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Introduction: The Calculus of Civilization

In his 1911 work, An Introduction to Mathematics, the philosopher and mathematician
Alfred North Whitehead posited a principle of civilizational progress that stands in
stark contrast to conventional wisdom. He wrote: "It is a profoundly erroneous truism,
repeated by all copy-books and by eminent people when they are making speeches,



that we should cultivate the habit of thinking of what we are doing. The precise
opposite is the case. Civilization advances by extending the number of important
operations which we can perform without thinking about them. Operations of thought
are like cavalry charges in a battle — they are strictly limited in number, they require
fresh horses, and must only be made at decisive moments".' This report argues that
Whitehead's aphorism is not merely a philosophical witticism but a precise,
guantifiable law of societal development. The analogy of thought as a finite
resource—a cavalry charge limited in number and requiring fresh horses—reveals the
core constraint on human progress: conscious cognitive effort is a scarce,
metabolically expensive commodity. The advance of civilization, therefore, can be
measured by the systematic offloading, abstraction, and automation of “important
operations"—both physical and cognitive—into external, increasingly powerful
technological substrates. This process of externalization allows the finite "cavalry" of
human consciousness to be conserved and redeployed at ever-higher levels of
abstraction, tackling problems of increasing complexity and scale.

This analysis will trace the historical trajectory of this offloading process through
three intertwined, quantitative lenses: Energy, the fundamental capacity to perform
any operation; Computation, the formalization and automation of symbolic and
cognitive operations; and Entropy, the physical principle governing the relationship
between energy, order, and information. The progression is not linear but constitutes
an accelerating, exponential feedback loop, a dynamic consistent with
thermodynamic models of social evolution and the observed Law of Accelerating
Returns.’

The theoretical grounding for this investigation is Whitehead's own broader
philosophical framework, the "philosophy of organism" or "process philosophy".° This
worldview rejects the notion of a reality composed of static, independent material
objects. Instead, it posits that reality consists of dynamic, interrelated "processes" or
"events".® From this perspective, technology is not a collection of inert tools but an
extension and structuring of our own organismic processes. It is a method for
organizing the flow of energy and information to create new, more complex states of
being. An "important operation,” in this context, is any process that contributes to the
creation, maintenance, and growth of these complex, ordered systems that constitute
civilization." The automation of these operations is the primary strategy by which, as
Whitehead elsewhere stated, "Life is an offensive, directed against the repetitious
mechanism of the Universe".? This report will demonstrate, with empirical data, that
the number, scale, and sophistication of operations performed "without thinking" has
grown exponentially, and that this growth serves as the most accurate single metric



for the advance of civilization itself.

Part I: The Energetic Foundation - From Muscle to Machine

The ability to perform any operation, let alone without conscious thought, is
fundamentally a function of the net energy a society can harness and direct. Before
an operation can be automated, the energy to power it must be secured. The history
of civilization's energy budget is the bedrock upon which all other forms of progress
are built. It is the story of humanity breaking free from the metabolic constraints of its
own biology to command power on a planetary scale.

Section 1.1: The Baseline - The Paleolithic Energy Budget

For the vast majority of human history, society existed in a state of
near-thermodynamic equilibrium with the natural environment. In these Paleolithic
hunter-gatherer societies, the prime mover was the human body, and the energy
budget was almost entirely limited to the calories that could be extracted from the
immediate ecosystem.” A moderately active adult human body expends
approximately 10 megajoules (MJ) per day, which is equivalent to a continuous power
output of about 115 Watts.” This 115-watt engine was the power source for every task
necessary for survival: hunting, gathering, defense, tool-making, and migration.

