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﻿
Introduction

this book explores the early history of computing in India, charting how its 
scientists and engineers worked to build a self-reliant computer industry. In 
the first two decades after independence, these pioneers set out to establish 
India as a major global center for computing research and manufacturing. By 
the 1970s, this project seemed close to taking flight. Indian scientists and en-
gineers had begun building computers that rivaled the best in the world, while 
the Indian government had expelled IBM from the country due to its exploit-
ative business practices. The ultimate goal was to foster public-sector-led com-
puter manufacturing, thereby reducing dependence on foreign governments 
and multinational corporations. However, by the 1980s, just as this vision of 
technological sovereignty seemed within reach, it was suddenly abandoned in 
favor of an opposing approach: providing back-end labor and services for cor-
porations headquartered in the Global North.

What led to this change? Motivated by a curiosity about the unexpected 
trajectory of computing in India, Computing in the Age of Decolonization 
addresses three interconnected questions. How did computing figure in In-
dia’s early postcolonial dreams of sovereignty? What challenges did the 
country’s technocrats and scientists encounter in their pursuit of self-
reliance in computing, and in scientific and technological research more 
broadly? And why did these experts eventually relinquish their original vi-
sion of technological independence? The answers to these questions reveal 
the power dynamics that shape global computing today, particularly the 
concentration of resources and expertise among a handful of corporations 
in the Global North.

That India is not a computing powerhouse may seem counterintuitive to 
some readers, particularly those in the United States, where nearly one in four 
foreign-born workers in science, technology and engineering are of Indian 
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origin.1 In 2019, the US employed about 721,000 Indians in STEM fields, far 
outdoing the second-largest immigrant group, with only 273,000 workers com-
ing from mainland China. Additionally, as of late 2021, Indian-origin CEOs led 
some of the most influential US-based technology corporations, including 
Twitter, Microsoft, Alphabet (Google), IBM, Adobe, and Palo Alto Net-
works.2 At the same time, as recent immigration crises in the US have demon-
strated, lower-tier technology jobs can be incredibly precarious. In 2020, 
Trump-era reforms threatened the immigration status of many Indian-origin 
employees, and tech layoffs in 2022 led to the termination of roughly 60,000 
Indian-origin tech workers.3 In sum, then, while Indian tech workers make up 
an important part of the global computing labor force, their employment is 
often unstable and largely serves the interests of corporations based in the 
Global North.4

This was not the future that Indian policymakers hoped for, particularly in 
the early years of decolonization. They understood that without building local 
capacities for research and development, the country’s brightest minds would 
inevitably be drawn to places that could offer them access to the most ad-
vanced technologies. Today, their fears have materialized, as a direct pipeline 
from India’s publicly funded universities to Silicon Valley keeps US technology 
hubs staffed with Indian expatriates.5

What alternative did policymakers propose? Almost in unison, mid-
century technocrats and economists across the Global South were willing to 
bet the fate of their newly decolonized countries on the hope that technology 
would accelerate national development. India’s leading economists were no 
exception. In the first decade after independence in 1947, they held fast to the 
idea that rapid technology-driven industrialization was the only way out of 
centuries of colonial underdevelopment.6 Their counterparts in Latin America 
agreed; the Argentinian economist Raúl Prebisch, for example, argued that 
technology-intensive manufacturing offered mid-tier countries a path to catch 
up with their more developed counterparts.7 In the 1950s, 1960s, and 1970s, 
policymakers across the Global South adopted these radical economic ideas. 
Some even identified computing as a particularly important technological 
niche in which to position themselves and transform their national standing. 
This was the case in India, where the first generation of post-independence 
technocrats saw great promise in the future of computer technology, which 
they believed could ignite a range of political and economic transformations, 
including catalyzing fundamental research, improving industrial efficiency, 
and helping plan the economy.8
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Yet, while there was broad agreement on the need to leverage technology to 
escape colonial underdevelopment, there was significant disagreement on the 
approach countries ought to take. These disagreements led to dramatically dif
ferent outcomes. Today, South Korea and Taiwan exemplify how one version of 
this strategy benefited a few East Asian economies. Much like India, these coun-
tries aspired to alter their position in the global economic order. Consequently, 
they implemented a series of transformative policies that turned the region into 
a vital hub for computing research and manufacturing.9 In the 1970s and 1980s 
especially, the South Korean and Taiwanese governments strengthened their 
hardware manufacturing capacities, incentivizing local corporations to invest in 
research and punishing them if they did not. In contrast, by the late 1970s, the 
Indian government made dramatic about-turns in its strategy.

As I detail in this book, India relented under pressure from foreign govern-
ments, multinational corporations, and its own industrial class. It moved away 
from research and manufacturing and concentrated instead on offering low-cost 
IT services to a global marketplace. This shift explains why India is now the 
world’s leading provider of inexpensive outsourcing and offshoring services, yet 
enjoys minimal benefits from more profitable advances in research, manufactur-
ing, and development. India’s experience with computing serves as a sobering 
reminder of the enduring after-effects of colonialism. In an uncanny echo of the 
colonial period, the postcolony produces the “raw material” of cheap labor and 
services, while new global centers control the more profitable “upstream” end of 
the value-chain. Computing has become the new cotton—India provides the raw 
labor that drives Global North research and manufacturing.

One way to evaluate the outcomes of the diverging policies of different 
countries in the mid- to late twentieth century is to examine how much 
computer-related manufacturing contributes to their economies today. In the 
twenty-first century, digital integrated circuits—or chips, as they are more 
commonly known—have emerged as the most profitable computing-related 
export commodity, far outstripping the value of all other computer compo-
nents combined.10 South Korea’s exports of integrated circuits make up 
20.7 percent of its total national exports, bringing in 141 billion dollars annu-
ally.11 Taiwan’s exports of integrated circuits account for more than a third of 
its national total, valued at 165 billion dollars annually.12 Together, these two 
countries have emerged as easily the world’s two largest net exporters of in-
tegrated circuits. In stark contrast, India’s exports of integrated circuits (its 
most significant computing-related export product) account for  only 
0.40 percent of the national export portfolio, bringing in less than 1.92 billion 
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dollars annually.13 Conversely, India imports over 20 billion dollars of inte-
grated circuits annually, making it one of the world’s leading importers of this 
critical computing component.14

India is, of course, known for its outsourcing and offshoring industries, but 
earnings in that sector pale in comparison to those generated by East Asian 
manufacturing.15 Moreover, outsourcing is far more advantageous to recipient 
countries than to providers—this disparity is built into the very rationale un-
derpinning the business model.16 The profitability of outsourcing depends on 
maintaining vast global wage differences and limiting workers to repetitive 
tasks. Further, outsourcing and offshoring enforce dependencies on foreign 
corporations, which accrue enormous political power in host countries 
because of the jobs they bring and just as easily take away. Finally, since high-
level tasks are seldom transferred overseas, outsourcing and offshoring rarely 
lead to any significant transfer of technical knowledge. Put simply, outsourcing 
and offshoring define a system through which foreign corporations take ad-
vantage of India’s abundant supply of inexpensive labor to increase their own 
profits.17

This current state of affairs is not the future that industry architects envi-
sioned. Early dreams of a self-reliant, dynamic computing sector have faded 
into a reality marked by brain drain, dependence on foreign corporations, and 
a skewed focus on providing services. The original aim of leveraging comput-
ing to catalyze scientific research, boost industrial efficiency, and help plan the 
national economy has slowly dissolved as well. Computing in the Age of Decolo-
nization describes a journey marked by early ambition, transformative efforts, 
and an eventual divergence from a foundational vision of technological self-
reliance. Framed in this way, the story of computing in India is also the story 
of the struggles of a newly decolonized nation-state striving for scientific and 
technological autonomy in an increasingly globalized world.

The Machines Themselves

In the early years of the field, from the 1950s to the 1970s, computers changed 
rapidly in function, shape, and size. Initially, these machines were used mainly 
for military purposes, scientific research, and census processing. However, 
their role soon expanded to include business applications as well as political 
and economic planning. During this fast-moving period in computing history, 
seemingly minor decisions about parts and components were critical, often 
determining whether a machine would achieve long-term success or quickly 
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become obsolete. An engineer’s choice of memory technology, software, or 
method for encoding instructions could spell a machine’s doom. On the other 
hand, if a design gained acceptance, it could quickly become standardized and 
eventually mass-produced.18

These design and engineering decisions were not made in a political vac-
uum.19 A small number of US corporations determined which components 
and parts became standardized, controlled the necessary supply chains, and 
refined manufacturing processes for large-scale production. Scientists and en-
gineers in the Global South, working outside this network, had to design and 
build their machines with only a fraction of the resources available to their 
American peers. Moreover, for machines produced in the Global South to be 
practical, they had to meet the standards established by US laboratories and 
corporations. This was especially challenging: pioneers in peripheral econo-
mies not only faced competition from an influx of outdated, used, mass-
produced machines from the United States, which threatened to flood local 
markets, but were also obligated to comply with the stringent specifications 
set by these same manufacturers.

By the 1960s, one corporation had become a symbol of this unilateral power 
of US corporations to dictate the terms of global computing. As Emerson 
Pugh writes, “No company of the twentieth century achieved greater success 
and engendered more admiration, respect, envy, fear, and hatred than IBM.”20 
Between 1950 and 1970, IBM machines became synonymous with the very 
idea of commercial computing. Moreover, while IBM faced some competition 
within the United States, its competitors were content to cede control of 
Global South markets—where, thanks to its unparalleled resources, IBM 
quickly established unchallenged monopolies. As Al Williams, president of 
IBM between 1961 and 1966, quipped, “They [IBM’s competitors] are fighting 
us so hard here that they’re not even thinking about overseas. Wait until they 
find out how thoroughly [IBM] World Trade has gotten itself entrenched.”21

Thomas Watson Jr., who led IBM’s charge into electronic computing, de
cided early on that “cultural difference” made Indian engineers unsuited for 
electronics research; he preferred to hire North Americans and Europeans.22 
Of course, he failed to consider that what put him off about Indians was not 
“cultural” but the consequence of two centuries of colonial underdevelopment 
of engineering in India. His prejudice did not stop him, however, from eyeing 
India as a prime captive market for IBM’s products. Because of Watson and 
Williams’s aggressive efforts, IBM spent tens of millions of dollars between 
1959 and 1962 to expand its global footprint, before other US corporations 
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even got their foot in the door. By the 1960s, it had flooded not only India, but 
a significant number of newly decolonized countries across the Global South, 
with outdated machines sold at marked-up prices, exploiting the lack of 
regulatory pushback and the absence of well-funded competition.23

Like their peers in many parts of the world, computer architects in India 
found themselves caught in a dilemma. On the one hand, IBM was over-
whelming the Indian market, even as it established new standards and proto-
cols that rendered competing products incompatible and obsolete. On the 
other hand, India’s technocratic policymakers demanded that engineers design 
state-of-the-art computers locally, with little outside help. All this—it bears 
repeating—while they worked with a fraction of the resources available to 
their global competitors. These two trajectories merged in the history of one 
of the machines this book examines in depth: the Tata Institute of Fundamen-
tal Research Automatic Calculator (TIFRAC). The TIFRAC was India’s first 
advanced digital computer, built by a small team of engineers at the Tata Insti-
tute of Fundamental Research (TIFR) in Bombay to aid the work of the insti-
tute’s physicists. No one on the TIFRAC team had ever seen a working com-
puter before. Yet, the institute’s leaders, entranced by dreams of complete 
technological self-sufficiency, forbade the team from employing foreign ex-
perts and held back the funding needed to import parts.

This commitment to self-reliance might seem naïve, especially since so 
much of global computing expertise at the time was concentrated in the 
United States. But it makes some sense when placed within the political con-
text of the time. Many of India’s new technocratic leaders had seen firsthand 
how colonial rule had kept the country in a state of technological stagnation, 
severely limiting its capacity for economic growth. The British had certainly 
brought European machines into the country, but had restricted them to 
European use.24 This was part of the colonial mission’s broader effort to pro-
tect its own technologically advanced manufacturing centers in the UK. De-
spite all their claims of modernizing South Asia, the British deliberately 
blocked the transfer of technological expertise from the metropole to the 
colony.

Independent India’s new leaders aimed to avoid precisely this kind of 
dependency. They understood that to develop the national economy, they had 
to foster local capacities for scientific and technological research. Conse-
quently, immediately after independence in 1947, India’s postcolonial govern-
ment prioritized policies to rapidly industrialize the country. Motivated by 
similar concerns, in the aftermath of a mid-century wave of democratization 
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movements, left-leaning economists across Latin America and Asia proposed 
the theory of import-substitution industrialization (ISI). In essence, ISI en-
tailed incentivizing and subsidizing domestic manufacturing, in order to re-
duce dependence on foreign imports.

In many ways, the TIFRAC was import-substitution industrialization 
materialized in germanium diodes and vacuum tubes. By pushing a small team 
of engineers to build a machine locally, the leadership at TIFR aimed to 
achieve for computing what national planners sought for the broader econ-
omy: reduced dependence on trade and foreign aid. This ambition came at a 
high price. The TIFRAC was indeed built and, for a brief moment, seemed to 
validate the institute’s ambitions for complete self-reliance. But its success was 
fleeting. The machine was decommissioned just three years after its official 
inauguration.

What went wrong? That question is best answered comparatively. The TI-
FRAC was designed to compete with IBM’s newest computers. But IBM had 
a wealth of capital and technical resources at its disposal, allowing it to future-
proof its machines by experimenting with features, refining designs, and iterat-
ing the manufacturing process as often as necessary. TIFR could not afford 
such design luxuries. It lacked the funds to build even a second machine if the 
first had flaws, or required critical upgrades.

With only one shot at success, the TIFRAC’s architects took a significant 
risk. To stay competitive with IBM’s latest machines, they incorporated an ex-
pensive piece of hardware: ferrite-core memory. Not only that, they attempted 
to build a significant portion of this cutting-edge memory in their own work-
shop. This was a gamble because the technology was incredibly expensive, out 
of reach for many of IBM’s global competitors.25 In this regard, TIFR succeeded 
where many Global North corporations had failed—the TIFRAC matched 
IBM’s initial offerings in both speed and processing power. However, just as the 
TIFRAC was completed, IBM leveraged its capital to mass-manufacture ferrite-
core memory at a low cost, while also seizing control over the supply chain for 
the necessary raw materials. Capitalizing on this advantage, IBM designed soft-
ware that required ever-increasing amounts of ferrite-core memory to operate. 
The TIFRAC’s engineers had taken their best shot, but with no resources left, 
they could not compete with IBM’s standardization of larger memory capaci-
ties. Their machine worked, and it was undeniably fast. But constrained to a 
fixed amount of memory, it could not run the software needed to make it useful 
for the scientists who wanted to use it. Consequently, within a few years of its 
commissioning the TIFRAC went from being a state-of-the-art machine to a 
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“non-standard” device, more a technological curiosity than a practical comput-
ing tool.

From that moment on, every design choice, every component, and every 
piece of code that went into making Indian computers would be evaluated 
alongside machines manufactured elsewhere. The success or failure of these 
efforts would no longer be measured by ideals of technological self-sufficiency 
or autarky. Instead, with IBM machines flooding Indian markets throughout 
the 1960s and 1970s, Indian computer makers faced the challenge of convincing 
policymakers and customers that their machines were just as powerful as those 
manufactured by IBM. This was a tough sell, given IBM’s overwhelming ad-
vantages in capital, expertise, and manufacturing scale—to say nothing of its 
unrivaled market access and its unparalleled control of global supply chains.

It is important, however, to emphasize that the TIFRAC was not a com-
plete failure. It proved that Indian engineers could build advanced computers 
at remarkably low cost. Nevertheless, its unexpected obsolescence forced 
TIFR’s leadership to learn hard lessons about global business monopolies and 
the importance of state protections and subsidies—lessons they later took to 
their roles in government in the 1970s.

From the Laboratory to the Nation

Many people and institutions shaped the early trajectory of Indian computing. 
Rather than attempt a comprehensive, sweeping account of all these actors 
and institutions, this book focuses on one key group of scientists and engi-
neers, all of whom worked at the Tata Institute of Fundamental Research 
(TIFR) in Bombay. It was within TIFR that a vision of self-reliance in comput-
ing was first conceived and nurtured in India. As a result, despite their rela-
tively small numbers, TIFR’s scientists had an outsized impact on the field’s 
trajectory.

My analysis spans from 1945, when the institute was founded, to 1980, when 
its leaders were forced out of the Department of Electronics, the government’s 
main policymaking body for computing. In the late 1940s, the institute called 
on postwar international organizations, including UNESCO, to send India an 
advanced computer for scientific research. However, its efforts were thwarted 
at the last moment by intense pressure from the US State Department. This 
setback made TIFR’s leadership acutely aware of how Cold War politics in-
fluenced the availability of foreign technical assistance. In response, in the 
mid-1950s, TIFR changed tack and pursued a new goal of complete 



I n t r o du c t i o n   9

technological self-sufficiency. Driven by the spirit of import-substitution in-
dustrialization, it took on the ambitious task of building India’s first ad-
vanced computer, the TIFRAC, from the ground up. However, a domestic 
economic crisis soon revealed the limitations of this approach. The inability of 
TIFR’s engineers to import critical parts necessary to upgrade the TIFRAC 
convinced TIFR’s reluctant leadership that complete technological indepen-
dence, particularly in the fast-moving field of computing, was an unrealistic 
hope.

