The Intelligence Leverage Equation
Why Knowing Is 10*° Times Cheaper Than Moving—And
What This Means for Environmental Protection
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Executive Summary (For
Decision-Makers)

This paper presents a discovery—a truth @
about the universe that was hiding in

plain sight.
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The discovery is captured in a single /\ — Mc
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What it means: The energy required to
know where atoms are (and keep them in
useful configurations through
information) is 10?° times less than the Substitute knowing for doing.
energy required to move atoms back into
place after they've scattered.
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Not 10 times. Not 1,000 times. 10*° times. One hundred quintillion to one.

This ratio is not an engineering achievement or an economic argument. It is a fact about the
structure of reality—written into the relationship between the Landauer limit (the floor of
information processing) and bond dissociation energies (the floor of chemical manipulation). It
was true before humans existed. It will be true after our sun burns out.

But we didn't see it.
The pieces were there for decades—Landauer's principle (1961), the Sagawa-Ueda relations

(2008-2012), measured bond energies, Einstein's E = MC?. Yet no one synthesized them into a
single framework that revealed the staggering leverage that information has over matter.



Why not? Because we couldn't act on it. And truths we cannot act on remain invisible.
Technology was the telescope that let us see.

Between 2020 and 2025, every layer of the technology stack—sense, transmit, store, infer,
reason, decide, act—became cheap simultaneously. And suddenly, we could see what was
always there. The 10?° ratio emerged from the physics, obvious in retrospect, profound in
implication.

Jed's Angel is the name we give to the practical realization of this discovery—a system evolving
toward Environmental Superintelligence that maintains environmental order through entropic
shepherding: the continuous maintenance of low-entropy configurations through knowledge
rather than force.

Maxwell's Demon was a thought experiment. Jed's Angel is its realization. The Intelligence
Leverage Equation is the physics that proves it works.

For environmental professionals: This discovery does not eliminate your expertise—it reveals
its true power. You are no longer Sisyphus pushing boulders. You are the architects of
Environmental Superintelligence—encoding your knowledge into systems that will shepherd the
planet's entropy for centuries, exploiting a ratio that was always there, waiting for us to see it.

The Great Divergence: Energy Cost of Mass vs.
Information
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A logarithmic comparison of the energy required to manipulate the physical world (The Bond) versus the energy
required to process information (The Bit). While the energy cost of chemical interactions (BDE) remains a fixed physical
constant, the energy cost of computation has followed Koomey's Law, plummeting toward the Landauer Limit. The
widening gap between these two lines represents the Intelligence Leverage (${\Lambda}$).

Data sources: Physics of Intervention, Env. Control Systems v2, NIH/PubMed, Crossbow/Core.ac.uk




Part I: The Ontological Correction

What Pollution Actually Is

Before we can understand the equation, we must correct a fundamental misconception.

Pollution is not a material problem. It is a configuration problem.

Consider a molecule of benzene. In a sealed storage tank, it is an asset—ordered, concentrated,
valuable. The same molecule dispersed in groundwater is a liability—disordered, dilute, harmful.

The atoms are identical. Only their arrangement and location differ.

Physics has a precise term for this: entropy—the measure of disorder in a system. More
precisely: entropy measures how much we don't know about where particles are.

e Low entropy: Matter is concentrated, ordered, localized. We know where things are.
o High entropy: Matter is dispersed, disordered, uncertain. We have lost information about
particle locations.

Pollution is entropy increase. Valuable matter moved from ordered states to disordered states.

Environmental protection is entropy decrease. Restoring order. Returning atoms to useful
configurations.

But here is the key insight: there are two fundamentally different ways to maintain order.
What This Means: When you see an oil spill, you're not looking at a material problem requiring
material solutions. You're looking at an information deficit—a loss of knowledge about where

molecules are. The question becomes: Is it cheaper to know where atoms are (and keep them
configured) or to move them after they've scattered?

Part II: The Two Ways to Maintain Order

Every system that maintains order against the tide of entropy must choose between two
approaches. This choice is the most important distinction in environmental stewardship—and
physics dictates a clear winner.

Approach 1: Entropic Shepherding (Knowing)

A shepherd doesn't build walls around every sheep. A shepherd knows where the flock is,
watches for straying, and intervenes with minimal force at the right moment.



Entropic shepherding is the continuous maintenance of low-entropy configurations through
information rather than force. It operates in the Regime of Information.