The direct and conscious coupling between energy expenditure and survival was
absolute. There were no significant operations that could be performed "without
thinking" at a societal level because every joule of energy had to be consciously
acquired and expended. The caloric cost of daily activities illustrates this tight loop:
hunting and stalking prey required an estimated 619 kcal/hr, gathering plant foods 346
kcal/hr, and more intensive labor like carrying logs for shelter or fire could demand as
much as 893 kcal/hr.” This was a world without significant energy surplus. The Energy
Return on Investment (EROI)—the ratio of energy gained from a resource to the
energy expended to obtain it—for foraging is estimated to have been perilously close
to unity, perhaps between 1.1:1 and 1.3:1." For every unit of energy a person spent
hunting or gathering, they could expect to get only slightly more than one unit back in



the form of food. This razor-thin margin left virtually no surplus to support
non-food-producing specialists or to build complex, energy-intensive societal
structures.

This reality points to a fundamental constraint that governed early human history. It
might be assumed that hunter-gatherers, with their physically demanding lifestyles,
must have burned far more calories than modern, sedentary office workers. However,
modern physiological studies using the doubly-labeled water method have produced
a surprising result: after adjusting for body mass, the Total Energy Expenditure (TEE)
of hunter-gatherers like the Hadza of Tanzania is remarkably similar to that of
Westerners." This suggests that the human body's metabolic engine operates within a
relatively narrow, evolutionarily constrained range. The advance of civilization was
therefore not achieved by evolving humans who could work harder or burn more
personal energy. The path forward required breaking free from the biological cage of
the 115-watt human motor. Progress depended entirely on the harnessing of

exosomatic—outside the body—energy sources, externalizing the work of civilization
into non-biological systems.

Section 1.2: The First Energy Revolution - Agriculture and Animal Power

The Neolithic Revolution, beginning around 10,000 BCE, represents the first
successful large-scale externalization of energy capture. The domestication of plants
and animals effectively turned parcels of land into slow, inefficient, but reliable
biological solar batteries.?® This transformation was not an unalloyed good for the
individuals living through it. Skeletal evidence indicates that early farmers often
worked longer hours, had less diverse diets, and suffered from more malnutrition and
disease than their forager predecessors." The "advance" was not in the quality of
individual life, but in the dramatic increase in energy density that could be extracted
per unit of land. This supported larger, sedentary populations, which became the
crucibles for further innovation.

With this revolution came the first truly "unthinking operations." The domestication of
draft animals like the ox provided a new source of motive power, offloading the work
of several humans onto a single beast. The ox-drawn ard, a simple scratch plow,
automated the foundational agricultural task of tilling the soil.” While the farmer had
to guide the animal, the immense physical labor of breaking the earth was now



performed by a non-human system. The productivity gain was significant; while a
hand plow might take 96 hours to prepare an acre, a wooden plow drawn by oxen
could accomplish the task in 24 hours.?

Simultaneously, the development of irrigation in regions like Mesopotamia and Egypt
represented the automation of water distribution.” Complex systems of canals, dikes,
and basins, once constructed, used the "unthinking" force of gravity to deliver water
to fields, transforming arid lands into fertile breadbaskets.?” This innovation decoupled
farming from immediate rainfall, stabilized food production, and dramatically
increased crop yields, with some estimates suggesting that production in irrigated
lands could be up to 100 times higher than in non-irrigated lands during favorable
years.”

These new energy systems created the first reliable surpluses in human history. Yet,
the margin remained thin. The EROI for this entire pre-industrial agricultural system is
estimated to have been between 1.1:1 and 1.6:1." This means that for every 10 units of
energy invested in the form of human labor, animal feed, and seed, only 11 to 16 units
of energy were returned as harvested crops. Though a small surplus, this was the
energetic foundation upon which all of ancient civilization was built—the fuel for
cities, armies, artisans, and priests.

