of social and institutional inventions fully as impressive as the 
technological  catalogue  of  Chapter  5,  and  arguably  more  revealing  of  India’s  true  character: 
deliberative republics with working assembly procedure; guild-corporations that pooled capital, set 
standards, and banked endowments, anticipating the corporate form by a millennium; a continent-
spanning credit network that moved value as trusted information; and the most durable institution 
of local self-rule in history. This is the evidence, promised in Chapter 2, that India’s deepest genius has 
always been institutional.

Did it innovate and scale? Overwhelmingly, no — and here the failure is one of evolution rather than 
diffusion. The republics were absorbed by monarchy and abandoned. The shreni built the chassis of 
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the corporation but never the engine of impersonal capital. The hundi remained bound to community 
trust and never became formal banking on its own. Only the panchayat persisted — and it persisted 
in part by serving hierarchy. India invented the institutions and then could not let them grow.

Which rungs of the ladder did it move — and why did the climbing stop? This is the chapter’s hard 
verdict. India built genuine, early forms of Rung 3 — institutions of governance, contract, and credit. 
But it could not convert that institutional inventiveness into broad development, because a master-
institution, caste, deliberately froze Rung 1. By denying mass education, forbidding occupational 
mobility, and sealing knowledge inside hereditary lineages, caste throttled exactly the human-capital 
broadening and free recombination of knowledge that turn invention into cumulative progress. The 
hierarchy that ordered Indian society also ossified it. A civilisation cannot climb a ladder it has 
forbidden most of its people to touch.

And  yet  the  chapter  ends  with  the  book’s  most  hopeful  thread,  visible  in  the  sidebar.  India’s  
institutional instincts were not wrong and not lost — they were frozen. Every one of them would find 
its  scaled,  and  crucially  its  more  inclusive,  fulfilment  in  modern  India:  the  republic  in  the 
Constitution, the guild in the cooperative, the village council in constitutional panchayati raj, the 
hundi in UPI. The deep talent was there all along. What it awaited was a deliberate thaw — the 
conscious decision, taken in the twentieth century, to build these inventions again, and this time to let 
everyone climb.

Takeaway.  India’s deepest ancient genius was institutional — republics, guild-banks, village 
councils, a continental credit network. But a master-institution, caste, froze the social order and 
throttled the mass learning and mobility that turn institutions into progress. The instinct was right. 
The freedom to let it evolve — and to let everyone share it — was what India lacked, and would 
have to build on purpose.

End of Chapter 6. End of Part II.
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P A R T  I I I

The Great Rupture
1200 – 1947
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C H A P T E R  7

From Workshop of the World to Raw-Material 
Colony

◆

A nation can be talented and still be looted. The two facts do not cancel; they  
compound. India’s tragedy in these centuries was not that it forgot how to  

make things — it was that it was made, by design, to stop.

The first two parts of this book traced a civilisation of abundant invention and arrested innovation — 
brilliant at discovery, weak at the system that scales and keeps it. A reader might reasonably conclude 
that India’s troubles were entirely self-inflicted: a culture that invented and could not commercialise, 
frozen by its own hierarchies. This chapter complicates that verdict, and it must, because the next two 
centuries introduce a different and external force.

Between  roughly  1750  and  1947,  India  did  not  merely  fail  to  climb.  It  was  pushed,  hard  and 
deliberately, down. The civilisation that had been the workshop of the world — that clothed Rome 
and the Mughal court and half of Asia from its looms — was systematically converted into a supplier 
of raw materials and a captive market for someone else’s factories. This is the Great Rupture, and 
understanding it is essential, because it explains the sheer depth of the hole from which independent 
India would have to climb after 1947. The task in 1947 was not to invent from a standing start. It was to 
rebuild a ladder that had been taken apart on purpose.

The Subcontinent That Clothed the World

It  is  difficult,  from the vantage of  the twentieth century’s  poverty,  to grasp how rich and how 
industrially dominant India once was.  The numbers,  reconstructed by economic historians,  are 
startling. Around 1700, India accounted for roughly a quarter of the entire world’s economic output, 
by Angus Maddison’s estimates — a share comparable to all of Europe combined. As late as 1820, the 
economy of the subcontinent was perhaps three times the size of Britain’s. And in manufacturing 
specifically, India was a colossus: by Paul Bairoch’s figures, India produced about a quarter of the 
world’s manufactured goods in 1750, when Britain’s share was under two per cent.

The heart of this dominance was textiles, and India’s cotton cloth was coveted across the planet. The 
very vocabulary of the global textile trade is a fossil record of Indian supremacy: calico from Calicut, 
chintz from the Hindi chhint, dungaree, khaki, cashmere, pyjama — words the world borrowed along 
with the cloth.  Bengal  was the manufacturing powerhouse of  the powerhouse,  its  weavers and 
spinners supplying a global market through a sophisticated commercial network. This was not the 
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prosperity  of  a  backward  agrarian  society.  It  was  the  prosperity  of  the  most  accomplished 
manufacturing economy on earth.

And it was, in the terms of this book, a prosperity built on innovation — vast, skilled, organised craft 
production refined over centuries.  Its  one vulnerability  was the familiar  one:  it  was  handcraft 
mastery, embodied in artisans and their tools, not mechanised, codified, capital-intensive industry. 
When a rival arrived who had made exactly that leap, and who also held the guns, the workshop of the 
world proved fatally exposed.

The Death of Dhaka Muslin

No single object captures both the height of India’s achievement and the violence of its fall like Dhaka 
muslin — and it deserves to be told carefully, because it is too often told as myth.

Dhaka muslin was, quite simply, the finest cloth ever woven by human hands. Spun from a particular 
cotton, phuti karpas, that grew only along the banks of the Meghna river, it could be worked into a 
fabric so fine and so sheer that it scandalised Europeans for its near-transparency, and inspired 
centuries of legend — a full length of it said to pass through a finger-ring, an entire bolt to fold into a 
snuffbox. As early as the tenth century, an Arab traveller marvelled that the cloth could be drawn 
through a ring of middling size. For the Mughal court and for European elites alike, it was the 
ultimate luxury, and through the eighteenth century, ships carried muslin worth millions of rupees 
from Bengal to Europe.

Then, within a few decades, it was gone — and the how matters. The popular story holds that British 
officials cut off the thumbs of Bengali weavers to destroy the craft. Honesty compels the note that this 
dramatic claim is poorly documented; historians who look for direct evidence struggle to find it, and 
it should be treated as unverified. But the truth requires no embellishment, because the documented 
mechanisms are damning enough. Britain imposed punitive tariffs — on the order of seventy per cent 
— on Indian muslin entering its market, while British machine-made cloth poured into India under 
low duties. The decline of the Mughal court removed the muslin’s great domestic patron. The East 
India Company, having seized Bengal after Plassey in 1757, squeezed the weavers through coercive 
monopoly  contracts  at  ruinous prices.  And the mechanised mills  of  Lancashire  — which even 
documented and tried to copy the sixteen-step Dhaka process, selling the imitation as “imperial 
muslin” — undercut the handloom on price until it could not survive.

The fabric did not merely fall out of fashion. The craft died, the weaving knowledge dispersed, and by 
the 1860s the phuti karpas plant itself was no longer cultivated — the raw material of the world’s  
finest textile driven into extinction. As one of the modern Bangladeshis who has worked to revive it  
put it, this was a case of craft meeting capitalism, and the craft lost. It is the rupture in miniature: the 
world’s supreme textile achievement, destroyed by a combination of tariff, coercion, mechanisation, 
and neglect so thorough that even its cotton vanished from the earth.
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Extraction by Design: How Colonial Institutions Worked

It would be a mistake, and a comforting one, to attribute all this to mere competition — to say that 
Lancashire simply built better machines and won fairly. That is not what happened. The deeper story 
is institutional,  and it  is the precise inverse of everything Chapter 4 identified as the engine of 
development.

Recall  the distinction,  from Acemoglu and Robinson, between  inclusive institutions that protect 
broad rights and reward broad participation, and extractive institutions designed to funnel a society’s 
wealth to a narrow elite. Colonial India is one of history’s defining case studies in the extractive kind, 
because its institutions were not failing at development — they were succeeding at extraction, which 
was their actual purpose.

The mechanisms were systematic. There was the drain of wealth, named and quantified by the early 
nationalist Dadabhai Naoroji — the unrequited transfer of India’s surplus to Britain through “Home 
Charges,” administrative costs, pensions, and debt service, a tribute with no commensurate return. Its 
precise magnitude is debated, with some modern estimates running into the tens of trillions of 
dollars, but the direction and the scale are not seriously in doubt. There was tariff asymmetry by 
design: protection for British manufactures, exposure for Indian ones. There was the railway, often 
cited as Britain’s gift to India but built primarily as extraction infrastructure — rails laid to move raw 
cotton and grain to the ports and finished British goods to the interior, financed by guaranteed 
returns paid out of Indian taxes, so that the risk was Indian and the profit British. There were land-
revenue systems engineered to maximise the take. And there was the deliberate neglect of the two 
things a developing society most needs: mass education and indigenous industry.

The human cost of institutions designed for extraction rather than welfare reached its horror in 
famine. The economist Amartya Sen, whose work on famines showed that they are caused less by 
absolute scarcity than by the collapse of people’s entitlements to food, analysed the Bengal famine of 
1943 — perhaps three million dead — as a catastrophe in which colonial wartime priorities and 
administrative failure turned scarcity into mass death. A government whose institutions are built to 
extract, not to serve, does not see its subjects’ survival as its business.

This is the analytical heart of the chapter, and it speaks directly to the book’s thesis. India’s collapse 
from manufacturing superpower to raw-material colony was not a failure of Indian talent. It was the 
predictable result of extractive institutions installed over a society by a power that intended to extract. 
Rung 3 — the institutional rung — was not merely weak. It was captured, inverted, and turned into 
an engine running in reverse.

SIDEBAR — The great reversal

India’s share of world GDP India’s share of world 
manufacturing

~1700 ~24% —
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India’s share of world GDP India’s share of world 
manufacturing

~1750 — ~25%

~1820 ~16% —

~1880 — under 3%

~1900 — ~2%

~1950 ~4% ~2%

Sources: Angus Maddison (GDP share); Paul Bairoch (manufacturing share). The mirror image is just as stark: 

Britain’s share of world manufacturing rose from under 2% in 1750 to roughly 25% by 1900 — almost exactly the 

share India lost.

A caution, in the book’s spirit: these are reconstructed estimates, debated at the margins, and the earliest phase of 

decline owed something to the political collapse of the Mughal order as well as to colonial policy. But the magnitude 

of the reversal — from roughly a quarter of world manufacturing to a fortieth — is not in serious dispute.

The Ledger: Why Invention Stalled

What did the age invent? Strikingly little at scale — and that absence is itself the verdict. This is the 
one  era  in  the  book  defined  not  by  invention  but  by  de-invention:  the  dismantling  of  the 
manufacturing and craft capacity India already possessed. There were faint countercurrents late in 
the period — the founding of the Tata iron and steel works in 1907, the stirrings of the swadeshi  
movement and an Indian industrial bourgeoisie — seeds that would matter after 1947. But they were 
exceptions struggling against the tide. The dominant story is subtraction.

Did it innovate and scale? It did the reverse. India was de-industrialised and de-scaled, its world 
manufacturing share falling from roughly a quarter to a fortieth across the colonial centuries. The 
Schumpeterian chain did not stall here so much as run backwards: an existing base of innovation and 
diffusion was actively taken apart.

Which rungs of the ladder did the era move? All of them, downward, and the damage maps precisely 
onto  the  framework.  Rung  3,  institutions,  suffered  the  deepest  and  most  deliberate  harm:  an 
extractive apparatus was installed where developmental institutions should have grown. Rung 1, 
human capital,  was starved — mass education was neglected so thoroughly that India entered 
independence with adult literacy somewhere around a sixth of its population. Rung 2, infrastructure, 
was built, but bent toward extraction rather than development. Rung 4, capital and industry, was 
hollowed out by drain and de-industrialisation. A society was moved down the ladder by main force.

The template lesson of this era is the darkest and most important the book will record, and it is the 
empirical  proof of  the thesis’s  claim that institutions are the binding constraint.  Re-engineer a  
society’s institutions for extraction, and even the manufacturing superpower of the planet can be  
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reduced to a raw-material colony within a century. India’s post-1947 challenge is now visible in its 
true dimensions. It was not, as the ancient chapters might have suggested, merely to learn how to 
commercialise its inventiveness. It was first to rebuild, from a deliberately ruined foundation, the 
very ladder of development itself — the institutions, the human capital, the industrial base — before 
the old genius for invention could mean anything at all. That rebuilding is the work of Part IV.

Takeaway.  India did not decline because it stopped being inventive. It declined because its 
institutions were captured and rebuilt to extract rather than develop — turning the workshop of 
the world into a raw-material colony in a single century. The deepest lesson of the rupture is the 
book’s central one in its darkest form: when Rung 3 is inverted, everything above it falls.

End of Chapter 7.
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C H A P T E R  8

Genius Without a System
◆

A genius is a seed. A system is the soil, the water, and the patient years of  
tending. India, in these decades, produced some of the finest seeds the world 

has ever seen — and had almost no garden to grow them in.

The previous chapter showed what the colonial machine did to India’s economy: it dismantled the 
workshop of the world and turned it into a raw-material colony. But the machine could not reach 
everywhere,  and  in  one  domain  something  extraordinary  survived  and even  flourished  — the 
individual human mind. In the first half of the twentieth century, under conditions of poverty, 
neglect, and racial exclusion, the subcontinent produced a cluster of scientific and mathematical 
minds as brilliant as any on the planet.

And then it watched, almost helplessly, as the value of their genius flowed everywhere but home.

This is the final chapter of the Great Rupture, and it presents the book’s central gap in its most 
distilled and most poignant form. Chapter 7 showed the cost of inverted institutions. This chapter 
shows  something  subtler  and,  for  the  book’s  argument,  even  more  important:  that  the  most 
spectacular individual genius imaginable cannot, by itself, develop a nation. Invention without a 
system is, as Schumpeter warned us in Chapter 3, economically inert. Here is the proof, written in four 
extraordinary lives.

Four Minds: Raman, Bose, Saha, Ramanujan

Consider the constellation, and remember that all of it shone under colonial rule, on almost no money.

C. V. Raman discovered, in 1928, that when light passes through a transparent substance, a small 
fraction of it scatters and changes wavelength — a subtle effect that revealed the quantum structure 
of matter and opened a whole method of probing molecules by their scattered light. The discovery, 
made on 28 February — a date India still marks as National Science Day — won him the Nobel Prize 
in Physics in 1930, the first ever awarded to an Asian in the sciences.

Jagadish Chandra Bose,  working in Calcutta in the 1890s,  became one of the true pioneers of 
wireless. He generated and transmitted electromagnetic waves at millimetre wavelengths, building 
horn antennas, waveguides, and polarisers that microwave engineers would reinvent decades later, 
and — most prophetically — he made the first detector of radio waves to use a  semiconductor  
junction, a galena crystal touched by a metal point, anticipating the crystal diode at the foundation of 
all later electronics. The Nobel laureate Neville Mott would later judge that Bose had been sixty years 
ahead of his time, having effectively glimpsed the semiconductor age.
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Meghnad Saha, in 1920, derived the equation that bears his name — a relation linking the ionisation 
of atoms to temperature and pressure that, for the first time, let astronomers read the composition 
and physical state of a star from its spectrum. The Saha equation became a cornerstone of modern 
stellar astrophysics; the field as we know it is partly built on it.

Srinivasa Ramanujan was something stranger still: a largely self-taught clerk from Kumbakonam 
who,  working  in  near-isolation  with  a  couple  of  borrowed  textbooks,  produced  thousands  of 
mathematical results of uncanny depth and originality. Recognised through a now-legendary 1913 
letter to the Cambridge mathematician G. H. Hardy, brought to England in 1914, and elected a Fellow 
of the Royal Society in 1918,  he died in 1920 at the age of thirty-two — leaving notebooks that 
mathematicians and physicists are still mining a century later, his “mock theta functions” turning up 
unexpectedly in the modern study of black holes.

To these four one might add a fifth: Satyendra Nath Bose, whose 1924 work gave physics an entire 
class of particles — the boson is named for him — and who, like Saha, was never awarded the Nobel 
his work arguably merited. By the raw measure of discovery, this was one of the most gifted scientific 
generations any nation has ever produced.

World-Class Discovery on a Shoestring

What makes the achievement almost unbelievable is the poverty in which it was wrought.

Raman’s epochal discovery was made with apparatus costing a few hundred rupees — sunlight, 
filters,  a  simple  spectrograph,  ingenuity  standing  in  for  funding.  Bose  pursued  his  microwave 
research at Presidency College amid, by every account, racial discrimination and a chronic want of 
equipment and money, an Indian professor paid less than his European colleagues and grudgingly 
resourced. Saha clawed his way up from genuine poverty and the barriers of social disadvantage.  
Ramanujan was working as a shipping clerk in Madras, his genius very nearly lost to the world 
entirely, when Hardy’s recognition rescued it at the last possible moment.

This was discovery happening in spite of the system, not because of it — and the reason traces straight 
back to the previous chapter. The extractive colonial state had no interest in cultivating Indian 
science. It built no great network of research universities for Indians, funded no laboratories to speak 
of, and reserved the upper reaches of its own scientific services for Englishmen. The genius was 
abundant and entirely individual. The institutional soil beneath it was thin to the point of barrenness.

The natural and heartbreaking question is the counterfactual: what might these minds have achieved 
with  the  laboratories,  the  funding,  the  colleagues,  and the  continuity  that  their  European and 
American contemporaries took for granted? We cannot know. But the question itself exposes the 
tragedy. A nation does not become a scientific power by producing a handful of geniuses who triumph 
against the odds. It becomes one by building the system that lets a thousand ordinary talents become 
productive — and that system, India did not have.
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The Missing Laboratory, the Missing Market

Two things, specifically, were missing — and naming them precisely is the analytical work of this 
chapter, because they map onto the two failures the whole book is about.

The first was the missing laboratory — shorthand for the entire institutional research ecosystem: 
well-funded labs,  universities  functioning  as  engines  of  inquiry,  a  dense  scientific  community, 
continuity of funding across generations, instruments, journals, schools of students to carry the work 
forward. Without it, each genius was a peak rather than a platform — the very pattern we met with 
Panini in Chapter 5. Raman founded an institute and a school, and Saha built institutions too, but the 
base was far too thin to make discovery cumulative at national scale. The fields these Indians seeded 
— molecular spectroscopy, stellar astrophysics, radio science, whole branches of number theory — 
were taken up, developed, and carried forward overwhelmingly by the thick institutional machinery 
of the West. India lit the spark; others built the fire and kept it burning.

The second was the missing market — the innovation and commercialisation engine that converts 
discovery into industry and captures its value. And here Bose stands as the book’s most piercing 
emblem. He demonstrated wireless transmission publicly in Calcutta in 1895, roughly a year before 
Marconi’s  foundational  patent;  his  semiconductor  detector  and  microwave  components  were 
genuine inventions of immense future commercial  worth.  It  has even been argued,  in research 
published by the IEEE, that Marconi’s famous transatlantic receiver of 1901 relied on a coherer 
derived from Bose’s design — a priority claim that remains debated, and that this book reports rather 
than asserts. What is  not in dispute is the decisive fact: Bose refused, on principle, to patent or 
commercialise  his  work,  believing  knowledge  should  be  freely  given.  “I  am  only  interested  in 
research, not in making money,” he is remembered as saying.

It is a noble sentiment, and it was ruinous. Marconi, who patented vigorously and built an industry, 
won the fame, the fortune, and the 1909 Nobel Prize; Bose won posthumous honour and a footnote in 
most Western histories. Multiply Bose’s choice across a civilisation — a deep cultural disposition to 
prize pure knowledge over its grubby commercial application, compounded by a colonial economy 
that offered no Indian innovation system to commercialise into even had he wished to — and you 
have the invention–innovation gap rendered absolute.  Raman’s effect today underpins a global, 
multi-billion-dollar analytical-instruments industry, almost none of it Indian. Bose’s semiconductor 
insight helped seed the electronics age, almost none of it Indian. The discoveries were India’s. The 
industries were everyone else’s.

SIDEBAR — Four discoveries, and where the value went

Mind Discovery (≈ year) Recognition Where it was scaled or 
monetised

C. V. Raman The Raman effect (1928) Nobel Prize, 1930 Global Raman-
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Mind Discovery (≈ year) Recognition Where it was scaled or 
monetised

spectroscopy & 
analytical-instruments 
industry — built abroad

J. C. Bose Microwave wireless; the 
semiconductor detector 
(1890s–1900s)

Declined to patent; later 
IEEE “father of radio 
science”

Radio & electronics — 
Marconi and the West

Meghnad Saha The Saha ionisation 
equation (1920)

Nominated for the Nobel; 
never won

Modern stellar 
astrophysics — 
developed abroad

Srinivasa Ramanujan Thousands of results in 
number theory & 
analysis (1910s)

Fellow of the Royal 
Society, 1918; died 1920, 
aged 32

Pure mathematics & 
modern physics — 
pursued worldwide

A fifth name fits the same column: Satyendra Nath Bose, whose 1924 work gave physics the “boson,” was never 

awarded a Nobel either. Discovery, Indian; the fields and fortunes, elsewhere.

The Ledger: Invention Without Innovation, in Its Purest Form

What did the age invent? At the level of fundamental discovery, an astonishing amount, and against 
staggering  odds:  a  Nobel-winning  optical  effect,  the  equation  that  lets  us  read  the  stars,  the 
semiconductor detector and the foundations of radio, a body of mathematics still bearing fruit a 
hundred years on, and the statistics that named a class of particles. Few nations have ever packed so 
much first-rank scientific genius into so short a span — and none, perhaps, did it on so little.

Did it innovate and scale? Almost not at all, within India. Every one of these discoveries seeded a field 
or  an  industry;  every  one  of  those  fields  and  industries  was  developed,  institutionalised,  and 
monetised abroad. This is the invention–innovation gap not merely present but pure — distilled to its 
essence, with the invention unmistakably Indian and the innovation, diffusion, and value capture 
unmistakably foreign. The Schumpeterian chain snapped at the first link past discovery, every time.

Which rungs of the ladder did the era move? Heartbreakingly few — and that is the chapter’s entire 
point. These were towering achievements balanced on a desperately thin institutional base. The era 
barely touched Rung 1 below its tiny educated elite, where mass illiteracy still ruled; it built little of 
the research institutions and innovation system of Rungs 3 and 4, because the extractive colonial 
state would not. Genius, the era proves with brutal clarity, cannot substitute for a ladder. A handful of 
extraordinary minds, however brilliant, is not a developed scientific nation — it is a set of seeds 
without a garden.
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The template lesson here completes the diagnosis begun in Chapter 7, and approaches it from the 
opposite side. The rupture chapter showed that inverted institutions can drag even a manufacturing 
superpower down. This chapter shows that not even the most dazzling individual genius can lift a  
nation up without the system to carry it. Together they establish the proposition on which all of Part 
IV turns: development is made of institutions, not heroes. You cannot leapfrog to a scientific power on 
brilliance alone; you must build the laboratory and the market, the soil and the garden.

And there is, at last, a turning toward hope — embodied, fittingly, in Saha, the one figure here who 
saw the missing system most clearly and resolved to build it. Saha became a tireless advocate of 
planned science,  of institutions,  of industrialisation, eventually entering Parliament to push the 
cause. He understood that India’s problem was never a shortage of minds but a shortage of the 
machinery to make minds count. In 1947 that machinery would, for the first time in centuries, fall 
into  Indian  hands.  The  long,  flawed,  fascinating  attempt  to  build  the  garden  —  to  convert  a 
civilisation of seeds into a system at last — is the story of Part IV.

Takeaway.  Early-twentieth-century India produced some of the finest scientific minds on earth 
and captured almost none of the industries, fields, or fortunes their discoveries created. It was the 
invention–innovation gap in its purest form: world-class seeds, almost no garden. The era’s hard 
lesson is that genius is no substitute for a system — and that the system would have to be built on 
purpose.