Consequently, the institute changed tack once again in the early 1960s, 
partnering with select US-based corporations, especially those eager to chal-
lenge IBM’s global monopoly. This compromise aimed to use a handful of 
imported computers to catalyze local research and development. However, 
unfavorable trade conditions, volatile upheavals in domestic politics, and 
IBM’s continued dominance got in the way once again. Finally, in the 1970s, 
in a last throw of the dice, TIFR entered government policymaking, hoping 
to leverage the state’s regulatory powers to steer the computing industry 
toward self-reliance. This time, its efforts were thwarted by domestic private 
capital, which was far more keen to align itself with foreign corporations 
rather than the Indian state.

One might easily conclude from this litany of failures that the Indian state 
should have left computing well alone and allowed private capital—both for-
eign and domestic—to take the lead from the start. After all, today, India’s 
outsourcing and offshoring industries are largely run by private firms in col-
laboration with foreign partners. Why did TIFR’s early leadership want to have 
it any other way?

Scholars, computer pioneers, and journalists who have delved into the his-
tory of computing in India often raise this question.26 If there is a common 
thread in the literature, it is that the Indian state’s bumbling interventions in 
computing delayed the country’s inevitable emergence as an IT services 
powerhouse.27 Such accounts, often tinged with disappointment, criticize 
TIFR’s involvement in government for ensnaring computing in bureaucratic 
red tape. This prevailing narrative suggests that Indian computing only began 
to flourish after state regulations were lifted in the 1980s. 

This book offers a narrative of Indian computing history that sharply de-
parts from the received wisdom. While existing histories provide useful over-
views, they often overlook the core purpose of a developmental state like 
India: to transform the economy and spur industrial growth. As I noted above, 
Indian leaders, drawing on theories of import-substitution industrialization, 
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believed that computing would generate profitable returns, create jobs, per-
suade highly skilled engineers not to emigrate, and build regional capacity for 
scientific research. Objections to state intervention in computing miss this 
transformative rationale entirely.

Further, the fact that India’s experiment with state intervention did not 
quite work out as planned in no way delegitimizes the approach. Other 
developmental states in Asia were remarkably successful in guiding domes-
tic industries toward technology-intensive research and development. Con-
sider, for example, the experiences of South Korea, Taiwan, and Japan, as 
described by the economists Alice Amsden and Robert Wade, amongst 
others.28 Amsden has shown how East Asian states, particularly South 
Korea and Taiwan, gained their current, prominent positions in computing 
precisely by implementing national protections, subsidies, and state-led 
investments in key industries. Similarly, Wade reveals how East Asian 
governments—particularly in Taiwan, South Korea, and Japan—played an 
active role in reshaping their national economies, intervening in markets, 
and guiding domestic capital. Today, the results of state intervention in East 
Asia are strikingly clear.

I highlight these national projects simply to emphasize that, in mid-
twentieth-century development projects, state intervention was almost a 
given. Newly decolonized countries and developing economies recognized 
the perils of an unfettered free market, especially when developed countries 
seemed to hold all the bargaining chips. Rather than play it safe and continue 
producing cheap raw materials for a global market, some newly decolonized 
states gambled their futures on competing with their Global North counter
parts for a piece of the profits further up the value chain. For some countries, 
this gamble paid off; for others, it did not. The interesting question to ask of 
Indian computing, then, is not whether the state should have intervened, but 
rather how it did—and what it could have done differently.29 What specific 
strategies did the Indian state pursue to ensure its technological indepen-
dence, and what were their consequences?

Science and the New Nation-State

In the 1950s, India anchored its development strategy in the pursuit of sci-
entific and technological self-reliance. Political leaders, technocrats, and 
scientists understood that formal political independence was not a sufficient 
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precondition for true economic sovereignty. Consequently, they were deter-
mined to break the country’s reliance on foreign technological imports and 
catalyze domestic scientific research and development. Understanding their 
conviction requires tracing the deep impact of British colonial rule, which 
systematically impoverished India—especially through policies that en-
forced technological dependence.

In Another Reason, Gyan Prakash describes how the British colonial project 
strategically employed the empirical sciences to justify its rule.30 Colonial officials 
produced detailed surveys, studies, and encyclopedias, mapping out India as a 
distinct, unified space, legible for colonial intervention. Further, they rationalized 
colonial rule by aligning it with science’s ready association with progress. Accord-
ing to their reasoning, colonial domination was necessary to free India from its 
regressive feudal culture and usher it into technological modernity.

This idea—ruling to liberate, holding up science as both a means of control 
and the ultimate promise of universality—posed a curious paradox that proved 
the undoing of colonial rule.31 The British, in their bid to administer India, 
found it necessary to cultivate an intermediary group of educated Indians—
not fully Europeanized, but sufficiently exposed to Western thought—to help 
them govern. Over time, this Western-educated elite began to perceive the 
fundamental hypocrisy of colonial rule. As Prakash puts it, “Enchanted by 
science, they saw reason as a syntax of reform, a map for the rearrangement of 
culture, a vision for producing Indians as a people with scientific traditions 
of their own.”32

By the time this native elite assumed power, they had internalized as-
sociations between science, technology, and social progress that were once 
used to justify colonial rule.33 After all, their caste privilege, class advan-
tages, and educational opportunities had aligned them, in this respect, with 
the Whiggish propensities of India’s colonial rulers.34 At the same time, this 
small domestic elite’s control over the country’s vast population was far 
from hegemonic. The Indian state was not born out of a slow process of 
democratization or through revolutionary upheaval, but by colonial fiat. 
As a result, at the time of decolonization, technocratically-minded Indian 
elites inherited a disconnected, top-down state apparatus, without the 
consensus they needed to govern with popular support.35 In this context of 
postcolonial instability, the promise of technological progress became 
central to the new Indian state’s legitimacy, providing it with a political 
raison d’être.36
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This book draws inspiration from existing scholarship that highlights how 
science helped legitimize an elite postcolonial project.37 However, my focus 
is on how this process unfolded in practice. For instance, India’s nationalist 
leaders often outlined bold plans to transform the country through technol-
ogy. Yet, as I demonstrate, the state’s limited resources forced difficult bud
getary choices, resulting in only modest investments in scientific research and 
development. Most Indian scientists operated in underfunded laboratories, 
lacking basic equipment and access to global knowledge networks. Comput-
ing was no exception. As policymakers sought to promote computing, their 
lofty ambitions led them to overlook the severe resource constraints they 
faced. I am particularly interested in the consequences of this gap between 
imagination and reality. More specifically, I explore the difference between 
what postcolonial leaders and technocrats promised and claimed (a topic that 
is widely studied) and what their scientists and engineers were able to do in 
practice.

The Tata Institute of Fundamental Research (TIFR) is an especially illu-
minating starting point for this inquiry. TIFR was led by India’s most influential 
scientist at the time, Homi J. Bhabha. A rising star at Cambridge’s Cavendish 
Laboratory in the 1930s, Bhabha was visiting India when the Second World 
War broke out and could not leave for the duration of the conflict. This led him 
to explore how he might launch a scientific career in his home country. In this, 
he was well served by close personal ties with India’s most prominent indus-
trial family, the Tatas. In 1943, Bhabha proposed the establishment of the in-
stitute that would bear their name, garnering support from both the Tata 
Trusts and the Bombay government.38 Over time, TIFR came to be allied with 
the Department of Atomic Energy (DAE), a well-funded state scientific entity 
formed in 1954 to develop the nuclear energy sector, with Bhabha at its helm.39 
Yet, despite this advantage, TIFR struggled to secure government funding to 
support its computing projects, which were much lower on the state’s priority 
list than nuclear energy development.

The history of TIFR captures some of the paradoxes inherent in the prac-
tice of science and technology in the early years of Indian independence. The 
institute represented both the techno-utopian aspirations of India’s postcolo-
nial leaders and the constraints that hindered them. Could TIFR’s scientists, 
well-connected but underresourced, use their influence within the govern-
ment to advance computing research and development? Ultimately, the an-
swer would be shaped by India’s geopolitical standing at the height of the Cold 
War.



I n t r o du c t i o n   13

The Global Cold War

In his groundbreaking work on the Cold War, Odd Arne Westad argues that 
both the United States and the Soviet Union sharpened an old colonial strat-
egy, promising progress to those who supported their ideologies, while threat-
ening violence to those who stood in their way.40 For strategically important 
postcolonies, the promise of progress from both superpowers often came 
cloaked in the guise of technological assistance. Indeed, technological assis-
tance rationalized the very idea of political intervention, much as it had justi-
fied colonial rule.41 However, postcolonial elites now wielded significant ne-
gotiating power. They could, to some degree, shape the terms of outside 
political intervention, and determine what technological progress meant to 
them.42 The question for historians of science, then, is: How did Cold War 
dynamics influence the patterns and priorities of scientific research around the 
world?43 And, in turn, to what extent were postcolonial elites able to redirect 
and channel Cold War promises in pursuit of their own technological goals?

These questions are especially pertinent to the history of computing. Paul 
Edwards and others demonstrate that Cold War geopolitics significantly 

figure 0.1. Homi Bhabha explaining the TIFR building model to Prime 
Minister Jawaharlal Nehru in 1954.

Credit: TIFR Archives. Tata Institute of Fundamental Research (TIFR) / TIFR Archives has only 
provided the above image. The opinions expressed in the text are the author’s own and do not 

reflect the opinion of TIFR including TIFR Archives.
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influenced the funding, design, and use of computers, especially in their 
early stages.44 Not only that: a country’s status as an ally or enemy greatly 
affected its access to the latest developments in the field. By the 1970s, as 
Mario Daniels points out, high-performance computer exports were subject 
to stricter controls than nuclear reactor sales.45 If India were to advance its 
computing ambitions, it would have to navigate these tricky Cold War 
waters.

India occupied an ambivalent place in Cold War geopolitics. The socialist 
leanings of India’s early leaders—including its first prime minister, Jawaharlal 
Nehru, and the first TIFR director, Homi J. Bhabha—naturally drew them 
towards the Soviet Union. Meanwhile, a mutual distrust simmered between 
India’s leadership and that of the United States. As Jerome Wiesner (a key archi-
tect of India–US technical relations) wrote on the occasion of Bhabha’s death:

As a close friend and devoted follower of the late Prime Minister Nehru, 
Bhabha shared the great man’s dreams, fears, ambitions, and viewpoints, 
including many that were not always understood or appreciated in the 
United States—neutralism, for example—and was often regarded as anti-
American when he was indeed, only being pro-Indian. Because he was con-
sidered as anti-American, Bhabha sometimes was treated poorly by U.S. 
scientists who then found it surprising that he was often less than wholly 
enthusiastic about us and our ideas.46

Wiesner and Bhabha were close friends, but when the former was appointed 
the Special Assistant for Science and Technology to the Kennedy administra-
tion, they clashed endlessly about how much influence the United States 
should have in dictating India’s scientific priorities.

At the same time, Bhabha was pragmatic enough to understand that if he 
wanted to advance computing in India, he would have to take cognizance of the 
early dominance of the United States.47 At first, he resisted US prescriptions 
about the kinds of developmental policies India should pursue. But, as the 1950s 
drew to a close, it became increasingly clear that there was no end run around 
the United States in the field of computing. By the 1960s, Bhabha tried to strike 
a delicate balance, seeking US technical assistance while continuing to resist 
the policy dictates that invariably accompanied that assistance. For its part, the 
US Congress viewed India as leaning towards the Soviet Union, making it less 
deserving of postwar economic aid. These suspicions grew after India’s early 
recognition of Communist China and its neutrality during the Korean War. 
However, US policymakers also acknowledged India’s strategic importance due 
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to its geographic proximity to both China and the Soviet Union. Consequently, 
albeit reluctantly, they approved substantial loan packages for India.

Initially, these loans came with strings attached. US policymakers urged the 
Indian government to focus on rural agricultural productivity and use the 
loans to import goods related to that primary purpose. The State Department 
was adamant that India tackle rural poverty before attempting any push 
towards industrialization. Skeptical global commentators saw this as a calcu-
lated move by the United States to discourage postcolonies like India from 
developing self-sustaining economies, steering them instead towards becom-
ing markets for US-made industrial and technological goods.48 The United 
States’s further insistence that India use loans to boost private, rather than 
public, enterprise confirmed these suspicions.

Given this context, it is not surprising that US foreign policy circles not only 
disapproved of India’s investment in heavy industry, but also viewed computing 
as entirely off-limits. This foreign policy consensus, paired with US misgivings 
about India’s Soviet sympathies, severely hindered India’s ability to acquire 
computing infrastructure and expertise from the United States in the 1950s and 
1960s. The historian Nikhil Menon illustrates this point with the case of P. C. 
Mahalanobis, India’s chief economic planner at the time.49 Throughout the 
1950s, Mahalanobis repeatedly attempted to import a computer from the 
United States for the Indian Statistical Institute in Kolkata. Yet, his undisguised 
Soviet sympathies led to the consistent rejection of his pleas for US support.

Mahalanobis was not alone in his preference for cooperation with the So-
viet Union. Many of India’s nationalist leaders favored the Soviets, in no small 
part due to the contrasting terms offered by the two superpowers for technical 
assistance. While US aid came with terms meant to dissuade India from rapid 
industrialization, Soviet support came with no such restrictions. In fact, Soviet 
aid focused on machinery and heavy industries like steel plants, aligning per-
fectly with India’s vision of economic independence through rapid industrial-
ization.50 By the mid-1960s, Soviet aid agreements even included promises to 
import Indian-manufactured goods.51 This also aligned with India’s long-term 
economic strategy: manufacturing would lead to exports, and eventually im-
prove trade balances. The contrasting terms of US and Soviet loans created a 
remarkable disparity between the actual loan amounts and the resulting good-
will. Even though US loans were larger in absolute terms, Soviet loans were 
greeted much more warmly. The historian William Logan quotes the New York 
Times columnist Thomas Brady’s 1965 complaint: “Soviet economic aid to 
India is less than one-fifth the magnitude of United States aid, but dollar for 
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dollar or ruble for ruble the Soviet Union gets about five times as much 
credit.”52

Computing, however, was a different story. In the 1950s and 1960s, as the 
United States surged ahead in computing research and development, the So-
viet Union, despite its achievements in other scientific and technological do-
mains, lagged behind. This discrepancy may be attributed to a combination of 
factors, including the Soviet focus on military applications, insufficient indus-
trial infrastructure, shortages of skilled personnel and materials, bureaucratic 
inefficiencies, and barriers to technological imports due to Western embar-
goes.53 That discussion, however, is beyond the scope of this book. What is 
relevant is the constraint that Indian scientists and technocrats had to operate 
under during the Cold War period. If they were to garner external assistance 
to advance computing in the region, they would have to look to the United 
States, rather than the Soviet Union.

At the Indian Statistical Institute in Kolkata, Mahalanobis learned this les-
son the hard way. Frustrated by several failed attempts to secure US assistance, 
he turned to the Soviet Union and its new flagship computer—the URAL. In 
the 1950s, a team led by Bashir Rameev in Penza developed the URAL, one of 
the first significant Soviet machines capable of processing complex mathemati-
cal problems and storing large amounts of data. However, by the 1960s, URAL 
development began to falter. A perfect storm of challenges—including a foreign 
trade embargo that blocked access to international computing advances, war-
related labor shortages, and competing projects—hamstrung Soviet computing 
in general. The URAL also faced specific challenges of its own: limited produc-
tion facilities for complex electronics, design variations causing performance 
and reliability issues, and a dearth of robust software, which made the machine 
notoriously difficult to operate.54 These limitations were already well known 
by the time the URAL arrived in Kolkata in 1958. Barely a year later, the ISI’s 
leadership confronted a sobering reality. Their new computer could not deliver 
on its primary purpose: processing vast amounts of national statistical data 
quickly, accurately, and reliably.55

At TIFR in Bombay, Bhabha took a different tack. He leveraged his con-
nections with socialist scientists in Europe, forged during his time at the Cav-
endish Laboratory at the University of Cambridge. Chapter 1 details how 
Bhabha mobilized one of his close socialist allies in Britain, Joseph Needham, 
to help procure what would have been India’s first computer. Needham, who 
was appointed to lead UNESCO’s newly established science division in 1945, 
collaborated with Bhabha on a plan to use UNESCO funds to import a 
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computer for a new International Computation Center in India. In their view, 
this would catalyze computing in Asia, much as CERN catalyzed physics re-
search in Europe. However, the US State Department, uneasy about the num-
ber of left-leaning scientists at UNESCO, thwarted these plans. They success-
fully lobbied for Needham’s removal from UNESCO leadership and, at the 
eleventh hour, campaigned to have the planned Computation Center built in 
Italy instead of Bombay.

US involvement in Indian computing intensified over the years, exerting 
influence that extended far beyond import restrictions. After a punishing 
foreign exchange crisis in 1958, India was forced to accept loans from an aid 
consortium led by the United States, its allies, and the World Bank. The loans 
from this consortium were conditional; over the next few years, they forced 
India to devalue the rupee, dilute import-substitution policies, liberalize 
trade, and allow freer entry of foreign multinational corporations and private 
capital. Ever watchful for an advantage, IBM seized this opportunity and 
quickly flooded the Indian market with its computers. This meant that TIFR’s 
efforts to manufacture computers would now have to reckon with increased 
competition from the global computing behemoth. This was not an equal 
fight.