This marginal energy surplus was the critical catalyst for a new feedback loop that
would drive progress for millennia. In a hunter-gatherer society with an EROI near
unity, every member must be dedicated to the task of energy acquisition. The
agricultural surplus, however small, could for the first time support a class of
specialists who did not farm: metallurgists, scribes, soldiers, and administrators.?®
Freed from the necessity of subsistence labor, these specialists could dedicate their
finite "cavalry charges" of conscious thought to solving other problems. They
developed more advanced technologies, such as the steel plow, which further
improved agricultural efficiency. A farmer with a steel plow could till an acre in 5-8
hours, a 3-4 fold improvement over the wooden plow, and could cultivate up to 7 acres
per day with a sulky plow, compared to just two with a walking plow.?* They developed
superior organizational systems like writing and codified laws, and built more
sophisticated infrastructure like granaries and roads. Each innovation, enabled by the
initial surplus, served to increase the efficiency of the underlying energy system,
thereby increasing the surplus itself. This self-reinforcing cycle—where surplus
enables complexity and complexity generates greater surplus—was the fundamental
engine of the pre-industrial world.



Section 1.3: The Great Acceleration - The Industrial Engine

The Industrial Revolution, beginning around 1750, marks a fundamental phase
transition in the energetic capacity of civilization. It was predicated on a shift from
relying on diffuse, low-power energy flows (the daily income of solar energy captured
by crops) to exploiting vast, concentrated stocks of ancient solar energy stored in
fossil fuels like coal.”® This unlocked a power source orders of magnitude greater than
anything previously available, fundamentally reshaping the planet.

The scale of power amplification was unprecedented. A human is a ~100-watt engine.
A horse, the mainstay of pre-industrial power, provides about 750 watts (1
horsepower). The early steam engines of Thomas Newcomen (c. 1712) were inefficient
but could already do the work of dozens of horses, and the subsequent improvements
by James Watt dramatically increased their power and efficiency.* In Great Britain,
the epicenter of this revolution, the total available horsepower from steam engines
skyrocketed from a mere 5,000 HP in 1760 to over 2 million HP by 1870.* This growth
vastly outpaced the rise in population. While the population of the UK grew from
approximately 10.5 million in 1800 to 31.5 million in 1870, the available steam
horsepower per capita increased by a factor of nearly ten in just the 40 years
between 1830 and 1870.%

This explosion of available power automated countless operations that had previously
required intensive human or animal labor. In the textile industry, the first to be
mechanized, the power loom increased the output of a single weaver by a factor of
40, and overall output per worker in cotton spinning increased by a factor of 500.%
The iron industry saw similar gains; the substitution of coke for charcoal and the use
of steam-powered bellows allowed for massive furnaces and economies of scale,
leading to a fifteen-fold increase in the speed of producing wrought iron.* In the
United States, steel production leaped from 1.25 million tons to over 10 million tons in
the last two decades of the 19th century, while the man-hours required to produce a
single ton plummeted.*

The "unthinking operation" was now scaled to a global level. The steam engine,
applied to locomotives and ships, annihilated the tyranny of distance. The journey
from London to Manchester, which took a grueling 80 hours by stagecoach in the
mid-18th century, was reduced to just 8 hours by train by 1845.%° The transatlantic
telegraph cable, laid permanently in 1866, reduced the time for a message to cross



the ocean from weeks by steamship to mere minutes.** These vast, interconnected
systems of transport and communication performed their complex logistical
operations "without thinking," fundamentally restructuring the global economy into a
single, integrated system.

This revolution represented a profound decoupling of civilization's energy budget from
the traditional constraints of biology and geography. Pre-industrial energy
sources—food, wood, animal feed—were all derived from the land. The total energy a
society could command was thus limited by its territory and the annual solar budget.
Fossil fuels shattered this limitation. Coal, a dense stock of energy, could be mined
and transported to a single point, allowing for an unprecedented concentration of
productive power in factories and cities. This centripetal force reversed millennia of
human settlement patterns, drawing populations from the countryside into urban
centers and creating the modern industrial metropolis.** The system was no longer
constrained by the annual flow of solar energy but by the rate at which it could extract
and combust these subterranean energy stocks. This was the thermodynamic key that
unlocked the explosive, exponential growth of the modern world.