End of Chapter 8. End of Part III.
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P A R T  I V

Building the Machinery
1947 – 1991
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C H A P T E R  9

Designing a Nation
◆

For two thousand years India’s institutions evolved by accident and froze by  
hierarchy. In 1950, for the first time, it sat down and designed one on purpose  

— and decided that this time, everyone would climb.

We arrive at the hinge of the book. For eight chapters the pattern has been relentless and dispiriting: 
India invents, and the scaling, the value, and the credit drain away — to other workshops, other 
empires, other names. The Great Rupture left the subcontinent not merely poor but stripped of the 
very machinery a nation needs, its institutions inverted for extraction, its genius unsupported by any 
system.

And then, in August 1947, something unprecedented in the entire story occurred: Indians took control 
of the Indian state. For the first time, the people who would have to live with the consequences held 
the pen. What they did with it over the next four decades is the subject of Part IV — a flawed, 
fascinating,  only-half-successful  attempt to build the system that every previous chapter found 
missing. And the very first thing they built was their masterpiece. Before the dams and the rockets, 
before the failures of the planned economy, India’s new leaders performed an act of institutional 
invention so audacious that much of the world expected it to fail within a decade. They designed a 
nation.

The Constitution as Invention

On 26 January 1950, the Constitution of India came into force, and with it the largest and least likely 
democratic republic ever attempted. It is easy, three generations on, to take the document for granted 
— to see it as paperwork. That is a failure of imagination. The Indian Constitution was an invention in 
the fullest sense this book has developed: a deliberate, original solution to problems no one had ever 
solved.

It was drafted over nearly three years by a Constituent Assembly of some three hundred members, its 
Drafting Committee chaired by B. R. Ambedkar — and pause on that fact, because it is the chapter in 
miniature. The principal architect of independent India’s founding document was a Dalit, a member 
of the very community that caste, the master-institution of Chapter 6, had most savagely degraded. 
The man the old order had been built to crush was handed the pen to design the new one. And he used 
it precisely as a weapon against that order.

Consider  what  the  document  actually  did,  against  the  backdrop of  the  India  of  1950:  a  nation 
desperately poor, only about a sixth of its people able to read, fractured into hundreds of languages 
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and every major faith, and freshly traumatised by a Partition that had killed perhaps a million people 
and uprooted some fifteen million more. Into that reality, the Constitution wrote universal adult 
franchise — every adult, at a single stroke, granted the vote. This was not an adaptation of anyone’s 
practice; it was an invention. The established democracies of the West had widened the franchise 
grudgingly across centuries, gating it behind property, then literacy, then sex. India simply gave the 
vote to everyone, at once, in conditions of mass poverty and illiteracy that every prevailing theory said 
made  democracy  impossible.  The  Constitution  also  abolished  untouchability  outright  in  its 
seventeenth  article,  guaranteed  fundamental  rights,  and  —  most  inventively  of  all  —  built 
affirmative action into the founding charter itself, reserving places for the historically oppressed. 
Ambedkar was using the new master-institution to begin the deliberate thaw of the old frozen one. 
Where Chapter 6 ended in ice, Chapter 9 begins the melt.

Importing and Adapting Social Technologies

Here the book’s central strategic thesis surfaces in the most important domain yet — because the 
genius of the Constitution lay not in inventing everything from nothing, but in brilliant adaptation. 
The framers were not utopian originalists; they were the most accomplished institutional innovators 
in the book so far, and they worked exactly as Chapter 3 said a wise latecomer should.

They  studied  the  world’s  existing  institutional  technologies  and  borrowed  shamelessly  and 
intelligently. From Britain came the parliamentary system, the rule of law, and single citizenship. 
From the United States came fundamental rights, judicial review, and the architecture of federalism. 
From Ireland came the Directive Principles of State Policy. From the Weimar constitution of Germany 
came the emergency provisions. The Indian Constitution is, in significant part, a masterwork of 
synthesis — proven institutional components, sourced from the best available models, assembled 
into one frame.

But — and this is the analytical heart — it was emphatically not mere copying, and the difference is 
the difference Chapter 3 drew between thoughtless imitation and intelligent innovation. This was 
absorptive capacity in action: the framers had the deep intellectual capability to understand what 
they borrowed, to adapt it to utterly different conditions, and to invent outright where no foreign 
model could help. No constitution anywhere offered a template for universal franchise amid that 
poverty, so they invented one. No model existed for their architecture of caste-based affirmative 
action,  their  accommodation  of  staggering  linguistic  and  religious  plurality,  their  asymmetric 
federalism with its special provisions for particular regions — so they built these themselves. The 
result was a genuinely new institution, assembled largely from existing parts and completed with 
original invention where the parts ran out.

This is the institutional echo of the hundi and the foreshadow of UPI: India’s recurring genius is not 
for inventing every component from scratch but for recombining and adapting proven elements into 
something new and fitted to its own vast complexity. The Constitution is that genius operating at the 
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highest level the book has yet recorded — and operating, for once, with the full power of a sovereign 
state behind it.

Democracy at Improbable Scale

The Constitution was the design. Democracy was the running machine — and that it ran at all, let  
alone for seventy-five years, is among the genuine wonders of modern political history.

Almost no serious observer in 1947 expected it to last. The conventional wisdom held that democracy 
was a luxury of rich, literate, homogeneous nations; that India was too poor, too illiterate, too diverse, 
too vast; that it would fracture along its thousand fault lines or harden, as most of the decolonising 
world soon did, into one-party rule or military dictatorship. India confounded them all.  It  held 
together, and it kept voting.

The scale is almost impossible to absorb. India’s first general election, in 1951–52, enrolled some 173 
million voters, roughly four in five of whom could not read. The Election Commission, barely a year 
old, met that challenge with pure institutional invention — assigning each party a visual symbol so 
that  an  illiterate  electorate  could  vote  by  recognition,  building  millions  of  ballot  boxes,  and 
conducting the poll across sixty-eight phases over four months, with officials reaching voters by 
camel, boat, and foot. It was, at the time, simply the largest democratic exercise the world had ever 
seen. And it kept growing: the general election of 2024 enrolled close to 970 million registered electors 
— the largest single act of democratic choice in the history of the species.

This,  too,  is  invention — institutional  invention of  the first  rank.  No one had ever operated a 
democracy at this scale, this poverty, this diversity, and India’s demonstration that it could be done is 
a genuine addition to humanity’s stock of institutional knowledge, exported now as example and 
study to the rest of the developing world.

Honesty, as always in this book, forbids triumphalism. Indian democracy has been strained, and 
sometimes broken. For twenty-one months between 1975 and 1977 it  was effectively suspended 
altogether, under the Emergency — a near-fatal test. Yet the more telling fact is what followed: in 
1977 the electorate threw the government that had imposed the Emergency out of office. The system 
corrected  itself.  Indian democracy  has  lived  alongside  communal  violence,  deep and persistent 
inequality, a gulf between its formal promises and its substantive delivery, and recurring arguments 
— continuing vigorously to this day — about its health and direction. It is contested, imperfect, and 
unfinished. It is also, by any fair reckoning, one of the most remarkable institutions any society has  
ever built and sustained.

SIDEBAR — Democracy at a scale never attempted
• Universal adult franchise, granted at a stroke in 1950 — where the established democracies of 

the West had taken centuries to widen the vote, India extended it to every adult overnight.
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• First general election (1951–52): ~173 million registered voters, roughly 82% of them unable to 
read — met with symbol-based ballots, ~2 million ballot boxes, and polling conducted across 68 
phases.

• Most recent general election (2024): close to 970 million registered electors — the largest 
democratic exercise in human history.

• Adult literacy at independence: about one in six. India enfranchised a largely illiterate nation — 
something no established democracy had ever dared.

• The Constitution: the world’s longest national constitution, drafted in under three years by a 
Constituent Assembly of ~299 members, its Drafting Committee chaired by B. R. Ambedkar.

The Ledger: An Institutional Triumph, an Economic Hesitation

What did the age invent? Its founding act was a genuine, world-class institutional invention — a 
constitution and a working democracy that solved problems no society had solved before: universal 
franchise amid mass poverty and illiteracy, durable unity across staggering diversity, and the first 
deliberate constitutional assault on the caste hierarchy that had frozen India for two millennia. This 
is the vindication of Chapter 2’s claim and the thaw of Chapter 6’s ice. India’s single greatest modern 
invention is not a machine. It is an arrangement of people, rights, and rules.

Did it innovate and scale? Yes — and here, for the first time in the entire book, the answer is an 
unqualified yes. This is the first era in which India invented, innovated, scaled, and kept the value, all  
at home. The full Schumpeterian chain ran to completion on Indian soil.  And — the point that 
matters most for this book’s thesis — it did so by innovating rather than inventing from scratch: by 
adapting the world’s proven institutional technologies to Indian conditions and inventing only where 
no model existed. This is precisely the playbook Chapter 3 prescribed, executed at the highest level, 
and it produced India’s first clear, durable, world-historic success.

Which rungs of the ladder did the era move? On the political side, it moved the hardest rung of all. 
Recall from Chapter 4 that Rung 3, institutions and the rule of law, was identified as India’s binding 
constraint — and recall from Chapter 7 that India inherited this rung inverted, built for extraction. To 
construct,  on  that  ruined  foundation,  genuine,  durable,  inclusive  political institutions  was  a 
staggering act of climbing. The era also began, at last, to thaw the frozen Rung 1, using franchise, 
rights, and reservations to pull the historically excluded toward the ladder — even if substantive 
gains in mass human capital would lag for decades.

But the Ledger’s title carries a warning, and it sets up everything that follows. The same founding 
moment  that  got  the  political institutions  so  magnificently  right  got  the  economic institutions 
substantially wrong. The vision that built India’s democracy also committed it to a model of state-led 
planning, suspicion of markets, and self-imposed isolation that would throttle growth for forty years 
— a story the next three chapters tell. India designed a brilliant political ladder and, in the same 
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breath, hesitated to build the economic one beside it. The triumph and the hesitation were born 
together.

The template lesson is the most encouraging in the book so far, and the most precise. When India 
plays to its genuine comparative strength — institutional innovation, the intelligent adaptation and 
recombination of proven ideas — it is capable of world-historic achievement, even from a ruined 
start. The Constitution is the proof of concept for the entire “innovation now” thesis, and the template 
for the modern triumphs still to come: the cooperative in Chapter 11, the digital public infrastructure 
of Chapter 15. India’s deepest genius is institutional. In 1950, for the first time, it was allowed to 
operate at full strength. The tragedy of the years that followed is that this same confidence was 
turned, economically, in exactly the wrong direction.

Takeaway.  India’s greatest modern invention was not a machine but an arrangement — a 
constitution and a democracy that solved problems no one had solved before: universal franchise 
amid mass poverty, unity amid vast diversity, the first deliberate assault on caste. For the first time 
in this book, India invented, innovated, scaled, and kept the value, all at home — and it did so by 
adapting rather than inventing from scratch, in the institutional domain where its genius has 
always lain. The same moment, however, hesitated economically — and that hesitation is the next 
three chapters.

End of Chapter 9.
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C H A P T E R  1 0

Big Science by Decree
◆

You can build a laboratory by decree. You cannot decree what comes out of it.  
India learned, in these decades, that inventing is something a state can 

command — and that innovating is not.

The Constitution proved that India could build a great institution from nothing. The natural question, 
in 1950, was whether it could do the same for science and industry — whether the state that had just 
designed a democracy could also design, by deliberate act, the laboratory and the industrial base that 
the  colonial  centuries  had denied it.  Chapter  8  ended on exactly  this  missing piece:  India  had 
produced world-class genius with no system beneath it. Now, for the first time, a sovereign Indian 
state would try to build the system on purpose.

It tried with enormous energy and real conviction, and the results were genuinely mixed in a way that 
is deeply instructive. This is the chapter where the “economic hesitation” of Chapter 9’s Ledger begins 
to take concrete shape. India built the laboratory it had always lacked. What it could not build, by 
decree, was the bridge from the laboratory to the world.

The Temples of Modern India

The vision belonged, above all, to Jawaharlal Nehru, and it had the force of a faith. Standing before the 
great Bhakra-Nangal dam in 1954, Nehru called such projects — the dams, the steel plants, the 
scientific laboratories — the “temples of modern India.” The phrase captured an entire theory of 
development: that a poor, newly free nation could leap forward by mobilising the state to build, 
directly and deliberately, the commanding heights of science and heavy industry. Where the market 
was weak and capital scarce and private enterprise distrusted, the state would be the engine of 
invention.

This  was not  mere rhetoric;  it  was  a  coherent  and seriously  pursued strategy,  given economic 
architecture by the statistician P. C.  Mahalanobis,  whose Second Five-Year Plan of 1956 pushed 
resources toward heavy industry, capital goods, and the public sector. And out of it came a genuine 
institutional construction effort, on a scale India had never attempted. A vast network of national 
laboratories under the Council of Scientific and Industrial Research. An atomic energy programme 
under  Homi  Bhabha.  A  space  programme  under  Vikram  Sarabhai.  The  Indian  Institutes  of 
Technology, the first opening at Kharagpur in 1951. Great public-sector steel plants rising at Bhilai, 
Rourkela, and Durgapur with Soviet, German, and British help.
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Whatever its later disappointments, this deserves to be recognised for what it was: the deliberate, 
determined construction, by a desperately poor state, of the very scientific and industrial system that 
every earlier chapter had found missing. After two thousand years of genius without a garden, India 
was, at last, building the garden by hand.

ISRO, the Atom, and the CSIR Labs

Three of these temples reveal the full spectrum of what big-science-by-decree could and could not do.

The  space  programme is  the  triumph.  Vikram Sarabhai  founded it  on a  principle  that  quietly 
distinguished it from every prestige project of the age: space technology was to serve development — 
communications, weather forecasting, remote sensing for a poor and agrarian nation — not national 
vanity. It began with almost comic humility, sounding rockets ferried to the launch site at Thumba on 
bicycles  and bullock carts.  But  the  focus  and the mission-discipline  held.  India’s  first  satellite, 
Aryabhata, flew in 1975; the indigenous SLV-3 placed a satellite in orbit in 1980 under a project 
director named A. P. J. Abdul Kalam; and from these foundations grew the dependable workhorse 
rockets that would later make ISRO a genuinely world-class — and eventually commercial — space 
agency. ISRO is the proof that state big science can work.

The atomic programme is the more ambiguous case. Homi Bhabha built, from 1948, a serious nuclear 
establishment: Asia’s first research reactor, Apsara, came alive in 1956, and an ambitious three-stage 
plan was drawn up to exploit India’s vast thorium reserves. The programme delivered real scientific 
capability and, in 1974, a nuclear device. But measured against its grandest promise — abundant 
electricity for the nation — it largely did not deliver. Decades and immense investment later, nuclear 
power still supplies only a small fraction of India’s electricity; the thorium dream never scaled. High 
prestige and strategic capability; thin developmental return.

And the CSIR laboratories are the cautionary case — the lab-to-market gap made institutional. Some 
forty national laboratories produced a great deal of genuine science. But they became, over time, the 
very emblem of publicly funded research disconnected from industry:  evaluated by papers and 
prestige rather than products and profit, structurally severed from the firms that might have turned 
their findings into goods. They invented. They rarely innovated. The garden grew, but much of its 
fruit fell unpicked.

Ambition Meets the Lab-to-Market Gap

Step back from the individual temples and the structural pattern comes clear — and it is, hauntingly, 
the oldest pattern in this book, recreated inside the modern state.

The Nehruvian model successfully built the laboratory — the invention capacity that Chapter 8 found 
so tragically absent. What it largely failed to build was the  market — the commercialisation and 
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diffusion engine that turns invention into widely adopted,  value-creating innovation.  India had 
constructed, by decree, a machine for discovery, and then left it connected to almost nothing.

Why did the bridge fail to form? The reasons are structural, and each one points back to a principle 
the book has already established. First, the state itself is a poor innovator. Schumpeter taught us in 
Chapter 3 that innovation is carried by entrepreneurs operating under the discipline of markets, 
competition, and profit — none of which a government laboratory feels. Invention a bureaucracy can 
fund; the relentless, failure-strewn work of turning invention into a product the world will buy is not 
a thing a ministry does well. Second, and decisively, the very same state was busy suppressing the 
private sector that would normally do the commercialising. The License Raj, whose full damage 
Chapter 12 details, throttled and protected private industry into a comfortable, monopolistic torpor 
with no incentive to innovate — so that even when a public lab produced something useful, there was 
no hungry, competitive private economy waiting to scale it. Third, the autarky of import substitution 
sealed India off from global competition and global best practice, removing the external pressure that 
forces firms to improve. The laboratory was built; the market it needed was actively dismantled next 
door.

This is why the contrast between ISRO and the CSIR labs is so illuminating, and it carries the chapter’s 
real lesson. ISRO worked because it had what the rest of the model lacked: a clear, accountable 
mission that functioned as a substitute for the market’s discipline. “Put a working satellite in orbit;  
deliver weather data to farmers” is a deliverable that cannot be faked with a stack of journal papers. 
Where the state imposed mission-discipline and clear accountability, big science delivered. Where it 
did not, it produced prestige and publications. State-directed invention, the era teaches, is not doomed 
— but it succeeds only under a discipline that mimics the market it has otherwise excluded.

And there is a deeper verdict still, the one that speaks directly to the book’s thesis. This era chose to 
reach for a high rung — a state-directed innovation system at the technological frontier — and it  
reached by the wrong mechanism and out of sequence. It tried to decree a top-of-Rung-4 innovation 
apparatus into existence while suppressing the market half of Rung 3 beside it and neglecting the 
broad base of Rung 1 beneath it. The IITs trained a world-class elite even as mass literacy languished. 
You cannot, the decades proved, command commercial innovation from above while starving the 
market and the schoolroom that must support it. The ladder must be climbed roughly in order; it  
cannot be skipped by decree.

SIDEBAR — The temples, and what they returned

Institution (founded) The ambition The verdict by 1991

ISRO (1969; roots from 1962) space technology for development Genuine success — mission-
disciplined, and eventually 
commercial

Atomic Energy / AEC (1948) abundant nuclear power; strategic 
capability

Strategic capability achieved; the 
power dream never scaled
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Institution (founded) The ambition The verdict by 1991

CSIR (~40 national laboratories) industrial research Much science, thin 
commercialisation — the lab-to-
market gap

The IITs (from 1951) world-class technical talent Talent delivered — and much of it 
emigrated, the “brain drain”

Public-sector steel (Bhilai and 
others)

a heavy-industry base Built — but increasingly inefficient 
behind protection

Read the right-hand column: a spectrum from real success (ISRO) to invention that never reached a market — and, 

in the IITs, a new twist on the old pattern, India building human capital it then exported.

The Ledger: State Invention, Thin Commercial Return

What did the age invent? A serious, state-built scientific and industrial establishment, raised from 
near-nothing: national laboratories, a space programme, nuclear capability, the IITs, a public-sector 
heavy-industry  base.  For  the  first  time  in  the  entire  book,  India  deliberately  constructed  the 
laboratory — the invention capacity — whose absence doomed the genius of Chapter 8. That is a real 
and historic achievement, and it should not be diminished by what followed.

Did it innovate and scale? Unevenly, and mostly not. ISRO genuinely innovated, scaled, and delivered, 
and stands as proof that the model could work. But across most of the apparatus the commercial and 
industrial return was thin: nuclear power never scaled, the CSIR labs rarely reached the market, the 
public-sector firms grew inefficient. The state built invention capacity and largely failed to build the 
innovation engine that should convert it into prosperity. This is the invention–innovation gap of the 
ancient chapters, recreated — astonishingly — inside the modern developmental state.

Which rungs of the ladder did the era move? It built real Rung 4 invention capacity and a sliver of elite 
Rung 1 in the IITs — genuine climbing, the deliberate construction of the long-missing laboratory. 
But it broke the commercialisation link by suppressing the market, neglected the broad base of mass 
human capital, and so could not turn its invention capacity into broad developmental gain. It moved 
the invention rung and stranded the innovation that was supposed to follow.

The template lesson is the precise complement to Chapter 9’s. There, India played to its institutional 
strength and innovated brilliantly, and triumphed. Here, India reached instead for state-directed 
invention at the frontier — and learned the hard limits of that choice. Invention can be commanded;  
innovation cannot. A state can build laboratories by decree, but the bridge from laboratory to market 
is built by entrepreneurs, competition, and demand — exactly the forces this era was simultaneously 
suppressing. The result vindicates the book’s sequencing thesis from the cautionary side: you cannot 
leap to a frontier innovation system by command while the market beside it is throttled and the 
schoolroom beneath it is bare.
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And yet — in this very same era, two things did scale, spectacularly, reaching hundreds of millions 
and transforming the nation. They did not come from the gleaming temples of big science at all. They 
came from a tractor in a wheat field and a cooperative in a dairy town, and they succeeded precisely 
because they were carried by institutional mechanisms the high-science model lacked. Why the 
revolutions diffused when the laboratories often did not is the question — and the encouragement — 
of the next chapter.

Takeaway.  India’s post-independence state built, by decree, the scientific and industrial laboratory 
it had lacked for two thousand years — a genuine achievement. But it could not decree the bridge 
from lab to market, and it suppressed the very private economy that bridge requires. ISRO, mission-
disciplined, shows state big science can work; much of the rest shows its default failure. Invention 
can be commanded; innovation must be carried.

End of Chapter 10.
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C H A P T E R  1 1

The Revolutions That Scaled
◆

The temples of big science reached for the heavens and returned little. Two 
revolutions that reached instead into ten million fields and dairy sheds fed a  

nation — and neither rested on a single thing India had invented.

Chapter 10 ended on a puzzle. In the same decades that India’s gleaming state laboratories were 
producing prestige and papers more reliably than products, two transformations of staggering scale 
were sweeping the countryside — reaching not an elite, not the nation’s abstract structure, but 
hundreds of millions of ordinary, poor, often illiterate people, and changing their lives utterly. They 
turned a  nation that  lived “ship-to-mouth,”  one bad monsoon from famine,  into  a  food-secure 
exporter, and a milk-deficient land into the largest dairy producer on earth.

They did not come from the temples of big science. They came from a wheat field in Punjab and a 
dairy cooperative in Gujarat. And understanding why they diffused when so much high science did not 
is the most important lesson in Part IV — because the answer is the clearest vindication, anywhere in 
this book, of its central thesis.

Feeding a Nation: The Green Revolution

In the mid-1960s, India stood on the edge of catastrophe. Two failed monsoons, a population growing 
faster than its food supply, and a humiliating dependence on American food aid — some ten million 
tonnes of wheat a year shipped under the PL-480 programme — had reduced the nation to what 
observers called a “ship-to-mouth” existence. Influential Western voices, most famously Paul Ehrlich, 
declared the situation hopeless and predicted mass famine; the question was not whether India 
would starve but how many millions would die.

It did not happen, and the reason was the Green Revolution. The core breakthrough was a new kind of 
wheat — semi-dwarf, high-yielding varieties bred by the American agronomist Norman Borlaug, 
whose work would earn him the Nobel Peace Prize in 1970. These plants, short-stalked so they would 
not topple under the weight of heavier grain, responded dramatically to fertiliser and irrigation. 
Adapted to Indian conditions by the geneticist M. S. Swaminathan and championed politically by the 
agriculture  minister  C.  Subramaniam,  and  concentrated  in  the  well-irrigated  belts  of  Punjab, 
Haryana, and western Uttar Pradesh, they transformed Indian agriculture with astonishing speed. 
Wheat output leapt from about twelve million tonnes in the mid-1960s to twenty-eight million by 
1970–71, and India achieved cereal self-sufficiency by the mid-1970s, its food-aid dependence falling 
toward zero within two decades. A nation that had been written off as a Malthusian basket case fed 
itself.
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But this book does not deal in unmixed triumphs, and the Green Revolution’s costs were real and are 
still being paid. Its intensive package of irrigation, fertiliser, and pesticide drew down Punjab’s water 
table toward crisis, degraded soils, narrowed India’s agriculture into a wheat-and-rice monoculture, 
and bypassed the rainfed and eastern regions it could not easily reach, deepening regional inequality. 
Swaminathan himself, late in life, called for an “evergreen revolution” that would raise yields without 
the ecological harm. The Green Revolution averted a famine and saved, very probably, millions of 
lives. It also wrote a bill that India is still settling. Both things are true.