A few statistics go a long way towards showing the material advantages 
IBM held over TIFR in the context of India’s continued economic subordina-
tion. IBM’s venture into electronic computing was driven by massive US gov-
ernment support, much of it funneled through collaborations with the likes 
of the Massachusetts Institute of Technology (MIT). These partnerships 
earned IBM over 2.8 billion dollars in the 1950s, which was roughly 7 percent 
of India’s entire GDP at the time.56 Meanwhile, India’s scientific research 
funding was severely constrained, largely due to its colonial past. In 1949, just 
after independence, the country was spending a mere 0.01 percent of its na-
tional income on research and development (R&D).57 Although the post-
independence government made efforts to increase this allocation, pushing 
the figure to 0.4 percent by 1967, it was still only a fraction of what more ad-
vanced nations spent.58 In absolute terms, in 1956, India’s total R&D spending 
was only 0.3 percent of that of the United States.59 As for TIFR, its entire in-
stitutional budget for its first decade was just over 1 million dollars, nearly a 
thousand times smaller than IBM’s income from its military-funded collabo-
rations with MIT alone.60

This remarkable disparity highlights the challenges TIFR faced in its at-
tempt to build a home-grown computer—the TIFRAC—in the mid-1950s. 
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While the TIFRAC had some design flaws, they could have been addressed 
by selectively importing components, which might have extended its opera-
tional life. However, US-backed aid conditions after the 1958 crisis made tech-
nological imports prohibitively expensive. As a result, the TIFRAC became 
obsolete almost as soon as it was built.

Foreign loans had additional negative impacts on technology transfers. 
The Indian government mandated that foreign multinational corporations 
(MNCs) like IBM partner with local entities when entering the domestic 
market. This was an attempt to maintain some control over the economy. 
However, this protectionism proved ineffective. MNCs retained control over 
their technological expertise, limiting skill diffusion amongst their Indian 
partners. These local firms were often relegated to specialized roles within the 
global supply chain. MNCs like IBM were able to continue to treat India as a 
captive market, while purposefully blocking the country from developing its 
own competing computing industry. The echoes of colonial-era science and 
technology policies could not have been more resounding.

Despite these daunting limitations, TIFR continued its efforts to build a 
home-grown computing industry. In 1962, with foreign loans now a staple of 
the Indian economic scene, Bhabha leveraged his position as the chairperson 
of the Atomic Energy Commission and secretary of the Department of 
Atomic Energy to divert a portion of a new USAID loan, originally desig-
nated for other projects, towards importing a computer for TIFR from IBM’s 
leading competitor in the United States—the Control Data Corporation 
(CDC). TIFR’s new plan was to reverse-engineer this machine, and to learn 
how to manufacture new ones that could compete with IBM’s latest 
products.

TIFR, having learned from its experiences with IBM and the UNESCO 
project, approached negotiations with the CDC strategically. They secured 
key provisions to protect their interests and maximize knowledge transfer. 
These included on-site training for TIFR staff at the company’s Minneapolis 
headquarters, with expenses covered and poaching of their personnel explic
itly prohibited. Through these carefully negotiated terms, TIFR ensured that 
this technology transfer would provide not just an advanced computer, but 
also the technical expertise to operate, maintain, and enhance the machine 
independently.

TIFR’s cordial partnership with the CDC was the exception that proved 
the rule. The CDC was keen to agree to all of TIFR’s demands because it 
wanted to offer an alternative model to IBM’s. TIFR and the CDC concurred 
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that IBM’s presence in South Asia was damaging India’s research and develop-
ment efforts. Encouraged by their partnership, TIFR’s leadership aimed to 
scale up their plans to the national level, taking on government roles to influ-
ence national policies. They had two goals: to advance local manufacturing 
and to force IBM to change its business practices. IBM, however, proved a 
canny antagonist and held the line against this effort. This conflict shaped 
Indian computing throughout the 1970s, culminating in IBM’s departure from 
the country in 1978.

The complexities of India’s computing history reveal a constant push-and-
pull between externally imposed Cold War-era limitations and a series of often 
heroic efforts by Indian scientists and technocrats to push beyond those limi-
tations. My attentiveness to these dynamics allows me to challenge simplistic 
narratives that portray postcolonial nations as passive recipients of global sci-
entific largesse during the Cold War. The story Computing in the Age of Decolo-
nization tells aligns with the findings of historians who have demonstrated that 
Global South actors exercised significant agency, even within the highly cir-
cumscribed environment of Cold War realpolitik. Framing Indian computing 
in this way highlights its non-linear and contingent trajectory. Indian technolo-
gists did not patiently wait for Cold War tensions to subside before pursuing 
their computing ambitions, and technology did not gradually spread from 
North to South of its own accord. This is a complex story of active engage-
ment: a mixture of strategic calculation and accommodation in the face of 
often hostile global power.

Unsettling the History of Computing

The Global North continues to occupy center stage in the history of comput-
ing. Consider three of the foundational texts of the field: Computing: A Concise 
History, Computer: A History of the Information Machine, and A New History of 
Modern Computing.61 All three of these accounts begin with early precursors to 
the digital computer, then go on to discuss the earliest computers in the United 
States and Europe, then turn to the corporate development of commercial 
and military equipment, and finally arrive at the contemporary, networked 
world wide web. While commendable as introductions, these narratives, 
as  the historian Michael Mahoney has noted, often resemble industry-
insider accounts, laden with facts and records of “firsts,” but lacking substan-
tive engagement with the political and economic factors that influenced 
the field.62
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This book draws inspiration from Mahoney, particularly in its focus on the 
political and economic conditions so often overlooked in computing history. 
It explores perhaps the most neglected aspect of this story: how the develop-
ment of computing in the United States was fundamentally premised on its 
underdevelopment elsewhere in the world. That the United States became a 
computing superpower, and that other countries were left behind, are not two 
separate facts. Nor are they a coincidence. One led directly to the other.

To prove this claim, I focus on India’s earliest computers. I show how early 
postcolonial elites were as taken with computing as their peers in the Global 
North were. They embarked upon their own projects so that India might 
take the lead in the field. Admittedly, more often than not, these projects failed. 
But these failures, I argue, are a crucial part of the story of the rise of comput-
ing in the Global North. This is because postcolonial computing projects did 
not fail because of technical incompetence or cultural deficiency. Rather, they 
failed because Global North governments and corporations actively hindered 
computer pioneers outside Europe and the United States.

William Aspray was one of the few first-generation historians of computing 
to take an interest in this geopolitical dynamic.63 He recognized that, for US-
based corporations, computers were closely guarded proprietary secrets. Ac-
cess to them, especially in other countries, was heavily restricted in order to 
reduce competition. At the same time, Aspray believed that the US govern-
ment itself imposed relatively few restrictions on the export of computers, and 
that computing technologies spread relatively freely throughout the global 
scientific community.64 While I concur with Aspray on the first claim, I dis-
agree with the second. Explicit export restrictions on technologies earmarked 
for the Global South were indeed rare, but export restrictions were not the 
only way in which the United States government exercised its power. I detail 
the history of the UNESCO Computation Center project as one example of 
how back-room dealings by the US State Department held back the advance-
ment of Indian computing. I also address indirect impacts of Cold War diplo-
macy and foreign policy that were as subtle as they were significant.

In situating computing within these broader geopolitical considerations, 
I am inspired by a second generation of historians who turned their attention 
to the Cold War. As Paul Edwards noted in 1996, the first generation of com-
puting histories missed how Cold War politics became embedded in the tech-
nical design of computing machines.65 Edwards’s history of computing was 
among the first to locate the machine within its Cold War context. Historians 
of the Soviet Union like Slava Gerovitch and Benjamin Peters followed with 



I n t r o du c t i o n   21

accounts that explained how the field developed on the other side of the Iron 
Curtain.66 More recently, historians of computing have begun to explore the 
Global South, showing how varied national imaginations harnessed comput-
ing to their own agendas.67

Eden Medina’s 2011 book Cybernetic Revolutionaries remains one of the most 
compelling accounts in this tradition. Her analysis shutt les back and forth 
from Chile to Britain to account for the Allende government’s creation of a 
computer system designed to facilitate real-time control over national produc-
tive capacity.68 I am persuaded by her contention that “this broader geography 
of innovation [in computing] cannot be viewed as a discrete collection of 
national stories, for it is connected by the multidirectional and transnational 
flows of artifacts and expertise and the far-reaching effects of international 
geopolitics.”69

Computing in the Age of Decolonization builds on Medina’s insights into 
computing as a national aspiration with transnational entailments, fore-
grounding the confluence of foreign actors and domestic imperatives. If the 
first half of the book follows these developments at the scale of TIFR, the 
second half expands the scope of my analysis to encompass the nation-state. 
As I noted earlier, TIFR’s entry into government policymaking was prompted 
in part by its understanding of IBM’s detrimental impact on Indian computing 
research and development. In 1978, TIFR and the government succeeded in 
expelling IBM from the country and standing up two domestic public-sector 
enterprises to pick up the slack. Within a few years, IBM’s market share fell to 
a fraction of its original monopoly, and these two public-sector enterprises 
came to dominate Indian computer manufacturing.

However, this experiment in exercising technological sovereignty ulti-
mately also failed. TIFR and its allies were hamstrung by resistance from an 
organized domestic industrial lobby, which wanted to make quick profits 
through software sales and back-end service provision to Global North cor-
porations, rather than investing in capital-intensive research and development. 
By the end of the 1970s, this lobby campaigned successfully to exclude TIFR’s 
scientists from policymaking. In the aftermath of this putsch, as public-sector 
enterprises lost all state subsidies and protections, IBM re-entered India, part-
nering with the Tata group to establish an operation that is now larger than its 
US headquarters. This new Tata–IBM joint venture led the charge to turn 
India into an outsourcing and offshoring hub.

Over the past decade, anthropologists have critically studied the conse-
quences of this recent shift in Indian computing, examining how technology 
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workers navigate the inequalities inherent in these new labor dynamics.70 
Sareeta Amrute, for instance, shows how Indian software workers in Germany 
navigate the contradiction of living simultaneously as racialized migrants and 
globally mobile middle-class subjects.71 Similarly, Lilly Irani’s ethnography 
of technology entrepreneurs in India captures how elites craft design projects 
ripe for corporate and financial investment, bending development impera-
tives to their own lucrative ends.72 Carol Upadhya demonstrates how the 
Indian software industry transforms cultural difference into a sophisticated 
mechanism of labor control, reproducing class inequalities, while maintaining 
India’s subordinate position in global technology relations.73 Peter van der 
Veer turns to less elite ethnographic subjects, provocatively describing the 
most marginalized sections of India’s IT virtual labor force as “techno-
coolies”; he compares their aspirations and restrictions to those of indentured 
laborers in the nineteenth century.74 In the same vein, Mary Gray and Sid-
dharth Suri highlight the struggles of India-based tech workers who work as 
remote, low-wage “ghosts,” creating—but never benefiting from—the profits 
of Global North corporations.75

This growing body of anthropological scholarship illuminates an uneven 
distribution of technology work across a North–South divide. In this book, 
I offer a pre-history of how this unequal distribution came to be, while paying 
attention to the different future imagined by India’s early policymakers. This 
was a future in which Indian engineers and scientists, protected from the 
predatory whims of foreign private capital, would work towards developing 
national, self-reliant infrastructures. Recognizing why this future failed to ma-
terialize requires a counter-historical approach that does not take the United 
States’s dominance of global computing for granted, but rather excavates the 
historical contingencies that made it possible.

In sum, Computing in the Age of Decolonization joins recent efforts to un-
settle the social scientific consensus on computing. Mar Hicks argues that 
the global computing economy has “long generated wealth through taking 
advantage of existing inequalities, existing infrastructure, and by using venture 
capital . . . ​to crush people who aren’t in the driver’s seat.”76 Scholars of postco-
lonial computing have taken this further, issuing calls to investigate the partic
ular shape that these inequalities have taken in the Global South.77 The intention 
here is not merely additive. I do not seek to diversify the scholarship by contrib-
uting new stories of innovation from “unexpected” corners of the world. Rather, 
I show how computing has always been based on transnational dynamics of 
labor and value extraction.
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A Note on Decolonization

Sareeta Amrute makes a compelling case for the importance of writing histo-
ries and ethnographies of computing from the Global South.78 For too long, 
she writes, the Global South has been unfairly portrayed as mired in a state of 
technological lack, with its scientists and scientific institutions not receiving 
the credit they deserve. However, Amrute warns against hastily labeling all 
histories that seek to remedy this state of affairs as “decolonial.” Following 
Walter Mignolo’s lead, she reserves the term “decolonial” for approaches that 
actively challenge Eurocentric frameworks and champion marginalized epis-
temologies and vernacular knowledge systems.79

This book does not adopt a decolonial approach. The actors it follows were 
faithful, even to the point of zealotry, to the quintessentially Western idea that 
science, technology, and industrialization offered the sole means of escape from 
centuries of colonial underdevelopment. Self-avowed pragmatists all, they rec-
ognized technology’s role in colonial domination, but sought to repurpose it 
for postcolonial objectives. Inevitably, then, in telling their stories, I have side-
lined a more radical and truly decolonial perspective: that the master’s tools—in 
this case, technologies that promise a quick fix to underdevelopment—will 
never dismantle the master’s house.80

Moreover, most of the actors I track here were upper-class, upper-caste men 
who held positions of immense power and privilege.81 These men were com-
plicit in perpetuating new forms of inequality. Kapil Raj’s research shows that 
during the early colonial period, Brahmins deliberately associated themselves 
with scientific research, claiming their expertise in classical texts made them 
natural heirs to modern scientific knowledge.82 By the early twentieth century, 
as Abha Sur demonstrates, caste hierarchies had become deeply embedded in 
the world of Indian science.83 Almost all the scientists featured in this book 
retained their caste privilege while claiming that their pursuit of higher truths 
was socially neutral—a claim that warrants skepticism. As Satish Deshpande 
shows, upper-caste groups converted traditional caste capital into modern 
forms like lucrative jobs and advanced degrees over the course of the twentieth 
century. Having secured these advantages, they then kicked away the ladder 
of their caste privilege, presenting themselves as “caste-less” liberals.84 Ajantha 
Subramanian’s research excavates how the idea of intellectual merit continues 
to disguise caste privilege among Indian tech elites.85 And Renny Thomas’s 
ethnographic work reveals how caste-based hierarchies continue to dominate 
Indian laboratories.86 All of these accounts expose a fundamental truth: that 
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caste privilege, rather than merit alone, continues to determine who is able to 
pursue—and profit from—science and technology.

Consequently, telling the stories of these actors does not meet the litmus 
test of a “decolonial” approach. But it does place a related term at the center of 
my analysis: “decolonization.” It does so because the burden of this book is to 
unpack the energies and ideas that drove a pivotal period in twentieth-century 
global history, in which vast swathes of Africa, Asia, and the Pacific emerged 
from centuries of colonial domination. As Gary Wilder notes, postwar decolo-
nization was not merely a transfer of power, but an epochal process of global 
restructuring.87 As new waves of democratization led to the creation of new 
nation-states, newly empowered postcolonial elites struggled to define the 
relationship between the postcolony and the ex-colonial metropole. Many 
among them were keen to sever ties of economic dependency. They concluded 
from their experience of colonial rule that it functioned, at its core, as a system 
of value extraction. They knew that colonial governments had deliberately 
arrested the development of science and technology in order to maintain this 
dynamic. The political and economic planners among them felt their task, 
then, was to quickly build up scientific, technological, and industrial capacity 
in order to compete with the West as equals. However, as they confronted the 
new world order—governed by postwar economic organizations and freely 
moving global capital—they found themselves facing a familiar, unequal fight. 
They believed that political independence without economic self-sufficiency 
was a hollow freedom, as it would inevitably be overrun by new forms of neo-
colonial domination. The term “decolonization” in the book’s title highlights 
this postcolonial struggle to reinforce formal legal independence while simul
taneously safeguarding scientific, technological, and economic sovereignty.

Here, Frantz Fanon’s critique of postcolonial elites is wonderfully helpful. 
Fanon was sharply critical of the nationalist consciousness that emerged after 
independence in former colonies, describing it as a “crude, empty, fragile shell” 
that served the ambitions of the new native elite rather than reflecting the 
people’s aspirations.88 India’s nationalist bourgeoisie would have served ex-
tremely well as a target for Fanon’s ire. To maintain power, they aligned more 
closely with the capitalist class than with the growing labor movement and 
compromised with landed elites instead of pursuing genuine land tenure re-
form. This approach allowed them to consolidate their position while sidestep-
ping the more radical changes that were likely required for them to fulfill their 
stated aims.89
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At the same time, the details of Fanon’s critique are important. Part of his 
dissatisfaction with the nationalist bourgeoisie stemmed from the fact that 
they had no economic understanding, and failed to establish factories and 
profitable industries that would benefit their countries: “Independence does 
not bring a change of direction . . . ​the traffic of commodities goes unchanged. 
No industry is established in the country. We continue to ship raw materials, 
we continue to produce for Europe, and pass for specialists of unfinished prod-
ucts.”90 India’s nationalist bourgeoisie, for all its shortcomings, cannot be 
accused of ignoring this close relationship between political and economic 
sovereignty. Their single-minded goal was to build an industrial base with 
which to change the country’s economic fortunes. Their dream of advancing 
computing was a part of this broader, nationalist project. The term “decoloni-
zation,” as I use it in this book, speaks to these energies, this drive towards a 
form of national self-determination securely and materially grounded in sci-
ence, technology, and industry.