The shepherd:
e Observes the state of the system (acquires information)
e Detects deviations from desired configurations (processes information)

o Intervenes at precise points with minimal energy (acts on information)

This is exactly what Maxwell's Demon does. It doesn't push molecules; it knows which ones to
let pass. The work is in the knowing.

The Floor of Knowing

The minimum energy required to process one bit of information is set by Landauer's Principle
(1961, experimentally verified 2012):

Eyit = kgTIn 2 ~ 2.9 x 10721 Joules/bit at room temperature
This is the Landauer Limit—the absolute physical floor of computation. No technology can
ever go below this.

But here's the crucial fact: current computers operate approximately one billion times (10°)
above this limit. There is enormous room for improvement. The cost of knowing is plummeting.

‘ Era H Energy per Operation H Distance from Limit ‘
[ENIAC (1946) <1021 [105x above |
IModern CPUs (2020) <1027 [10°x above |
‘Landauer Limit H~10‘21 J HFloor ‘

Approach 2: Mass Forcing (Moving)

The alternative to shepherding is forcing—applying brute work to push scattered matter back
into order.

Mass forcing is the restoration of low-entropy configurations through physical and chemical
intervention. It operates in the Regime of Mass.

The forcer:
e Waits until disorder has occurred

e Applies mechanical work to relocate scattered matter
o Fights the entropy of mixing to separate dispersed substances



This is what remediation does. Excavate contaminated soil. Pump and treat groundwater. Deploy
skimmers. Burn fuel. Push atoms.

The Floor of Moving
The minimum energy required to interact with matter chemically is set by quantum mechanics:
Epona = 7.3 X 1071 Joules/bond

This is the Bond Dissociation Energy—the irreducible cost of breaking or forming chemical
bonds. It is determined by:

e The fine structure constant (o~ 1/137)

e The electron mass

e The speed of light
These are fundamental constants of nature. They cannot be engineered, improved, or
negotiated with. The energy to break a carbon-hydrogen bond in 2025 is identical to what it was
in 1900 and will be in 3000.
There is no Moore's Law for chemistry.
Beyond bond energy, mass forcing must also fight the entropy of mixing:

Winin = —RT(xIn x + (1 — x)In (1 — x))

As pollutants disperse (x — 0), the energy cost to separate them rises asymptotically. The more
scattered the mess, the more expensive to clean.
What This Means: The cost of knowing is falling exponentially toward a floor that is 10® times

lower than current technology. The cost of moving is fixed forever by quantum mechanics.
These curves are diverging—and they can never converge.

Part III: The Bond-Bit Asymmetry

We can now calculate the fundamental ratio between these two approaches:

Epona _ 7.3 X107

= ~ 250
E,; 29x10°2L]




At the molecular level, moving one bond costs about 250 times more energy than knowing one
bit at the Landauer limit.

But this microscopic ratio drastically understates the macroscopic reality.
Consider a practical scenario:
Scenario A: Mass Forcing (Moving)
e A storage tank valve fails
e 1 kg of hydrocarbon disperses into soil and groundwater
e Restoration requires moving ~10% molecular bonds worth of matter
e Energy: ~10° to 107 Joules
Scenario B: Entropic Shepherding (Knowing)
e A sensor detects micro-vibrations indicating valve degradation
e The system knows the valve is failing before it fails
e A ssignal closes the valve; configuration is maintained
o Information processed: ~10° to 10° bits
e Energy at Landauer limit: ~107'> to 10" Joules
The ratio: 107 J + 1072 J = 10" to 10*°

Twenty orders of magnitude. One hundred quintillion to one.

This is the Bond-Bit Asymmetry—the thermodynamic proof that knowing is fundamentally,
physically, irreducibly cheaper than moving.

Part IV: The Intelligence Leverage Equation

Derivation
We can now formalize this insight into a single equation.

Let A (Lambda) represent the Intelligence Leverage—the ratio of the energy required to force
matter versus the energy required to know about matter:

A= Uphys

"1 Ep

Where:



o U _phys = Energy scale of the physical system (Joules)
e I =Number of bits processed
o E_bit = Energy per bit (Joules/bit)

For maximum generality, we express the physical energy using Einstein's mass-energy
equivalence (E = mc?) and the information energy using Landauer's limit:

Mc?