The White Revolution and the Amul Model

If the Green Revolution was India brilliantly deploying a foreign invention, the White Revolution was 
something the book has been building toward since Chapter 6: India’s institutional genius, operating 
in the economic domain, at national scale, and triumphing.

The story begins in Gujarat in 1946, when the dairy farmers of the Kaira district,  exhausted by 
exploitation at the hands of middlemen and a private dairy monopoly, organised a cooperative of 
their own — the union that would become Amul. Its transformative leader was Verghese Kurien, the 
“milkman of  India,”  and his  genius  was not  technological  but  institutional.  He built,  and then 
perfected, the “Anand pattern”: a three-tier cooperative structure in which village-level societies fed 
district unions, which fed a state marketing federation — the whole edifice owned by the farmers 
themselves. It cut out the middleman, handled procurement and processing and marketing as one 
integrated  chain,  and  returned  the  value  directly  to  millions  of  small,  marginal,  and  landless 
producers, a great many of them women.

From 1970, through the National Dairy Development Board that Kurien also led, this model was 
replicated across the country in Operation Flood — the largest dairy development programme the 
world has ever seen, run in three phases to 1996. The results rival any in the book. India’s milk 
production climbed from around twenty-two million tonnes a year to over two hundred and thirty 
million tonnes today; India surpassed the United States to become the world’s largest milk producer 
and has held that place for decades, supplying roughly a quarter of all the milk on earth. Dairying 
became a primary source of income for tens of millions of rural households.

Recognise this for what it is. Amul is the direct lineal descendant of the shreni of Chapter 6 — the 
producer-owned collective that pools, processes, and markets — but realised at last at national scale, 
professionally run, and crucially inclusive, breaking rather than enforcing the old barriers of caste 
and gender. It is the cooperative as the modern heir of the guild, exactly as that chapter’s sidebar 
promised.  And  it  had  what  Chapter  10’s  laboratories  lacked:  a  Kurien  —  a  Schumpeterian 
entrepreneur to carry the innovation into the world.
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Why These Diffused When High Science Didn't

Now to the puzzle, and the chapter’s analytical heart. The temples of big science struggled to reach the 
market; these two revolutions reached a hundred million households. Why? Four reasons, and each 
one points back to a principle this book has already established.

First, they were innovation, not frontier invention. The Green Revolution diffused seed science that 
had already been proven; the White Revolution diffused and adapted a cooperative form already 
centuries old. Neither faced the most expensive and uncertain question — is it possible? — because 
someone had already answered it. By the cost-and-risk logic of Chapter 3, these were the cheaper, 
faster, surer bets, and India played them brilliantly. This is “innovation now” in its purest agricultural 
and institutional form.

Second,  they  had  a  carrier.  Schumpeter  insisted  that  innovation  is  borne  into  reality  by 
entrepreneurs, not by committees — and where Chapter 10’s labs had no one whose job was to drag 
the discovery into the field, these revolutions had their champions: Kurien for the cooperatives, 
Swaminathan and Subramaniam for the seeds. The carrier the high-science model lacked was the 
difference between diffusion and dormancy.

Third, they were demand-pulled and incentive-aligned, not supply-pushed. A farmer planted the new 
wheat because it made him money; a farmer joined the cooperative because it paid him a better price 
and gave him a share of the enterprise. The people doing the adopting had real skin in the game, real 
incentives, real ownership — utterly unlike a laboratory rewarded with citations for work no factory 
would ever build. Adoption was driven by the self-interest of millions, which is the most powerful 
diffusion engine there is.

Fourth, and deepest, both were ultimately institutional achievements. This is the point that ties the 
chapter to the spine of the book. Even the Green Revolution’s success rested less on Borlaug’s seed 
than on the institutional package India built around it: the agricultural extension network that 
taught farmers, the credit that financed them, the guaranteed minimum prices and government 
procurement that made adoption safe, the subsidised inputs. The seed was foreign and proven; the 
machinery of diffusion was Indian and invented. And the White Revolution was institutional through 
and through. In other words, both revolutions succeeded precisely because India deployed the one 
capacity Chapters 2, 6, and 9 identify as its true comparative strength — institutional innovation — to 
build the bridge from a proven idea to a hundred million users. The laboratories failed at that bridge. 
The revolutions were that bridge.

SIDEBAR — Two revolutions, by the numbers
• Wheat: from ~12 million tonnes (1964–65) to ~28 million by 1970–71, and on to full self-

sufficiency — India moved from “ship-to-mouth” dependence on ~10 million tonnes of annual food 
aid to cereal surplus within two decades.
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• Milk: from ~22 million tonnes a year (around 1970) to over 230 million tonnes today — India 
became, and remains, the world’s largest milk producer, supplying roughly a quarter of global 
output.

• Reach: dairying is now a primary income source for an estimated ~80 million rural households, 
with women a majority of the workforce — development reaching the many, not the few.

• The common thread: neither revolution rested on a frontier invention India made. The seed science 
was largely Borlaug’s; the cooperative form was ancient. India’s achievement, both times, was the 
institutional machinery that diffused a proven idea to hundreds of millions.

The Ledger: Social-Institutional Innovation at Its Best

What did the age invent? In the strict sense of frontier discovery, little — and, as so often in this book, 
that is precisely the point. The semi-dwarf wheat was Borlaug’s; the cooperative was older than the 
Mughals. What India built was the institutional package and the diffusion system: the Anand pattern, 
Operation  Flood,  and  the  extension-credit-procurement-price-support  machinery  that  carried 
proven ideas into ten million fields and dairy sheds. This was social and institutional innovation of 
the first order.

Did it innovate and scale? Spectacularly, and at a level the book has not seen before — reaching not 
the nation’s structure, as the Constitution did, nor an elite, as the IITs did, but hundreds of millions of  
ordinary poor people, directly, in their daily bread and their daily income. The full Schumpeterian 
chain ran to completion on Indian soil, at mass scale, with the value retained by Indian farmers. This 
is the second great triumph of Part IV — and, exactly like the first, it is an institutional and social 
innovation, not a technological invention. The pattern is now impossible to miss.

Which rungs of the ladder did the era move? It moved the broadest base of Rung 1 — mass human 
welfare — as nothing in the book yet has: food security for a nation, and rising incomes for tens of 
millions of the rural poor. And it did so by building genuine diffusion machinery, an institutional 
advance in its own right. Where Chapter 10’s big science neglected the broad base and reached for an 
elite frontier, the revolutions reached the many. The costs — ecological and regional for the Green 
Revolution especially — are real and unsettled, and honesty keeps them on the page. But measured in 
lives fed and livelihoods raised, this is development reaching the ground.

The template lesson is the most affirming in the book, and the exact complement to the cautionary 
lesson of Chapter 10. Set the two chapters side by side and the thesis writes itself. State-decreed 
frontier invention returned thin fruit; innovation-and-diffusion through institutional strength fed a 
nation and watered it with milk. When India innovates on proven knowledge rather than chasing the 
frontier, deploys its institutional genius to build the machinery of diffusion, and finds an entrepreneur 
to carry it, it can transform the lives of hundreds of millions. This is not a consolation prize. It is, on the 
evidence of this chapter, the single most powerful thing India knows how to do.
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And yet, maddeningly, the very same state that enabled these diffusion triumphs was, in these very 
years, strangling the broader economy that should have carried such successes into every sector. 
While wheat and milk flowed, Indian industry was being throttled into a protected, permit-bound 
torpor — innovation suffocated by the very government that had just shown, in the fields, how 
brilliantly diffusion could work. Why the same state could enable a revolution in the dairy shed and 
smother one in the factory is the paradox of the next chapter.

Takeaway.  The two transformations that touched the most Indian lives in this era — feeding the 
nation and making it the world’s dairy — rested on no frontier invention India made. The seed 
science was Borlaug’s; the cooperative was ancient. India’s genius, both times, was the institutional 
machinery of diffusion that carried a proven idea into ten million fields and sheds. When India 
innovates and diffuses through its institutional strength, it changes hundreds of millions of lives — 
the single most powerful thing it knows how to do.

End of Chapter 11.
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C H A P T E R  1 2

The License Raj Paradox
◆

Colonialism switched off India’s economy from the outside. The License Raj  
proved that India could do it from the inside — and, for forty years, it did, in  

the name of strength.

The previous chapter left us with a paradox: the same state that diffused wheat and milk to hundreds 
of  millions,  with  such institutional  brilliance,  was  in  those  very  years  strangling  its  industrial 
economy into stagnation. This chapter resolves that paradox, and in doing so it closes Part IV on its 
darkest and most instructive note. For the tragedy here is not, as in Chapter 7, a wound inflicted by an 
outside power. It is self-inflicted — a wound India chose, for reasons that seemed wise at the time,  
and that took forty years and a national crisis to undo.

This is the story of the License Raj: the elaborate machinery of permits and controls that governed the 
Indian economy from independence to 1991, and that managed the singular feat of suppressing, 
simultaneously, both the invention India prized and the innovation it needed. To understand it is to 
understand the precise inverse of everything that worked in Chapter 11 — and to see, in sharp relief, 
exactly which choices doom a developing economy and which set it free.

Protection as Policy

The system had a coherent logic, and fairness demands that we begin with it, because the License Raj 
was not stupidity — it was a serious answer to a real question, given by serious people, that happened 
to be wrong.

The question was: how should a nation, freshly freed from a century of colonial extraction that had 
de-industrialised it (Chapter 7), build a strong, self-reliant industrial economy? The answer India 
chose, in tune with the mainstream development economics of the 1950s, was import-substituting 
industrialisation directed by the state. The government would protect infant industries behind high 
tariffs and import controls, channel scarce capital to priority sectors, prevent the concentration of 
economic power, and reserve the “commanding heights” for the public sector. After the trauma of 
colonial dependence, self-reliance was not a slogan; it was a wound speaking.

The machinery built to deliver this vision was vast. The Industries Act of 1951 required a government 
licence to start a business, to expand it, to change what it made, or to relocate it. Imports needed 
permits and rationed foreign exchange. The Monopolies and Restrictive Trade Practices Act of 1969 
restrained large firms from growing. The Foreign Exchange Regulation Act of 1973 so tightened the 
screws on foreign companies that IBM and Coca-Cola both quit India in 1977 rather than comply. The 
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statesman Rajaji, who opposed it all, gave the system the name that stuck: the “Licence-Permit-Quota 
Raj.” In this economy, the state, not the market, decided who could produce what, how much, and at 
what price. Success depended not on satisfying customers but on managing the bureaucracy.

How Scarcity Smothered Both Invention and Innovation

Here is  the paradox in full:  a  system designed to build industrial  strength produced industrial 
weakness,  by  suppressing  the  very  dynamism  that  creates  strength.  And  it  did  so  through 
mechanisms that map, point for point, onto the principles this book has built.

First and most fatally, it switched off competition. Protected from imports by tariffs and from new 
domestic rivals by licensing, the incumbent firm faced no pressure to improve. It could sell whatever 
it  made,  however  shoddy,  because  the  customer  had  nowhere  else  to  go.  Recall  Schumpeter’s 
“perennial gale of creative destruction” from Chapter 3 — the force by which the new sweeps away 
the old, and the engine of all capitalist progress. The License Raj outlawed the gale. And a society that 
forbids destruction, Schumpeter warned, forbids creation along with it. No competitive threat meant 
no reason to invent, and no reason to innovate.

The results became the folklore of a generation. The Hindustan Ambassador, a car based on a British 
design of the 1950s, was built almost unchanged for half a century — not because India could do no 
better, but because a protected monopoly had no reason to try. Indians waited years for a telephone 
line and as long as a decade for a scooter, putting their names down and bequeathing the waiting list 
to their children. Scarcity was not a glitch in the system; scarcity was the system. The customer was a 
supplicant, the producer a gatekeeper.

Second, the system misdirected entrepreneurial energy. In any economy, talent flows toward reward 
— and the License Raj rewarded not the firm that pleased customers but the firm that worked the 
bureaucracy. The nation’s commercial genius was diverted from research, quality, and scaling toward 
the cultivation of  officials  and the gaming of  permits.  Economists gave this  waste a name: the 
economist Anne Krueger coined the term “rent-seeking” partly from studying economies like India’s, 
and Jagdish Bhagwati spent a career documenting how such controls turn enterprise into a contest 
for state-granted privilege rather than a contest to create value. The best minds spent themselves 
lobbying, not inventing.

Third, the system outlawed scaling itself. Capacity was licensed; a firm that found a winning product 
could not legally expand to meet demand without a permit it might never receive. Scaling — the very 
heart of innovation and diffusion, the thing Chapter 11 showed India could do so well in agriculture — 
was, in industry, made a crime against the plan. And fourth, by expelling foreign firms and walling 
out foreign goods, the autarky cut off the inflow of external knowledge that, as Chapter 3 argued, a 
developing  nation  needs  in  order  to  borrow  intelligently.  The  very  absorptive  capacity  that 
“innovation now” depends upon was starved at the source.
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This is the resolution of the previous chapter’s paradox, and it is exact. In agriculture, the state 
enabled diffusion — it built extension networks, guaranteed prices, organised cooperatives, and then 
let millions of farmers respond to their own incentives. In industry, the state controlled production — 
it blocked entry, capped scale, switched off competition, and substituted the permit for the price. 
Where India built the machinery of diffusion and let incentives work, it fed a nation. Where it 
replaced the market with the bureaucrat, it starved its own industry. The difference between the 
triumph  of  Chapter  11  and  the  tragedy  of  Chapter  12  is  the  difference  between  enabling  and 
controlling.

The Productivity Cost

The price of all this can be measured, and the measurement is damning.

For roughly three decades, the Indian economy grew at about three and a half per cent a year — 
barely over one per cent per head once population growth is subtracted. The economist Raj Krishna 
gave  this  sluggish  crawl  a  memorable  and  unfortunate  name,  the  “Hindu  rate  of  growth”  — 
unfortunate because the cause had nothing to do with Hinduism and everything to do with policy, a 
confusion this book is careful to correct. The stagnation was not cultural. It was manufactured, 
permit by permit.

Its true scale appears only in comparison, and the comparison is the flying-geese story of Chapter 3 
told as tragedy. In the very decades India turned inward, the economies of East Asia turned outward. 
South Korea, Taiwan, and their neighbours embraced exports, absorbed foreign technology, climbed 
the product ladder from simple goods to complex ones, and grew at eight, nine, ten per cent a year — 
doubling their output every eight or nine years while India’s took twenty. Several of them had begun 
no richer than India, some poorer; Korea in 1960 was a war-ruined agrarian economy. They chose 
innovation through openness and competition; India chose self-reliance through control. Within a 
generation they were rich and India was not. Total factor productivity — the efficiency gains that 
Chapter 4, following Solow, identified as the real engine of lasting growth — barely moved in India’s 
protected  economy.  What  growth  there  was  came  from  piling  up  inputs,  not  from  the  rising 
productivity and flowing ideas that make nations prosperous.

The human cost of this self-inflicted stall is the cruellest figure of all, though it has no single number: 
the hundreds of millions of Indians who remained poor for decades longer than they needed to, and 
the generation of opportunity that was permitted, quite literally, to expire.

SIDEBAR — The cost of turning inward

Economy Average annual GDP growth, ~1950–1990

India (“Hindu rate of growth”) ~3.5% (~1.3% per head)

South Korea ~8–9%
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Economy Average annual GDP growth, ~1950–1990

Taiwan ~9%

At ~3.5% a year India’s output took about two decades to double; the East Asian “tigers,” several starting no richer 

than India, doubled theirs every eight or nine years — and grew rich while India stalled.

What it felt like on the ground: a wait of up to a decade for a scooter, years for a telephone line, and the Hindustan 

Ambassador — built on a 1950s design — sold nearly unchanged for half a century. When competition is switched off, 

the customer simply waits.

After the License Raj was dismantled from 1991, India’s growth roughly doubled — the subject of the next chapter.

The Ledger: A Self-Inflicted Stall

What did the age invent? In industry, strikingly little — and, as with the colonial rupture of Chapter 7, 
that barrenness is the verdict itself. But the comparison with Chapter 7 carries the chapter’s sharpest 
point.  Colonial  extraction  was  a  strangulation  imposed from  outside;  the  License  Raj  was  a 
strangulation chosen from within. India proved, in these decades, that it did not need a foreign power 
to switch off its own economy. It could do that itself, with the best of intentions, in the name of 
strength.

Did it innovate and scale? It did the opposite, by design. It switched off the competition that drives 
invention, outlawed the scaling that constitutes diffusion, and expelled the foreign knowledge that 
feeds absorptive capacity. The Schumpeterian chain was not merely broken; it was prohibited. A 
system built to nurture self-reliant industry instead suppressed both the invention it claimed to 
protect and the innovation that actually creates prosperity.

Which rungs of the ladder did the era move? It stalled, and in places reversed, the economic rungs. 
Rung 4 — productivity, capital allocation, the innovation system — stagnated under state direction 
and the absence of competition. The market dimension of Rung 3 was suppressed outright, the price 
replaced  by  the  permit,  while  the  discretion  this  handed  to  officials  corroded  the  rule-of-law 
dimension of that same rung through rent-seeking and corruption. The verdict must be precise, 
though, and not a caricature: the political institutions held (Chapter 9) and mass welfare advanced 
through the revolutions (Chapter 11), so the era was not uniformly dark. It was the industrial and 
market economy specifically that was strangled — and strangled by India’s own hand.

The template lesson completes Part IV’s argument and seals the book’s thesis from the cautionary 
side. Chapter 10 built the laboratory; Chapter 12 shows that a laboratory without a market is inert, 
exactly as Schumpeter warned — that invention capacity, however carefully constructed by the state, 
produces little when the competition, the scaling, and the open exchange that turn invention into 
prosperity are all forbidden. And set against Chapter 11, the lesson is unmistakable: India’s economic 
genius lies in enabling diffusion through markets and institutions,  not in controlling production  
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through permits. When it enabled, it fed a nation. When it controlled, it starved its industry for forty 
years.

But every stall  is  also a coiled spring.  By the late 1980s the contradictions had accumulated to 
breaking point, and in 1991 a balance-of-payments crisis would finally force open the doors that 
policy had bolted shut. The self-inflicted wound, at last, would be the thing that compelled the cure. 
The unshackling of 1991 — and the astonishing decade it unleashed — opens Part V, and with it the 
modern era in which India, freed to play to its true strengths, would at last begin to close the ancient 
gap between the spark and the system.

Takeaway.  The License Raj is the proof that a developing nation can strangle itself. A system built 
to create self-reliant industrial strength instead switched off competition, outlawed scaling, and 
expelled foreign knowledge — suppressing both invention and innovation for forty years, and 
condemning hundreds of millions to needless poverty. Its precise lesson, set against the revolutions: 
India thrives when it enables diffusion through markets and institutions, and stalls when it 
controls production through permits. The cure would come, in 1991, only when the self-inflicted 
crisis left no other choice.

End of Chapter 12. End of Part IV.
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P A R T  V

The Digital Leap
1991 – present
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C H A P T E R  1 3

The Services Paradox
◆

For two thousand years India invented and could not sell. Then, at last, it  
learned to sell magnificently — and discovered it had stopped inventing. This  

time, at least, the money stayed home.

We cross now into the modern era, and into the heaviest part of the book — because it is here, in the 
decades since 1991, that India has finally begun to close the ancient gap between the spark and the 
system. The story does not begin tidily, however, with India suddenly learning to invent. It begins 
with something subtler and, for the book’s thesis, more revealing: India learning, for the first time in 
its long history, to capture the value of its own work — without, for the most part, inventing anything 
new at all.

This is the paradox of Indian information technology, the industry that announced the new India to 
the world. For thirty years it has been India’s pride and its global calling card, a genuine and massive 
success. And it is, at the same time, the purest illustration in the entire book of the central thesis in its 
most provocative form: innovation without invention, executed so well, at such scale, that it made a 
nation richer — even as it left the highest, most valuable ground unclaimed.

Y2K and the Opening

The door opened, as great doors often do, because of a crisis. In 1991 India ran out of money. Its 
foreign-exchange reserves dwindled to a fortnight’s  worth of imports,  and the government was 
reduced to physically airlifting the nation’s gold to London and Zurich as collateral for an emergency 
loan. Out of that humiliation came the reform that Chapter 12 had made inevitable: under Prime 
Minister Narasimha Rao and his finance minister Manmohan Singh, India dismantled the License 
Raj — devaluing the rupee, slashing tariffs, abolishing industrial licensing, and opening to trade and 
foreign investment. The self-inflicted wound finally forced the cure, and India’s growth rate, freed at 
last, roughly doubled.

Into this newly opened economy stepped an industry that had been quietly waiting. India’s software 
firms were not new — Tata Consultancy Services dated to 1968, Infosys to 1981 — but liberalisation, 
the global telecommunications boom, and a vast pool of English-speaking engineering graduates 
available at a fraction of Western salaries suddenly aligned into an extraordinary opportunity. And 
then came the gift of the millennium.

The “Y2K problem” — the fear that computers storing years as two digits would fail when 1999 rolled 
over to 2000 — created, across the corporations of the rich world, a sudden and enormous demand for 
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exactly one thing: armies of competent programmers to comb through billions of lines of old code, 
cheaply  and  reliably.  It  was  unglamorous,  labour-intensive,  deadline-driven  work,  and  it  was 
perfectly suited to India’s emerging strengths. Indian firms seized it. Y2K did more than generate 
revenue; it put Indian IT on the global map, forged trusted relationships with hundreds of Western 
corporations, and proved out the offshore-delivery model. When the millennium turned without 
catastrophe, the contracts, the relationships, and the delivery machinery all remained — a platform 
from which Indian IT would scale to the heavens.

Selling the World Software

What grew from that opening is one of the genuine success stories of modern development, and it 
deserves full recognition before any qualification.

From almost nothing in 1991, India’s IT and business-process industry has grown into a colossus 
approaching three hundred billion dollars in annual revenue, exporting on the order of two hundred 
and twenty billion dollars a year and employing more than five million people directly. Names that 
began as start-ups — TCS, Infosys, Wipro, HCL — became global firms; cities reorganised themselves 
around the industry, Bangalore becoming a byword for Indian technology, with Hyderabad, Pune, 
Chennai, and Gurgaon close behind. Most importantly, the industry built a vast new urban middle 
class, pulling millions of educated young Indians into prosperity and global connection, and earning 
the foreign exchange that helped underwrite the nation’s development.  It  became the proof,  to 
Indians and to the world, that India could compete and win at the technological frontier of the global 
economy.

The  model  was  the  global  delivery  model:  Indian  firms  performed  software  development, 
maintenance, systems integration, and back-office processing for clients across the rich world, at a 
fraction of the local cost, with reliability and scale that no one could match. And the reliability was 
itself an achievement. Indian IT firms became world leaders in software process maturity — for years 
India held a strikingly large share of the world’s most highly process-certified software companies. 
They had perfected something genuinely hard: the disciplined, repeatable, industrial-scale process of 
delivering complex software work dependably and cheaply. This was real innovation. It was simply 
innovation in process and business model — not in product.

Bodies, Not Products: The Services Trap

And there is the paradox, hiding inside the triumph. For all its scale and profitability, Indian IT 
largely sold  labour and services — person-hours, delivered reliably — rather than  products and 
intellectual property. It built remarkably few globally significant software products, platforms, or 
pieces of owned IP.
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Look at where the industry sat in the global value chain. India built the world’s great IT services firms; 
but  the  products those  services  implemented  and  maintained  —  the  operating  systems,  the 
databases,  the  enterprise  software  like  SAP and Oracle,  the  internet  platforms like  Google  and 
Amazon, the chips beneath them all — were invented and owned elsewhere, overwhelmingly in the 
United States. India became the indispensable workshop that installed, customised, and ran the 
world’s software. It did not, for the most part, own the software.