Both Fanon and the Indian nationalist bourgeoisie shared an understand-
ing of how colonial rule systematically constrained colonized industries, en-
suring that the colonies remained a source of cheap raw materials and a captive 
market for expensive finished goods. Imperial tariff policies let British textiles 
and machinery flow into India nearly duty-free, while Indian manufactur-
ers faced steep tariffs when exporting to Britain. For example, procurement 
rules forced railways and public works in India to rely heavily on imported 
British steel, iron, and engineering products. Together, these policies system-
atically blocked Indian factories from competing on fair terms in the global 
market, leaving them largely confined to the domestic economy.

Nievas and Piketty drive home this point in a striking financial simulation 
on trade inequality, drawing on their World Historical Balance of Payments 
Database.91 Their analysis accounts for the notorious “Home Charges” India 
was forced to pay Britain for the costs of its own subjugation. Indian taxpayers 
funded British officials’ salaries in London, the British military occupying 
India, and the metropolitan administration managing colonial rule. These 
transfers constituted the largest international wealth drain in the nineteenth-
century world. Through rigorous quantitative analysis, Nievas and Piketty 
show that without these forced transfers, Europe would have become a mas-
sive debtor by 1914, with India and Indonesia owning substantial portions of 
British and Dutch assets. Absent colonialism, the colonized would have be-
come the creditors, and the colonizers debtors.92
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These calculations reveal colonial policies as a massive redirection of tech-
nological possibility. The wealth extracted from India from 1800 to 1914 funded 
railways, factories, and labs that defined British industrial supremacy. Every 
pound drained via Home Charges and rigged trade meant Indian steel mills, 
technical colleges, and labs were never built. The Nievas-Piketty data trans-
forms what historians suspected into mathematical certainty: Britain’s rise was 
financed by preventing India’s. This extraction funded Manchester’s mills and 
Birmingham’s factories while denying India its own infrastructure. Such theft 
of industrial capacity had profound consequences. When India achieved in-
dependence in 1947, building technological sovereignty became an act of his-
torical reclamation. Every new scientific institution, from the Indian Institutes 
of Technology to physics research labs, was a correction to two centuries of 
enforced subjugation. Postcolonial industrialization was therefore both devel-
opmental policy and historical reparation.

These concrete comparisons underscore that colonial policies did not 
merely slow India’s industrial growth; they diverted industrial and technologi-
cal opportunity on a massive, measurable scale. British imperial constraints 
effectively transferred industrial wealth from India to Britain and, indirectly, 
to other industrialized nations like the United States, funding precisely the 
infrastructure and technological innovations that defined modern industrial 
economies. Such ledger-based evidence clearly maps the structural inheri-
tance that independent India had to grapple with as it sought technological 
parity after 1947.

India’s current computing landscape reflects the unfulfilled promise of 
decolonization—an era in which postcolonial leaders sought to stem the flow 
of wealth extraction from the Global South. While the scale of extraction is 
nowhere near as staggering as during the colonial period, the structural weak-
nesses left in postcolonial economies bear the deep imprint of an unequal 
colonial legacy. With regard to computing, for example, outsourcing and off-
shoring dominate, supplying skilled technical labor and services as the new 
raw materials in Fanon’s analysis. What, then, became of the political experi-
ment that aimed to transform formal independence into something more 
meaningful and enduring? This is a crucial question to ask today, as a particular 
strain of decolonization begins to reassert itself in parts of the Global South. 
Chakanetsa Mavhunga invites us to imagine a coming world order in which 
the African continent, for instance, finally unshackles itself from its unsustain-
able and unprofitable role in the current global order.93 As Mavhunga sees it, a 
key axis of five hundred years of colonial domination in Africa was the West’s 
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forced extraction of raw materials, which it paired with keeping the profitable 
privilege of value-added manufacturing for itself. In the present, Mavhunga 
contends, African countries are pivoting to value-added manufacturing, espe-
cially since it has become clear that chrome, cobalt, and lithium—all found in 
abundance on the continent—are vital to the world’s technological future. 
Mavhunga believes it is only a matter of time before African countries become 
centers of global manufacturing, add value to their own materials, and finally 
throw off the chokehold of Western dependency.

Revisiting decolonization as a historical process provides insight into the 
possibilities and limitations of reversing colonial inequities. Projects that aim 
to leverage new technologies to undo centuries of colonial and neocolonial 
dependency are both old and new. Lessons from the recent past will offer vital 
guidance to reparative projects, such as the one Mavhunga describes, in the 
present.94 Although not decolonial in its approach, this book offers valuable 
insights into the global distribution of computing power and profit today. It 
focuses on the period of decolonization to learn from past successes and fail-
ures. Certainly, the critique of Eurocentric discourses of progress and develop-
ment emerges here from within the Global North’s own framework, and not 
from the point of view of marginalized epistemologies. In the end, however, 
that may be a strength of my analysis, as I am able to illuminate, from within, 
a fundamental hypocrisy in Eurocentric discourses about science and technol-
ogy: the notion that technological salvation is equally accessible to all.

Give Me a Laboratory, and I May Raise the World

The Tata Institute of Fundamental Research, or TIFR, is at the center of this 
book. I highlight this institute not merely because it was India’s most signifi-
cant early hub for computing, but because it provides us with a compelling 
instance of how a scientific laboratory in a postcolonial context can profoundly 
shape a nation’s trajectory within a technological field. Bruno Latour famously 
quipped, “Give me a laboratory and I will raise the world.”95 He meant that 
scientific work in a controlled setting could be strategically leveraged to re-
shape the broader social and political landscape. This phrase neatly captures 
TIFR’s efforts in computing, albeit with a crucial caveat specific to the post-
colonial context. TIFR’s ability to “raise the world” was constrained in ways 
that Pasteur’s laboratory in France—the subject of Latour’s essay—was not. 
As an institution in a decolonizing nation, TIFR had to contend with the reali-
ties of resource scarcity, technological embargoes, and the expanding influence 
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of Western tech giants. From cosmic ray experiments to battles with IBM, 
from struggles with import licenses to dreams of silicon chip fabrication, TI-
FR’s journey illuminates the fine line that divides scientific aspiration from the 
hard realities of building computing power outside the Global North.

Chapter 1, “The Ghost in the Machine,” traces TIFR’s efforts in its first 
decade. In the late 1940s, TIFR leadership—particularly Homi Bhabha and 
D. D. Kosambi—sought to partner with UNESCO to import an advanced com-
puter. Kosambi, one of India’s first computer pioneers, had already designed 
South Asia’s first advanced analog machine but lacked funds to build it. The 
UNESCO offer thus came as a welcome opportunity. With UNESCO funding, 
Kosambi traveled to the United States to select a computer. However, while 
he was there, closed-door meetings at the US State Department effectively 
terminated support for UNESCO’s initiative. This setback intensified TIFR 
leadership’s skepticism toward foreign aid and steeled its determination to 
pursue technological self-reliance. This chapter sets the stage for TIFR’s sub-
sequent efforts to develop computing capabilities entirely domestically.

Chapter 2, “Cosmic Dreams,” concerns the cosmic ray research program at 
the institute. TIFR’s physicists developed a pathbreaking method to advance 
theoretical research in high-energy physics by substituting inexpensive do-
mestically manufactured instruments for costly foreign apparatuses. Leverag-
ing their small workshop, they developed innovative balloon technologies and 
cosmic ray detection methods, demonstrating TIFR’s ability to compete inter-
nationally despite resource constraints. Eventually, however, these workarounds 
could only take them so far. Not having an advanced computer ultimately caused 
an insurmountable bottleneck, leading them to redouble their efforts to advance 
domestic computing research and manufacturing. At the same time, TIFR’s 
encouraging success in building “homemade” experimental physics instru-
ments gave its leaders the confidence to aim for a similar kind of autonomy in 
computer manufacturing. The same workshop that had cut its teeth on early 
physics instruments now turned its attention to assembling an entirely 
domestically-built computer.

Chapter 3, “Building the First Machine,” traces the fate of this ambition to 
achieve computing self-reliance. In 1956, the institute began constructing a 
computer from scratch, relying solely on local expertise and resources. Re-
markably, with very little of either, TIFR engineers succeeded in building a 
working machine: the TIFRAC. This computer, however, proved challenging 
to use. Much had happened in the world of computing between the project’s 
inception and its completion. To update and standardize their machine in 
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accordance with new global computing protocols, TIFR’s engineers needed 
to acquire some key parts and components that they could not manufacture 
themselves. However, a debilitating international financial crisis hit India just 
as the TIFRAC neared completion, putting an end to any hope the institute 
had of upgrading the machine. The TIFRAC’s story illustrates both the poten-
tial and the limitations of TIFR’s strategy to go it alone, setting the stage for the 
institute’s more collaborative efforts over the next decade.

Chapter 4, “Partners and Predators,” charts TIFR’s response to these new 
technical and trade challenges in the 1960s. Over the course of that decade, 
the institute leveraged US financial aid to acquire an advanced machine, lead-
ing to the import of a state-of-the-art CDC 3600 from the Control Data Cor-
poration (CDC). TIFR’s intention was to use this machine as a catalyst to 
stimulate local research and development—a goal thwarted by a combination 
of unfavorable trade conditions, volatile domestic politics, and the increasingly 
dominant position of IBM. This chapter explores TIFR’s strategic partnership 
with the CDC, which offered a potential alternative to IBM’s monopolistic 
practices in India. It details the negotiations, hopes, and ultimate disappoint-
ments of this collaboration. The CDC’s eventual departure from the Indian 
computing landscape left IBM with a clear monopoly that proved impossible 
to dislodge.

Chapter 5, “Self-Reliance 2.0,” centers on another strategic pivot by TIFR 
in the 1970s. To challenge IBM’s dominance, the institute’s leadership entered 
the corridors of government, proposing and subsequently running the Depart-
ment of Electronics. Through this organization, they sought to harness the 
state’s regulatory authority to steer the computing industry toward a trajectory 
of self-reliant development. This chapter details the policies implemented by 
these bodies, including efforts to promote domestic manufacturing and place 
restrictions on foreign companies. It explores the creation of public-sector 
enterprises like the Electronics Corporation of India Limited (ECIL) and the 
eventual expulsion of IBM from India in 1978. However, once again, Indian 
technologists’ efforts were stymied—this time by local private capital, which 
was more eager to form partnerships with foreign corporations, including 
IBM, than to align with the state.

Chapter 6, “Capitulation,” traces how the dream of technological sover-
eignty collapsed amid the economic and political crises of the 1970s and 1980s. 
As the state’s capacity faltered in the face of oil shocks and mounting global 
pressures, a new alliance emerged: domestic capital and new state actors 
joined with foreign multinational firms to prioritize quick profits and software 
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exports over domestic innovation. Regulatory authority eroded; state-led ini-
tiatives lost ground; and the project of self-reliance was quietly surrendered—
transforming India from an aspiring technology producer into a global hub 
for technical service labor.

The concluding chapter, “First as Tragedy,” revisits India’s pursuit of tech-
nological sovereignty as a drama that unfolded first as tragedy—ambitious, 
hard-fought, and repeatedly thwarted by structural constraints—and then as 
farce, as contemporary claims to digital self-reliance merely repackage old de-
pendencies in nationalist rhetoric. Through comparative analysis, it contrasts 
India’s fractured, compromise-ridden path with the institutional coherence 
and geopolitical fortune that enabled East Asian successes. Ultimately, the 
chapter argues that India’s celebrated status as a global IT powerhouse marks 
not the fulfillment of postcolonial dreams, but their hollow inversion—
offering a cautionary lesson on how meaningful technological autonomy de-
pends not on technical solutions alone, but on deep social and political 
transformation.

By reorienting our gaze to computing in the Global South, this book 
maps new terrain for the history of science and technology. Through TIFR’s 
journey—from cosmic ray research and the TIFRAC project to collaborations 
with industry and interventions in government policy—we follow the emer-
gence and the complicated fate of a vision for technological sovereignty. This 
vision, rooted in postcolonial ambition, faltered amid the crosscurrents of 
Cold War geopolitics, the influx of global capital, and the priorities of domes-
tic private enterprise. Framed against this backdrop, Computing in the Age of 
Decolonization rejects the popular misconception that technological innova-
tions simply flow from the Global North to the Global South. Instead, this 
book invites us to reconsider the entangled power relations and histories that 
shape our digital present.



261

Italic pages indicate figures

Africa, 24–27, 83–84, 195, 215, 233n94
Aid-India Consortium, 137
analog computers: Bush Analyzer, 38–45, 

58; first, 101, 122; Kosambi and, 28, 36, 38, 
42, 45, 218; Kosmagraph, 33–45, 58; 
punch cards and, 44, 86; self-reliance 
and, 158; vacuum tubes and, 7, 101, 104

apartheid, 48, 83
assemblers, 147, 190
assembly operations, 184, 186–87, 190, 198, 207
Atomic Energy Commission of India 

(AEC), 64–65, 69, 81, 127, 159, 229n39
authoritarianism, 169, 180, 207–11
Autocode, 115–19
automation: Committee on Automation 

(Dandekar Committee), 167–68; labor 
and, 86, 105, 160, 166–71, 176; Life 
Insurance Corporation (LIC) and, 160, 
166–67; self-reliance and, 160, 166–71, 176

Bagchi, Amiya, 197
balance-of-payments crisis, 113, 136–37
balloons: annual flights of, 52; Compton and, 

74–75; cosmic ray research and, 28, 62, 69, 
72–80, 85, 88–89, 91; as floating laborato-
ries, 74–75; height records of, 75–76; 
Indo-US Balloon Flight Program and, 
77–79; materials of, 75–76; Menon and, 
77, 79; military and, 75–79; Millikan 
and, 74–75; Peters and, 72, 75–77; Powell 
and, 68, 77, 86; refining technology of, 

69; solar radiation and, 76; Tata Institute 
of Fundamental Research (TIFR) and, 
28, 62, 69, 72–80, 85, 88–89, 91; wind 
turbulence and, 76–77

Bandung Conference of Afro-Asian 
Countries, 137

Bernal, J. D., 43
Bhabha, Homi: Atomic Energy Commission 

of India (AECI) and, 64–65, 69, 81, 127, 
159, 229n39; background of, 12, 40–41, 63, 
217; Blackett and, 43, 68–69, 83, 91; 
Britain and, 16, 44, 67, 69, 126, 134; 
Cambridge and, 12, 16, 42, 50, 114; 
capitulation and, 184, 187; chasing next 
machine and, 127–34; China and, 43, 135; 
CIA and, 64; Cold War and, 14, 128, 132, 
157; competition and, 18, 44, 122; 
connections of, 16–17; Control Data 
Corporation (CDC) and, 18, 132–38, 
141–53; cosmic ray research and, 61–73, 
76–78, 81–83, 87–90; death of, 158; digital 
computers and, 43–45, 96, 112, 161; elitism 
and, 40, 63, 128; existence theorem and, 
112–13, 120; foreign aid and, 18, 28, 132–35, 
138, 150, 153; Gandhi and, 63, 158; IBM 
and, 18, 114–15, 118, 120–22, 133–34, 141, 
143, 153, 161, 164–66, 191–92; 
independence and, 40, 59, 63, 95–96, 113, 
157, 164, 192; International Computation 
Center (ICC) and, 17, 45, 48, 51; 
International Conference on Cosmic

I n de x



262  i n d e x

Bhabha (cont.)
	 Rays and, 156; International Conference 

on Elementary Particles and, 70; 
international exchange and, 43–45, 48, 52, 
63, 70, 82–83, 91, 93, 96, 124–25, 129, 
133–35, 142–43, 147–48, 151, 153, 156, 164, 
166, 217; Kosambi and, 28, 40–48, 51–52, 
59; leveraging by, 16, 18, 93, 121, 217; 
manufacturing and, 18, 93, 125, 145, 157, 
166, 184, 187, 192; Massachusetts Institute 
of Technology (MIT) and, 44, 120; 
Narasimhan and, 96–97, 112, 127, 129, 
133–34, 150, 165–66; National Defense 
Council and, 134, 156; nation-states and, 
64, 95; Needham and, 16, 43, 45, 50; 
Nehru and, 13, 14, 43, 45, 65, 69, 91–92, 
113, 134, 141, 156, 158; Parsi community 
and, 40, 63; particle accelerators and, 
64–66, 69, 71, 90; partnerships and, 
125–29; Piore and, 114–15; Princeton and, 
45; Reines and, 81–83; Salam and, 61, 64; 
self-reliance and, 156–59, 161, 164–66; 
socialism and, 14, 16, 43; sovereignty and, 
133–37, 157; Soviet Union and, 14, 44, 126; 
Tata Institute of Fundamental Research 
(TIFR) and, 12–18, 28, 40–45, 50, 59, 
63–72, 76–78, 81–83, 87–97, 112–15, 118–29, 
132–34, 138, 141–50, 153, 156–58, 161, 
164–65, 191; tragedy and, 191–92; 
UNESCO and, 16, 28, 43–48, 51–52, 93, 
96; United States Agency for Interna-
tional Development (USAID) and, 18, 
135, 138; United States and, 14, 18, 28, 41, 
43–46, 71–72, 76, 82, 87, 96–97, 112, 114, 
121, 128–29, 133–35, 165; von Neumann 
and, 44–46, 96–97, 114