Part Il: The Cognitive Offload - From Abacus to Algorithm

Parallel to the externalization of physical labor runs the equally significant story of
offloading the "operations of thought." This is the most direct and literal fulfillment of
Whitehead's thesis. Civilization has systematically invented tools and symbolic
systems to handle cognitive tasks, freeing the limited "cavalry" of conscious attention
for higher-level challenges. This process, like its energetic counterpart, has followed
an accelerating curve, moving from simple memory aids to the automation of reason
itself.

Section 2.1: The Symbolic Toolkit - Writing, Numbers, and Print

The first technologies for cognitive offloading were not mechanical but symbolic. The
invention of writing in Mesopotamia around 3500 BCE and the subsequent
development of standardized numeral systems represented a monumental leap in



human capability.*® For the first time, memory, knowledge, and calculation could be
externalized from the ephemeral confines of the human mind and inscribed onto a
durable, external medium like a clay tablet. A law code, a tax record, a scientific
observation, or a commercial contract could now exist as a stable object, independent
of the person who created it. This externalization of information was the prerequisite
for the administration of large, complex societies.

Whitehead, as a mathematician, was acutely aware of the power of good notation. He
observed that "by relieving the brain of all unnecessary work, a good notation sets it
free to concentrate on more advanced problems, and in effect increases the mental
power of the race".*® A well-designed symbol system allows one to "make transitions
in reasoning almost mechanically by the eye, which other-wise would call into play the
higher faculties of the brain".” This is the very essence of making a cognitive operation
"unthinkable." The rules of algebra or the structure of a sentence become an
automated substrate upon which higher-order thoughts can be built.

For nearly 5,000 years, this symbolic toolkit expanded, but the reproduction of
knowledge remained a bottleneck, limited by the speed of a human scribe. The
invention of the printing press with movable type by Johannes Gutenberg around
1450 CE shattered this constraint.*® The press did not create a new symbolic system
but automated the

reproduction of existing ones. By drastically lowering the energy, time, and cost
required to duplicate information, it enabled knowledge to be distributed,
cross-referenced, and accumulated at a scale and speed never before seen. This
flood of accessible information is widely credited with fueling the Renaissance, the
Reformation, and the Scientific Revolution, as ideas could now spread and be debated
by a much wider audience.”

These symbolic technologies function as a kind of abstraction ratchet, locking in
civilizational knowledge and preventing it from backsliding. In a purely oral culture,
knowledge is fluid, metabolically expensive to maintain through memorization, and
vulnerable to loss. Once a concept is written down, it becomes a fixed "object" of
thought that can be examined, critiqued, and built upon by subsequent generations.’
The printing press then standardized and mass-produced these knowledge-objects,
enabling widespread, parallel processing of ideas across many minds, which
accelerated error correction and synthesis. A modern student can learn and apply the
principles of calculus without needing the genius of a Newton or Leibniz to derive
them from first principles. They are performing fantastically complex "operations of
thought" that have been packaged, abstracted, and made "unthinkable" in their



foundational steps. This ratcheting mechanism, where each generation starts from a
higher platform of abstracted knowledge, is essential to the accelerating curve of
progress.

Section 2.2: The Computational Revolution - The Digital Substrate

The 20th century witnessed a revolution that began to automate not just the
reproduction of symbols, but their manipulation according to logical rules. This was
the dawn of computation. The historical path from the ancient abacus (c. 2700 BCE)
to the mechanical calculators of Pascal and Leibniz in the 17th century, and finally to
the first general-purpose electronic computers, marks the slow but steady
mechanization of arithmetic.*® The dedication of the ENIAC (Electronic Numerical
Integrator and Computer) in 1946 was a pivotal moment. This machine, filling a large
room with 18,000 vacuum tubes, could perform 5,000 additions or 360
multiplications per second—operations that were now fully automated and
"unthinking" for its human operators.”’