The economics of this distinction are everything, and they are unforgiving. A services firm’s revenue 
is, roughly, its headcount multiplied by its billing rate — a linear model in which growth requires 
hiring, and value is tied to bodies. A product or platform firm’s revenue, by contrast, decouples from 
headcount: write the software once, sell it a million times, and the margins compound. The services 
model, brilliant as India’s execution of it was, is a labour-arbitrage model — and labour arbitrage is  
inherently capped and inherently vulnerable. It erodes as wages rise, and it is now threatened at its 
core by artificial intelligence, which automates precisely the routine coding and processing work on 
which the industry was built.

The single most telling number sits quietly in the trade statistics: software products account for only 
around eight per cent of India’s IT exports. The other ninety-odd per cent is services. After three 
decades as a global technology power, India sells the world its labour and its process discipline, and 
only at the margin its inventions. This maps with uncomfortable precision onto the book’s two axes. 
On the first, India chose innovation — applying and delivering existing software knowledge superbly 
— over invention. On the second, it captured the services layer of value rather than the product and IP 
layer, which is exactly where the highest margins, the deepest moats, and the real ownership live.

Why India Innovated in Process, Not Product

Why did India climb to the services summit and stop there, beneath the product peak? The reasons 
are not mysterious, and every one of them is an old friend from earlier chapters.

First, path dependence and the cost-of-risk asymmetry. Services was hugely, immediately profitable 
and  comparatively  low-risk.  The  feasibility  question  was  already  answered  —  clients  existed, 
demand was proven, the only task was reliable execution. Building a global product, by contrast, is a 
high-risk bet with a high failure rate and a long payoff. By the exact logic of Chapter 3, services was the 
cheaper, surer rung, and a rational firm flush with services cash had little reason to gamble on 
products. What was rational at the level of each firm became, in aggregate, a national lock-in to the 
services rung.

Second,  the ecosystem for products was missing. Building global products demands things India’s 
economy long lacked:  deep reserves  of  risk-tolerant  venture  capital,  intimate  proximity  to  and 
understanding of rich global consumer markets, a culture of product design and management, brand-
building muscle, and a tolerance for the failure that product bets entail. The services model required 

79



W O O T Z  T O  U P I

none of these — only talent, process, and a cost advantage — so the ecosystem optimised itself for 
services and starved the conditions products need.

Third,  the home market was, for decades, too poor and too small to serve as a proving ground. 
American product companies cut their teeth on a vast, rich domestic market before conquering the 
world; Indian would-be product firms had no such training ground — a constraint only now lifting as 
India’s own digital market explodes, a development central to the chapters ahead. And fourth, the 
talent itself was shaped for execution, not invention. India’s engineering colleges produced superb 
implementers; but the entrepreneurial, product-creating, design-led disposition was thinner — itself 
partly a legacy of an education system built for employment and of the License Raj’s long suppression 
of the entrepreneurial instinct (Chapter 12).

Here honesty cuts both ways, and the book’s thesis demands that we hold both edges. India did 
exactly what its strengths and incentives pointed toward — and exactly what this book’s thesis 
predicts and largely endorses. It innovated on the cheaper, surer rung; it captured real and lasting 
value; it built a world-class industry from a standing start. This was “innovation now” in action, and it 
was  the right first move — it earned the forex, built the middle class, won global credibility, and 
accumulated the capital and capability on which everything later would rest. And yet the word “trap” 
earns its place, because staying on the labour-arbitrage rung indefinitely is precisely the middle-
income trap that Chapter 3 warned against. The arbitrage erodes; the automation comes; the value 
capture stays capped. Services-first was correct. The open question — now urgent, as AI bears down 
on the model’s foundations — is whether and when India climbs to the product-and-invention rung 
above it.

SIDEBAR — The services colossus
• From near-zero in 1991 to an IT-BPM industry approaching ~$300 billion in revenue, with exports of 

roughly $224 billion (FY25).

• Direct employment of more than 5 million — and a vast new urban middle class built on it.

• The world’s leading offshoring destination, handling a majority of the global sourcing market.

• Built world-leading process maturity — India long held a large share of the world’s most highly 
process-certified software firms.

• The tell: software products make up only about 8% of India’s IT exports. The industry sells services 
and person-hours, not IP. The recent SaaS and start-up wave is only now beginning to change this 
(Chapter 17).

The Ledger: Innovation Without Invention, Profitably

What did the age invent? In the strict sense, little new technology or product — but for once that 
sentence carries a triumphant qualifier. India innovated brilliantly in process and business model: the 
global  delivery model,  industrial-scale  software process  discipline,  cost-arbitrage at  a  scale  and 
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reliability  no one could match.  This  was genuine,  world-beating innovation.  It  simply was not 
invention.

Did it innovate and scale? Yes — massively, profitably, and, decisively,  at home.  And this is the 
historic break with everything before it. For eight chapters, India’s innovation-without-invention, or 
its invention-without-innovation, ended the same way: with the value lost to others. Wootz, the zero, 
Raman’s effect — India invented and others captured. Here, at last, the mirror image plays out with 
the opposite ending: India did not invent, and yet it captured the value — a three-hundred-billion-
dollar industry, millions of jobs, a new middle class, all retained on Indian soil. It is the first time in 
this entire book that India ran an innovation to scale and kept the money. That alone makes the IT 
story a landmark.

Which rungs of the ladder did the era move? The economic rungs, powerfully — more than anything 
since the revolutions of Chapter 11. It moved Rung 1 by creating millions of skilled jobs and a vast  
educated middle class, and by earning the foreign exchange that funded broader development. It 
moved Rung 4 by building a genuinely world-class industry and accumulating, for the first time, real 
reserves of Indian capital and managerial capability. But it concentrated that value in services and 
labour rather than products and IP — and so left the highest, most defensible rung of all, the product-
and-invention rung, largely unclimbed.

The template lesson is the most important in Part V, because the IT story vindicates the book’s thesis 
and complicates  it  in  the  very  same breath.  It  vindicates it  because “innovation now” worked, 
spectacularly: India played to its genuine strength, innovated rather than chasing the frontier, and 
for the first time turned that choice into retained national wealth. It complicates it because IT is also 
the clearest warning of the trap on the other side — the danger of mistaking the right first move for a 
permanent destination, of riding labour arbitrage until it erodes beneath you. The services paradox is, 
in  a  single  industry,  the entire  thesis:  innovation now is  the right  and profitable  path — and 
invention later is not optional forever.

And the chapters ahead show India beginning, unevenly, to climb. For India’s innovation talent has a 
second and deeper edge the world is only starting to notice — a genius for doing more with radically 
less, the subject of the next chapter. And in one domain India would finally do all of it at once: invent, 
innovate, scale, and own. Where IT services sold the world its back-office, India would build its own 
front-office and keep it. That is the story toward which all of Part V is climbing.

Takeaway.  After two thousand years of inventing without selling, India finally learned to sell — 
magnificently. Its IT industry grew from nothing to nearly $300 billion by perfecting the process of 
delivering the world’s software, cheaply and reliably, at scale. It was innovation, not invention — 
and for the first time in this book, the money stayed home. But India sold person-hours, not 
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products; services, not IP. It became the world’s back-office without becoming its product lab — the 
right first move, and a rung it must eventually climb beyond.

End of Chapter 13.
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C H A P T E R  1 4

Frugal by Necessity
◆

Give an engineer everything, and you learn what money can buy. Give an 
Indian engineer almost nothing, and you learn what imagination can. India’s  

scarcity was never only a curse. It was also a school.

The last chapter showed India learning to capture value through services without inventing much 
that was new. This chapter reveals the deeper talent beneath that success — the one capacity that,  
more than any other, this book points to as India’s genuine, demonstrated, comparative advantage. It 
is not a talent for invention. It is a talent for frugality — for doing radically more with radically less, 
and delivering it to the many.

This  matters  enormously  for  the  book’s  argument,  because  Chapter  3  made  a  claim  —  that 
innovation, not frontier invention, is India’s right strategy now — and a claim needs evidence. This 
chapter is that evidence. Frugal innovation is “innovation now” made flesh: not a theory about what 
India ought to do, but a description of what India already does better than almost anyone on earth.  
And it raises, in its most pointed form, the question the whole book is circling: can a genius for doing 
more with less ever be carried up to the frontier of invention itself?

Jugaad: Constraint as Method

There is a word for it in the languages of North India: jugaad. It began as the name for a particular 
kind of improvised vehicle — a cart lashed to a diesel irrigation pump, cobbled together by farmers 
who could not afford a truck — and grew into a whole philosophy of the clever, frugal workaround: 
the hack, the make-do, the elegant fix assembled from whatever lies at hand.

In the last two decades, jugaad has been elevated into a serious concept in the global innovation 
literature, under names like frugal innovation and frugal engineering — the latter coined by the auto 
executive Carlos Ghosn in admiration of what Indian engineers achieved on impossible budgets. The 
underlying insight is  profound and runs against  the grain of  how the rich world thinks about 
innovation. We tend to assume that innovation flows from abundance — from lavish R&D budgets, 
gleaming labs, the freedom to spend. Jugaad proposes the opposite: that constraint itself can be a  
method.  When you have little money, patchy infrastructure, and a vast population that can pay 
almost nothing yet desperately needs the product, you are forced to innovate in a particular direction 
— stripping to essentials,  reusing the available,  designing for ruggedness and affordability and 
enormous scale. India’s pervasive scarcity, in this reading, was not only a brake on its development. It 
was also a training ground for a distinctive and globally valuable kind of ingenuity.
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Honesty, though, requires naming jugaad’s double edge, because the celebration can curdle into an 
excuse. At its best, frugal innovation is a rigorous discipline — the systematic pursuit of radical 
affordability without sacrificing what matters. At its worst, jugaad is mere corner-cutting: the quick 
fix that does not last, the “good enough” that becomes an alibi for never building world-class quality 
or doing the hard, patient R&D that real breakthroughs demand. The Tata Nano — conceived as the 
world’s cheapest car at around two thousand dollars, a frugal-engineering icon — became, in the end, 
a commercial failure, a reminder that frugality alone guarantees nothing. The version of this talent 
that matters, the version that follows, is frugality practised as discipline, not improvisation practised 
as habit.

Mangalyaan: Mars on a Budget

If you want the single image that proves frugal innovation can be world-class rather than corner-
cutting, look up — to Mars.

On 24 September 2014, India’s Mars Orbiter Mission, Mangalyaan, slipped into orbit around the Red 
Planet, and in doing so India became the first nation in history to reach Mars on its very first attempt 
— a feat that had eluded the United States, the Soviet Union, Japan, and China, in a field where more 
than half of all missions have failed. That alone was remarkable. But the detail that travelled around 
the world was the price tag. Mangalyaan cost about seventy-four million dollars — less than the 
budget of the Hollywood film Gravity, and roughly one-ninth of the cost of NASA’s MAVEN orbiter, 
which reached Mars  the  same week.  Prime Minister  Modi  called  it  a  new paradigm of  frugal 
engineering, and for once the political slogan was simply accurate.

How was it done? Not by cutting corners on the science, but by the disciplined frugality this book 
keeps  pointing  to.  ISRO  reused  proven  components  and  its  existing  PSLV  rocket  rather  than 
developing everything anew. It chose a slow, fuel-thrifty trajectory — looping the craft around Earth 
to build velocity gradually instead of burning the fuel for a direct high-energy launch. It built a leaner 
spacecraft with a focused payload, moved fast, kept teams small, and benefited from India’s low 
engineering-labour costs. This is the same mission-disciplined ISRO of Chapter 10, the one bright 
success of the big-science era — but now its defining trait, frugality married to genuine technical 
achievement, had become a globally recognised brand. Mangalyaan was not India inventing Mars 
exploration; others had done that. It was India innovating a radically cheaper way to do it — which is 
precisely the thing this book argues India does best.

Generic Pharma and the Jaipur Foot

The frontier is glamorous, but frugal innovation’s deepest impact has been on the ground, in two 
domains that have touched hundreds of millions of human lives.
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The first is medicine. India is, in a phrase the world now uses without irony, the “pharmacy of the 
world” — the largest supplier of generic medicines by volume on the planet, and home in the Serum 
Institute to the largest vaccine manufacturer by volume anywhere.  The story turns on a frugal 
capability: not inventing new molecules, but innovating cheaper processes to manufacture known 
ones at vast scale. Its moral high point came in 2001, when the Indian firm Cipla, led by Yusuf Hamied, 
offered antiretroviral drugs for HIV at under a dollar a day, against the ten thousand dollars and more 
a year charged by Western firms — shattering the price of survival and helping bring life-saving 
treatment within reach of millions of the poor, especially across Africa. This is frugal innovation with 
a humanitarian dividend: India did not discover the drugs, but it innovated the means to make them 
affordable to the world’s poorest, and in doing so saved lives on a scale few inventions ever match.

The honest qualifications belong on the page. India makes generics, not, for the most part, novel 
drugs; the high-margin work of discovering new molecules remains largely elsewhere. The industry 
has had real quality and regulatory failures,  the Ranbaxy scandal among them, and it  remains 
dangerously dependent on China for the bulk chemicals from which its medicines are made. The 
“pharmacy of the world” is a manufacturer and an innovator of process and cost — not yet, at scale, 
an inventor of cures.

The second domain is captured in a single, humble object: the Jaipur Foot. Devised in India in 1968, it 
is a rugged artificial limb that costs perhaps thirty to fifty dollars, against thousands for its Western 
equivalents — and it is given away free, fitted to well over a million amputees. Its genius is not merely 
cheapness but  design fitted to the user’s actual life: it lets a wearer squat, sit cross-legged, walk 
barefoot, and cross the uneven ground of an Indian village — functions a costly Western prosthetic, 
designed for a different life, often cannot perform. Alongside it stand institutions like the Aravind Eye 
Care system, which restores sight through assembly-line cataract surgery at a fraction of Western 
cost, much of it free, and which is taught as a case study in business schools around the world. These 
are frugal innovation as dignity — the radical reduction of cost not as a compromise but as the very 
thing that lets a product reach the people who need it most.

SIDEBAR — Doing more with less
• Mangalyaan (Mars Orbiter, 2013–14): reached Mars orbit on the first attempt — which no single 

nation had ever managed — for ~$74 million: less than the film Gravity, and about one-ninth of 
NASA’s MAVEN.

• Generic pharma: India is the world’s largest supplier of generic medicines by volume and 
home to the largest vaccine maker by volume. In 2001 an Indian firm offered HIV antiretrovirals at 
under $1 a day against $10,000+ a year in the West — a turning point in global health.

• The Jaipur Foot: a rugged prosthetic limb at roughly $30–50 (against thousands in the West), given 
free to over a million amputees, engineered for the realities of Indian life.

• Aravind Eye Care: assembly-line cataract surgery at a fraction of Western cost, much of it free — a 
Harvard Business School case study in frugal scale.

• The common thread: India rarely invented the underlying technology. It innovated radically 
cheaper, more robust, more inclusive ways to deliver it to the many.
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Frugal Innovation as Comparative Advantage

Step back, and the pattern resolves into the clearest statement yet of this book’s thesis — not as 
argument, but as observed fact. Frugal innovation is India’s  revealed comparative advantage: the 
thing that, across space and medicine and mobility and sight, it demonstrably does better than almost 
anyone.

Why is this India’s edge, specifically? Every reason traces back to the framework. It is innovation on 
the cheaper, surer rung — radical cost, process, and design innovation applied to knowledge that 
already exists, sparing India the most expensive and uncertain question of all, exactly as Chapter 3’s 
cost-and-risk logic prescribes. It plays directly to India’s actual conditions — the enormous scale that 
rewards affordability, the severe constraints that force frugality, the abundant engineering talent, the 
low costs. And it carries a built-in developmental payoff: frugal innovation, by its nature, serves what 
the management thinker C. K. Prahalad called the “bottom of the pyramid,” delivering healthcare and 
mobility and energy to the billions who can pay little. It is innovation that develops as it profits. It is 
even becoming a global export of a new kind: the phenomenon Vijay Govindarajan named “reverse 
innovation,” in which frugal solutions designed for India flow back to the rich world, as cost pressure 
mounts everywhere and the planet’s majority remains poor. India is becoming the world’s frugal-
innovation laboratory.

But the same honesty that has governed every chapter must govern this one, and frugal innovation 
has a ceiling. By its very nature, it optimises and delivers existing knowledge rather than creating new 
knowledge. It rarely produces the breakthrough molecule, the foundational platform, the deep and 
defensible intellectual property that commands the highest margins and builds the strongest moats. 
Doing more with less is a superb strategy for catching up and for serving the masses — but the 
frontier of invention still, mostly, happens elsewhere, and the inventors capture the richest layer of 
value. Mangalyaan proves that frugality can reach the frontier; but most frugal innovation lives in 
the zone of catch-up and delivery, not discovery. And so the same nuance that shadowed the IT story 
shadows this one: frugal innovation is the triumphant “innovation now” half of the thesis — with the 
“invention later” half still pending. The live and rising question is whether India can carry its frugal 
genius upward, from frugal innovation to frugal invention — cheap breakthroughs at the frontier, not 
just cheap delivery of others’ breakthroughs.

The Ledger: India's Revealed Strength

What did the age invent? In the strict sense, mostly not invention but innovation — radical cost, 
process, and design innovation applied to existing knowledge: a cheaper road to Mars, a cheaper way 
to manufacture the world’s medicines, a fifty-dollar limb, sight restored on an assembly line. There is 
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genuine product invention at the edges — the Jaipur Foot is a real one — but the overwhelming 
achievement is innovation, not discovery.

Did it innovate and scale? Yes — and this is the chapter’s whole point: frugal innovation is India’s 
revealed comparative advantage, the thing it does best in all the world. It scaled to serve hundreds of 
millions of the poor, reached the frontier of space on a shoestring, captured real value in a globe-
spanning pharmaceutical industry, and is now exported back to the rich world as reverse innovation. 
After fourteen chapters of asking whether India could turn its talents into scaled, retained value, this 
chapter answers with the most confident yes the book can offer — and it answers it in the register of 
innovation, exactly as the thesis predicts.

Which rungs of the ladder did the era move? The broad base of Rung 1 — affordable healthcare, 
mobility, and products for hundreds of millions of the poor, development reaching the ground — and 
Rung 4, through a world-class generics industry and a frugal space capability and the accumulation of 
a distinctive national innovation skill. It serves the many and builds capability at once. But, true to its 
nature, it concentrated on cost-and-delivery innovation and left the highest, most defensible layer — 
frontier invention and the deep IP it yields — largely to others.

The template lesson is the firmest vindication of the book’s thesis anywhere in its pages, because it is 
not argument but evidence. Set this chapter beside the Constitution, the revolutions, and the IT 
industry, and the verdict is overwhelming: India’s genius is for innovation — the frugal, institutional,  
process-driven adaptation and delivery of proven knowledge at vast scale — not for frontier invention. 
“Innovation now” is not a strategy the book is urging India to adopt against its grain; it is a description 
of the grain itself. And yet frugal innovation also draws the thesis’s other half in the sharpest relief: it 
shows both how far doing-more-with-less can go, and where it stops short — at the frontier, where 
the new knowledge and the richest value are made.

Which makes the next chapter the pivot of the entire book. For there is one domain — and, so far,  
essentially one — in which India did not stop at frugal innovation, did not sell the value abroad, and 
did  not  merely  deliver  someone  else’s  invention  cheaply.  In  that  one  domain,  India  invented, 
innovated, scaled, and owned, all at once and all at home — and, in doing so, fulfilled an instinct two 
thousand years old. Where IT sold the world’s back-office and frugal innovation served the world’s 
poor, this last achievement built India’s own front-office and kept it. It is the heir of the hundi. It is 
India Stack.

Takeaway.  Frugal innovation — doing more with radically less, affordably, at scale, for the many 
— is the thing India demonstrably does best. A Mars mission cheaper than a movie, the medicines 
and vaccines of the world’s poor, a fifty-dollar limb: India rarely invented the underlying 
technology, but it innovated the cheapest, most robust, most inclusive way to deliver it. This is the 
book’s thesis as fact, not theory — “innovation now” is not a compromise India must settle for; it is 
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the genius India already has. The open question is whether that frugal genius can be carried up to 
the frontier of invention itself.

End of Chapter 14.
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C H A P T E R  1 5

India Stack
◆

Twice before, India invented something the world adopted — and watched it  
leave under a foreign name. Crucible steel became “Damascus.” The zero  
became “Arabic.” The third time, India built the rails, kept the name, and 

sent them out into the world as its own. The third time was different.

We have arrived at the climax of the book, and at the answer to the question its very first chapter 
posed. Chapter 1 set two objects at the poles of India’s story: Wootz, the supreme invention whose 
value and name drained away to others, and UPI, the modern system in which India invented and 
kept the value. For fourteen chapters we have watched the first pattern repeat — invention without 
capture, genius without a system, the gap between the spark and the system that India could not 
close. This chapter is about the place where India finally closed it.

It is the story of India Stack — the open digital public infrastructure of Aadhaar, UPI, and the layers 
built upon them. And it matters beyond itself, because it is the one clear, modern case in which India 
did not  merely invent  and lose,  nor merely innovate on others’  inventions,  nor merely deliver 
someone else’s breakthrough cheaply. In this one domain, India invented, innovated, scaled, and 
owned — all at once, all at home, at the scale of a billion people — and then exported the result to the 
world under its own name. It is the fulfilment of an instinct two thousand years old, and the proof 
that the ancient curse can be broken.

The Identity Problem and Aadhaar

Begin with a problem so basic it is easy to miss: for most of independent India’s history, hundreds of 
millions of its people could not prove who they were. They had no birth certificate, no documents, no 
verifiable identity of any kind. To the state, they were ghosts — and a ghost cannot open a bank 
account, receive a subsidy directly, or claim a service in their own name. The invisibility of the poor 
was not a side effect of underdevelopment; it was one of its deepest engines, because a state cannot 
reliably serve people it cannot identify.

Aadhaar was the answer to that problem, and it was audacious in the extreme. Launched from 2009 
under  the  Unique  Identification Authority  of  India,  with  the  technology  entrepreneur  Nandan 
Nilekani as its founding chairman, it assigned every resident a unique twelve-digit number anchored 
to their biometrics — fingerprints and iris scans. The ambition was total: to give a verifiable digital  
identity to every person in India. And, astonishingly, it largely succeeded. By 2026, over 1.44 billion 
Aadhaar numbers had been issued — the largest biometric identity system ever built, anywhere — 
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giving an estimated six hundred and fifty to seven hundred million Indians their first verifiable legal 
identity. The invisible were, for the first time, seen.

Honesty demands that the costs share the page with the achievement, for Aadhaar is genuinely and 
rightly  contested.  Its  critics  have  raised  serious  concerns  about  privacy  and  the  spectre  of  a 
surveillance state built atop a universal biometric database; and its exclusion errors have been real 
and sometimes tragic — cases of the poor denied rations or benefits because a worn fingerprint failed 
to authenticate, with documented instances of grievous harm. India’s Supreme Court, in landmark 
judgments, affirmed privacy as a fundamental right and upheld Aadhaar while striking down some of 
its more coercive mandatory linkages. The achievement is historic. The tensions it raises — between 
inclusion and surveillance, between efficiency and the right to be left alone — are unresolved, and 
this book does not pretend otherwise. A foundational invention can be both transformative and 
dangerous, and Aadhaar is both.

UPI: Rails for a Billion

On the foundation of identity, India built the layer the whole world now talks about. We met UPI in 
Chapter 1 as the “tap” that moved a billion rupees before lunch, so we need not repeat its scale here — 
only locate it correctly, because UPI is not, as it is often misunderstood to be, simply a clever payments 
app. It is a layer in a stack.

UPI works because of what sits beneath it. India had spent the preceding years assembling the other 
pieces:  the  Jan Dhan financial-inclusion drive,  which from 2014 opened bank accounts  for  the 
unbanked poor at a scale never before attempted — from around 147 million such accounts in 2015 to 
some 577 million by 2026 — and the spread of cheap mobile phones into nearly every hand. Identity, 
a bank account, a phone: Aadhaar, Jan Dhan, Mobile — the “JAM trinity.” UPI was the open protocol 
that fused these into a single rail, letting money move between any bank and any app as freely as a 
message, settled in real time, at no cost to the street vendor or the billionaire alike. Built on that 
foundation, it became the largest real-time payment system on earth, carrying around four-fifths of 
India’s retail payment volume and a remarkable share of all the real-time payments made anywhere 
in the world.