Bhabha Committee Report, 156
Bhushan, Bharat, 103, 217
Birkhoff, George, 33–35, 238n85
Blackett, Patrick: background of, 217; 

Bhabha and, 43, 68–69, 83, 91; cosmic ray 
research and, 68–69, 73, 83; Kosambi 
and, 43, 46, 50; Labor government and, 
241n19; military and, 69; Nobel Prize of, 

68, 77, 86; Reines and, 83; Tata Institute 
of Fundamental Research (TIFR) and, 
43, 68–69, 83, 91; UNESCO and, 48

body-shopping, 187–88
Bombay Plan, 209
Bourbaki group, 31–35
brain drain, 4, 161, 163, 183
Britain: APSARA and, 134; Autocode and, 

117; Bhabha and, 16, 44, 67, 69, 126, 134; 
colonialism and, 6, 11, 25–26, 31, 48, 53, 56, 
68, 70, 74–75, 135–36, 195–96, 200, 208; 
competition and, 25, 118; computer 
development and, 117–18, 122, 126, 129; 
cosmic ray research and, 67–70, 74–77, 81, 
83; English Electric KDF-9 computer 
and, 129; Ferranti Atlas and, 129; Hartree 
and, 44; Hollerith Computer and, 122, 
126; Home Charges and, 26; IIT 
partnership of, 161; Kanpur project and, 
161; Kosambi and, 31, 44, 53, 56; 
manufacturing and, 6, 25, 129, 195; 
Medina and, 21; Ministry of Labor, 67; 
Needham and, 16, 48, 50; protectionism 
and, 6; RAF, 41, 67; ruling to liberate, 11; 
Social Relations of Science and, 48; 
Soviet Union and, 50; textiles and, 25, 195; 
tragedy and, 195–96, 200, 208; University 
of Manchester, 114–18; Whigs, 11

bubble chambers, 85–88, 129, 172
Bush, Vannevar: Bush Analyzer, 38–45, 58; 

circuit theory and, 38; Kosambi and, 
38–46, 58, 234n18; Massachusetts 
Institute of Technology (MIT) and, 
38–39, 44, 46

Cambridge: Bhabha and, 12, 16, 42, 50, 114; 
Bush and, 46; Cavendish Laboratory, 12, 
16, 40–41, 44, 67, 117; Grammar School, 
33; Kosambi and, 33, 40, 42, 46; Latin 
School, 33; Menon and, 77; Research 
Laboratories, 77; Wilkes and, 114, 117; 
Wilson and, 66

capitalism, 54, 209–10, 212
caste, 11, 23–24, 53, 56, 166, 208, 211



i n d e x   263

cathode ray tubes (CRTs), 67, 101–2, 104
Cavendish Laboratory, 12, 16, 40–41, 44,  

67, 117
CERN (European Organization for Nuclear 

Research), 17, 81–82, 86–87, 115, 144
China: alignment with United States, 207; 

authoritarian discipline of, 211; Bhabha 
and, 43, 135; Big Push and, 205; 
Caohejing Technology Park, 206; 
communism and, 14, 136, 205; competition 
and, 207; containment of, 203; Cultural 
Revolution of, 205; developmental 
success of, 207–8; efficiency and, 205; 
foreign aid and, 136–37; globalization 
and, 2, 48, 206, 213–14; Great Leap 
Forward and, 205; India’s proximity to, 
15; Indo-China War, 134–37, 151, 156; 
industrialization and, 136, 199, 203–7, 213; 
manufacturing and, 205–7, 213; Ministry 
of Electronics Industry (MEI), 206; 
Needham and, 43, 48–49, 51; Nehru and, 
134; open market and, 206–7; revolution 
and, 204–7; Soviet Union and, 15, 136, 
203, 205; STEM workers and, 2; 
technology and, 2, 136, 156, 203–8, 211; 
tragedy and, 30; Zhongguancun  
district, 206

cloud chambers: bubble chambers and, 
85–88, 129, 172; cosmic ray research and, 
62, 66–69, 73–74, 84–89, 91, 129; 
difficulties in using, 67; glassblowing 
and, 67, 86; McCabe and, 67; use of, 
66–69; Wilson, 66

Cold War: Bhabha and, 14, 128, 132, 157; 
colonialism and, 12–13, 19, 30; Control 
Data Corporation (CDC) and, 132, 135, 
144; diplomatic sabotage and, 48–54; 
elitism and, 13, 128; ferrite-core memory 
and, 101; foreign aid and, 203–4; 
Galbraith and, 135; geopolitics of, 13–19, 
30, 135; as global, 13–20; Hecht on, 
229n41; House Un-American Activities 
Committee and, 50, 71; IBM and, 17; 
institutional strength and, 203–4, 207; 

Kosambi and, 51, 54, 57–59; McCarthyism 
and, 54, 71; Needham and, 49, 59; Nehru 
and, 14; Norris and, 144; self-reliance and, 
157; South Korea and, 203–4; Soviet 
Union and, 13–20, 30, 49, 51, 54, 57–59, 
101, 128, 132, 135, 144, 157, 203–4, 207; 
Taiwan and, 203–4; Tata Institute of 
Fundamental Research (TIFR) and, 8, 
12–13, 30; UNESCO and, 8, 20, 59; 
United States and, 13–16, 20, 59, 135, 144, 
203–4, 207

colonialism: British, 6, 11, 25–26, 31, 48, 53, 
56, 68, 70, 74–75, 135–36, 195–96, 200, 208; 
Cold War and, 12–13, 19, 30; constraints 
of, 195–99; contradictions in, 195–99; 
Control Data Corporation (CDC) and, 
135–36, 145, 149; cosmic ray research and, 
60–70, 74–75; decolonization and, 1–2, 4, 
10–11, 19–27, 30, 61, 211–12, 215; elitism 
and, 11–13, 20, 24, 53–56, 93, 136, 208, 
211–12; Home Charges and, 26; 
independence and, 1–2, 6, 12, 17, 24, 26, 
68, 75, 95, 194, 196, 208, 212, 215; India 
and, 1–6, 11–12, 17–20, 23–27, 30–31, 34, 
44, 49, 53–56, 60–63, 68, 70, 74–75, 93–95, 
112, 135–36, 145, 149, 194–97, 204, 209, 
211–12, 215; industrialization and, 2, 6, 18, 
23–26, 30, 112, 136, 145, 195–97, 200, 204; 
Kosambi and, 34–35, 44, 48–49, 52–57; 
Nehru and, 75, 136; Partition and, 60, 136; 
railways and, 25, 195–96; raw materials 
and, 3, 25–26, 195, 197; ruling to liberate, 
11; Salam and, 60–61, 64; sovereignty 
and, 1, 24, 30, 194, 215; Soviet Union and, 
13; subaltern studies and, 56–57; Tata 
Institute of Fundamental Research 
Automatic Calculator (TIFRAC) and, 
93–95, 112; technocrats and, 1, 6, 11–12, 
194, 212; technology transfer and, 196; 
tragedy and, 30, 194–97, 200, 204, 208–12, 
215; underdevelopment and, 2–3, 5, 23, 95, 
136, 200, 204; United States and, 6, 13, 17, 
20, 26, 135–36

Committee on Automation, 167



264  i n d e x

communism: American Communist Party, 
71; China and, 14, 136, 205; German 
Communist Party, 71; House Un-
American Activities Committee and, 50, 
71; Indian Communist Party, 170; 
McCarthyism and, 54, 71; Peters and, 
71–72; Raman Effect and, 52

Communist Party of India, 52
comparative advantage, 105, 200, 214
competition: Bhabha and, 18, 44, 122; Britain 

and, 25, 118; Brookhaven and, 73, 86–87; 
capitulation and, 186, 189; China and, 207; 
comparative advantage and, 105, 200, 214; 
containment and, 203; Control Data 
Corporation (CDC) and, 18, 29, 129–33, 
141–44, 150–54, 161, 165, 212; cosmic ray 
research and, 74, 80–86; foreign aid trap 
and, 134–41; free market, 10, 126, 179–80; 
Global North and, 1–2, 7, 10, 19–22, 27–33, 
48, 61–62, 88, 108, 152, 194–97; Global 
South and, 2, 5–6, 19–23, 26, 30, 32, 40, 
48–49, 61, 63, 108, 194, 199–200, 215; IBM 
and, 5–7, 17–21, 29, 105, 114–16, 118–19, 122, 
129–33, 141–44, 150–54, 161, 165, 212; 
Kosambi and, 44; manufacturing and, 5, 7, 
17–18, 25, 28, 130; monopolies, 1, 5, 8, 29, 53, 
143, 170, 176; partnerships and, 18, 201, 209; 
profit and, 10, 17 (see also profits); 
protectionism and, 18, 147, 151, 164, 193, 197, 
201, 203, 209; Reines and, 80–85; 
self-reliance and, 159; Soviet Union and, 16; 
Tata Institute of Fundamental Research 
(TIFR) and, 7, 17–18, 28, 84, 105, 118–19, 122, 
124, 130–31, 151; tragedy and, 201–2, 207–9; 
United States and, 5, 17–20, 74, 118, 130

compilers: Control Data Corporation 
(CDC) and, 130; FORTRAN, 107, 111, 115, 
130; IBM and, 107, 115, 119, 130; Tata 
Institute of Fundamental Research 
Automatic Calculator (TIFRAC) and, 
107, 111, 115, 119

Compton, Arthur, 38, 74–75
Computer Maintenance Corporation 

(CMC): capitulation and, 178; 

Electronics Corporation of India Limited 
(ECIL) and, 172–78; software and, 
175–76

Congress Party, 159, 170–71, 179, 189
Control Data Corporation (CDC): Bhabha 

and, 18, 129, 132–38, 141–53; CDC 1604, 
130; CDC 3600, 29, 129–33, 138–52, 159, 
161; CDC-6600, 87, 144; CERN and, 144; 
Cold War and, 132, 135, 144; colonialism 
and, 135–36, 145, 149; competition and, 18, 
130–31, 144, 151; compilers and, 130; 
ferrite-core memory and, 145, 147; 
FORTRAN and, 130–31; Galbraith and, 
129–35, 138; IBM and, 18, 29, 129–34, 
141–44, 148, 150–55, 161, 165, 212; Japan 
and, 145; limits of partnerships and, 
142–50; manufacturing and, 18, 129–31, 
138, 145–54, 157, 174; Menon and, 129–33, 
141, 143–50, 153; Miles and, 132, 141–48, 
153, 219; Narasimhan and, 129–30, 133–34, 
146, 150; Norris and, 143–44, 219; 
partnerships and, 18, 29, 133, 141, 149–55, 
165, 203, 212; peripherals and, 138, 141, 145, 
172; profits and, 145–47, 151–54; 
protectionism and, 151; Rao and, 129, 139; 
self-reliance and, 131, 138, 146, 149–54, 157, 
159, 161, 165, 172, 174; sovereignty and, 
154; Soviet Union and, 135–37, 144; Tata 
Institute of Fundamental Research 
(TIFR) and, 18, 29, 87, 89, 130–33, 138–55, 
161, 165, 172, 174, 212; technology transfer 
and, 144; tragedy and, 203, 212; 
withdrawal of, 148–50, 152

corruption, 9, 179–80
cosmic ray research: Auger and, 50–51; 

Bagnères-de-Bigorre conference and, 73; 
Bhabha and, 61–73, 76–78, 81–83, 87–90; 
Blackett and, 68–69, 73, 83; Britain and, 
67–70, 74–77, 81, 83; Brookhaven and, 73, 
86–87; bubble chambers and, 85–88, 129, 
172; cathode ray tubes (CRTs) and, 67, 
101–2, 104; CERN and, 17, 81–82, 86–87, 
115, 144; cloud chambers and, 62, 66–69, 
73–74, 84–89, 91, 129; colonialism and, 



i n d e x   265

60–70, 74–75; competition and, 74, 
80–86; efficiency and, 73; electronics 
and, 80–85, 88–89; electron-positron 
scattering and, 90; Galison and, 65–68, 
73, 88, 90; image vs. logic approach and, 
65–66, 88–89; International Conference 
on Cosmic Rays, 156; ionization and, 61, 
85; Kolar Gold Fields and, 81–85, 89; 
manufacturing and, 65, 76, 79, 86; Menon 
and, 77–88; Nehru and, 65, 69, 75, 79; 
neutrinos and, 80, 82, 84; nuclear 
emulsions and, 72–74, 77–78, 84–89, 91; 
nuclear energy and, 63–65, 72, 77, 80, 
83–85, 89; particle accelerators and, 
61–74, 79, 85, 88, 90, 94; partnerships 
and, 75, 77, 82–83; Peters and, 70–77; 
Reines and, 80–85, 89; Salam and, 60–61, 
64; South Africa and, 83–84, 89; Soviet 
Union and, 72; statistics and, 61, 65, 79, 
84, 88; Tata Institute of Fundamental 
Research (TIFR) and, 60–90; United 
States Agency for International 
Development (USAID) and, 89; United 
States and, 61–62, 66, 71–76, 79, 82–87; 
using computers for, 85–88

Dahl, Norman, 163–64
Dandekar, V. M., 167–68
DCM Data Products, 186, 198
democracy, 169, 209, 211
Department of Atomic Energy (DAE), 12, 

127, 134–38
Department of Economic Affairs, 131
Department of Electronics (DoE): 

capitulation and, 180–87, 191; corruption 
charges and, 9; expulsion of leaders, 8; 
IBM and, 29, 171–72, 175, 191, 206, 212; 
Menon and, 159, 167, 174, 198, 206; Rao 
and, 129, 184; SEEPZ and, 182; self-
reliance and, 159, 167–76; Software 
Export Scheme and, 181–83; tragedy and, 
198, 206–7, 212, 214

deregulation, 180
design logic, 96–97

digital computers: Bhabha and, 43–45, 96, 
112, 161; Global North and, 19; Global 
South and, 61; IBM and, 119, 161, 193; 
integrated circuits (ICs) and, 3, 165, 173; 
Kosambi and, 44–45, 57–58; Needham 
and, 43; self-reliance and, 30; TIFRAC, 6 
(see also Tata Institute of Fundamental 
Research Automatic Calculator 
(TIFRAC)); tragedy and, 211–15; 
Trombay Digital Computer, 172–74

Digital Equipment Corporation, 173
direct investment, 209–10, 213

Eastern Bloc, 137
Economic Commission for Latin America 

(ECLA), 200
Economic Planning Board (EPB),  

201–2, 206
economists, 2, 7, 10, 50, 126, 167, 197
Electronic Delay Storage Automatic 

Calculator (EDSAC), 97, 101, 114, 117
Electronic Numerical Integrator and 

Computer (ENIAC), 44–45, 97, 161
electronics: capitulation and, 180–87, 191; 

Columbia University and, 129; cosmic 
ray research and, 80–85, 88–89; DoE, 8 
(see also Department of Electronics 
(DoE)); racial issues and, 5; self-reliance 
and, 29, 156–59, 165–67, 171–76; Tata 
Institute of Fundamental Research 
(TIFR) and, 8–9, 84–85, 88–89, 95, 97, 
117, 124, 129, 156, 165, 172, 174, 176, 191, 212, 
214; tragedy and, 198, 202–3, 206–7, 212, 
214; Watson on, 5

Electronics Committee, 159, 165
Electronics Corporation of India Limited 

(ECIL): body-shopping and, 188; 
capitulation and, 181–84, 188; Computer 
Maintenance Corporation (CMC) and, 
172–76, 178; creation of, 29; IBM and, 
172; self-reliance and, 172–76; software 
and, 173, 181–82

“Electronics in India” (Bhabha Committee 
Report), 156–59, 164–66, 184, 187, 192



266  i n d e x

electron-positron scattering, 90
elitism: Bhabha and, 40, 63, 128; bourgeoisie 

and, 24–25, 209–10; caste, 11, 23–24, 53, 
56, 166, 208, 211; Cold War and, 13, 128; 
colonialism and, 11–13, 20, 24, 53–56, 93, 
136, 208, 211–12; design projects and, 22; 
Kosambi and, 40, 53–56; land ownership 
and, 210; Nehru and, 95, 136, 160, 208; 
self-reliance and, 159–61; Taiwan and, 
231n69; Tata Institute of Fundamental 
Research Automatic Calculator 
(TIFRAC) and, 93, 95; tragedy and, 
208–12; Western, 11

embargoes, 16, 27, 174
Engerman, David, 178
Evans, Peter, 201

Fairchild Semiconductor, 103, 165
Fanon, Frantz, 24–26
Fernandes, George, 171, 180, 217
Ferranti, 114, 116, 129
ferrite-core memory: Cold War and, 101; 