The invention of the transistor in 1947 and the integrated circuit in 1958 unleashed an
exponential cascade that continues to this day.** This progress is most famously
encapsulated by Moore's Law, the empirical observation that the number of
transistors that can be placed on an integrated circuit doubles approximately every
two years.*® This relentless, predictable miniaturization has driven a corresponding
exponential increase in computational power and a decrease in cost for over half a
century.

This growth can be quantified through several metrics. Raw computational speed is
often measured in FLOPS (Floating-Point Operations Per Second). From ENIAC's
~5,000 FLOPS in 1946, the world's fastest supercomputers, such as the Frontier
system in 2022, have surpassed 1 exaFLOP (1018 FLOPS). This represents an increase
of roughly 14 orders of magnitude in computational power in about 75 years. In
parallel, the ability to store the data for these computations has grown at a similar
pace. The areal density of hard disk drives—the amount of data that can be stored in
a given physical area—grew at a staggering compound annual rate of 108% between
1998 and 2002 and continues to increase, albeit at a slower pace today.* This has led
to an explosion in the amount of stored information; the total volume of global data is
projected to reach 181 zettabytes (



1.81x1023 bytes) by the end of 2025, with some estimates suggesting that 90% of all
data in existence was generated in just the last two years.

The digital revolution fundamentally dematerialized a vast range of operations,
transforming them from physical processes into abstract information. Before the
computer, an operation like calculating a ballistic trajectory or managing a
corporation's payroll was a physical activity involving large teams of human
"computers," reams of paper, and vast arrays of filing cabinets. It was slow,
labor-intensive, expensive, and prone to error. The computer abstracts these
processes into software. The same piece of hardware, a central processing unit (CPU),
can execute a payroll program one moment and a complex scientific simulation the
next. The operation becomes untethered from a specific, dedicated physical
configuration. As Moore's Law and related trends drive the cost of the underlying
hardware exponentially downward, the cost of performing these abstracted
operations plummets toward zero. Consequently, these operations become
ubiquitous, embedded invisibly into the fabric of modern life: financial calculations in
every smartphone, satellite navigation in every car, real-time inventory management in
every store. They have become part of the background infrastructure of civilization,
performed constantly, globally, and entirely "without thinking."

Section 2.3: The Age of Autonomy - The Al Singularity

The current technological epoch, culminating on the date of this report, is defined by
a profound new level of cognitive offloading: the automation of tasks previously
believed to be the exclusive domain of human consciousness. These include
sophisticated pattern recognition, natural language understanding, and creative
synthesis. This new era is driven by the exponential scaling of artificial intelligence
(Al), particularly large-scale neural network models.

The growth in the power of these models is staggering and can be measured by
several key indicators. The number of parameters in a model serves as a rough proxy
for its complexity and capacity. This number has grown at a rate that far outpaces
even the relentless pace of Moore's Law. Early landmark models like AlexNet (2012),
which revolutionized computer vision, had approximately 60 million parameters. By
2020, OpenAl's GPT-3, a large language model (LLM), contained 175 billion
parameters. As of 2025, models with parameter counts in the trillions are actively
being developed and deployed by major research labs.>* This represents a more than



five-orders-of-magnitude increase in model complexity in just over a decade.

This growth in model size is fueled by a corresponding explosion in the computational
resources used for training. Data collected by Epoch Al shows that the amount of
training compute for notable machine learning models has been doubling roughly
every five months since 2010, which corresponds to a compound annual growth rate
of 4.6x.°" This metric is a direct measure of the immense energy and capital being
invested in creating these new systems for "unthinking" operations. The entire trend
mirrors the concept of "autonomic computing,” a field which explicitly aims to build
systems that can manage their own complexity—self-configuring, self-healing, and
self-optimizing—with minimal human intervention, thus fulfilling Whitehead's principle
in its most literal, engineered form.>

This rapid automation of cognitive labor is not without its critics. A significant concern
is the "degeneration effect," the idea that by offloading our thinking to machines, we
risk the atrophy of our own cogpnitive skills, making us intellectually lazy and less
capable.®® However, this perspective often overlooks the second part of Whitehead's
analogy. He did not advocate for the elimination of thought, but for its conservation.
The goal is to free the finite and precious resource of conscious mental effort from
trivial or routine matters so it can be deployed at "decisive moments" on more
important problems.’