And here the book’s longest thread finally pays off. In Chapter 6 we met the hundi — the medieval 
Indian instrument that moved value across the subcontinent as trusted information, without a coin 
changing  hands,  carried  on  a  network  of  community  trust.  UPI  is  the  hundi’s  true  heir,  but 
transformed in exactly the way that matters: where the hundi rested on personal and caste-bound 
relationships, UPI rests on open, impersonal, codified public infrastructure, so that a stranger can 
trust a stranger with no shared community to vouch for either. What the hundi did for a closed 
merchant network, UPI does for a billion people. The two-thousand-year-old instinct, frozen for so 
long by the very hierarchies that gave the hundi its trust, has finally been thawed into an inclusive 
institution that belongs to everyone.
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Digital Public Infrastructure as Institutional Invention

Now to the conceptual heart, the thing that makes this chapter the climax of the entire argument. 
Aadhaar and UPI are not two clever gadgets. They are the first two layers of a genuine institutional  
invention — and that invention has a name the world has adopted: Digital Public Infrastructure.

India was, by credible accounts, the first country to build all three of the foundational digital rails — 
identity, payments, and a consent-based data layer — as open, interoperable public infrastructure. 
The  “stack”  extends  through  these  tiers:  Aadhaar  for  identity,  UPI  for  payments,  the  Account 
Aggregator framework for the secure, consent-based sharing of one’s own data, with further layers 
for digital credentials, e-signatures, and open commerce. The invention is not any single layer. The 
invention is the model itself.

To see why this is genuine invention and not mere assembly, consider the alternative the rich world 
built.  The  United  States  organised  its  digital  infrastructure  as  private  platforms —  identity, 
payments,  and data  captured inside  the  closed,  profit-extracting  systems of  a  handful  of  giant 
corporations: the card networks, the tech platforms, the walled gardens. India made a fundamentally 
different institutional choice. It built its digital rails as public goods — open protocols that anyone can 
build upon, designed for population scale from the first day, oriented to public purpose though 
operated by a mix of public and private actors. This is a new answer to one of the defining questions of 
the age: how should a society organise the digital rails on which its economy and its citizenship will  
run? Not as state monopoly, not as private platform, but as open public infrastructure. That answer is 
an institutional invention in the fullest sense this book has developed — and it is precisely the kind of 
invention, the institutional kind, that Chapters 2, 6, 9, and 11 identified as India’s deepest and most 
under-credited genius. Here that genius reached the frontier.

And then came the reversal that breaks the book’s two-thousand-year pattern. India is exporting this 
invention. Through the India Stack Global initiative, it has signed cooperation agreements with some 
two dozen countries to help them build their own digital public infrastructure; UPI itself is now live 
in several nations abroad; and at the G20 summit it hosted in 2023, India led the world to adopt a 
shared Digital Public Infrastructure framework, establishing its model as a template for the Global 
South and beyond. Read that against Chapter 5. Wootz was invented in India and the world called the 
blade “Damascus.” The zero was invented in India and the world called the numerals “Arabic.” India 
Stack is invented in India — and the world calls it India Stack. For the first time in the long history  
this book has traced, India is not the source whose invention is carried off and renamed by others. It is 
the exporter, the standard-setter, the name on the thing.
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The Rare Trifecta: Invention, Innovation, and Scale

Set it all together, and India Stack achieves something that has not happened once in the preceding 
fourteen chapters: the complete chain, every link, retained at home.

It invented — a genuinely new institutional model, Digital Public Infrastructure, that did not exist 
before and that the world now copies. It innovated — combining and adapting existing technologies, 
biometrics and mobile telephony and banking networks and open programming interfaces, into a 
working system, exactly the recombinant institutional genius this book has traced from the hundi to 
the Constitution. It scaled — to over a billion people, the largest deployment of such infrastructure in 
human history. And it owned — India built it, controls it, and exports it under its own flag, the value 
and the credit staying home. Invention, innovation, diffusion, and ownership: the full Schumpeterian 
chain of Chapter 3, completed in its entirety, on Indian soil, for the first time in the modern era.

This is the definitive answer to Wootz, and it carries the book’s most important refinement of its own 
thesis. “Innovation now, invention later” was never meant as a vow of permanent imitation, and India 
Stack shows why. There is a kind of invention India can do now — not the frontier invention of new 
physics or new molecules, where its laboratories and capital still lag, but institutional invention, the 
design of new arrangements and models and rails. At that, India does not have to follow the world. It 
can lead it. The lesson of India Stack is not that India learned, at last, to invent like the West. It is that 
India discovered it could invent in the domain where it was always strongest — and that institutional 
invention, done at the digital frontier, is a place where India can be first.

SIDEBAR — India Stack, by the numbers
• Aadhaar: ~1.44 billion enrolled (2026) — the world’s largest biometric identity system; it gave an 

estimated 650–700 million Indians their first verifiable legal identity.

• Jan Dhan: from ~147 million bank accounts (2015) to ~577 million (2026) — among the largest 
financial-inclusion drives in history; the “JAM trinity” of Jan Dhan–Aadhaar–Mobile.

• UPI: the world’s largest real-time payment system — roughly four-fifths of India’s retail payment 
volume, and a large share of all real-time payments on earth (full figures in Chapter 1).

• The reversal: India now exports its institutional invention — UPI live in several countries, DPI 
cooperation agreements with ~24 nations, and a G20 Digital Public Infrastructure framework 
adopted under India’s 2023 presidency.

• The pattern broken: Wootz was invented in India and branded “Damascus”; the zero, invented in 
India, became “Arabic.” India Stack is invented in India — and called India Stack.

The Ledger: When India Did It All

What did the age invent? For the first time in this entire book, the answer is an unqualified yes — and 
it is yes to invention of the precise kind India is best at. Digital Public Infrastructure, the open public-
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rails model, is a genuine, novel institutional invention that did not exist before and that the world is 
now adopting from India. Add the formidable engineering innovation required to build and run it at 
billion-person scale, and this is the rare era in which India both invented and innovated at once.

Did it innovate, scale, and own? Completely. It is the first and so far clearest modern case in which 
India ran the full chain — invention, innovation, diffusion, and value capture — to its end without 
losing the value abroad. India built it, scaled it to a billion, kept it, and exports it under its own name. 
After fourteen chapters of value drained away to others, here at last is value invented, scaled, owned, 
and projected outward into the world.

Which rungs of the ladder did the era move? Several, at once, which is the deepest measure of its 
power. It moved the broad base of Rung 1, through identity and financial inclusion for hundreds of 
millions of the previously invisible poor. It moved Rung 3 — the institutional rung that Chapter 4  
named India’s binding constraint — by adding genuine new public institutional infrastructure. And 
it moved Rung 4 by laying open rails on which a private economy of products and applications can 
now be built — supplying, potentially, the very launchpad that Chapter 13 found the IT services 
economy lacked. India Stack is not infrastructure on one rung; it is infrastructure that lifts the whole 
ladder.

The template lesson is the summit of the book’s argument. India Stack proves, in a single sustained 
achievement, everything the preceding chapters have been building toward: that India’s comparative 
genius is institutional invention; that when India plays to that strength it can run the complete chain 
and keep the value; that the ancient curse of inventing-without-keeping is not a law of nature but a  
pattern that can be broken; and that the right reading of “innovation now, invention later” is not 
imitation forever, but innovation on the technological frontier and invention on the institutional one 
— leading where India can lead, following only where it must.

And yet the same honesty that has governed every chapter must temper this one. India Stack is, so far, 
essentially  one example  at  this  scale  —  one  magnificent  proof  that  it  can  be  done,  not  yet  a 
demonstration that it can be done again and again. Is it a repeatable template or a brilliant one-off? Is 
it the first instance of a new Indian pattern, or a singular convergence of talent, timing, and political 
will that may not recur? The book cannot answer that yet, and intellectual honesty forbids pretending 
otherwise. The next two chapters put the question to the test — first by looking unflinchingly at 
India’s failures and its hype, and then by scoring, sector by sector, where India is genuinely climbing 
toward invention and where it is stuck. Only then can the closing chapters say what India must do to 
make the miracle of India Stack not the exception, but the rule.

Takeaway.  India Stack is the answer to Wootz. For two thousand years India invented things the 
world adopted and renamed — crucible steel became “Damascus,” the zero became “Arabic.” With 
its digital public infrastructure — Aadhaar, UPI, and the open rails built upon them — India finally 
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did all four things at once: invented a new institutional model, innovated it into a working system, 
scaled it to over a billion people, and kept it, exporting it now under its own name. And it did so in 
the institutional domain, where its genius has always lain. The ancient curse, at least once, is 
broken — and the question that remains is whether it can be broken again.

End of Chapter 15.
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C H A P T E R  1 6

Hype and Failure, Indian Edition
◆

A history of invention that records only its triumphs is not history; it is  
advertising. The failures are not footnotes to the story. They are half the  

lesson — and usually the more useful half.

The previous chapter ended on a summit, and summits are dangerous places from which to survey a 
nation’s prospects. After India Stack — the rare full house, the answer to Wootz — the temptation is 
to declare the gap closed, the curse broken, the climb essentially won. This chapter exists to resist that 
temptation, because a book that counted only India’s successes would betray the very discipline it has 
tried to model.

This is  the volume’s deliberate homage to Vaclav Smil,  whose history of  invention is  subtitled, 
pointedly, a brief history of hype and failure. Smil’s insight is that our picture of technological progress 
is systematically distorted by survivorship: we remember the breakthroughs and forget the far larger 
number of confident predictions that came to nothing. To see clearly, you must count the failures. So 
this chapter counts India’s — candidly, by name, without flinching. But it counts them in a particular 
spirit, and the spirit matters: not to indict a nation that is failing, but to instruct a nation that is rising. 
These are the failures of ambition, the friction of a real climb. The point is never the recrimination.  
The point is always the lesson.

The Discipline of Counting Failures

Why insist on this, precisely here, precisely now? Because a nation that believes its own hype stops 
learning, and India in this decade has hype in abundance — much of it earned, some of it not, and the 
two are easy to confuse.

The discipline Smil  models is  the refusal  of  survivorship bias.  For every Mangalyaan there are 
missions that failed; for every UPI there are a dozen confidently announced platforms that died in 
pilot; for every genuine breakthrough there are a hundred press releases promising one. A serious 
assessment of India’s innovation trajectory cannot cherry-pick the triumphs of the last six chapters 
and call the case closed. It must set the failures beside the successes and ask what the pattern of 
failure reveals — because failure, examined honestly, is data of the highest quality. It tells you, more 
reliably than success does, where a system’s true weaknesses lie.

And there is a deeper reason this discipline matters for India specifically, beyond intellectual honesty. 
A mature innovation culture treats failure as information and tuition; an immature one treats it as 
shame, to be hidden, denied, or spun. India’s long inheritance — the risk-aversion bred by the License 
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Raj, the social stigma attached to the failed entrepreneur, the salaried-engineer’s preference for the 
safe path — has tilted it toward the second. Learning to count failures honestly is therefore not 
merely good history. It is itself one of the capabilities India must build if it is to climb from innovation 
toward invention, where failure is not the exception but the daily medium of the work.

Overpromised Technologies and Missed Bets

Begin with the hype — the gap between what was promised and what arrived. India has produced its 
share, and naming it plainly is the price of credibility.

Consider  nuclear  power.  Since  the  1950s,  India  has  promised  that  its  three-stage  programme, 
exploiting the country’s vast thorium reserves, would deliver abundant electricity. Seventy years on, 
nuclear supplies only around three per cent of India’s power, and the thorium stage remains, as it has 
always  been,  perpetually  a  couple  of  decades  away.  It  is  a  genuine,  decades-long overpromise. 
Consider the Tata Nano, unveiled in 2008 as the world’s cheapest car and hailed as the triumph of 
frugal engineering — the people’s car that would put a nation on four wheels. We met its failure in  
Chapter  14:  poor  positioning,  safety  anxieties,  and the fatal  stigma of  “cheapness”  sank it,  and 
production ended within a decade. Consider semiconductors, which India has announced it would 
manufacture, in wave after wave of fanfare, since the 1980s — and which, through four decades of 
failed fabrication plans, it conspicuously did not, with serious facilities only now, at last, beginning to 
rise.

And consider the most spectacular recent cautionary tale of all: Byju’s. At its 2022 peak it was the 
most valuable startup in India, an education-technology unicorn valued at twenty-two billion dollars, 
its logo on the national cricket jersey, Lionel Messi its global ambassador, billions poured in by the 
world’s marquee investors. Within two years its valuation had collapsed by roughly ninety-nine per 
cent to under two hundred and fifty million dollars — among the steepest falls in the history of 
startups anywhere — felled by reckless over-acquisition, governance failures, and accounting that 
flattered revenue.  Its  lesson was stated bluntly by the analysts  who picked over the wreckage: 
valuation hype alone cannot build a  durable  business.  Byju’s  was the sharp edge of  a  broader 
phenomenon — the unicorn boom of 2021 and the “funding winter” that followed, in which a great 
deal of celebrated Indian value proved to be hype dressed as achievement.

Honesty cuts in two directions here, and fairness requires the second cut. Overpromising is not an 
Indian disease; it is a human and a universal one, and Silicon Valley is its world capital. Some of these 
failures are simply the normal, healthy failure rate of ambitious bets — failure is the tax a society 
pays for trying things, and a nation that never fails is a nation that never reaches. The Nano was a  
noble attempt. Byju’s grew from a teacher’s genuine gift. The point is not that India is uniquely guilty 
of hype. It is that an honest ledger must record India’s hype too, rather than exempting the home 
team.
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When Good Inventions Didn't Diffuse

But the failures that matter most for this book are not the loud flops. They are the quiet ones — the 
good inventions and sound innovations that simply failed to diffuse. And here the pattern is not new. 
It is two thousand years old.

Recall the through-line of this entire book: Wootz, invented and never scaled at home; the Kerala 
school’s near-calculus, which could not travel to the next province; the genius of Raman and Bose,  
captured by others; the CSIR laboratories of Chapter 10, producing science that never reached a 
factory. The modern era has its own full graveyard of the same death. India’s research system now 
produces a rising flood of papers and patents, yet the translation to products and diffusion still lags 
badly — the product gap of Chapter 13. The development sector knows the syndrome so well it has a 
name: the “pilot trap,” the endless succession of brilliant, successful, locally celebrated pilot projects 
— a clever low-cost device, an ingenious service model, a school reform that worked in ten villages — 
that  never,  ever  scale  to  ten thousand.  India  is  extraordinarily  good at  the  inspiring pilot  and 
chronically poor at the unglamorous national rollout.

This is  the most important failure in the book,  because it  is  the  same failure,  recurring across 
millennia  and domains:  not  a  shortage of  the  spark,  but  a  breakdown at  the  steps  after  it  — 
innovation, diffusion, scale. And it casts the triumph of the last chapter in a sharper, more sobering 
light. India Stack did not succeed because India suddenly acquired a gift for diffusion it had always 
lacked. It succeeded because it possessed, for once, the specific things that the pilot trap lacks: a  
carrier  with  authority,  the  institutional  machinery  to  scale,  mission-discipline,  and  sustained 
political will. Strip any of those away and India Stack would have joined the graveyard of good ideas 
that died in pilot. The exception did not abolish the rule. It revealed exactly what the rule requires to 
be broken.

Lessons, Not Recriminations

So what does the honest accounting teach? Four lessons, offered in the constructive spirit this chapter 
promised — as guidance for a climbing nation, not as a charge sheet against a failing one.

First,  the diffusion gap is the persistent enemy. Across two thousand years, India’s failures cluster 
overwhelmingly at the steps after invention — at scaling, execution, and rollout — not at invention 
itself. The strategic implication is the whole book’s thesis restated: a nation with this failure pattern 
should invest disproportionately in the machinery of diffusion — the carriers, the institutions, the 
state capacity, the mission-discipline — rather than pouring yet more into the upstream generation 
of ideas it already produces in abundance. India does not have an idea problem. It has a scaling 
problem, and it should spend accordingly.

Second, a culture that would invent must learn to fail well. India’s risk-aversion, its stigmatising of 
failure, its preference for the safe salaried path, are the cultural residue of the License Raj and of older 
hierarchies — and they are precisely the wrong equipment for the frontier. Invention is failure-dense 
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by nature; the venture model of the West treats a failed startup as tuition paid and a lesson learned, 
not a life disgraced. If India wishes to move from innovation toward invention, it must build a culture 
that fails fast, fails cheap, learns, and tries again — destigmatising the honourable failure as the 
necessary cost of reaching.

Third, beware the hype–reality gap. The discipline of distinguishing genuine achievement — India 
Stack, frugal innovation, the services colossus — from national-greatness hype is itself a competitive 
advantage. The nations that rise are those that assess themselves honestly; the ones that believe their 
own propaganda stop improving. Byju’s is the corporate parable of this lesson; “India will lead the 
world in everything by next Tuesday” is its national version, and it should be met with the same 
skepticism the analysts brought to the unicorn’s books.

Fourth,  pick the right rung.  Several of India’s costliest failures came from reaching for frontier 
invention  prematurely  and  by  the  wrong  mechanism  —  thorium  nuclear  power  by  decree, 
semiconductors by repeated announcement — while underinvesting in the diffusion machinery and 
human capital that would actually have paid off. The lesson reinforces the architecture of Chapter 4: 
climb the ladder roughly in order, and do not lunge for the top rung while the rungs beneath it are 
bare.

SIDEBAR — A candid ledger of overreach

The promise The reality

Abundant thorium nuclear power (promised since the 
1950s)

Still only ~3% of India’s electricity; the thorium stage 
perpetually “decades away”

The Tata Nano, “the people’s car” (2008) A commercial failure; production ended within a 
decade

A domestic semiconductor industry (announced 
repeatedly since the 1980s)

Forty years of failed fab plans; serious fabs only now 
being built (Ch 17)

Byju’s, the country’s most valuable startup (~$22bn, 
2022)

A ~99% collapse to under $250m by 2024 — among 
the steepest in startup history

“India will build its own Google” (for thirty years) World-class services; still few global products (Ch 13)

The common thread India’s failures cluster not at the spark of invention, 
but at diffusion, execution, governance, and the 
honest distinction between hype and reality.

The Ledger: What Failure Teaches

What did the age invent? This chapter’s subject is not an invention but a discipline — the discipline of 
counting failures honestly, and the recognition that failure, examined without flinching, is the most 
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reliable data a system has about its own weaknesses. The willingness to keep this ledger is itself a 
capability, and one India must cultivate.

Did it innovate and scale? The chapter’s findings answer from the shadow side, and they confirm the 
book’s thesis with eerie precision. India’s failures cluster overwhelmingly at the innovation, diffusion,  
and execution steps — not at invention. The pilot trap, the lab-to-market gap, the good idea that dies 
before national scale: these are the characteristic Indian failures, and they are the exact negative 
image of the characteristic Indian strength. The failure pattern is the thesis, photographed in reverse.

Which rungs of the ladder did the failures expose? Precisely the ones the framework named as binding. 
They  expose  weakness  in  the  execution  and  state-capacity  dimensions  of  Rung  3,  in  the 
commercialisation machinery of  Rung 4,  and in the failure-tolerant risk culture that  a  mature 
innovation system requires. The failures do not contradict the development ladder; they trace its 
weakest rungs from below.

The template lesson is the one that gives this entire book its credibility. The successes of Chapters 9 
through 15 and the failures of Chapter 16 are not two competing stories. They are one story, seen from 
its lit and its shadowed sides — and they say the same thing. India rises when it innovates and 
diffuses through institutional strength, supplies a carrier and the machinery to scale, and assesses 
itself  honestly.  India fails when it  reaches for the frontier prematurely,  lacks the machinery of 
diffusion, or lets hype stand in for achievement. India Stack worked because it had what the failures 
lacked. The strategic task, therefore, is not to manufacture more sparks — India has never been short 
of those. It is to build, deliberately and everywhere, the machinery that turns sparks into scaled and 
durable things, so that the miracle of the last chapter becomes the method of the next.

That is the work of the closing chapters. But first, having counted the failures in the aggregate, the 
book owes its readers one more act of disciplined honesty: a clear-eyed, sector-by-sector scorecard of 
exactly where India is genuinely climbing toward invention today, and where it remains stuck — 
pharma, space, electric vehicles, semiconductors, and artificial intelligence. That accounting is the 
next chapter.

Takeaway.  An honest history counts the failures, and India’s are real: the thorium dream 
perpetually deferred, the people’s car that flopped, the fab plans announced for forty years, the 
most valuable startup in the country wiped out by 99% in two. But the failures rhyme — they 
cluster, as they have for two thousand years, not at the spark of invention but at the steps after it: 
diffusion, execution, governance, and the discipline to tell genuine achievement from national hype. 
The failures are not a counter-story; they are the same story told from the shadow side — and a 
rising nation’s surest sign of maturity is the willingness to count them.
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End of Chapter 16.
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C H A P T E R  1 7

The Sector Scorecard
◆

A nation’s future is not written in its triumphs or its failures alone, but in the  
slope of the line between them. The honest question is never “has India 
arrived?” It is “in which direction, and how fast, is it actually moving?”

The last two chapters set the two halves of an honest method side by side: the summit of India Stack, 
and the discipline of counting failures. This chapter applies that method to the present — to the live, 
unfinished, contested present of Indian innovation as it stands in the middle of the 2020s. It is a  
scorecard, and like any honest scorecard it records both the climbing and the sticking, sector by 
sector, without flattering either.

The exercise matters because everything before this chapter was history, and history is the easy part: 
the verdicts are in, the value either was or was not retained. The present is harder, because the lines 
are still being drawn. So the question this chapter asks of each major sector is not the triumphal “has 
India made it?” but the disciplined one Chapter 16 taught: in which direction is the line sloping, how 
fast, and what does the pattern across all the sectors reveal about where India’s real strengths and 
real constraints lie? Five sectors tell the story — pharmaceuticals, space, the hardware complex of 
semiconductors and electric vehicles, and artificial intelligence. Read together, they deliver a verdict 
on the whole book’s thesis, tested against the most current evidence available.

Pharma: From Generics Toward Discovery

We left Indian pharmaceuticals in Chapter 14 as the world’s frugal manufacturer — the “pharmacy of 
the world,” supreme at making known medicines cheaply, but a maker of generics rather than an 
inventor of new molecules. The open question was whether India could climb from manufacturing 
toward genuine discovery. The most current evidence says: at the edges, it has begun.

The clearest proof carries a clinical name: NexCAR19. Developed by ImmunoACT, a spin-off from IIT 
Bombay, and approved by India’s drug regulator in 2023, it is India’s first indigenous CAR-T cell 
therapy — a form of living-cell cancer immunotherapy in which a patient’s own immune cells are re-
engineered to attack their cancer. Two facts make it a landmark for this book’s argument. First, it is, 
by credible accounts, the world’s first humanised CAR-T therapy — not a copy of a Western product 
but a genuine design improvement, using humanised cell components that produced markedly fewer 
severe side effects in trials. This is not generic manufacturing; it is frontier invention. Second, it costs 
around fifty thousand dollars against roughly four hundred thousand for comparable therapies in the 
United States — about one-tenth the price. Here, in a single therapy, is the synthesis the book has 
been building toward: frugal invention at the frontier. It is the answer to the open question Chapter 14 
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left hanging — yes, India’s frugal genius can, at least sometimes, reach the frontier of invention itself, 
not merely deliver others’ inventions cheaply.

One swallow is not a summer, and honesty requires the qualification. India’s pharmaceutical strength 
remains overwhelmingly in generics and, increasingly, biosimilars — the complex but still-imitative 
copies  of  biologic  drugs,  where  firms like  Biocon lead.  The  pipeline  of  genuinely  novel  Indian 
molecules is thin, and the discovery of new chemical entities still happens mostly elsewhere. But the 
direction is unmistakable, and NexCAR19 is not alone: India unveiled indigenous quantum chips and 
other frontier-science achievements at its 2025 science and technology conclave, signs of a research 
base beginning, tentatively, to reach upward. The verdict for pharma: still a manufacturer at its core, 
but climbing — and the first genuine footholds on the cliff of discovery are real.