Control Data Corporation (CDC) and, 
145, 147; IBM and, 7, 102, 105–6, 165; 
self-reliance and, 165, 172; Tata Institute 
of Fundamental Research Automatic 
Calculator (TIFRAC) and, 7, 101–6, 108, 
111, 113, 116, 165

First Five-Year Plan, 95, 112
foreign aid: balance-of-payments crisis and, 

113, 136–37; Bhabha and, 18, 28, 132–35, 138, 
150, 153; capitulation and, 179; China and, 
136–37; Cold War and, 203–4; Four-Point 
Technical Assistance Agreement and, 136; 
Indo-Pakistan hostilities and, 179; 
inflation, 135; Kanpur Indo-American 
Program and, 161–62; Kidron on, 196; 
Kosambi and, 28, 52; Nehru and, 134–37, 
141; partnerships and, 126, 131–34, 137–38, 
144, 150, 153; Second Five-Year Plan and, 
112–13; Soviet Union and, 15–16, 136–37; 
Tata Institute of Fundamental Research 
(TIFR) and, 6–7, 17–18, 28, 112–13, 120, 126, 
131–34, 138, 144, 150, 153; tragedy and, 196, 

202–3; trap of, 134–41; UNESCO and, 28; 
USAID, 135 (see also United States Agency 
for International Development (USAID))

foreign direct investment (FDI), 213–14
Foreign Exchange Regulation Act (FERA), 

169–71
foreign policy, 15, 20, 40, 49, 52, 137
FORTRAN: compilers and, 107, 111, 115, 130; 

Control Data Corporation (CDC) and, 
130–31; open-shop system and, 109–11; 
Tata Institute of Fundamental Research 
Automatic Calculator (TIFRAC) and, 
106–11, 115–19

Four-Point Technical Assistance  
Agreement, 136

free market, 10, 126, 179–80

Galbraith, John Kenneth: background of, 
218; Cold War and, 135; Control Data 
Corporation (CDC) and, 129–35, 138; 
foreign aid and, 134–35, 138; free market 
and, 126; Friedman and, 126; Kennedy 
and, 123–24; Keynesianism and, 126; 
Menon and, 125–27; partnerships and, 
125–35; self-reliance and, 161, 163; 
technocrats and, 126

Galison, Peter, 65–68, 73, 88, 90, 245n80, 
245n87

Gandhi, Indira: assassination of, 189; 
background of, 218; Bhabha and, 63, 158; 
capitulation and, 179–80, 189–90; 
Congress Party and, 159, 170–71, 179, 189; 
crackdown on railway strike, 169; 
dismantling of autonomous institutions, 
179; economic transforms of, 158; 
Emergency and, 169–70, 179–81, 198; IBM 
and, 169; self-reliance and, 63, 160, 169–71; 
statistics and, 179; taxes and, 179–80

Gandhi, Rajiv, 189–90
Garwin, Richard, 115–20, 127, 218
Gerschenkron, Alexander, 199–200
glassblowing, 67, 86
Global North: competition and, 1–2, 7, 10, 

19–22, 27–33, 48, 61–62, 88, 108, 152, 



i n d e x   267

194–97; Harvard University and, 33; labor 
and, 1–2, 22, 26, 88, 194; profits and, 10, 
21–22, 26–27, 152, 197; technocrats and, 1

Global South: actor-network theory 
(ANT), 226n19; competition and, 2, 5–6, 
19–23, 26, 30, 32, 40, 48–49, 61, 63, 108, 
194, 199–200, 215; decolonization and, 
23–27; Gerschenkron on, 199–200; labor 
and, 5, 22, 26, 30, 40, 61, 194, 215; profits 
and, 26; technocrats and, 2

Haldane, J. B. S., 43, 48, 69–70
hardware: capitulation and, 182–91; cathode 

ray tubes (CRTs), 67, 101–2, 104; 
ferrite-core memory, 7 (see also 
ferrite-core memory); IBM and, 7, 104, 
108, 118–19, 162, 191; innovations in, 106; 
manufacturing capabilities and, 3; 
self-reliance and, 162, 166; Tata Institute 
of Fundamental Research Automatic 
Calculator (TIFRAC) and, 7, 16–19, 104, 
108–10, 118; tragedy and, 7, 193, 195, 
214–15; vacuum tubes, 7, 101, 104

Hartree, Douglas, 44, 44–45
HCL, 186, 198
high-level programming languages, 107, 111
Hill, A. V., 69–70
Hindus, 34, 56, 127, 170, 213
Hollerith Electronic Computer, 44, 122, 126
Home Charges, 26
Honeywell, 148
Hopper, Grace, 107
Hough-Powell Device (HPD), 86–87
House Un-American Activities Committee, 

50, 71
Huxley, Julian: Needham and, 43–50, 59; 

UNESCO and, 43, 48, 50, 59

IBM: advantages of, 7–8, 17, 102, 105, 119, 130, 
143, 197; Bhabha and, 18, 114–15, 118, 120–22, 
133–34, 141, 143, 153, 161, 164–66, 191–92; 
capitulation and, 178, 191–92; Cold War 
and, 17; competition and, 5–7, 17–21, 105, 
114–16, 118–19, 122, 130, 151; compilers and, 

107, 115, 119, 130; Control Data Corporation 
(CDC) and, 18, 29, 129–34, 141–44, 148, 
150–55, 161, 165, 212; Defense Calculator of, 
103; Department of Electronics (DoE) 
and, 29, 171–72, 175, 191, 206, 212; digital 
computers and, 119, 161, 193; dominance 
of, 5–6, 9, 17, 18, 104–6, 130, 160–66, 193, 
197; Electronics Corporation of India 
Limited (ECIL) and, 172; expulsion of, 1, 
21, 29, 152, 170–71, 178, 193, 206; extractive 
approach of, 133, 212; FERA and, 169–70; 
ferrite-core memory and, 7, 102, 105–6, 165; 
Gandhi and, 169; Global South and, 5; 
hardware and, 7, 104, 108, 118–19, 162, 191; 
IBM 1401, 152, 175; IBM 1620, 160–63; IBM 
650, 87; IBM 7000 series, 162; IBM 701, 97, 
101, 103–4, 107; IBM 704, 103, 106–7, 119–22; 
IBM 709, 106; IBM 7090, 129–30; Indian 
CEOs and, 2; Indian Institute of Technol-
ogy (IIT) and, 161–64; labor dominance 
of, 105; manufacturing and, 1, 7–8, 17–19, 29, 
102, 105, 108, 129–30, 153–54, 166, 169, 172, 
174, 192–93, 197; Massachusetts Institute of 
Technology (MIT) and, 17–18, 102, 108, 118, 
120; military and, 114; as monopoly, 5, 29, 
143, 164–66, 170, 176; National Security 
Agency (NSA) and, 105; Nehru and, 152, 
160, 193; PAC report on, 170; Pal and, 87; 
partnerships and, 17–21, 29, 102, 108, 133, 
141, 150, 152, 161, 165, 191–92, 212; peripherals 
and, 119; Piore and, 114–15; profit and, 17, 
152–54, 162, 170, 197; protectionism and, 18, 
197; punch cards and, 86; return of, 191–92; 
self-reliance and, 29, 160–76; software and, 
7, 97, 106–8, 118–19, 162, 165–66, 175, 190–93; 
subsidies and, 17, 143, 175; Tata Consultancy 
Services (TCS) and, 21; Tata Institute of 
Fundamental Research (TIFR) and, 7–9, 
17–21, 28–29, 86–87, 97–108, 115, 118–22, 127, 
130–33, 141, 144, 151–54, 160–65, 172, 178, 191, 
193, 212; technology transfer and, 162, 164, 
171, 197; tragedy and, 193, 197, 206, 212; 
Watson and, 5, 152; Williams and, 5; Zurich 
laboratory of, 114



268  i n d e x

ILLIAC, 98–99
image vs. logic approach, 65–66, 88–89
Immigration and Nationality Act, 162–63
import-substitution industrialization (ISI): 

dilution of, 17; Second Five-Year Plan 
and, 112; self-reliance and, 159, 167, 176; 
subsidies and, 7; Tata Institute of 
Fundamental Research Automatic 
Calculator (TIFRAC) and, 9; theories of, 
7, 9–10; tragedy and, 200

independence: Bhabha and, 40, 59, 63, 
95–96, 113, 157, 164, 192; capitulation and, 
186, 192; colonialism and, 1–2, 6, 12, 17, 24, 
26, 68, 75, 95, 194, 196, 208, 212, 215; 
economic, 2, 6, 15, 24, 26, 121, 126, 135–36, 
166, 169, 192, 196, 210, 215; industrialization 
and, 1–2, 6, 15, 26, 40, 124, 136, 158, 172, 179, 
192, 196, 209–10, 213; Kosambi and, 
40–42, 59; political, 10, 12, 24, 26, 41, 60, 
63, 68, 75, 95, 121, 125–26, 135–36, 138, 179, 
211; self-reliance and, 157, 164, 166, 169–77; 
sovereignty and, 1, 194, 211; Tata Institute 
of Fundamental Research (TIFR) and, 
157; technology and, 1–2, 6, 10, 12, 26, 95, 
113, 121, 124, 157, 164, 166, 169, 172, 174–76, 
192–96, 211–12, 215; tragedy and, 194, 196, 
208–15; UNESCO and, 48, 95

Indian Communist Party, 52, 170
Indian Industrial Commission, 196
Indian Institute of Science (IISc), 63, 67, 81, 

127, 152
Indian Institute of Technology (IIT): 

foreign partnerships of, 161–62; Kanpur 
Indo-American Program and, 161–62; 
knock-on effects and, 190; Massachusetts 
Institute of Technology (MIT) and, 161, 
163; self-reliance and, 161–64

Indian National Congress (INC), 34, 208–9
Indian Statistical Institute (ISI): Mahalanobis 

and, 15–16, 44, 95, 121–26; Menon and, 
121; Tata Institute of Fundamental 
Research Automatic Calculator 
(TIFRAC) and, 121–26; tragedy and, 200

Indo-China War, 134–37, 151, 156

industrialization: China and, 199, 204–7; 
efficiency and, 2, 4, 16, 205; Gerschenkron 
on, 199–200; import-substitution 
industrialization (ISI), 7, 9–10, 17, 112, 159, 
167, 176, 200; independence and, 1–2, 6, 
15, 26, 40, 124, 136, 158, 172, 179, 192, 196, 
209–10, 213; late-late, 199–201, 204–5, 209, 
211, 214; “Make in India” initiative, 
193–94, 213–14; Ministry of Industry, 180, 
184–85; nuclear energy and, 64; 
recalibration and, 204–7; revolution and, 
204–7; South Korea and, 199; Soviet, 95, 
200; Taiwan and, 199; technology and, 2, 
6, 9, 15, 23, 26, 200–1, 205, 211, 214; tragedy 
and, 199–201, 204–5, 209, 211, 214; United 
States aid and, 136–37

Industrial Technology Research Institute 
(ITRI), 6, 202, 206

industry: body-shopping and, 187–88; 
China and, 136, 199, 203–7, 213; colonialism 
and, 2, 6, 18, 23–26, 30, 112, 136, 145, 
195–97, 200, 204; profits and, 4, 10, 21, 25, 
158, 167, 190, 193; raw materials and, 3, 7, 
10, 25–27, 145–47, 195, 197, 200; textile, 25, 
195

inequality, 22–23, 26, 196, 214
inflation, 94, 112, 135, 137, 179
Infosys, 193
integrated circuits (ICs), 3, 165, 173
International Atomic Energy Agency 

(IAEA), 135
International Computation Center (ICC): 

Bhabha and, 17, 45, 48, 51, 96, 153; 
diplomatic sabotage and, 48–54; failure 
of, 48, 52–53, 59; Kosambi and, 45, 48, 
51–54, 59; Needham and, 45, 49–51, 59; 
UNESCO and, 17, 20, 45, 48–49, 93, 96, 
156–57, 203, 212

International Monetary Fund (IMF), 17, 
136–37, 151

Janata Party, 170–71, 180, 185
Japan: alignment with United States, 207; 

authoritarian discipline of, 211; Control 



i n d e x   269

Data Corporation (CDC) and, 145; 
cyclotron destruction and, 49;  
developmental success of, 207; 
Hiroshima, 64; Ministry of International 
Trade and Industry (MITI), 201; 
Nagasaki, 64; protectionism and, 10, 203; 
tragedy and, 201, 203, 206–7, 211

Kanpur Indo-American Program, 161–62
Kidron, Michael, 196
Kolar Gold Fields, 81–85, 89
Kosambi, Damodar Dharmanand: analog 

computers and, 28, 36, 38, 42, 45, 218; 
articles of, 36–38; background of, 31–35, 
218; Bhabha and, 28, 40–48, 51–52, 59; 
Birkhoff and, 33–35, 238n85; Blackett and, 
43, 46, 50; Bourbaki prank of, 31–35; 
Britain and, 31, 44, 53, 56; Bush and, 
38–46, 58, 234n18; Cambridge and, 33, 40, 
42, 46; as chair of mathematics, 41; Cold 
War and, 51, 54, 57–59; colonialism and, 
34–35, 44, 48–49, 52–57; competition 
and, 44; digital computers and, 44–45, 
57–58; elitism and, 40, 53–56; first 
machine and, 28, 122; foreign aid and, 28, 
52; Harvard University and, 31, 33–35, 
45–46, 52–53, 55; independence and, 
40–42, 59; International Computation 
Center (ICC) and, 45, 48, 51–54, 59; An 
Introduction to the Study of Indian History, 
56; Kosmagraph and, 33–45, 58; lessons 
from failure for, 58–59; Massachusetts 
Institute of Technology (MIT) and, 
33–34, 38–39, 44, 46, 51, 56, 58; military 
and, 44; Needham and, 43, 45, 59; Nehru 
and, 41–43, 45; “On a Generalization of 
the Second Theorem of Bourbaki”, 31; 
Princeton and, 42–46; Raju on, 35–36; 
Raman Effect and, 52–54; scientific 
freedom and, 52–54; socialism and, 43, 
53; Soviet Union and, 44; statistical 
analysis and, 55–59; “Statistics in 
Function Space”, 36–37; subaltern studies 
and, 56–57; Tata Institute of 

Fundamental Research (TIFR) and, 28, 
41–45, 59; taxes and, 55; technology 
transfer and, 44; UNESCO and, 28, 32, 
43–48, 51–52, 58–59, 218; United States 
and, 28, 33–34, 39–46, 49–53, 58–59; US 
National Research Council (NRC) and, 
51; Weil and, 31–35, 41, 45, 220

Kosambi, Dharmanand, 33
Kosmagraph: analog capabilities of, 33–45, 

58; Bush Analyzer and, 38–45, 58, 234n18; 
engineering schematics of, 36–38; proof 
of concept, 41

labor: activism and, 188; automation and, 86, 
105, 160, 166–71, 176; brain drain and, 4, 
161, 163, 183; cost of, 145, 151; division of, 
118, 197; domestic relations with, 187; 
dominance of IBM and, 105; exploitation 
of, 26, 81, 182; Global North and, 1–2, 22, 
26, 88, 194; Global South and, 5, 22, 26, 30, 
40, 61, 194, 215; Home Charges and, 26; 
Immigration and Nationality Act and, 
162–63; impact of Indian, 1–2; Indian 
Industrial Commission and, 196; 
inexpensive, 4; manufacturing and, 203 
(see also manufacturing); movements for, 
24; new dynamics of, 22; offshoring, 3–4, 
9, 21, 26; organized, 166–71, 176, 188; 
railway, 25, 168–71, 175, 188, 195–96; real 
wages, 179–80; shortages of, 16; skilled, 
163, 183, 190, 211, 215; suppressing 
resistance of, 198; tech workers, 1–2, 22, 30, 
188; unemployment and, 159–60, 167–68; 
unrest in, 160; value extraction and, 22

Latin America, 2, 40, 195, 200, 215, 233n94
licenses: capitulation and, 179, 184–87; 

import, 28; tragedy and, 196, 198, 201, 210
Life Insurance Corporation (LIC), 160, 

166–67, 188
logic-based detectors, 65, 80, 84, 89
logic machines, 80, 97
Los Alamos, 80, 85–86
low-level programming languages,  

106–7, 110



270  i n d e x

machine code, 107, 116
magnetic-tape memory, 111, 116, 141
Mahalanobis, P. C.: background of, 15; 

Indian Statistical Institute (ISI) and, 
15–16, 44, 95, 121–26; Menon and, 15, 
121–22, 126; Second Five-Year Plan and, 
95; Soviet Union and, 15–16, 44, 95; 
statistics and, 15–16, 44, 95, 121, 125

“Make in India” initiative, 193–94, 213–14
Manufacturers’ Association for Information 