What distinguishes the current Al revolution is that it represents a new meta-level in
the Whiteheadian advance. Previous technological waves automated physical tasks
(the steam engine) or well-defined, rule-based symbolic tasks (the calculator).
Modern Al, particularly generative models, is beginning to automate the very process
of abstraction and pattern recognition itself. When a user prompts an LLM to "devise
a marketing strategy" or "explain quantum mechanics in simple terms," the Al is
performing a complex act of synthesis, abstraction, and communication that
previously required significant, conscious "cavalry charges" from a human expert. The
operation is becoming "unthinkable" for the user. This creates a new, more powerful
feedback loop. We are now using Al to accelerate the design of more efficient
computer chips, to help discover novel scientific principles, and to write and debug
the software for the next generation of Al systems. The automation of abstraction is
the mechanism that is now accelerating the rate of automation itself, a manifestation
of the Law of Accelerating Returns reaching a new and more potent stage.” While the
"degeneration" of specific mid-level cognitive skills is a valid societal concern, the
historical pattern suggests that humanity has always accepted such trade-offs,
exchanging proficiency in older, now-automated tasks for the capacity to operate at a



higher, more powerful level of abstraction.

Part lll: A Thermodynamic and Entropic Synthesis

The accelerating trends in energy capture and cognitive offloading documented in the
preceding sections are not merely historical coincidences. They are manifestations of
fundamental physical principles that govern the evolution of all complex systems. By
applying the concepts of thermodynamics and entropy, we can construct a unifying
framework that explains why civilization advances in the manner Whitehead
described.

Section 3.1: Civilization as a Negentropic System

The Second Law of Thermodynamics is one of the most fundamental principles in
physics. It states that in a closed system, entropy—a measure of disorder,
randomness, or uncertainty—will inevitably increase over time.* A hot cup of coffee
will always cool to room temperature; a tidy room, left alone, will tend toward dust and
disarray. At first glance, the rise of civilization, with its intricate cities, complex
technologies, and vast libraries of ordered information, seems to be a direct violation
of this law.

The resolution to this paradox lies in the distinction between closed and open
systems. A civilization is not a closed system; it is an open, dissipative structure that
actively maintains and increases its internal order by consuming high-quality,
low-entropy energy from its environment (such as sunlight or fossil fuels) and
exporting low-quality, high-entropy waste (such as heat and pollution) back into its
surroundings.®” The creation of local order, or "negentropy,” is always paid for by a
greater increase in the total entropy of the universe, thus satisfying the Second Law.

Human technology is the primary conduit for structuring this flow of energy and
entropy. A tool, from an Acheulean hand-axe to a supercomputer, is a physical
structure that channels energy to perform work, creating a localized pocket of
order—a shaped stone, a manufactured product, a sorted database—at the cost of
dissipating energy and increasing global entropy. As shown in the table below, the



evolution of civilization can be viewed as the development of increasingly
sophisticated mechanisms for creating this local order.

Civilizational Primary Energy Mechanism for Key "Unthinking" | Form of
System Input Creating Order Operation Exported
(Negentropy) Entropy
(Disorder)
Foraging Band Food (Solar Social Coordinated Waste heat,
Energy via cooperation, hunting scattered refuse
Biomass) simple tools
Agricultural Concentrated Irrigation, animal | Gravity-fed Waste heat, soil
State Biomass labor, granaries, water depletion,
(Farming) laws distribution salinization,
concentrated
sewage
Industrial Fossil Fuels Factories, power | Automated Waste heat, CO2
Nation (Concentrated grids, global assembly line emissions,
Energy Stock) logistics industrial
pollutants,
resource
depletion
Global Diverse Energy Internet, data Algorithmic Waste heat
Information Portfolio centers, Al decision-making (from servers),
Society models , autonomous e-waste,
systems information
overload
(cognitive
entropy), digital
surveillance