Commercial Space: After ISRO, a Private Sector

Space is the book’s clearest bright spot, and the reason is a structural change as important as any 
single mission. For sixty years, Indian space was ISRO — the frugal, mission-disciplined state agency 
of Chapter 10, which by 2023 had landed Chandrayaan-3 near the Moon’s south pole, a place no nation 
had reached before, and which went on to master autonomous orbital docking, becoming only the 
fourth power to do so. That heritage of frugal state excellence is intact and still advancing.

What is new is everything growing up around it. In 2020 India opened its space sector to private 
enterprise, creating a regulator, IN-SPACe, to let private firms build and launch rockets rather than 
merely supply the state. The effect has been a genuine ecosystem, not a press release. More than two 
hundred private space companies have since registered; venture capital  has flowed; and a new 
generation  of  founders,  many  of  them  ex-ISRO  engineers,  is  building  real  hardware.  Skyroot 
Aerospace, India’s first space-tech unicorn, launched the country’s first private rocket in 2022 and is 
moving toward orbital flights with paying customers. Agnikul Cosmos, incubated at IIT Madras, flew 
a rocket powered by what it  calls the world’s first single-piece 3D-printed engine — a genuine 
manufacturing innovation. This is the climb the book most wants to see: from a single frugal state 
inventor toward a diverse private ecosystem in which invention and innovation can compound.

The discipline of Chapter 16 forbids uncritical celebration, and space supplies its own cautions. The 
young private firms are mostly pre-revenue, their decisive commercial launches still ahead of them; 
and even ISRO suffered two consecutive failures of its workhorse rocket in late 2025 and early 2026 — 
a reminder that space is unforgiving and momentum is not destiny. But the structural shift is real 
and, on the book’s terms, exactly the right kind: India is building the machinery — the carriers, the 
firms, the capital, the regulatory rails — that turns sparks into an industry. The verdict for space: 
genuinely climbing, from state frugality toward a private frontier.
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EVs, Semiconductors, and the Hardware Question

Now to  the hardest  terrain,  and the most  honest  part  of  the  scorecard.  Hardware — physical 
manufacturing at the technological frontier — has been India’s chronic weakness, the domain of 
Chapter 16’s forty years of failed semiconductor plans. Here the climb is real but late, and the distance 
still to travel is the longest on the board.

Take semiconductors. After four decades of announcements that came to nothing, India is, finally, 
building.  Under  the  India  Semiconductor  Mission,  the  government  has  committed  enormous 
incentives,  and  the  first  facilities  are  rising  —  Micron’s  assembly-and-test  plant  in  Gujarat, 
inaugurated in early 2026; the Tata–PSMC fabrication unit at Dholera, targeting its first silicon by late 
2026; a clutch of packaging plants across Gujarat and Assam. The first made-in-India pilot chips have 
been produced. This is genuine, and it ends a long humiliation. But candour requires the scale of the 
qualification. These are, for the most part, mature-node fabs and assembly-and-packaging plants — 
the middle and back of the production chain — not the leading-edge fabrication that defines the 
frontier. Around ninety per cent of the chips India uses are still imported, more than half from China. 
India is strong in chip design — perhaps a fifth of the world’s semiconductor design talent works in 
Indian cities, and advanced design work for global firms is done in Bengaluru — but design is the part 
India could already do. The hard, capital-devouring, frontier-manufacturing part is precisely the part 
that is only now, belatedly, beginning, and catching up to a frontier that keeps moving.

The electric-vehicle story rhymes. India is strong where it is frugal and close to its market — in 
electric two- and three-wheelers, where homegrown firms genuinely lead — but the value-dense 
heart of the EV, the battery cell, is still overwhelmingly imported, much of it from China, and India’s 
own cell-manufacturing ambitions remain nascent. The wider pattern holds across electronics: India 
now assembles enormous volumes — it has become a major site for smartphone assembly as global 
firms diversify away from China — but assembly is the low-value-added end of the chain, and moving 
from assembling others’ designs to making the core components is the unfinished work. The verdict 
for hardware: climbing at last, after a long failure, but from far back, mostly in assembly and catch-
up, with the frontier still held by others. This is the rung where the book’s “invention later” is furthest 
away.

SIDEBAR — The scorecard, sector by sector (2026)

Sector Where India stands Direction

Pharma World’s largest generic supplier; 
now NexCAR19, the world’s first 
humanised CAR-T, at ~one-tenth 
Western cost

Climbing: generics → frugal 
discovery

Space ISRO’s frugal record 
(Chandrayaan-3 at the lunar south 
pole); 200+ private startups since 
the 2020 reforms

Climbing: state → private 
ecosystem
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Sector Where India stands Direction

Semiconductors ~90% of chips still imported; first 
fabs (Micron, Tata–PSMC) now 
rising — mature-node and 
assembly, not leading-edge

Starting late: catch-up, assembly-
heavy

EVs / batteries Strong in two- and three-wheelers; 
battery cells still largely imported 
from China

Assembling, not yet making the 
core

AI World-class talent and application; 
sovereign Indic models (Sarvam, 
Krutrim, BharatGen) but compute 
and frontier base models lag 
US/China

Strong in application, gap at the 
foundation

AI: Application Strength, Foundation Gap

We come last to artificial intelligence, because it is the frontier on which the next decade will turn, 
and because it is the most perfect microcosm of this book’s entire thesis that any single technology 
has ever offered.

Look first at India’s strength, and it is formidable. India has one of the world’s deepest pools of AI  
talent; its great IT-services firms are pivoting, at speed, to deploying AI across the world’s enterprises; 
and the country is positioning itself as a global capital of AI application and inference — the running, 
fine-tuning, and deployment of models at scale. This is the innovation rung of Chapter 3, and India is 
climbing it as fast as anyone. The government’s IndiaAI Mission has moved with unusual speed to 
build the substrate, subsidising access to tens of thousands of high-end GPUs and funding a wave of 
indigenous,  “sovereign” foundation models  — Sarvam, Krutrim,  BharatGen and others  — built 
specifically for India’s two dozen languages and its governance, health, and agricultural needs.

Now look at the gap, with the same honesty. India’s compute, though growing fast toward a target of a 
hundred thousand GPUs, remains a fraction of what the frontier American and Chinese laboratories 
command, and is, by its own builders’ admission, not in the same league as what trains the largest 
models. India’s sovereign models are real and valuable, but they are largely built upon foundational 
frameworks, datasets, and architectures originated elsewhere, and they participate in the frontier 
through international  coalitions  rather  than leading  it  alone.  The  base  models  that  define  the 
absolute frontier — the most capable, most general systems — are still made in the United States and 
China. This is the invention rung, and India is not yet on it.

The split could not be cleaner, and it is the book’s thesis rendered in silicon: India is strong in AI 
application — innovation, the cheaper and surer rung — and lagging in AI foundation — frontier 
invention, the expensive and uncertain one. And this very split frames the strategic choice the closing 
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chapters must address. Should India pour scarce capital into trying to build frontier base models that 
out-compete the best-funded laboratories on earth — a frontal assault on its weakest rung? Or should 
it play to its strengths: world-leading application, sovereign Indic models for its own vast needs, and 
— most promisingly — the institutional approach it alone has proven it can execute, building AI as 
public infrastructure atop the India Stack, “AI for all” as a public good rather than a private frontier? 
The book’s whole argument points toward the second path, and AI is where that argument will be 
tested in real time.

The Ledger: Where India Climbs, Where It Sticks

What did the present invent? For the first time the answer, sector by sector, includes genuine frontier 
invention at the edges — a world-first humanised cancer therapy, a single-piece 3D-printed rocket 
engine, indigenous quantum chips, sovereign language models — most of it bearing India’s frugal 
and institutional signature. These are real, and they are new. But they remain the exceptions that 
stud  a  base  of  innovation;  the  overwhelming  mass  of  Indian  strength  still  lies  in  application, 
adaptation, and delivery.

Did it innovate and scale? Emphatically, and consistently, yes — across every sector. India makes the 
world’s medicines, launches the world’s satellites cheaply, assembles the world’s electronics, and 
deploys the world’s AI. The innovation-and-delivery rung is, beyond any further doubt, India’s home 
ground.

Which rungs of the ladder did the present move? It moved Rung 1, bringing even frontier benefits — a 
cancer cure, mobility, digital services — within frugal reach of the many. It moved Rung 4, building 
genuine innovation capability, design talent, and private ecosystems where before there was only the 
state. And it exposed, without mercy, where India still sticks: at the foundational and manufacturing 
layers — the leading-edge fab, the battery cell, the frontier base model, the novel molecule — where 
the highest value lives and where India remains, for now, a late and catching-up entrant.

The template lesson of the whole scorecard is a single, consistent shape, repeated five times over. 
India is strongest where value comes from applying, adapting, and delivering knowledge cheaply and  
at scale; it is beginning, at the edges, to reach frugal and institutional invention; and it is weakest  
wherever value depends on owning the foundational layer. This is not a new finding. It is the thesis of 
this entire book, now confirmed against the most current evidence the present can offer — and it 
carries, written plainly within it, the strategy for what comes next. India should double down on the 
application, frugal, and institutional strengths where it already leads or can lead; build foundational 
capability  selectively, where sovereignty genuinely demands it — in chips, in compute, in critical 
medicines — rather than assaulting every frontier at once; and lean hardest into the one form of 
invention it has already proven it can take to the world: the institutional kind, the India Stack model, 
extended now to AI, to health, to whatever comes next.
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That is the bridge from description to prescription, and it is where this book now turns. Parts I 
through V have traced the long arc — from Wootz to UPI, from invention-without-keeping to the rare 
full house, from the ancient genius to the present scorecard. What remains is to convert the diagnosis 
into a strategy: to say, as plainly as the evidence allows, what a nation with exactly these strengths 
and exactly these constraints should do. That is the work of Part VI, and of the three chapters that 
close the book.

Takeaway.  Sector by sector, the same shape recurs. India is strongest where it can apply, adapt, and 
deliver — generic medicines, frugal space, AI deployment, the world’s design talent — and weakest 
where value depends on owning the foundational layer: the new molecule, the leading-edge fab, the 
battery cell, the frontier base model. But the line is sloping upward — a homegrown humanised 
CAR-T, a private space ecosystem, the first fabs rising, sovereign Indic AI. India is beginning, 
unevenly and late in places, to climb from innovation toward invention. The task of the closing 
chapters is to make that climb deliberate.

End of Chapter 17. End of Part V.
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P A R T  V I

The Road Ahead
Strategy and Synthesis
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C H A P T E R  1 8

Innovation Now, Invention Later
◆

A strategy is not a wish about what you would like to be good at. It is a clear-
eyed bet on what you are already good at, scaled deliberately toward what  
you intend to become. India has spent too long wishing. The evidence now 

permits it to bet.

We arrive at the payoff. In Chapter 3, near the start of this book, a thesis was stated more as promise 
than as proof: that for India, at its present stage of development, the path to prosperity runs far more 
through innovation than through frontier invention — and that this is not a confession of weakness 
but  a  reading  of  economic  logic.  At  the  time,  the  claim rested  on  theory:  on  Schumpeter  and 
Gerschenkron, on the catch-up economies of East Asia, on the asymmetry of cost and risk. The book 
then promised to submit the evidence and let the reader weigh it.

Fourteen chapters of evidence have now been submitted. This chapter weighs them. Its task is to 
assemble the accumulated proof,  restate the economic logic now grounded in that proof,  count 
honestly the cost of the opposite course, and deliver the matured strategy in its final, defensible form 
— sharpened by everything the journey from Wootz to UPI has taught. The thesis that entered as a 
hypothesis  leaves as a conclusion.  And it  leaves changed in one crucial  respect,  refined by the 
evidence into something more precise and more powerful than the slogan with which it began.

The Evidence Assembled

Lay the book’s findings end to end, and a single pattern emerges with a consistency that is almost 
eerie.

The historical chapters established the cost of the gap. Wootz steel, invented in the subcontinent and 
surrendered to the world as “Damascus.” The Kerala school, arriving at the threshold of calculus two 
centuries early and unable to carry it past the next province. Raman, Bose, Saha, and Ramanujan — 
world-class discovery produced on threadbare budgets, with almost no innovation to carry it to scale 
or value.  Across two millennia,  India proved,  again and again,  that it  could perform the act  of 
invention and then stand at the spring while others built the mills downstream. The cost of that gap is 
the recurring tragedy of Parts II and III.

The modern chapters established the mirror image: India’s revealed comparative advantage. Where 
India has succeeded since independence, it has succeeded overwhelmingly through innovation and 
through institutional invention — not through frontier-technological invention captured at home. 
The Constitution: an institutional invention of the first rank. The Green and White Revolutions: 
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social-institutional innovations that diffused to hundreds of millions where high science did not. The 
IT-services industry: process innovation without product invention, and profitable for the first time 
in the book. Frugal innovation, from Mangalyaan to the generic-drug industry: India’s revealed 
strength,  doing  more  with  radically  less.  And  India  Stack:  the  rare  full  house  —  institutional 
invention, innovation, scale, and ownership, all at once, all at home.

Then the negative evidence and the present confirmed the same shape from two further angles. The 
failures of Chapter 16 clustered not at the spark of invention but at the steps after it — diffusion, 
execution, governance — the photographic negative of the strength. And the sector scorecard of 
Chapter 17 found the identical pattern playing out live in the present: India strong in application, 
frugal  discovery,  and  institutional  models;  weak  wherever  value  depends  on  owning  the 
foundational, frontier-technological layer.

Recall that Chapter 3 named the condition that would have  refuted this thesis: if India’s greatest 
modern successes had turned out, on inspection, to be frontier inventions conceived and captured at 
home, the “innovation now” argument would have collapsed. The evidence ran decisively the other 
way. And the single apparent exception — India Stack, the one unambiguous, world-leading, home-
captured invention — turns out on inspection to be institutional invention, not frontier-technological 
invention. It does not refute the thesis. It refines it, in the direction the next sections will develop. The 
verdict of the evidence is not close.

The Economics of the Cheaper Rung

With the evidence assembled, the economic logic that Chapter 3 advanced as theory can now be 
restated as something the book has earned the right to assert.

The core of it is the asymmetry of cost and risk. Frontier invention answers the question  “Is it  
possible?” —  the  most  expensive  and  uncertain  question  in  the  whole  enterprise  of  progress, 
requiring a hundred funded laboratories to yield one breakthrough, deep pools of patient capital, and 
a tolerance for failure as the normal case. Innovation answers a different and far cheaper question: 
“Can we make it useful, affordable, and widespread — here, now, at scale?” Because someone else has 
already paid to answer whether the thing is possible, the innovator is spared the costliest uncertainty 
and left with bounded, lower-risk work toward a visible target. This is why the catch-up economies — 
Japan, then Korea and Taiwan, then China — all began not by inventing at the frontier but by making, 
better and cheaper, what others had invented, and why Gerschenkron could call this latecomer’s 
position an advantage of backwardness rather than merely its burden.

What the evidence adds to the theory is decisive:  India is demonstrably good at exactly what the  
economics recommends. This is the convergence that turns a strategy from plausible into compelling. 
The economics say a developing nation should favour the cheaper rung; India’s track record says the 
cheaper rung — frugal innovation, services, institutional arrangement at scale — is precisely where 
India’s talent, scale, and institutions have produced its only world-beating results. Theory and history 
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point to the same rung. A strategy is strongest when the thing you ought to do and the thing you are 
already best at turn out to be the same thing, and for India they are.

The figure that anchors this remains the one from Chapter 3: India spends roughly 0.64 per cent of its 
GDP on research and development, against China’s 2.4, America’s 3.5, Korea’s near 5. Read as a lament, 
this is a story of perpetual inadequacy. Read as a map — the way this book reads it — it is simply a  
statement of where India is, and therefore of which rung its scarce capital should climb first. The 
cheaper rung is not the consolation prize for a nation that cannot afford the frontier. It is the rung the 
evidence and the economics agree India should be climbing now. With one permanent caveat, carried 
over from Chapter 3 and never to be forgotten: even the cheaper rung must be paid for in human 
capital, because a nation can only absorb the knowledge it has equipped its people to understand.

SIDEBAR — The verdict of the evidence

India’s standout modern achievements, classified by type — and the pattern they reveal:

Milestone Invention or innovation? Value kept at home?

The Constitution (Ch 9) Institutional invention Yes

Green & White Revolutions (Ch 11) Social-institutional innovation Yes

IT services (Ch 13) Process innovation Yes, profitably

Frugal innovation; Mangalyaan 
(Ch 14)

Cost / frugal innovation Yes

India Stack & UPI (Ch 15) Institutional invention + 
innovation

Yes — and exported

NexCAR19; private space (Ch 17) Frugal invention, at the edges Yes, beginning

The pattern Overwhelmingly innovation and 
institutional invention — not 
frontier-technological invention 
captured at home

Increasingly, yes

The thesis was not assumed. It was the shape the evidence took.

The Cost of Chasing the Frontier Too Soon

A strategy is defined as much by what it refuses as by what it pursues, and the evidence is equally 
clear about the cost of the opposite course: reaching for frontier invention before the rungs beneath it 
are climbed.

The book has documented that cost repeatedly. The big science of Chapter 10 — the grand state 
laboratories built by decree — produced real discovery but thin commercial return, because the 
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machinery to carry invention to market was never built alongside the machinery to produce it. The 
failures of Chapter 16 were,  disproportionately,  the failures of premature frontier ambition: the 
thorium  nuclear  dream  perpetually  deferred  for  seventy  years,  the  semiconductor  industry 
announced and re-announced for forty, the moonshot that becomes a showcase rather than a source 
of growth. The scorecard of Chapter 17 found India weakest in precisely the sector — leading-edge 
hardware — where success demands owning the foundational frontier, and where four decades of 
trying by decree had yielded the least.

The mechanism of the waste is opportunity cost, and it is unforgiving. Every rupee poured into a 
premature  moonshot  is  a  rupee  not  spent  on  the  absorptive  capacity,  the  human  capital,  the 
institutions, and the diffusion machinery that would both pay off now and build the foundation from 
which a genuine frontier assault could later be launched. Premature frontier invention does not 
merely fail on its own terms; it cannibalises the very capabilities that would have made it possible 
later. And it carries a seductive political logic that makes it especially dangerous: frontier moonshots 
are  glamorous,  they  signal  national  arrival,  they  make  for  triumphant  speeches  —  while  the 
unglamorous work of fixing schools, courts, and supply chains makes for none. The discipline to resist 
the prestigious-but-premature in favour of the mundane-but-effective is itself one of the strategic 
capabilities India most needs.

Yet honesty requires the mirror caution, and this book has held it from the start. The cost of chasing 
the frontier too soon must never be confused with an argument for never chasing it at all. A nation 
that stays on the imitation rung forever — innovating endlessly on others’ inventions, never building 
toward its own — risks the middle-income trap, suspended above the cheap-labour economies and 
below the frontier innovators, unable to rise. “Innovation now” contains the word “now” precisely 
because it is a phase, not a destination. The deadliest misreading of this entire book would be to hear 
“invention later” and quietly delete the word “later.” The whole art, as the final chapter will argue, lies 
in  the  timing  of  the  shift  —  in  climbing  the  cheaper  rung  with  discipline  while  preparing, 
deliberately, to leave it.

A Strategy, Not a Compromise

So we reach the matured thesis, and it deserves to be stated in its final form, because it has grown 
more precise than the slogan that introduced it.

Begin by clearing away the emotion that has long distorted this debate. There is a reflex, in India and 
in every developing nation, to measure national worth by frontier invention — to ask, with a note of 
anxiety, “why has India not invented the next great technology?” and to hear in the honest answer a 
verdict of inferiority. This book asks the reader to set that reflex down. Measuring India by whether it 
invents  at  the  technological  frontier  is  measuring  it  by  a  foreign  yardstick  that  guarantees  a 
permanent sense of failure — and, worse, that blinds the nation to the world-class genius it actually 
possesses. India’s genius, demonstrated across two thousand years and confirmed in the present, is 
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for innovation at scale and for institutional invention. That is not a lesser gift. It is a different one — 
and, as India Stack proved to a watching world, it can be a world-leading one.

This clears the way for the strategy’s final, refined form, which has three parts rather than two.  
Innovate now on the technological frontier — frugal, applied, adaptive innovation, the cheaper and 
surer rung where India’s scale and talent already make it formidable. Invent now at the institutional  
frontier — digital public infrastructure, governance models, social and organisational arrangements 
at population scale, the one domain where India does not follow the world but can lead it today. And 
build toward frontier-technological invention later — deliberately, selectively, on a schedule, as the 
rungs beneath it are climbed and absorptive capacity matures, choosing the few frontiers where 
sovereignty truly demands a domestic capability rather than assaulting all of them at once.

Seen this way, the title of this chapter resolves into something sharper than it first appeared. The 
“invention later” was always frontier-technological invention later — because institutional invention 
is not later at all. It is now, and it is India’s surest path to leading rather than following. This is why  
“innovation now, invention later” is a strategy and not a compromise: it is not India settling for less, 
but India playing its own game instead of its rival’s — climbing the rung where the economics and its 
own history agree it should climb, leading at the frontier where it alone has shown it can lead, and 
preparing, with discipline and on its own schedule, for the summit it intends one day to reach.

The strategy is now set. What remains is execution, and execution has two halves. A nation cannot 
climb the cheaper rung, much less prepare to leave it, while its foundations are cracked — so the next 
chapter turns to the binding constraints, the remaining rungs of the development ladder that India 
must repair to complete the journey from developing to developed. And a strategy of “invention later” 
is empty without a way to know when “later” has arrived — so the final chapter turns to the timing, 
the  signals,  and  the  sequencing  of  the  shift  from  innovation-led  to  invention-led  growth.  The 
argument is made. Now to the doing.

Takeaway.  The evidence is in, and it runs one way. Across two thousand years, India’s triumphs 
cluster not in frontier invention but in innovation and in institutional invention — the adaptation, 
delivery, and re-arrangement of knowledge at scale. “Innovation now, invention later” is therefore 
not a counsel of modesty but the strategy India’s own history recommends: innovate on the 
technological frontier where the cheaper rung pays best, invent now at the institutional frontier 
where India can lead the world, and build toward frontier-technological invention deliberately, 
later, as the rungs beneath it are climbed. It is a strategy, not a compromise — and its only true 
danger is mistaking “later” for “never.”
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Questions for Reflection

1.  This chapter argues India should stop measuring itself by frontier invention — a “foreign 
yardstick that guarantees a permanent sense of failure.” Where have you seen that anxious 
reflex distort a real decision, in policy, business, or philanthropy — and what would a 
confident, own-game decision have looked like instead?

2.  The refined thesis says institutional invention is something India can lead at now, not later. 
Beyond India Stack, where is the next institutional invention waiting to be built — in 
education, health, credit, agriculture, or governance?

3.  The chapter warns that the deadliest misreading is to hear “invention later” and delete the 
word “later.” What concrete commitment today would keep “later” from quietly becoming 
“never”?

4.  Premature frontier moonshots are politically seductive because they are glamorous; the 
unglamorous repairs are not. How should a leader who understands this allocate attention 
and capital against the pull of prestige?

For the Practitioner

The operative discipline of this chapter is allocation under the matured strategy, and it applies 
directly to anyone deploying scarce capital — philanthropic, educational, or industrial. For most 
decisions, the highest-return bet is the one this book has argued for throughout: take something 
already proven, and innovate brilliantly to make it cheaper, more robust, and more widely available 
under Indian conditions.  That is  the cheaper rung,  and it  is  where your money and effort will 
compound  fastest.  But  the  chapter  adds  a  second,  often-overlooked  opportunity:  institutional 
invention, the redesign of how a thing is organised and delivered at scale, where India’s comparative 
advantage is strongest and where a single good arrangement — a cooperative, an open protocol, a 
public rail — can outlast and out-reach any number of gadgets. Look for those. And hold the long 
discipline in both directions: fund the absorptive capacity — the people who can understand and 
adapt — before you fund any frontier; but do not let “we are not ready for the frontier” harden into a 
permanent excuse. Mark, somewhere, the conditions under which you  would begin to invest in 
genuine invention, so that “later” stays a date on a calendar and not a door quietly left shut.