Technology (MAIT), 190–91
manufacturing: Bhabha and, 18, 93, 125, 145, 

157, 166, 184, 187, 192; Britain and, 6, 25, 129, 
195; capitulation and, 179–84, 187–92; 
China and, 205–7, 213; comparative 
advantage and, 105, 200, 214; competition 
and, 5, 7, 17–18, 25, 28, 130; Control Data 
Corporation (CDC) and, 18, 129–31, 138, 
145–54, 157, 174; cosmic ray research and, 
65, 76, 79, 86; IBM and, 1, 7–8, 17–19, 29, 
102, 105, 108, 129–30, 153–54, 166, 169, 172, 
174, 192–93, 197; “Make in India” initiative, 
193–94, 213–14; military and, 76; profits 
and, 3–4, 17, 147, 154, 158, 167, 188–92, 
197–98; raw materials and, 3, 7, 10, 25–27, 
145–47, 195, 197, 200; Samuelson on, 200; 
self-reliance and, 156–58, 165–69, 172–76; 
Soviet Union and, 15; Taiwan and, 3; Tata 
Institute of Fundamental Research 
(TIFR) and, 7–8, 17–19, 28–29, 78–79, 
92–94, 99–105, 108–12, 120, 125, 130, 146–52, 
156, 165–66, 172, 174, 193, 217, 219, 221; 
technology and, 1–8, 17–19, 27–29, 78–79, 
92–94, 99–105, 108–12, 120, 125, 130, 145–52, 
156–57, 165–69, 172–76, 180–84, 187–98, 
203–7, 214–21; tragedy and, 193–200, 
203–7, 213–15; United States and, 5, 17–18, 
76, 99–100, 103, 112, 129–30, 146–47, 165, 
203; value and, 3, 17, 27, 154, 200, 207, 213

Mark I, 90, 114, 116, 117
Marshall Plan, 52
Marx, Karl, 54, 239n88, 239n90, 257n1
Massachusetts Institute of Technology 

(MIT): Bhabha and, 44, 120; Bush and, 

38–39, 44, 46; Compton and, 38, 74–75; 
Dahl and, 163–64; Forrester and, 101–2; 
Global North and, 108; IBM and, 17–18, 
102, 108, 118, 120; Indian Institute of 
Technology (IIT) and, 161, 163; Kosambi 
and, 33–34, 38–39, 44, 46, 51, 56, 58; Rossi 
and, 87; self-reliance and, 161, 163; 
tragedy and, 201; Weaver and, 39

McCarthyism, 54, 71
memory: CDC 3600 and, 148; choice of 

technology for, 5; disc storage, 144; 
ferrite-core, 7 (see also ferrite-core 
memory); magnetic tape, 111, 116, 141; 
manufacturing plants for, 150; RAM, 
101, 108; storage, 101–6, 111, 116; stringing 
plant for, 147; Tata Institute of 
Fundamental Research Automatic 
Calculator (TIFRAC) and, 92, 97, 
101–8, 111–16, 130, 146, 165, 247n22; 
TDC-12 and, 172; TDC-312 and, 173; 
word, 104–8

Menon, M. G. K., 218
Menon, Nikhil: background of, 77, 218; 

balloons and, 77, 79; Cambridge and, 77; 
capitulation and, 184–86; Control Data 
Corporation (CDC) and, 129–33, 141, 
143–50, 153; cosmic ray research and, 
77–88; Department of Electronics (DoE) 
and, 159, 167, 174, 198, 206; Electronic 
Committee and, 159, 165; first machine 
and, 120, 124; Galbraith and, 125–27; 
Indian Statistical Institute (ISI) and, 121; 
International Conference on Cosmic 
Rays and, 156; Mahalanobis and, 15, 
121–22, 126; Reines and, 81–85; removal 
of, 185; self-reliance and, 156–60, 167, 
172–74; semiconductors and, 184; Tata 
Institute of Fundamental Research 
(TIFR) and, 77–88, 120–27, 131–33, 141, 
143, 146, 150, 153, 156, 160, 172, 174; tragedy 
and, 198, 206, 214; Wolfendale and, 84, 
244n75

Miles, James: background of, 219; Control 
Data Corporation (CDC) and, 132, 



i n d e x   271

141–48, 153, 219; partnership model and, 
141, 147, 219

military: ADGES and, 173–74; Allies and, 94; 
balloons and, 75–79; Blackett and, 69; 
computer development and, 4, 16, 19; 
Defense Calculator and, 103; IBM and, 114; 
Indo-China War, 134–37, 151, 156; Kosambi 
and, 44; manufacturing and, 76; Pakistan 
and, 147, 178–79; resources of U.S., 118; self- 
reliance and, 156–57, 174; Taiwan and, 203; 
trade inequality and, 26; World War II, 12, 
40, 48–49, 52, 54, 59, 63, 200

minicomputers: capitulation and, 183–86; 
modular design of, 184; PDP-8, 173; 
public sector manufacturing and, 184; 
self-reliance and, 173; tragedy and, 198

Ministry of Electronics Industry (MEI), 206
Ministry of Industry, 180, 184–85
Ministry of International Trade and 

Industry (MITI), 201, 206
monopolies, 1, 5, 8, 29, 53, 143, 170, 176
Mukherjee, Hirendra Nath, 170
multinational corporations (MNCs): 

capitulation and, 180, 185, 190–91; 
partnerships and, 18, 149, 176, 192; 
pressure from, 1, 3; self-reliance and, 1, 
150–51, 167–70, 176; trade liberalization 
and, 17; tragedy and, 215

Narasimhan, Rangaswamy: background of, 
96, 219; Bhabha and, 96–97, 112, 127, 129, 
133–34, 150, 165–66; bubble chambers 
and, 129; Control Data Corporation 
(CDC) and, 129–30, 133–34, 146, 150; 
design logic and, 96–97; ORDVAC-
ILLIAC group and, 98–99; partnerships 
and, 127–28; self-reliance and, 165–66, 
174; Tata Fellowship of, 96; Tata Institute 
of Fundamental Research Automatic 
Calculator (TIFRAC) and, 96–99, 102, 
105, 112, 119–22, 127–29, 146, 150, 165–66; 
University of Illinois and, 127, 129; von 
Neumann and, 96–97

Narasimhan Committee, 129, 166

National Association of Software and 
Services Companies (NASSCOM),  
191, 199

National Center for Software Development 
and Computing Techniques  
(NCSDCT), 173

nation-states: Bhabha and, 64, 95; science 
and, 10–12; self-reliance and, 10–11; Tata 
Institute of Fundamental Research 
(TIFR) and, 21, 24, 95

Needham, Joseph: background of, 219; 
Bhabha and, 16, 43, 45, 50; Britain and, 16, 
48, 50; China and, 43, 48–49, 51; Cold 
War and, 49, 59; digital computers and, 
43; first machine and, 16; Huxley and, 
43–50; International Computation 
Center (ICC) and, 45, 50–51, 59; 
Kosambi and, 43, 45, 59; periphery 
principle of, 51, 237n63; UNESCO and, 
16–17, 43, 45, 48–50, 59, 219

Nehru, Jawaharlal: Bhabha and, 13, 14, 43, 
45, 65, 69, 91–92, 113, 134, 141, 156, 158; 
capitulation and, 178–79; China and, 134; 
Cold War and, 14; colonialism and, 75, 
136; Compton and, 75; cosmic ray 
research and, 65, 69, 75, 79; death of, 141, 
158; efficiency and, 178; elitism and, 95, 
136, 160, 208; foreign aid trap and, 134–37, 
141; IBM and, 152, 160, 193; independent 
India and, 41–42, 113, 126, 179; International 
Conference on Cosmic Rays and, 156; 
Kosambi and, 41–43, 45; National 
Defense Council and, 134; self-reliance 
and, 156–70, 177; socialism and, 14, 43, 
137; Tata Institute of Fundamental 
Research (TIFR) and, 13–14, 41–43, 65, 
69, 79, 91–93, 113, 141, 152, 156, 158, 160, 
193; tragedy and, 193, 208; Watson  
and, 152

neutrinos, 80, 82, 84
nuclear emulsions: computers and, 85–88; 

electronics and, 84; particle accelerators 
and, 72–74, 77–78, 84–89, 91;  
Peters and, 72–73



272  i n d e x

nuclear energy: APSARA, 134; CIA and, 64; 
CIRUS, 134; cosmic ray research and, 
63–65, 72, 77, 80, 83–85, 89; Department 
of Atomic Energy (DAE) and, 12, 127, 
134–38; development of, 12, 14; 
Indo-Soviet international exchange and, 
72; MANIAC and, 80; reactor sales and, 
14; Saha and, 65; self-reliance and, 173; 
Tata Institute of Fundamental Research 
(TIFR) and, 12, 63–65, 72, 77, 85, 89, 91, 
101, 117, 122, 134; weaponization of, 63–64, 
101; ZERLINA, 134

offshoring, 3–4, 9, 21, 26
operating systems, 107, 165, 173
Oppenheimer, Robert, 45, 70–72, 104, 

236n47
ORDVAC, 98–99
outsourcing: brain drain and, 4, 161, 163, 183; 

offshoring and, 3–4, 9, 21, 26

Pakistan, 60, 147, 151, 178–79
Parsi community, 40, 63
particle accelerators: Bhabha and, 64–66, 69, 

71, 90; Brookhaven and, 73, 86–87; bubble 
chambers and, 85–88, 129, 172; CERN, 17, 
81–82, 86, 87, 115, 144; cloud chambers 
and, 62, 66–69, 73–74, 84–89, 91, 129; 
cosmic ray research and, 61–74, 79, 85, 
88–90, 94; electron-positron scattering 
and, 90; Galison and, 65–68, 73, 88, 90; 
image vs. logic approach and, 65–66, 
88–89; neutrinos and, 80, 82, 84; nuclear 
emulsions and, 72–74, 77–78, 84–89, 91; 
Salam and, 61, 64; self-reliance and, 62; 
SPEAR, 90; Tata Institute of Fundamental 
Research (TIFR) and, 62–66, 69, 71, 79, 
86, 94; workings of, 65–70

Partition, 60, 136
partnerships: Bhabha and, 125–29; 

capitulation and, 180, 186, 191–92; 
competition and, 18, 201, 209; Compton 
and, 75; Control Data Corporation 
(CDC) and, 18, 29, 133, 141, 149–55, 165, 

203, 212; cosmic ray research and, 75, 77, 
82–83; foreign aid and, 126, 131–41, 144, 
150, 153; Four-Point Technical Assistance 
Agreement and, 136; Galbraith and, 
125–35; Garwin and, 127; IBM and, 17–21, 
29, 102, 108, 133, 141, 150–55, 161, 165, 
191–92, 212; IIT Bombay/Soviet Union, 
161; IIT Delhi/Britain, 161; IIT Delhi/
Germany, 161; IIT Kanpur/United 
States, 161; limits of, 142–50; mathemati-
cians and, 40; multinational corporations 
(MNCs) and, 18, 149, 176, 192; Narasim-
han and, 127–28; predation and, 125–55; 
self-reliance and, 157, 160–61, 165, 170, 173, 
176; Tata Institute of Fundamental 
Research (TIFR) and, 9, 17–21, 28–29, 43, 
71, 77, 82–83, 108, 124–25, 141, 147–57, 161, 
165, 173, 191, 212; tragedy and, 195, 201, 
203, 209, 212; UNESCO and, 28, 43, 203, 
212; WFSW and, 43

patents, 102, 193
peripherals: Control Data Corporation 

(CDC) and, 138, 141, 145, 172; IBM and, 
119; Tata Institute of Fundamental 
Research Automatic Calculator 
(TIFRAC) and, 119

periphery principle, 51, 237n63
Peters, Bernard: background of, 71, 219–20; 

balloons and, 72, 75–77; Berkeley and, 71; 
Chowdhury on, 72–73; communism and, 
71–72; cosmic ray research and, 70–77; 
House Un-American Activities 
Committee and, 71; leaves United States, 
72; Oppenheimer and, 71–72; Piccard 
and, 75; socialism and, 71; University of 
Rochester and, 71–72, 75; Winzen and, 76

populism, 169, 179
Prebisch, Raúl, 2, 200
Project Whirlwind, 101–2
protectionism: Bombay Plan and, 209; 

Britain and, 6; competition and, 18, 147, 
151, 164, 193, 197, 201, 203, 209; Control 
Data Corporation (CDC) and, 151; IBM 
and, 18, 197; Japan and, 10, 203; “Make in 



i n d e x   273

India” initiative, 193–94, 213–14; South 
Korea and, 10; subsidies and, 201, 209; 
Taiwan and, 10; Tata Institute of 
Fundamental Research (TIFR) and, 164, 
193; United States and, 18, 147, 151, 197

Public Accounts Committee (PAC),  
170–71, 174

racial issues, 35; apartheid, 48, 83; Germany 
and, 22, 71; Hindus, 34, 56, 127, 170, 213; 
Immigration and Nationality Act and, 
162–63; Watson and, 5

railways: All-India Railwaymen’s Federation 
(AIRF), 168, 171; colonialism and, 25, 
195–96; Gandhi crackdown on, 169; 
Indian Industrial Commission and, 196; 
Indian Railways, 188; labor and, 25, 
168–71, 175, 188, 195–96; National 
Federation of Indian Railwaymen 
(NFIR), 168

Raman, C. V., 52–54, 61, 63
RAM (main memory), 101, 108
RAND Corporation, 107, 110, 130
Rao, P. V. S.: background of, 220; Bhushan 

and, 103; capitulation and, 184; Control 
Data Corporation (CDC) and, 129, 139; 
Department of Electronics and, 129, 184; 
Electronics Committee and, 165; first 
machine and, 97–99, 103; ORDVAC-
ILLIAC group and, 98–99; self-reliance 
and, 165–66, 172; Tata Institute of 
Fundamental Research Automatic 
Calculator (TIFRAC) and, 129

raw materials: colonialism and, 3, 25–26, 195, 
197; copper, 195, 215; industry and, 3, 7, 10, 
25–27, 145–47, 195, 197, 200; lithium, 27, 
195, 215; nickel, 195

Reines, Frederick: background of, 220; 
Bhabha and, 81–83; Blackett and, 83; 
competition and, 80–85; cosmic ray 
research and, 80–85, 89; Kolar Gold 
Fields and, 81–85, 89; Menon and, 81–85; 
South Africa and, 83–84; TIFR and, 
80–85, 89

research and development (R&D), 17, 
213–14, 230n59

Rockefeller Foundation, 32, 39, 60

Saha, Meghnad, 61, 65, 241n20
Salam, Abdus, 60–61, 64, 240n2
Santacruz Electronic Export Processing 

Zone (SEEPZ), 182
Sarabhai, Vikram, 156, 158–59, 220
Second Five-Year Plan, 44, 95, 112, 121, 137
self-reliance: analog computers and, 158; 

automation and, 160, 166–71, 176; Bhabha 
and, 156–59, 161, 164–66; Cold War and, 
157; competition and, 159; Computer 
Maintenance Corporation (CMC) and, 
172–76; Control Data Corporation 
(CDC) and, 131, 138, 146, 149–54, 157, 159, 
161, 165, 172, 174; crisis of planning and, 
158–60; Dandekar committee and, 
167–68; Department of Electronics 
(DoE) and, 159, 167–76; digital 
computers and, 30; electronics and, 29, 
156–59, 165–67, 171–76; “Electronics in 
India” (Bhabha Report), 156–59, 164–66, 
184, 187, 192; elitism and, 159–61; 
Emergency and, 169–70, 179–81, 198; 
Fernandes and, 171; ferrite-core memory 
and, 165, 172; foreign aid and, 156–57; 
Foreign Exchange Regulation Act 
(FERA) and, 169–71; Galbraith and, 161, 
163; Gandhi and, 63, 160, 169–71; 
hardware and, 162, 166; IBM and, 160–76; 
import-substitution industrialization 
(ISI) and, 159, 167, 176; independence 
and, 157, 164, 166, 169–77; Indian Institute 
of Technology (IIT) and, 161–64; 
Indo-China conflict and, 156; Make in 
India and, 193–94, 213–14; manufacturing 
and, 156–58, 165–69, 172–76; Massachu
setts Institute of Technology (MIT) and, 
161, 163; Menon and, 156–60, 167, 172–74; 
military and, 156–57, 174; minicomputers 
and, 173; monopoly power and, 164–66; 
multinational corporations



274  i n d e x

self-reliance (cont.)
	 (MNCs) and, 1, 150–51, 167–70, 176; 

Narasimhan and, 165–66, 174; National 
Defense Council and, 156; nation-state 
and, 10–11; Nehru and, 156, 158–70, 177; 
nuclear energy and, 173; particle 
accelerators and, 62; partnerships and, 
157, 160–61, 165, 170, 173, 176; price of 
independence, 176–77; Princeton and, 
161; profits and, 158, 162, 167, 170; 
protectionism and, 18, 147, 151, 164, 193, 
197, 201, 203, 209; Rao and, 165–66, 172; 
socialism and, 170; software and, 162–63, 
166, 173; sovereignty and, 157, 170; Soviet 
Union and, 161; Tata Institute of 
Fundamental Research (TIFR) and, 7–9, 
28–29, 61–63, 79, 94–96, 113, 120, 124–25, 
128, 131, 146, 149–58, 161, 164, 178, 190, 193; 
technocrats and, 158–59, 164; technology 
transfer and, 162, 164, 168–69, 171, 176; 
United States and, 161–65

semiconductors: fabrication of, 184, 187, 
194, 202, 214–15; Fairchild Semiconductor, 
103, 165; Menon and, 184; TDC-12 and, 172