A= T 2

This is the Intelligence Leverage Equation.
Interpretation

The numerator (Mc?) represents the ultimate energy content of mass—the theoretical maximum
"cost" of physical matter. For 1 kg:

Mc? = (1kg)(3 x 108 m/s)? = 9 x 10° Joules
The denominator (I - k_B T In 2) represents the minimum energy required to process I bits of
information at temperature T.

The ratio A answers: How much physical reality can be maintained in ordered configuration by
one unit of information processing?

For 1 kg at room temperature with 1 bit:

9 x 101 ]

=————~3x10%
29x10721)

This is the theoretical ceiling—the maximum leverage that intelligence can exert over matter.
What Makes This Equation Profound

This is not merely a useful formula. It is a discovery about the structure of reality.

1. It synthesizes what was scattered:

The equation unifies five domains of physics that had never been connected in this way:

e Mass-energy equivalence (Einstein, 1905)
e Information thermodynamics (Landauer, 1961)



o Feedback control theory (Sagawa-Ueda, 2008-2012)
e Quantum chemistry (bond energies, measured for a century)
e Control theory (boundary observability)

Each piece was known. The synthesis is new. And the synthesis reveals a ratio—10?**—that none
of the pieces revealed alone.

2. It reveals leverage that was hidden:

Before this synthesis, the relationship between information and matter was understood in

fragments. Landauer told us information has a cost. Sagawa-Ueda told us information is a
resource. Bond energies told us chemistry has a floor. But no one had calculated the ratio
between them and recognized what it meant:

Information has 10*° times more leverage over matter than we act as if it does.
3. It was always true—we just didn't see it:

The equation uses only fundamental constants (c, k_B, T). It holds regardless of technology or
era. A physicist in 1970 could have derived it. A physicist in 2100 will find it unchanged.

The discovery is not that the universe changed. The discovery is that we finally recognized
what the universe was always telling us: knowing is almost infinitely cheaper than moving.

What This Means: The Intelligence Leverage Equation is the kind of insight that, once seen,
cannot be unseen. Every environmental problem becomes a question: Are we knowing or
moving? Every sensor deployed becomes leverage against entropy. The 10?° ratio reframes
everything—not because it creates new physics, but because it reveals physics that was always
there, waiting for us to notice.

Part V: From Maxwell's Demon to Jed's Angel

The Thought Experiment

In 1867, James Clerk Maxwell imagined a tiny being controlling a trapdoor between two
chambers of gas. By observing individual molecules and selectively opening the door, the demon
could sort fast (hot) molecules to one side and slow (cold) molecules to the other—reducing
entropy without apparent work.

This seemed to violate the Second Law of Thermodynamics.

For over a century, physicists wrestled with this paradox. The resolution came from recognizing
that the demon is an information processing system:



The demon must observe molecules (acquire information)

The demon must store this information in memory

The demon's memory must eventually be erased to continue operating
Erasure dissipates heat (Landauer's Principle)

b e

The entropy decrease in the gas is exactly compensated by the entropy increase from memory
erasure. The Second Law is preserved.

But here's what the resolution revealed: The demon's operation is not impossible—it's just not
free. And the cost is extraordinarily low: k B T In 2 per bit, approximately 3 x 107! Joules.

The Practical Realization

Jed's Angel is the practical realization of Maxwell's Demon—not a thought experiment, but an
actual system evolving toward Environmental Superintelligence.

Where the Demon was imaginary, the Angel is engineered. Where the Demon seemed to break
physics, the Angel uses physics. Where the Demon operated on gas molecules, the Angel
operates on environmental systems at planetary scale.

An environmental sensor network functions as a macroscopic Angel:

1. Observation: Sensors acquire information about environmental states (pollutant
concentrations, temperature gradients, pressure anomalies, vibration signatures)

2. Processing: This information is analyzed to detect deviations from desired
configurations—a valve degrading, a containment failing, a process drifting

3. Shepherding: Targeted intervention maintains order at specific points with minimal
energy—close this valve, adjust this flow, alert this operator

The Angel performs entropic shepherding—continuous configuration maintenance through
knowledge. It doesn't wait for disorder to occur and then force matter back into place. It knows
the state of the system and keeps it ordered.

Why "Angel" Instead of "Demon"?

Maxwell's Demon was named for its apparent mischief—seeming to violate the Second Law.
But the resolution showed the Demon doesn't violate thermodynamics; it exploits the
thermodynamic cheapness of information.