End of Chapter 18.
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Climbing the Remaining Rungs
◆

A nation does not climb a ladder by staring at the top rung. It climbs by  
mending the rung beneath its feet. And India has a decade, not a century, to  

mend the ones that matter most.

The previous chapter set the strategy: innovate now, invent at the institutional frontier now, and 
build toward frontier-technological invention later. But a strategy names a direction; it does not clear 
the road. A nation cannot climb the cheaper rung with discipline, much less prepare to leave it for the 
summit, while the rungs beneath its feet are cracked. So this chapter turns from what India should 
aim at to what India must fix — and it does so through the instrument the book built for exactly this 
purpose.

In Chapter 4 we assembled a ladder of development — human capital, infrastructure and energy, 
institutions and the rule of law, capital and the innovation system, with state capacity, social trust,  
and the demographic clock as the conditions running alongside. Every era chapter since was scored 
against it. Now the ladder pays off as a repair list. We will walk it rung by rung, honestly, naming  
where India stands and what it would take to climb — and then, because no nation can fix everything 
at once, we will ask the harder question the framework alone can answer: in what order. Throughout, 
one discipline holds: each repair is judged not as a wish but by how directly it serves the strategy of 
Chapter 18 and beats the clock of Chapter 4.

Education and Human Capital

Start at the bottom, because everything rests here. Chapter 3 established the hinge on which the 
whole “innovation now” strategy turns: absorptive capacity, the ability to recognise, understand, and 
adapt knowledge that someone else invented. A nation can only innovate on the knowledge its people 
are equipped to absorb. Human capital is therefore not one rung among several; it is the precondition 
for the entire strategy. Get it wrong, and nothing above it can bear weight.

And India, on this rung, has a profound and well-documented problem — not of access, but of 
learning. India long ago achieved near-universal school enrolment, a genuine achievement. But year 
after year, the country’s own large-scale surveys of rural schooling have found that a majority of 
children in the upper primary grades cannot read a simple text several grades below their own, and 
cannot  perform  basic  division.  This  is  the  gap  between  schooling and  learning —  the  quiet 
catastrophe of a generation that sits in classrooms without acquiring the foundational literacy and 
numeracy  on  which  all  later  skill  is  built.  Stack  on  top  of  it  a  stubborn burden of  childhood 
malnutrition and stunting, which blunts cognitive capacity before school even begins, and a higher-
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education system that is a few islands of genuine excellence — the IITs, the IISc — atop a vast sea of 
institutions  whose  graduates  industry  surveys  repeatedly  judge  unready  for  employment.  The 
foundation rung is, in too many places, hollow.

The repair  is  no mystery,  and India has named it:  the National  Education Policy of  2020 puts 
foundational literacy and numeracy first, and commits to vocational integration and learning in the 
mother tongue. The policy is sound. The constraint, as ever, is execution — teacher quality and 
accountability,  measurement  of  learning  rather  than  enrolment,  nutrition,  and  the  patient, 
unglamorous work of making a hundred thousand classrooms actually teach. This is the rung that 
must be climbed first, and the reason is the clock: India’s demographic dividend, the great bulge of its 
young, is a window that is open now and will close. A young population that is healthy, literate, and 
skilled is the richest asset any economy can hold. The same population unhealthy, unlettered, and 
unemployable is not an asset at all — it is the gravest of liabilities. The dividend does not wait.

R&D Intensity and the Innovation System

Climb to the rung where knowledge is made and put to work. Here the headline figure, carried from 
Chapter 3, is unforgiving: India spends roughly 0.64 per cent of its GDP on research and development 
— below the global average of about 1.8 per cent, far below China’s 2.4 and a fraction of Korea’s near 5 
— and barely a third of even that thin sum comes from private industry, against three-quarters in the 
successful innovating economies.

But the strategy of this book sharpens the prescription in a way a simple “spend more” would miss.  
India does not need to vault to Israel’s five per cent to win at innovation; the cheaper rung does not 
demand frontier-scale research budgets. What it needs is twofold and more subtle. First, to raise the 
number meaningfully — toward one to two per cent over the coming years, enough to fund genuine 
absorptive capacity — and to do it disproportionately by drawing in private money, which spends 
closer to the market than the state. Second, and more important, to restructure the system around the 
failure this book has diagnosed since Chapter 10: the lab-to-market gap, the chasm between discovery 
and diffusion in which so much Indian research dies. The problem has never been only that India 
researches too little; it is that what it does research too rarely crosses the valley into product, firm, 
and scale.  The repair is translational machinery — university-industry linkage, real technology 
transfer, patient deep-technology capital that funds hard science rather than only consumer apps, 
and an innovation system that rewards diffusion, not merely publication. The recent creation of a 
national research foundation designed to leverage private funding, and the deep-tech turn visible in 
Chapter 17’s space and biotech startups, are early moves in exactly this direction. This rung is the 
bridge: built well, it powers innovation now and lays the foundation for invention later.
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Judiciary, Contracts, and the Rule of Law

Now to the rung Chapter 4 named India’s binding constraint — the one that, more than any other, 
determines whether all the rest convert into growth. It is also the rung where the gap between India’s 
potential and its performance is widest, and the chapter’s centre of gravity.

The numbers are sobering. More than fifty-two million cases sit pending in India’s courts — over five 
crore — and the pile grows most years, because the courts dispose of fewer cases than are filed. India 
fields  only  some fifteen to  twenty-one judges  per  million people  against  the  fifty  its  own Law 
Commission recommended decades ago, and its judiciary runs chronically below sanctioned strength. 
Cases routinely take years; well over a hundred thousand have been pending for more than thirty.  
Contract enforcement, in consequence, is among the slowest in the world — and this is not an 
abstraction. As the institutional economists of Chapter 4 argued, from Douglass North to Acemoglu 
and Robinson, secure property rights and reliable contract enforcement are the deepest institutional 
roots of prosperity. When a business cannot count on a court to enforce an agreement within a 
reasonable time, every transaction carries a hidden tax, every investment a discount for risk, every 
entrepreneur an incentive to stay small and informal. A weak rule of law is a brake applied silently to 
the entire economy.

Here the book’s own thesis supplies the most fitting repair, and it is the most thesis-resonant moment 
of the chapter. India’s singular genius, established across Chapters 9 and 15, is institutional invention 
— the design of new arrangements at scale, from the Constitution to India Stack. The rule-of-law 
deficit  is,  at  bottom, an institutional-design problem. So India should turn its greatest strength 
inward,  onto  its  greatest  weakness.  The  conventional  repairs  are  necessary  — fill  the  judicial 
vacancies, raise the judge-to-population ratio, mainstream mediation and arbitration, set disposal 
targets.  But  the  transformative  move is  to  apply  the India  Stack playbook to  justice  itself:  the 
digitisation of courts already under way, digital case management and scheduling, online filing and 
hearing, and — beyond the courtroom — the digitisation of land records to make property titles clean 
and disputes rare.  Justice as digital public infrastructure. The nation that built rails for a billion 
payments can build rails for the enforcement of a billion contracts. Of all the rungs, this is the one 
where India’s  comparative advantage and its  binding constraint  meet  — and where fixing the 
weakness with the strength would do the most good.

SIDEBAR — The repair list, rung by rung

Rung Where India stands Priority

Human capital Near-universal enrolment, but 
most upper-primary children read 
and compute far below grade level; 
stunting still high

Urgent — the clock is running

Rule of law ~52 million cases pending; ~15–21 
judges per million (vs 50 
recommended); contract 

The binding constraint
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Rung Where India stands Priority

enforcement among the world’s 
slowest

R&D / innovation ~0.64% of GDP, only ~  private; ⅓
deep lab-to-market gap

Restructure, then raise

Infrastructure Dramatic recent gains — 
highways, near-universal power, 
the world’s cheapest data

Sustain — the bright spot

Capital Deep equity markets; thin 
patient/deep-tech capital; hard 
MSME credit

Deepen selectively

State capacity Proven at rail-enabled delivery 
(DBT, JAM); thin and uneven 
elsewhere

Generalise what works

Infrastructure, Capital, and State Capacity

Three rungs remain, and they are best read together, because they share a lesson: India has shown, 
recently and convincingly, that it can climb fast when it focuses — and the task is to generalise that 
proven competence to the places it has not yet reached.

Infrastructure is India’s clearest bright spot, and it deserves to be named as such after so much honest 
criticism. In a single decade India has built highways at record pace, brought electricity to nearly 
every  village,  modernised ports,  airports,  and railways,  and — through the  very  digital  public 
infrastructure this book celebrates — delivered the cheapest mobile data in the world. This is the 
“hard wiring” of Chapter 4, and on it the line is sloping steeply upward. The task here is not invention 
but persistence: sustain the pace, close the last-mile and urban gaps, and carry the energy transition. 
Momentum, for once, is on India’s side.

Capital  is  a  more  mixed  picture.  India’s  equity  markets  are  deep  and  sophisticated,  and  the 
formalisation wrought by Jan Dhan and UPI has pulled hundreds of millions into the financial 
system. But patient capital for deep technology and manufacturing remains thin — venture money 
has flowed to consumer apps faster than to hard science — and credit for the small and medium 
enterprises that employ most Indians is still scarce and dear. The repair leans, again, on India’s 
institutional  strength:  flow-based lending built  on the consent-driven data rails  of  the Account 
Aggregator system, so that a small firm’s verified cash flow, not its collateral, secures its loan. Deepen 
patient capital selectively; widen credit through the rails India has already built.

State capacity — the ability of the state to actually deliver — is the condition running beneath all the 
others, and India’s record here is precisely split. Where the state has built rails and focused, it has 
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delivered at a scale few nations can match: the Direct Benefit Transfer system, riding the JAM trinity, 
has moved subsidies to hundreds of millions and saved enormous sums once lost to leakage. That is 
world-class  state  capacity.  Yet  in  the  unglamorous,  un-railed  work — running courts,  staffing 
regulators, making a hundred thousand schools teach — capacity remains thin and uneven, a chronic 
gap between policy designed and policy delivered. The lesson writes itself: India has proven what 
focused, infrastructure-enabled state capacity can do. The work is to generalise that proof from the 
visible wins to the harder, quieter rungs.

Sequencing the Repairs

Six rungs, one nation, finite money and attention, and a clock that does not stop. The hardest strategic 
question is not what to fix but in what order — and here the framework, rather than mere preference, 
supplies the answer.

The master constraint on sequencing is the demographic clock. India’s dividend — its vast working-
age young, with a median age still under thirty — is a one-time, time-limited gift that will close as the 
country ages over the coming two to three decades. This single fact sets the order of urgency. A 
dividend banked becomes prosperity; a dividend squandered becomes the tragedy of a nation that 
grew old before it grew rich. Therefore the first and most urgent repairs are the two that the clock 
renders non-negotiable: human capital — foundational learning, health, and skilling — and the jobs 
that let educated young people actually be productive. Everything else is downstream of getting this 
right while the window is open.

But  two of  the  slowest-to-build  rungs  cannot  be  left  for  later  merely  because the clock points 
elsewhere, and this is the subtlety the framework insists on. The rule of law and state capacity take a 
generation to repair and gate everything above them — so the time to begin is now, in parallel, even 
though the payoff is distant. One does not wait to lay foundations until the house is built. Meanwhile 
the rung where India already has momentum — infrastructure — should simply be sustained, not 
agonised over; and the innovation system should be steadily restructured and grown as the bridge 
toward the eventual shift to invention.

A single thread ties the whole sequence together, and it is the book’s deepest practical counsel. India 
should repair its ladder using the very genius this book has identified as its comparative advantage: 
institutional invention at scale. Digital rails for justice and land records; flow-based credit for small 
firms; benefit-delivery and education and health systems built on public digital infrastructure. The 
nation’s greatest strength is also its most powerful instrument for climbing its own remaining rungs. 
Fix the foundation against the clock, lay the slow institutional foundations now, ride the momentum 
where it exists, and use India Stack thinking as the accelerant throughout. That is the order of the 
climb.
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The rungs, then, have their repair plan. One question remains, and it is the one the whole book has 
been circling: the strategy says “invention later” — but when is later, and how will India know the 
moment has come to leave the cheaper rung and climb toward the summit? That is the final chapter.

Takeaway.  The ladder of Chapter 4 is now a repair list. India’s foundation rung — learning, not 
just schooling — must be fixed first, because the demographic clock is running and absorptive 
capacity rests on it. Its binding constraint — a rule of law throttled by fifty million pending cases — 
must be fixed in parallel, because institutions are slow to build and gate everything above them. 
Infrastructure, the bright spot, needs only sustaining; the innovation system needs restructuring 
more than mere enlargement. And the thread through all of it is this: India should climb its 
remaining rungs using its own greatest gift — institutional invention at scale — turning the 
strength that built India Stack onto the weaknesses that still hold it back.

Questions for Reflection

1.  The chapter argues human capital must be fixed first because the demographic clock is 
running. In your own field, what becomes permanently impossible if India’s current cohort 
of young people reaches thirty without foundational skills?

2.  The most thesis-resonant proposal here is “justice as digital public infrastructure” — 
turning India’s institutional-invention genius onto its rule-of-law deficit. What would a “UPI 
for contract enforcement” or “Aadhaar for land titles” actually need to work — and what 
could go wrong?

3.  India’s state capacity is “precisely split” — world-class at rail-enabled delivery, thin 
everywhere else. What is the hardest rung to which the DBT/JAM model of delivery could 
realistically be generalised next?

4.  Sequencing forces hard trade-offs. If you could fund only two of the six rungs at full 
strength for the next five years, which two — and what does the framework say you would 
be risking by under-funding the rest?

For the Practitioner

The usable instrument here is the repair list read as a map for where private and philanthropic effort 
earns the highest social return — because the state cannot, and need not, climb every rung alone. Two 
rungs reward outside effort most. The first is human capital, and specifically learning rather than 
enrolment: foundational literacy and numeracy, teacher capability, vocational skilling tied to real 
employment. This is where a rupee spent against the demographic clock compounds for a generation, 

119



W O O T Z  T O  U P I

and  where  the  gap  between  schooling  and  learning  leaves  enormous  room  for  well-designed 
intervention. The second is institutional invention applied to the binding constraint — the digital rails 
for justice, land, and credit that only a few will think to build but that would unlock growth far 
beyond their cost. Wherever you work, ask the sequencing question before the spending question: is 
this repair urgent because the clock is running, slow because it must start now to pay off later, or 
already in momentum and needing only support? Fund the first two kinds. And prefer, wherever you 
can, the repair that uses India’s institutional genius as its lever — the arrangement that, once built, 
climbs the rung for millions at once.

End of Chapter 19.
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C H A P T E R  2 0

From UPI to the Frontier
◆

“Later” is the most dangerous word in any strategy. Said too soon, it becomes 
an excuse; said too late, it becomes a regret. The whole art is learning to hear  

the moment when “later” has quietly become “now.”

Every chapter of this book has leaned on a single word and deferred its definition. “Innovation now, 
invention later.” The strategy is only as good as that word, and so far the book has left it deliberately 
vague, promising that the final chapter would make it  precise.  This is that chapter.  It  asks the 
question the entire argument has been circling: when does “later” arrive, how will India recognise it, 
and how should the shift from innovation-led to invention-led growth actually be made?

The danger runs in both directions, and the book has named both. Treat “later” as “never,” and India 
stalls forever on the imitation rung, caught in the middle-income trap — prosperous enough to have 
left  poverty behind,  never inventive enough to join the frontier  nations.  Treat  “later”  as  “now, 
everywhere,” and India repeats the failures of Chapters 10 and 16 — the moonshot by decree, the 
prestige project that consumes the capital its own preconditions required. Between these two errors 
lies a narrow and disciplined path, and walking it requires three things: the ability to read the signals 
that a sector is ready, an honest accounting of the conditions that must hold for the shift to succeed, 
and a sequencing logic that moves the economy from one mode to the other without lurching. Then, at 
the end, the book returns to where it began — to Wootz, and to what a different ending to that ancient 
story might look like.

The Signals That Say "Now Invent"

Begin with the most important correction this chapter can offer: the shift to invention is not a 
decision a government makes for a whole country on a chosen date. It is a threshold that individual  
sectors cross, at different times, when their own conditions ripen — and it is read from below, in the 
market, not declared from above. India’s history is unambiguous on this point. When the state tried to 
decree invention from the top — the grand laboratories of Chapter 10, the fabs announced for forty 
years in Chapter 16 — it produced showcases, not industries. The signals were not there, and decree 
could not summon them.

So what are the signals? The Korean scholar Linsu Kim, whose  imitation-to-innovation sequence 
anchored Chapter 3, described a sector climbing through stages — copying mature foreign products, 
then improving on them, then, at last, inventing at the frontier — and the move to that final stage 
announces itself. The clearest signal is  saturated absorptive capacity: when a sector has absorbed 
essentially all the foreign knowledge available to it, when there is little left to borrow because it 
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already stands at or near the frontier, the only remaining way up is to invent. Samsung reached that 
point in memory chips; imitation had run out of room, and leading meant discovering. A second 
signal is a thick domestic ecosystem — deep specialist talent, local suppliers, a research base, and 
capital, all specific to that sector, the dense substrate that invention requires and that a thin field 
cannot provide. A third is  market pull: a large and sophisticated demand, at home or in captured 
export markets, hungry for frontier products that do not yet exist. And a fourth, easily missed, is that 
the cost of not inventing begins to rise — margins compress, the frontier pulls away, a dependency 
hardens into a vulnerability. When imitation stops paying, invention stops being optional.

The decisive tell, beneath all of these, is that private firms, not only the state, begin reaching for the  
frontier from the bottom up — risking their own capital on discovery because the market signals 
reward it. And here is the hopeful news the scorecard of Chapter 17 already delivered: these signals 
are now appearing in specific Indian sectors. The humanised CAR-T therapy did not come from a 
ministry’s five-year plan; it emerged, frugally and from the bottom up, from a biotech ecosystem that 
had absorbed enough and was pulled by a market that needed it. The private space sector flew the  
same way. The signals are real, they are sector-specific, and India’s task is not to manufacture them 
but to read them — and to clear the road wherever they appear.

Conditions for the Shift

Reading the signals tells India where invention is ready to begin. But whether that invention succeeds 
— whether it becomes industry and retained value rather than another beautiful orphan — depends 
on a set of underlying conditions. And those conditions, it turns out, are precisely the rungs of Chapter 
19. The two chapters lock together: Chapter 19 said  fix these rungs; this chapter explains  why — 
because the repaired rungs are the very conditions that let invention-led growth pay off.

The  list  follows directly.  Invention at  the  frontier  requires  deep human capital — not  merely 
competent engineers who can adapt,  but researchers who can discover,  which is the top of the 
absorptive-capacity ladder.  It  requires an  R&D system with its  lab-to-market bridge repaired — 
translational machinery, patient deep-technology capital that funds hard science through its long 
failures, and university-industry linkage dense enough to carry a discovery into a product. It requires 
a  culture that tolerates failure,  because invention is failure-dense by nature,  and a society that 
stigmatises the failed venture starves itself of the attempts from which breakthroughs come.

But the condition this book must stress above all others is the one its very first chapter was built to 
dramatise: the institutions that let an inventor keep the value of what they invent. This is where the 
rule of law of Chapter 19 reveals its deepest purpose. A nation can innovate and imitate tolerably well 
without ironclad institutions — but it  cannot profitably  invent without enforceable intellectual 
property, reliable contracts, and the legal security that lets the creator capture the worth of the 
creation. Invention without value-capture is not a strategy; it is the Wootz tragedy on repeat — the 
discovery made here,  the fortune made elsewhere.  The entire point of  shifting to invention-led 
growth is to keep the value this time, and that is impossible until the value-capture machinery — IP, 
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courts, deep capital, brand and market power — is built. India Stack proved, for the first time at scale, 
that India can now build and keep value at the frontier. The condition for “invention later” to succeed 
is that India finishes building the machinery to ensure the next great Indian invention does not 
become the next great foreign fortune.

SIDEBAR — Reading the readiness: when a sector is ripe to invent

A sector has reached its “later” when most of these hold:

• Absorptive capacity saturated — little foreign knowledge left to borrow; the sector already sits 
near the frontier.

• A thick domestic ecosystem — deep talent, suppliers, research base, and capital, specific to the 
sector.

• Market pull — large, sophisticated demand for frontier products that do not yet exist.

• *The cost of not inventing is rising* — margins compressing, a dependency hardening into a 
vulnerability.

• Private firms reach for the frontier from the bottom up — risking their own capital on 
discovery.

• Value-capture machinery in place — enforceable IP, rule of law, patient capital, so the invention is 
kept, not lost.

India today: biotech, commercial space, and parts of pharma show these signs; most of the economy does not yet — 

and that is exactly as it should be.

Sequencing Innovation-Led to Invention-Led Growth

If the shift is sector-by-sector and signal-driven, then the transition for the economy as a whole is not 
a switch thrown on a date but a  rolling, staggered progression. This is the flying-geese pattern of 
Chapter 3 seen from within a single nation: at any moment the economy is a portfolio, with newer  
sectors still imitating, a larger band innovating, and a few leading sectors — the foremost geese — 
reaching the frontier and beginning to invent. The economy never converts all at once. It graduates its 
sectors one at a time, as each one’s signals ripen, while feeding the absorptive capacity that lets the 
next cohort climb behind them.

India’s portfolio today maps cleanly onto this picture. The bulk of the economy is, rightly, still in the 
innovation phase — IT services, frugal manufacturing, electronics assembly — and should not be 
forced prematurely upward; that would be the error of lunging at the frontier before the rungs are 
built. A few leading sectors show the signals and should be enabled to fly: biotechnology, commercial 
space, the frontier edges of pharmaceuticals. The state’s role in the transition is therefore neither to 
hold the leaders back nor to shove the laggards forward, but to do three things at once — clear the 
road for the sectors that are ready, keep the innovation engine running for the many that are not, and 
steadily build the human capital and institutions that let more sectors graduate over time.
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Two disciplines govern the sequencing. The first is selectivity. For frontier-technological invention, 
India cannot and should not chase every frontier; it should concentrate its scarce force where the 
signals are genuine, where sovereignty demands a domestic capability that cannot be left to others — 
critical chips, compute, essential medicines, energy, defence — or where India’s frugal genius gives it 
a real edge, as the cheap CAR-T and the cheap Mars mission did. Force concentrated where signal, 
strategic need, and comparative advantage align; force withheld everywhere else.

The second discipline is the book’s recurring refrain, and it changes the shape of the whole transition: 
institutional invention is not “later” at all. In the institutional domain — digital public infrastructure, 
governance, new arrangements for credit and health and education at population scale — India is 
already at the world frontier, and there it should invent now, continuously, without waiting for any 
signal, because the signal arrived years ago and the world is already adopting what India builds. So 
the true sequencing is not one transition but two tracks running at once: frontier-technological 
invention rolling forward sector by sector as conditions ripen, and frontier-institutional invention 
proceeding at full speed today, the one domain where India leads rather than follows. From UPI to the 
frontier is not a single road. It is India inventing institutionally now, while it climbs, sector by sector, 
toward the technological frontier it will reach later.

The Next Wootz

And so the book returns to where it began. Chapter 1 opened with a sword — Wootz steel, the supreme 
invention of the ancient subcontinent, forged here, perfected here, and then carried off by the world 
under another name, its value and its fame captured downstream by everyone except the people who 
created it. That sword has hung over every chapter since. It is the emblem of India’s oldest and most 
expensive habit: to invent brilliantly and to keep almost nothing.

The  question  with  which  this  book closes  is  whether  the  next  Wootz  will  end  the  same way. 
Somewhere ahead, as the rungs are climbed and the signals ripen and the leading sectors reach the 
frontier, India will invent something genuinely new — a therapy, a material, a machine, or, most 
likely of all given everything these pages have argued, an institution. Call it the next Wootz. The whole 
strategy of this book is, in the end, a strategy for ensuring that this time the story ends differently — 
that the next Wootz is invented here and kept here, its value flowing to the nation that created it 
rather than draining away to those who merely carried it to market.