Shapley, Harlow, 50–51
Silicon Valley, 2, 39, 163, 211
socialism: Bhabha and, 14, 16, 43;  

capitulation and, 180, 189; Kosambi and, 
43, 53; moderate, 170; Nehru and, 14, 43, 
137; pattern of, 137; Peters and, 71; 
self-reliance and, 170; UNESCO and, 16, 
43, 48–50, 53

Social Relations of Science, 48
software: Amrute on, 22; capitulation and, 

181–83, 186–92; CMC and, 175–76; ECIL 
and, 173, 181–82; engineer’s choice of, 5; 
IBM and, 7, 97, 106–8, 118–19, 162, 165–66, 
175, 190–93; IIT Kanpur and, 163; JOSS, 
110; MAIT and, 190–91; NASSCOM and, 
191, 199; NCSDCT and, 173; profits and, 
21, 29, 183, 189–93; SEEPZ and, 182; 
self-reliance and, 162–63, 166, 173; Tata 
Institute of Fundamental Research 
Automatic Calculator (TIFRAC) and, 7, 

97, 107–8, 111, 116–19, 165; Texas 
Instruments and, 182; tragedy and, 
198–99, 207, 214–15; URAL and, 16

South Korea: alignment with United States, 
207; authoritarian discipline of, 211; Cold 
War and, 203–4; developmental success 
of, 207–8; Economic Planning Board 
(EPB) and, 201–2, 206; Hee regime, 202; 
industrialization and, 199; industry and, 
199; international exchange and, 3, 10; 
postwar economics of, 201; protectionism 
and, 10; state interventions and, 201–7, 211

sovereignty: Bhabha and, 133–37, 157; 
capitulation and, 29–30, 181–83; 
colonialism and, 1, 24, 30, 194, 215; 
Control Data Corporation (CDC) and, 
154; by design, 94–96; economic, 11, 
24–25, 29, 154, 212; independence and, 1, 
194, 211; Partition and, 60, 136; self-
reliance and, 157, 170; Tata Institute of 
Fundamental Research Automatic 
Calculator (TIFRAC) and, 94–96; 
technological, 1, 21, 24–25, 29–30, 154, 157, 
170, 193–95, 207, 210–12; tragedy and, 
193–95, 207, 210–12, 215

Soviet Union: Bhabha and, 14, 44, 126; 
Britain and, 50; China and, 15, 136, 203, 
205; Cold War and, 13–20, 30, 49, 51, 54, 
57–59, 101, 128, 132, 135, 144, 157, 203–4, 
207; colonialism and, 13; competition 
and, 16; containment of, 203; Control 
Data Corporation (CDC) and, 135–37, 
144; cosmic ray research and, 72; foreign 
aid and, 15–16, 136–37; Gerovitch on, 20; 
IIT partnership of, 161; India’s proximity 
to, 15; industrialization and, 95, 200; 
Kosambi and, 44; lagging computer 
technology of, 16; Mahalanobis and, 
15–16, 44, 95; manufacturing and, 15; 
nuclear bomb and, 63–64, 101; nuclear 
energy and, 72; Peters on, 20; self-
reliance and, 161; Tata Institute of 
Fundamental Research Automatic 
Calculator (TIFRAC) and, 95, 101, 122; 



i n d e x   275

tragedy and, 201, 203, 205; United States 
and, 13–16, 135–37, 144, 161, 203, 205; 
URAL computer and, 16, 122, 126

Sperry Rand, 130
standardization, 5, 7, 28, 107, 188
state interventions: complications of, 10; 

protectionism and, 18, 147, 151, 164, 193, 
197, 201, 203, 209; South Korea and, 
201–7, 211; Taiwan and, 202; technological 
acquisitions and, 200; United States  
and, 203

statistics: Bose-Einstein, 61; cosmic ray 
research and, 61, 65, 79, 84, 88; Gandhi 
and, 179; IBM dominance and, 17; 
Kosambi and, 36–37, 55–59; Mahalanobis 
and, 15–16, 44, 95, 121, 125; Make in India 
collapse, 213

Stone, Marshall, 35, 41, 45–46, 72
stored-program computers, 106–7, 114
subsidies: credit and, 201; domestic 

manufacturing and, 7, 182; IBM and, 17, 
143, 175; import-substitution industrial-
ization (ISI) and, 7; NASSCOM and, 
191; protectionism and, 201, 209; SEEPZ 
and, 182; Software Export Scheme and, 
182; Software Policy and, 189; state 
protections and, 8, 10, 21, 209; transfer 
pricing and, 196; United States, 143

systems engineering, 166, 174, 190

Taiwan: alignment with United States, 207; 
Cold War and, 203–4; containment of, 
203; Council for Economic Planning and 
Development, 201; developmental 
success of, 207–8; elitism and, 231n69; 
industrialization and, 199; Industrial 
Technology Research Institute (ITRI), 6, 
206; integrated circuits (ICs) and, 3; 
international exchange and, 190, 201–11; 
manufacturing and, 3; military aid and, 
203; postwar economics of, 201; 
protectionism and, 10; state interventions 
and, 202

Tarapur agreement, 135, 137

tariffs, 25, 195, 200
Tata Fellowship, 96
Tata Institute of Fundamental Research 

(TIFR): Auger and, 50; balloon-flight 
program of, 28, 62, 69, 72–80, 85, 88–89, 
91; Bhabha and, 12–18, 28, 40–45, 50, 59, 
63–72, 76–78, 81–83, 87–97, 112–15, 
118–29, 132–34, 138, 141–50, 153, 156–58, 
161, 164–65, 191; Blackett and, 43, 68–69, 
83, 91; Brookhaven and, 73, 86–87; 
capitulation and, 178, 190–91; challenges 
of, 8–9, 17, 28–29, 59, 67, 74, 76–79, 89, 
94, 100–1, 105, 108, 111–16, 123–24, 149, 153, 
166; CIA and, 64; cloud chambers and, 
62, 66–69, 73–74, 84–89, 91, 129; Cold 
War and, 8, 12–13, 17–18, 30; competition 
and, 7, 17–18, 28, 84, 105, 118–19, 122, 124, 
130–31, 151; Control Data Corporation 
(CDC) and, 18, 29, 87, 89, 130–33, 138–55, 
161, 165, 172, 174, 212; cosmic ray research 
and, 60–90; design logic and, 96–97; 
efficiency and, 9, 87; electronics and, 
8–9, 84–85, 88–89, 95, 97, 117, 124, 129, 
156, 165, 172, 174, 176, 191, 212, 214; 
existence theorem and, 112–13; foreign 
aid and, 6–7, 17–18, 28, 112–13, 120, 126, 
131–34, 138, 144, 150, 153; foreign 
influence and, 6–9, 17–18, 21, 28, 96, 113, 
120, 124, 126, 131–34, 138, 141–46, 149–54, 
158, 161, 174, 214; IBM and, 7–9, 17–21, 
28–29, 86–87, 97–108, 115, 118–22, 127, 
130–33, 141, 144, 151–54, 160–65, 172, 178, 
191, 193, 212; impact of, 27–30; Instru-
mentation Group, 97; International 
Conference on Elementary Particles and, 
70; Kosambi and, 28, 41–45, 59; 
manufacturing and, 92–94, 99–105, 
108–12, 120; nation-states and, 21, 24, 95; 
Nehru and, 13–14, 41–43, 65, 69, 79, 
91–93, 113, 141, 152, 156, 158, 160, 193; 
nuclear energy and, 12, 63–65, 72, 77, 85, 
89, 91, 101, 117, 122, 134; open-shop system 
and, 109–11; particle accelerators and, 
62–66, 69, 71, 79, 86, 94; partnerships



276  i n d e x

Tata Institute of Fundamental Research 
(TIFR) (cont.)

	 and, 9, 17–21, 28–29, 43, 71, 77, 82–83, 108, 
124–25, 141, 147–57, 161, 165, 173, 191, 212; 
Princeton and, 97, 112, 114; protectionism 
and, 164, 193; Reines and, 80–85, 89; 
self-reliance and, 7–9, 28–29, 61–63, 79, 
94–96, 113, 120, 124–25, 128, 131, 146, 
149–58, 161, 164, 178, 190, 193; technology 
transfer and, 18; tragedy and, 193, 212, 
214; UNESCO and, 8, 16, 18, 28, 43–45, 
52, 93–96, 156, 212; United States Agency 
for International Development (USAID) 
and, 18, 89, 138, 161; University of Illinois 
and, 98, 119, 127, 129

Tata Institute of Fundamental Research 
Automatic Calculator (TIFRAC): 
Autocode and, 15–19; balloon-flight 
program of, 28, 62, 69, 72–80, 85, 88–89, 
91; Bhabha and, 91–97, 112–15, 118–27, 150; 
Blackett and, 91; Bombay Yacht Club 
and, 91, 98; challenges in building, 101–6; 
chasing next machine and, 127–34; 
colonialism and, 93–95, 112; competition 
and, 7, 105, 118–19, 122, 124; compilers 
and, 107, 111, 115, 119; Computer Group 
and, 109; Control Data Corporation 
(CDC) and, 130, 144, 146, 150, 154; 
Department of Electronics (DoE) and, 
198, 206–7, 212, 214; design flaws of, 18; 
development of, 6–7; dismantling of, 92, 
94, 114, 124–25; elitism and, 93, 95; 
existence theorem and, 112–13, 120; 
failure of, 7–8, 18, 93, 111–13, 125, 156; 
ferrite-core memory and, 7, 101–6, 108, 
111, 113, 116, 165; FORTRAN and, 106–11, 
115–19; Garwin and, 115–20; hardware of, 
7, 16–19, 104, 108–10, 118; high-level 
programming languages and, 107, 111; 
IBM and, 7, 97, 101–8, 114–15, 118–22, 130, 
144, 165–66, 193, 212; import-substitution 
industrialization (ISI) and, 7, 9; Indian 
Statistical Institute (ISI) and, 121–26; 
Kosambi and, 28, 122; low-level 

programming languages and, 106–7, 110; 
machine code and, 107, 116; memory and, 
92, 97, 101–8, 111–16, 130, 146, 165, 247n22; 
Menon and, 77–88, 120–27, 131–33, 141, 
143, 146, 150, 153, 156, 160, 172, 174; 
Narasimhan and, 96–99, 102, 105, 112, 
119–22, 127–29, 146, 150, 165–66; 
Needham and, 16; Nehru and, 91–95, 113; 
operating systems and, 107, 165; 
ORDVAC-ILLIAC group and, 98–99; 
partnerships and, 102, 108, 124; peripherals 
and, 119; proof of concept, 97; RAM and, 
101, 108; Rao and, 97–99, 103, 129; Second 
Five-Year Plan and, 112; self-reliance and, 
156–59, 165–66; software and, 7, 97,  
107–8, 111, 116–19, 165; sourcing  
components for, 99–101; sovereignty  
and, 94–96; Soviet Union and, 95, 101, 
122; speed of, 7, 97, 101–5, 108, 111, 115, 117, 
126; stored-program computers and, 
106–7, 114; tragedy and, 193, 212; United 
States and, 96–100, 103, 106, 112,  
114, 117–24

taxes, 55, 94, 179–80, 210, 213
technocrats: capitulation and, 180; 

colonialism and, 1, 6, 11–12, 194, 212; 
Galbraith and, 126; Global North and, 1; 
Global South and, 2; policy and, 2, 6, 12, 
158, 164, 193–94; rationalized planning and, 
121; science and, 1, 10–12, 16, 19, 158–59, 193; 
self-reliance and, 158–59, 164; sovereignty 
and, 1; tragedy and, 193–94, 211–13

technology: independence and, 1–2, 6, 10, 
12, 26, 95, 113, 121, 124, 157, 164, 166, 169, 
172–76, 192–96, 211–12, 215; industrializa-
tion and, 2, 6, 9, 15, 23, 26, 200–1, 205, 211, 
214; information (IT), 3, 9, 22, 30, 162, 
214; labor and, 1–2, 22, 30, 188; manufac-
turing and, 1–8, 17–19, 27–29, 78–79, 
92–94, 99–105, 108–12, 120, 125, 130, 
145–52, 156–57, 165–69, 172–76, 180–84, 
187–98, 203–7, 214–21; minicomputers, 
173, 183–86, 198; profits and, 4, 21–29, 
152–53, 167, 170, 183, 188, 193, 196–98; 



i n d e x   277

sovereignty and, 1, 21, 24–25, 29–30, 154, 
157, 170, 193–95, 207, 210–12

technology transfer: capitulation and, 183; 
colonialism and, 196; Control Data 
Corporation (CDC) and, 144; 
dependency and, 176, 196, 203, 212; IBM 
and, 162, 164, 171, 197; Kosambi and, 44; 
limitations of, 44; multinational 
corporations (MNCs) and, 18; self-
reliance and, 162, 164, 168–69, 171, 176; 
Tata Institute of Fundamental Research 
(TIFR) and, 18

Third Five-Year Plan, 44, 122, 131, 135
transistors, 122, 124
Trombay Digital Computer, 172–74

underdevelopment: colonialism and, 2–3, 5, 
23, 95, 136, 200, 204; industrialization and, 
2–5, 20, 23, 40, 95, 121, 136, 199–200, 204

unemployment, 159–60, 167–68
UNESCO: Bhabha and, 16, 28, 43–48, 51–52, 

93, 96; Blackett and, 48; Cold War and, 8, 
20, 59; Computer Center of, 17 (see also 
International Computation Center 
(ICC)); diplomatic sabotage and, 48–54; 
foreign aid and, 28; Huxley and, 43, 48, 
50, 59; independence and, 48, 95; 
Kosambi and, 28, 32, 43–48, 51–52, 58–59, 
218; Needham and, 16–17, 43, 45, 48–50, 
59, 219; partnerships and, 28, 43, 203, 212; 
self-reliance and, 156–57; Shapley and, 
50; socialism and, 16, 43, 48–50, 53; Tata 
Institute of Fundamental Research 
(TIFR) and, 8, 16, 18, 28, 43–45, 52, 93–96, 
156, 212; WFSW and, 43

unions, 166–71, 176, 188
United States: alignment with, 207; Bhabha 

and, 14, 18, 28, 41, 43–46, 71–72, 76, 82, 87, 
96–97, 112, 114, 121, 128–29, 133–35, 165; 
capitulation and, 179, 181; CDC and, 18  
(see also Control Data Corporation 
(CDC)); Cold War and, 13–16, 20, 59, 135, 
144, 203–4, 207; colonialism and, 6, 13, 17, 
20, 26, 135–36; competition and, 5, 17–20, 

74, 118, 130; computer development in, 
19–20, 22, 26, 28; containment and, 203; 
cosmic ray research and, 61–62, 66, 71–76, 
79, 82–87; diplomatic sabotage and, 48–54; 
dominance of, 5–6, 14, 22, 144, 203–7, 214; 
economic aid from, 15–16; foreign policy 
and, 15, 20, 40, 49, 52, 137; Four-Point 
Technical Assistance Agreement and, 136; 
House Un-American Activities Commit-
tee and, 50, 71; IBM and, 18 (see also IBM); 
IIT partnership of, 161; IMF and, 17, 
136–37; industrialization and, 136–37; 
Johnson and, 162; Keynesianism and, 126; 
Kosambi and, 28, 33–34, 39–46, 49–53, 
58–59; McCarthyism and, 54; manufactur-
ing and, 5, 17–18, 76, 99–100, 103, 112, 
129–30, 146–47, 165, 203; military resources 
of, 118; protectionism and, 18, 147, 151, 197; 
self-reliance and, 161–65; Silicon Valley, 2, 
39, 163, 211; Soviet Union and, 13–16, 
135–37, 144, 161, 203, 205; state interven-
tions and, 203; STEM workers and, 2; Tata 
Institute of Fundamental Research 
Automatic Calculator (TIFRAC) and, 
96–100, 103, 106, 112, 114, 117–24; tragedy 
and, 203–7, 214; World Bank and, 17, 137

United States Agency for International 
Development (USAID): Bhabha and, 18, 
135, 138; cosmic ray research and, 89; 
expulsion of, 179; Tarapur agreement 
and, 135, 137; TIFR and, 18, 89, 138, 161

UNIVAC, 101, 122–23, 129–30
URAL computer, 16, 122, 126
US State Department, 8, 15, 17, 20, 28, 50, 72

vacuum tubes, 7, 101, 104
value: added, 195; book, 152–53, 170, 175; 

chain of, 3, 10; economic, 2, 7, 10, 50, 126, 
167, 197; export, 3, 17, 113; extraction of, 
22, 24, 27, 133; import, 17, 113, 127, 152–54, 
170; manufacturing and, 3, 17, 27, 154, 200, 
207, 213; offshoring and, 3–4, 9, 21, 26; 
research and, 3, 54, 75, 152; rupee, 17, 154; 
strategic, 159; tech workers



278  i n d e x

von Neumann, John: Bhabha and, 44–46, 
96–97, 114; Narasimhan and, 96–97; 
Princeton and, 44–46, 96–97, 106–7, 114

Weil, André: background of, 220; Bourbaki 
prank and, 31–35; Kosambi and, 31–35, 41, 
45, 220; Masood and, 31

Wiener, Norbert, 33, 39, 45–46
Wilkes, Maurice, 114, 117–18
Wipro, 186, 189–90
word memory, 104–8
World Bank, 17, 137
World War II, 12, 40, 48–49, 52, 54, 59,  

63, 200