This thermodynamic perspective provides a powerful physical basis for Whitehead's
observation. The advance of civilization is driven by a thermodynamic imperative:
complex systems survive and grow by becoming more efficient at capturing energy
and exporting entropy. The creation of "unthinking operations" is the most effective
evolutionary strategy for achieving this goal. By embedding routine functions into
low-energy technological substrates, a society minimizes the internal energetic
cost—both physical and cognitive—required to maintain its own complex structure.
Conscious thought is a metabolically expensive process; automating it wherever
possible is a thermodynamically favorable strategy. This frees up the society's limited
high-quality energy and cognitive resources to be invested in building even more




complex structures, which in turn improves the society's ability to capture more
energy and manage entropy. This is the physical law that propels the process
Whitehead described.

Section 3.2: The Law of Accelerating Returns as an Evolutionary Principle

The historical data on energy, computation, and productivity does not show a linear
progression, but an exponential one. This pattern is described by inventor and futurist
Ray Kurzweil's "Law of Accelerating Returns," which posits that the rate of
technological progress is itself accelerating.®* This is not a single, smooth exponential
curve, but rather a series of nested S-curves. A particular technological
paradigm—such as vacuum tubes or the internal combustion engine—experiences a
period of exponential growth, eventually matures and plateaus as it reaches its
physical limits, only to be superseded by a new, more powerful paradigm—Ilike the
transistor or the electric motor—which initiates a new, steeper S-curve of growth.”

Kurzweil argues that this dynamic is characteristic of any evolutionary process, which
applies positive feedback by using the more capable methods from one stage to
create the next.” Evolution works through indirection: biological evolution created
humans, humans created technology, and now humans are co-evolving with
technology to create subsequent, more powerful generations of technology at an
ever-increasing pace.

Viewed through this lens, Whitehead's principle and Kurzweil's law are two
descriptions of the same fundamental phenomenon. Whitehead provides the
philosophical mechanism for progress: the offloading of operations to conserve finite
conscious thought. Kurzweil provides the mathematical dynamics of that mechanism
over time: a double exponential where the rate of progress itself accelerates. The two
concepts are deeply intertwined. The "unthinking operations" of one epoch become
the foundational tools used to design the technology of the next. The laws of
mathematics, once painstakingly derived and made "unthinkable" through notation,
became the basis for engineering the first mechanical calculators. The principles of
electronics, once established, were used to design the first computers. These
computers, in turn, became indispensable tools for designing the next generation of
more powerful microchips, creating the feedback loop that drove Moore's Law. Today,
we stand at a new inflection point, where Al systems—the ultimate platform for
"unthinking" complex cognitive operations—are being used to accelerate scientific



discovery and engineer new technologies, including more powerful Al. The expansion
of the set of "unthinking operations" is precisely the engine that drives the
acceleration of returns. Each new layer of automated capability provides a more
powerful and abstract toolkit for innovation, causing the time between major
paradigm shifts to shrink exponentially.

Section 3.3: The Paradox of Progress - Automation and the Future of Thought

The relentless march toward automating ever more complex operations raises a
profound question about the future of human intellect. If civilization advances by
making operations "unthinkable," does this process ultimately lead to a world where
humans no longer need to think at all? This is the core of the "degeneration effect"
argument: that our growing reliance on automation will inevitably erode our
fundamental cognitive abilities, leaving us as passive consumers of
machine-generated intelligence.®°

The resolution to this paradox is found in a complete reading of Whitehead's original
statement. He does not advocate for the abolition of thinking, but for its strategic
conservation. The "operations of thought are like cavalry charges... strictly limited in
number... and must only be made at decisive moments".! The purpose of automation is
not to make thought obsolete, but to preserve its value by preventing its squandering
on tasks that are routine and commoditized. We offload cognitive labor precisely to
free our finite and precious conscious attention for problems that are not yet
reducible to "unthinking" operations.