There is reason, for the first time in two thousand years, to believe it can. India Stack already broke  
the ancient pattern once: invented at home, scaled to a billion, owned, and exported to the world 
under India’s own name rather than another’s. The frugal inventions now appearing at the edges — 
the humanised CAR-T, the private rockets — show the frontier coming within frugal reach. The 
conditions are being built; the signals are being read; the machinery to keep value, so long absent, is at 
last taking shape. None of it is guaranteed. The rungs may go unrepaired, the discipline may fail in 
either direction, “later” may curdle into “never” or lurch into a premature “now.” But the possibility is 
real, and it is new.
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What the next Wootz will be, and why India’s deepest comparative advantage points toward its being 
an institution rather than a thing — that is the note on which this book must end, and it belongs to  
the conclusion that follows. For now it is enough to have answered the question the strategy left open. 
“Later” is not a date. It is a readiness, read sector by sector, built rung by rung, and recognised by a 
nation disciplined enough to wait for it without waiting forever. India is closer to that readiness than 
it has ever been.

Takeaway.  The “later” in “invention later” is not a date but a set of signals, read sector by sector: a 
field is ready to invent when it has absorbed all there is to borrow, built a deep ecosystem, faces a 
market pulling it to the frontier, and — above all — has the institutions to keep the value it creates. 
India’s task is not to decree invention from above, as it once tried and failed, but to read these 
signals where they appear, let the leading sectors fly while the rest keep innovating, invent 
institutionally at full speed now, and hold the discipline against both errors — stalling forever, and 
lunging too soon. The destination is a frontier invention that India, this time, gets to keep: the next 
Wootz that stays Indian.

Questions for Reflection

1.  The chapter insists the shift to invention is read “from below, in the market,” not decreed 
from above — and that India’s decreed moonshots failed for ignoring this. Where do you see 
genuine bottom-up invention signals in an Indian sector today, and where do you see decree 
mistaking itself for readiness?

2.  The deepest condition for invention-led growth is keeping the value — the institutions that 
prevent the next Wootz from becoming a foreign fortune. In a sector you know, what would 
have to be true for an Indian inventor to capture the worth of what they create?

3.  Selectivity means India should invent at only a few technological frontiers — those of 
genuine sovereignty or frugal advantage. Which three would you choose, and which 
tempting-but-premature frontier would you deliberately decline?

4.  The chapter argues institutional invention is “not ‘later’ at all.” If India should be inventing 
institutions at full speed right now, what is the single institutional invention you would most 
want it to attempt next?

For the Practitioner

The usable instrument from this chapter is  the readiness checklist  in the sidebar,  applied as a 
discipline against your own enthusiasm. Before backing any push toward genuine invention — a new 
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product, a research venture, a frontier bet — run the sector honestly against the signals: Is its 
absorptive capacity actually saturated, or is there still cheaper innovation to be had? Is the ecosystem 
thick enough to sustain discovery? Is there real market pull, or only national pride? And, the question 
most often skipped, is the value-capture machinery in place, so that what you invent you can keep? If 
most signals are absent, the higher-return move remains innovation, and “later” has not yet arrived 
for that sector — fund the absorptive capacity instead and wait, without apology. If the signals are 
genuinely present, then backing invention is no longer premature but overdue, and timidity becomes 
its own kind of waste. And in one domain, set the waiting aside entirely: institutional invention — a 
better arrangement for delivering credit, learning, health, or justice at scale — is something India is 
ready to attempt now, and where your effort, modelled on India Stack, can climb a rung for millions at 
a single stroke.

End of Chapter 20.
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C O N C L U S I O N

The Next Wootz
◆

The world remembers India for a sword it could not keep. It may yet  
remember India for something no one can carry off: not a thing forged in a  

crucible, but a way of arranging human affairs — invented for a billion, and 
given to the world.

We began with a sword and a tap, and we have travelled two thousand years between them. It is time 
to say plainly what the journey showed — and to make one last claim, the sharpest in the book, that 
the whole road has been quietly preparing.

This book set out to understand a paradox: that India has been, across its long history, one of the most 
inventive civilisations on earth, and one of the least successful at keeping what it invented. Wootz 
steel, perfected in southern crucibles and sold to the world as “Damascus.” The zero and the place-
value system, conceived here and carried to Europe as “Arabic” numerals. The Kerala mathematicians 
who stood at the threshold of calculus two centuries early and could not carry it across a province. 
Raman and Bose and Ramanujan, producing world-class discovery on threadbare budgets, their 
genius captured everywhere but at home. The pattern was painfully consistent, and Chapter 3 gave it 
a name: India performed the act of invention and surrendered the innovation and diffusion — the 
scaling, the commercialising, the keeping — to others. It stood at the spring while the world built the 
mills downstream.

And then, in the modern chapters, we watched the pattern begin to break. The software-services 
industry that sold the world its back office and kept the profit. The frugal genius that put a spacecraft 
around Mars for less than a Hollywood film and antiretroviral drugs in reach of the world’s poor. And 
above all India Stack — Aadhaar, UPI, the open digital rails — invented at home, scaled to a billion,  
owned, and for the first time in two millennia exported under India’s own name rather than another’s. 
The tap that closed the book’s opening chapter was not just a payment. It was the sound of an ancient 
curse, at least once, being broken.

India's Deepest Edge: The Genius for Institutions

Here is the claim the whole book has been built to support, and it deserves to be stated without 
hedging. India’s deepest and most distinctive comparative advantage has never been technological  
invention. It has been institutional invention — the design of new arrangements for organising human 
affairs.
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Look back across the evidence with this lens, and the pattern leaps out. The standout achievements of 
the  ancient  subcontinent  were  not  only  metallurgical;  they  were  institutional:  the  ganasangha 
republics that experimented with collective rule before Rome fell; the shreni guilds that functioned as 
proto-corporations and proto-banks; the panchayat of village self-government; the hundi, a bill of 
exchange that moved value across the subcontinent as trusted information centuries before modern 
banking. And the same civilisational genius had its terrible shadow — caste, the most durable and 
destructive social technology ever devised, a reminder held honestly throughout this book that the 
capacity to invent institutions is  morally neutral,  and can organise oppression as efficiently as 
cooperation.

Carry the lens into the modern era and the pattern only sharpens. India’s single greatest achievement 
after independence was not a machine but a document and the order it created: the Constitution, an 
institutional invention of the first rank, conjuring a unified democracy of unprecedented scale and 
diversity out of a shattered, illiterate, impoverished new nation. Its most successful development 
triumphs were institutional too — the cooperative model that became Amul, the social architecture 
that let the Green and White Revolutions diffuse to hundreds of millions where high science alone 
could not. And its one unambiguous, world-leading, value-keeping invention of the digital age — 
India Stack — is not a technology at all in the deepest sense, but an institutional arrangement: the 
decision to build a nation’s digital rails as open public infrastructure rather than private platform, a 
new answer to a question every society on earth is now asking, and one the world is adopting from 
India.

Why should this be India’s particular genius? The book offers a hypothesis, not a certainty, in keeping 
with its register throughout. India has always been the most diverse large society on earth — a 
subcontinent  of  hundreds  of  languages,  faiths,  and  communities  that  somehow  had  to  be 
coordinated, governed, and held together. A civilisation forced, for millennia, to solve the hardest 
problems of organising heterogeneity at scale may simply have become expert at the institutions of 
coordination, the way a people on poor soil become expert at frugal farming. India’s institutional 
ingenuity may be the cultural deposit of its diversity — its oldest necessity turned into its deepest 
skill.

If  this is right,  it  reframes the entire strategy of this book in a single stroke. “Innovation now, 
invention later” remains true for  technological invention — the frontier of  new molecules and 
machines, which India should reach selectively and on a schedule, as its rungs are climbed. But for 
institutional invention, there is no “later.” It is India’s standing comparative advantage, the one 
domain where it does not follow the world but leads it, and the place where it should be inventing — 
boldly, continuously, now. The path from UPI to the frontier runs, most surely, through the kind of  
invention India has always been best at.

SIDEBAR — The whole argument, on two axes

The two axes of Chapter 1, with the book’s evidence placed on them:
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Technological Social / Institutional

Invention (new knowledge) Wootz, the zero — invented, lost The Constitution, India Stack — 
invented, kept

Innovation (applied knowledge) IT services, Mangalyaan, frugal 
pharma — India’s revealed 
strength

Amul, the cooperatives — diffused 
where high science could not

India’s surest victories cluster in the right-hand column. That is where its genius has always lived — and where, with 

India Stack, it now leads the world. The strategy in one line: innovate technologically now, invent institutionally now, 

and reach technological invention later.

The Next Wootz

So we return, at the last, to the sword — and to the question this book has been moving toward from 
its first page. Somewhere ahead, as India climbs its rungs and its leading sectors reach the frontier, it 
will invent something genuinely new and consequential enough to matter to the world. Call it the next 
Wootz. The whole argument of these pages has been, in the end, a single wish disciplined into a 
strategy: that this time, the story ends differently — that the next Wootz is invented here and kept 
here, its value flowing to the people who created it rather than draining away to those who merely 
carried it to market.

And if the argument of the last section is right, we can say something more specific about what the 
next Wootz is likely to be. It will probably not be a sword, or a material, or a machine. It will most  
likely be an  institution — a new arrangement for organising some part of human life at scale, 
invented in India because India faces the problem first and largest, and exported to a world that 
shares the problem and lacks the solution. The next Wootz may be a model for delivering credit, or 
learning, or health, or justice, or identity, or public goods of a kind not yet imagined, to billions of 
people who have never had them — built on the open, public, inclusive logic that India Stack proved 
could work. India is uniquely placed to invent these things, because it must solve them for its own 
billion-plus before anyone else, and because solving the hardest problems of coordination at scale is 
the one thing this civilisation has done supremely well for three thousand years.

This is not a prophecy, and the book will not end as one. The promise is real but strictly conditional. 
The rungs of Chapter 19 may go unrepaired; the foundation may stay hollow and the courts may stay 
clogged and the demographic window may close on a generation left unskilled. The discipline of 
Chapter 20 may fail in either direction — “later” curdling into “never,” or pride lunging at a frontier 
before its preconditions are built. India has broken its ancient curse exactly once, and once is not yet a 
habit. Everything this book has argued for could still be squandered, and honesty forbids pretending 
otherwise.
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But the possibility is genuine, and it is new in the world. For the first time in two thousand years, a 
civilisation famous for inventing what others kept has shown it can invent, scale, own, and export — 
and has begun to do so in the very domain where its genius runs deepest. The sword that India could 
not keep may yet become the institution that India cannot lose, because the world will hold it under 
India’s own name. That would be the next Wootz. The task of every reader who builds, teaches, 
governs, or gives is to help make sure that it stays.

Takeaway.  India’s curse was to invent brilliantly and keep nothing — the sword that became 
“Damascus,” the zero that became “Arabic.” Its deepest genius, hidden in plain sight across three 
thousand years, has been not technological but institutional invention: the republic, the guild, the 
hundi, the Constitution, India Stack. The next Wootz will most likely be an institution — a way of 
organising human affairs at billion-person scale, invented in India because India faces the problem 
first, and this time kept, owned, and given to the world under India’s own name. That outcome is 
not promised. It is offered — to a nation, and to its readers, disciplined enough to earn it.

Questions for Reflection

1.  The book’s final claim is that India’s deepest edge is institutional invention, not 
technological. Does the evidence — the hundi, the Constitution, India Stack — persuade you? 
What is the strongest counterexample, and does it survive scrutiny?

2.  The same civilisational genius that built the shreni built caste. How should a nation 
cultivate its gift for inventing institutions while guarding against that gift’s capacity to 
organise harm?

3.  If the next Wootz is most likely an institution, what problem — in credit, learning, health, 
justice, identity, or something unimagined — is India best placed to solve first and largest, 
and therefore to invent the world’s solution for?

4.  The book ends on a conditional, not a prophecy. What single failure would most likely cause 
India to squander the possibility — and what would it take, in your own sphere, to prevent 
it?

For the Practitioner

This is the book’s last and most direct charge, and it is addressed to you — the reader who builds an 
enterprise, runs a school, shapes a policy, or directs a rupee of philanthropy. Three convictions should 
travel with you from these pages. First, stop measuring India, or your own work, against the borrowed 
yardstick of frontier-technological invention; measure it instead against what India does best — 
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innovation at scale and the invention of better institutions — and you will both see more clearly and 
aim more truly. Second, when you must choose where to spend scarce effort, prefer the institutional 
lever: the arrangement, the protocol, the model that, once built, serves millions at a single stroke, the 
way a cooperative or a public rail outlasts and out-reaches any number of gadgets. And third, hold the 
long discipline in both directions — fund the absorptive capacity and fix the foundations before 
chasing any frontier, but never let “we are not ready” harden into a permanent excuse for never 
reaching at all. India has shown, once, that it can invent and keep. The work of making that rare 
achievement into a habit is not the government’s alone. It belongs to everyone who builds. It belongs, 
now, to you.

The next Wootz is waiting to be made. This time, let it stay.

End of book.

131



W O O T Z  T O  U P I

Index
◆

Page references are to the printed page numbers of this edition.

A
Aadhaar,  89–93, 119, 127
absorptive capacity,  18, 20–24, 26, 57, 72, 74, 111–115, 119, 

121, 123, 126, 131
Account Aggregator,  91, 117
Acemoglu, Daron,  27, 47, 116
Agnikul Cosmos,  102
Akamatsu, Kaname,  21
Ambedkar, B. R.,  41, 56, 57, 59
Amul,  8, 19, 42, 67, 128, 129
Aravind Eye Care,  85
artificial intelligence,  79, 99, 101, 104

B
Borlaug, Norman,  66, 68–70
Bose, J. C. and S. N.,  22, 50–53, 97, 108, 127
Brahmagupta,  34
Byju’s,  96, 98

C
CAR-T therapy,  6, 62, 83, 101, 103, 106, 122, 124
caste,  38, 40–43, 56, 57, 59, 60, 67, 90, 128, 130
Chandrayaan,  102, 103
Cipla,  85
Constitution of India,  2, 8, 11, 15, 40, 42, 43, 56–61, 69, 87, 

92, 108, 110, 116, 128–130
cooperatives,  8, 9, 15, 16, 19, 42, 43, 60, 65–70, 73, 113, 128, 

129, 131
creative destruction,  19, 72
CSIR,  62–64, 97

D
Damascus steel,  5, 6, 36, 89, 91–93, 108, 127, 130
demographic dividend,  28, 115
Dhaka muslin,  46
Digital Public Infrastructure (DPI),  2, 15, 60, 89, 91–93, 

112, 116, 117, 119, 124
Direct Benefit Transfer,  117–119

E
East India Company,  14, 46

F
Faraday, Michael,  6
flying-geese model,  21, 23, 73, 123
frugal innovation,  83–87, 98, 109, 110

G
ganasangha republics,  15, 38, 39, 42, 128
Gerschenkron, Alexander,  20, 21, 108, 109
Govindarajan, Vijay,  86
Green Revolution,  8, 66–69

H
Hamied, Yusuf,  85
hundi,  14, 15, 40–43, 57, 87, 90, 92, 128, 130

I
al-Idrisi,  6
IIT (Indian Institutes of Technology),  35, 63, 64, 69, 101, 

102, 115
India Stack,  2, 15, 22, 42, 87, 89, 91–93, 95, 97–99, 101, 105, 

109, 110, 112, 113, 116, 118, 119, 123, 124, 126–130
IndiaAI Mission,  104
Iron Pillar of Delhi,  42
ISRO,  62–65, 84, 102, 103

J
Jaipur Foot,  84, 85, 87
Jan Dhan,  90, 92, 117
jugaad,  83, 84

K
Kerala school of mathematics,  8, 36, 37, 97, 108
Kim, Linsu,  22, 121
Krutrim,  104
Kurien, Verghese,  67, 68

L
License Raj,  63, 71, 72, 74, 75, 77, 80, 97

M
Madhava of Sangamagrama,  36
Mangalyaan (Mars Orbiter Mission),  22, 84–86, 95, 109, 

110, 129
Micron,  103, 104
middle-income trap,  22, 111, 121

N
Naoroji, Dadabhai,  47
Nehru, Jawaharlal,  61, 62
NEP 2020,  115
NexCAR19,  101–103, 110
Nilekani, Nandan,  89

132



W O O T Z  T O  U P I

North, Douglass,  27, 116
NPCI,  7

P
panchayat,  15, 40, 42, 43, 128
Panini,  7, 35–37, 52
patents,  11, 14–16, 52, 53, 97
Prahalad, C. K.,  86

R
Raman, C. V.,  22, 50–52, 81, 97, 108, 127
Ramanujan, Srinivasa,  22, 50, 51, 53, 108, 127
Romer, Paul,  28
Rostow, Walt,  25
rule of law,  9, 15, 16, 27, 29, 30, 57, 59, 114, 116, 118, 119, 122, 

123

S
Saha, Meghnad,  22, 50–54, 108
Sarvam AI,  104
Schumpeter, Joseph,  8, 18, 19, 22, 23, 34, 37, 48, 50, 53, 59, 

63, 67–69, 72, 74, 92, 108
semiconductors,  50, 52, 53, 96, 98, 99, 101, 103, 104, 111
Sen, Amartya,  26, 30, 47
shreni (guild),  15, 39, 42, 67, 128, 130
Skyroot Aerospace,  102
Smil, Vaclav,  2, 95
Solow, Robert,  28, 73
Sushruta,  7, 35–37
Swaminathan, M. S.,  66–68

T
Tata Nano,  84, 96, 98
thorium,  62, 96, 98, 99, 111

U
Unified Payments Interface (UPI),  2, 5, 7–11, 13, 14, 19, 22, 

40–43, 57, 89–93, 95, 106, 108, 110, 117, 119, 121, 124, 127, 
128

V
Vernon, Raymond,  20, 21

W
White Revolution,  67, 68, 108, 110, 128
Wootz steel,  2, 5–12, 14, 16, 20, 22, 33, 34, 36, 37, 42, 81, 89, 

91–93, 95, 97, 106, 108, 121, 122, 124, 125, 127, 129–131

Y
Y2K,  77, 78

Z
Zawar zinc,  33, 37

zero (the numeral),  2, 7, 20, 34, 36, 37, 66, 80, 81, 89, 91–
93, 127, 129, 130

133


	Author’s Note
	Contents
	Framework
	The Argument in a Spark and a Tap
	A Sword That Held an Edge the World Couldn't Match
	A Tap That Moved a Billion Rupees Before Lunch
	The Pattern Between Them: Invent, Rarely Scale
	Two Axes for the Whole Book
	How to Read What Follows
	Questions for Reflection
	For the Practitioner

	A Taxonomy of Human Invention
	Beyond the Gadget: What Counts as an Invention
	Technological Inventions: Things and Processes
	Social Inventions: Marriage, Money, Democracy
	Hybrid Inventions: Judiciary, Banking, the Corporation
	Why the Invisible Inventions Matter Most
	The Attribution Problem: Who Invents a Custom?
	Questions for Reflection
	For the Practitioner

	Invention vs Innovation: Discovery vs Application
	Discovery and Application: Drawing the Line
	Schumpeter's Chain: Invention → Innovation → Diffusion
	The Asymmetry of Cost and Risk
	The Central Thesis: Innovation Now, Invention Later
	What This Book Will Try to Prove
	Questions for Reflection
	For the Practitioner

	The Ladder of Development
	What "Developed" Actually Means
	Rung 1 — Human Capital: Education and Health
	Rung 2 — The Hard Wiring: Infrastructure and Energy
	Rung 3 — The Soft Wiring: Institutions, Rule of Law, an Independent Judiciary
	Rung 4 — Capital, Productivity, and the Innovation System
	The Ambient Conditions — Trust, State Capacity, and the Demographic Clock
	The Scorecard We Will Carry Forward
	Questions for Reflection
	For the Practitioner

	The Civilizational Inheritance
	Technological Genius of the Ancient Subcontinent
	Crucible Steel: The Wootz Achievement
	The Idea of Nothing: Zero and Place Value
	The Pillar That Refuses to Rust
	Knife, Grammar, and the Edge of Calculus
	The Ledger: Dazzling Invention, Little Cumulative Scale

	India's Forgotten Social and Institutional Inventions
	Republics Before Rome Fell: The Ganasangha
	Guilds, Trust, and the Shreni
	The Panchayat and Local Self-Rule
	The Hundi: Banking Before Banks
	Caste: A Social Technology and Its Terrible Cost
	The Ledger: Inventive Institutions, Frozen by Hierarchy

	The Great Rupture
	From Workshop of the World to Raw-Material Colony
	The Subcontinent That Clothed the World
	The Death of Dhaka Muslin
	Extraction by Design: How Colonial Institutions Worked
	The Ledger: Why Invention Stalled

	Genius Without a System
	Four Minds: Raman, Bose, Saha, Ramanujan
	World-Class Discovery on a Shoestring
	The Missing Laboratory, the Missing Market
	The Ledger: Invention Without Innovation, in Its Purest Form

	Building the Machinery
	Designing a Nation
	The Constitution as Invention
	Importing and Adapting Social Technologies
	Democracy at Improbable Scale
	The Ledger: An Institutional Triumph, an Economic Hesitation

	Big Science by Decree
	The Temples of Modern India
	ISRO, the Atom, and the CSIR Labs
	Ambition Meets the Lab-to-Market Gap
	The Ledger: State Invention, Thin Commercial Return

	The Revolutions That Scaled
	Feeding a Nation: The Green Revolution
	The White Revolution and the Amul Model
	Why These Diffused When High Science Didn't
	The Ledger: Social-Institutional Innovation at Its Best

	The License Raj Paradox
	Protection as Policy
	How Scarcity Smothered Both Invention and Innovation
	The Productivity Cost
	The Ledger: A Self-Inflicted Stall

	The Digital Leap
	The Services Paradox
	Y2K and the Opening
	Selling the World Software
	Bodies, Not Products: The Services Trap
	Why India Innovated in Process, Not Product
	The Ledger: Innovation Without Invention, Profitably

	Frugal by Necessity
	Jugaad: Constraint as Method
	Mangalyaan: Mars on a Budget
	Generic Pharma and the Jaipur Foot
	Frugal Innovation as Comparative Advantage
	The Ledger: India's Revealed Strength

	India Stack
	The Identity Problem and Aadhaar
	UPI: Rails for a Billion
	Digital Public Infrastructure as Institutional Invention
	The Rare Trifecta: Invention, Innovation, and Scale
	The Ledger: When India Did It All

	Hype and Failure, Indian Edition
	The Discipline of Counting Failures
	Overpromised Technologies and Missed Bets
	When Good Inventions Didn't Diffuse
	Lessons, Not Recriminations
	The Ledger: What Failure Teaches

	The Sector Scorecard
	Pharma: From Generics Toward Discovery
	Commercial Space: After ISRO, a Private Sector
	EVs, Semiconductors, and the Hardware Question
	AI: Application Strength, Foundation Gap
	The Ledger: Where India Climbs, Where It Sticks

	The Road Ahead
	Innovation Now, Invention Later
	The Evidence Assembled
	The Economics of the Cheaper Rung
	The Cost of Chasing the Frontier Too Soon
	A Strategy, Not a Compromise
	Questions for Reflection
	For the Practitioner

	Climbing the Remaining Rungs
	Education and Human Capital
	R&D Intensity and the Innovation System
	Judiciary, Contracts, and the Rule of Law
	Infrastructure, Capital, and State Capacity
	Sequencing the Repairs
	Questions for Reflection
	For the Practitioner

	From UPI to the Frontier
	The Signals That Say "Now Invent"
	Conditions for the Shift
	Sequencing Innovation-Led to Invention-Led Growth
	The Next Wootz
	Questions for Reflection
	For the Practitioner

	The Next Wootz
	India's Deepest Edge: The Genius for Institutions
	The Next Wootz
	Questions for Reflection
	For the Practitioner

	Index