History demonstrates this dynamic repeatedly. The invention of writing and arithmetic
did not stop people from thinking; it enabled them to think about more complex
subjects like philosophy, law, and science. The skill of oral memorization of epic
poems may have degenerated, but the capacity for systematic written inquiry was
generated in its place. This was a net gain in the cognitive power of the civilization.
The invention of the pocket calculator did not end mathematical thought; it
democratized the ability to perform complex calculations, allowing engineers,
scientists, and economists to tackle problems that would have been computationally
prohibitive just a generation prior. The skill of performing long division by hand may
have atrophied, but the ability to perform statistical regression or finite element
analysis became widespread.



Today, Al is beginning to automate a wide range of cognitive tasks: summarizing
documents, writing functional code, generating imagery, and even formulating
scientific hypotheses. The specific skills associated with this "cognitive middle-class"
of labor may indeed degenerate. The crucial question, as always, is what new "“cavalry
charges" this newly freed cognitive capacity will be aimed at. The historical pattern
suggests it will be at a yet-higher level of abstraction—tackling grand challenges like
planetary climate management, unraveling the deepest laws of physics, or
understanding the nature of consciousness itself. The paradox of progress is resolved
when we view civilization's advance as a continuous climb up a ladder of abstraction.
We let go of the lower rungs of automated skills, not to fall, but to reach for higher
ones. The ultimate purpose of making operations "unthinkable" is to clear the
cognitive space necessary to think the thoughts that are, today, truly unthinkable.

Conclusion

Alfred North Whitehead's assertion that "Civilization advances by extending the
number of important operations which we can perform without thinking of them"
proves to be far more than an elegant turn of phrase. As this analysis has
demonstrated through the lenses of energy, computation, and entropy, it is a deeply
predictive and quantifiable principle that describes the core dynamic of human
progress. From the first stone tool to the latest artificial intelligence, the trajectory of
technology has been one of systematically externalizing labor—both physical and
cognitive—into increasingly powerful and autonomous systems.

This process began with the harnessing of exosomatic energy, first through
agriculture and animal power, and then explosively with fossil fuels. Each step-change
in the per capita energy budget enabled a corresponding increase in the complexity
of society and the automation of physical work, from the ard plow to the factory
assembly line. This energetic foundation made possible a parallel revolution in
cognitive offloading. Symbolic systems like writing and mathematics externalized
memory and calculation, while the printing press automated their reproduction. The
digital revolution took this to its logical conclusion, dematerializing countless cognitive
and logistical operations into software, whose cost and friction were driven toward
zero by the exponential progress of Moore's Law. Today, we are in the midst of a new
transition, as Al begins to automate the very process of abstraction and synthesis that



was once the sole purview of the conscious mind.

These parallel trends are not independent but are facets of a single, underlying
process governed by the laws of thermodynamics. Civilization, as an open,
negentropic system, survives and grows by becoming more efficient at creating local
order. Automating "important operations" is the primary strategy for minimizing the
internal energy cost of maintaining this order, freeing resources for further growth
and complexification. This creates a self-catalyzing feedback loop, described by the
Law of Accelerating Returns, where the tools created in one epoch are used to
accelerate the development of the next.

The journey from the 115-watt human engine of the Paleolithic to the globe-spanning,
exa-scale computational infrastructure of July 2025 is a testament to the power of
this process. The number, scale, and importance of operations we now perform
"without thinking"—from the electrical grid that powers our homes to the satellite
network that guides our travel and the algorithms that filter our information—have
grown by an almost incalculable number of orders of magnitude. Whitehead's cavalry
of conscious thought, freed from the drudgery of the mundane, is now poised before
a new frontier of challenges and possibilities. The continued advance of civilization
will depend on our wisdom in choosing which decisive moments now warrant its
charge.
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