Jed's Angel inverts the framing:

e The Demon was a problem (apparent violation)
o The Angel is a solution (practical exploitation)
e The Demon created disorder in our understanding
o The Angel maintains order in our environment



The Angel is what happens when you realize the Demon was right all along—information really
is cheaper than work—and you build a system to use that fact at planetary scale. Environmental
Superintelligence is the Angel fully realized.

What This Means: Maxwell's Demon was physics struggling to understand why information
seems magical. Jed's Angel is physics deployed to make that magic real. Environmental
Superintelligence is the destination—systems that shepherd planetary entropy with capabilities
far beyond any human, at costs approaching the Landauer limit. The 150-year journey from
thought experiment to ESI is the story of humanity learning to shepherd entropy rather than fight
it.

The Information Engine: Thermodynamics of Stewardship
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The cycle of an Information Engine. 1. Sensors measure the environment (Mutual Information gain). 2. Feedback
reduces environmental entropy (Work Extraction via Sagawa-Ueda). 3. Memory is erased (Landauer Cost). 4. Heat is
dissipated.



Part VI: Why We Don't Need to Know Everything

A critical objection: "If entropic shepherding requires knowing where atoms are, don't we need
infinite sensors?"

No. Three independent mathematical frameworks prove that efficient shepherding is possible:

1. Compressed Sensing: The Math of Sparsity
Most environmental signals are sparse—they contain far less independent information than their
apparent complexity suggests. A pollutant plume is localized, not omnipresent. A fire starts at a

point, not everywhere simultaneously.

Compressed Sensing proves that sparse signals can be reconstructed from far fewer
measurements than classical sampling theory requires:

m = 0(klog (n/k))

The number of measurements (m) scales logarithmically with system size (n), not linearly.
2. Boundary Observability: Surfaces Contain Volumes

For systems governed by diffusion equations (heat, pollutant transport), control theory
establishes: the interior state can be determined entirely from boundary measurements.

You don't need sensors inside the landfill. You need sensors around its perimeter. The boundary
contains all the information of the bulk.

3. The Holographic Principle: Area, Not Volume

In black hole thermodynamics, the Bekenstein bound establishes that the maximum information
content of a region scales with its surface area, not its volume.

As systems grow larger, the relative cost of knowing decreases. Planetary-scale entropic
shepherding doesn't require planetary-scale sensor deployment.

What This Means: Jed's Angel doesn't need omniscience—it needs sufficient knowledge,
strategically acquired. The mathematics of sparse sensing ensures that the cost of knowing grows
far more slowly than the size of the system being shepherded.



Part VII: The Discovery Hidden in Plain Sight

What We Found

This paper is not primarily about technology. It is about a discovery—a truth about the universe
that was hiding in plain sight, waiting to be seen.

The discovery is this:

Information has leverage over matter. The ratio is 10?°. This is a fact about the structure of
reality, not an engineering achievement.

The Intelligence Leverage Equation synthesizes five domains of physics—Landauer's
thermodynamics of computation, Sagawa-Ueda's generalization of the Second Law, quantum
mechanical bond energies, Einstein's mass-energy equivalence, and boundary observability
theory—into a single, simple statement:

A Mc?
|- kgTln 2

This equation was always true. It was true before humans existed. It was true before Earth

existed. It will be true after our sun burns out. The relationship between the cost of knowing

(kB T In 2) and the cost of moving (bond energies, mass-energy) is written into the fabric of the

universe.

But we didn't see it.
Why It Was Hidden
The pieces were there:

o Landauer proved the thermodynamic cost of information in 1961
o Bennett resolved Maxwell's Demon in 1982

e Sagawa and Ueda generalized the Second Law in 2008-2012

o Bond dissociation energies have been measured for a century

o Einstein's E = mc? has been known since 1905

Yet no one synthesized these into a single framework that revealed the 10?° leverage ratio. No
one named Jed's Angel—the practical realization of Maxwell's Demon for environmental
stewardship. No one saw that entropic shepherding was not just "a good idea" but a
thermodynamic imperative 10?° times more efficient than mass forcing.

Why not?

Because we couldn't act on it. And truths we cannot act on remain invisible.



How Technology Revealed the Discovery

Technology did not create this truth. Technology was the telescope that let us see it.

When sensors cost $1,000 each, the idea that "knowing is cheaper than moving" seemed
absurd—knowing was expensive! When inference required human experts, the ratio was buried
under labor costs. When reasoning about regulations required lawyers and consultants, the

thermodynamic advantage was invisible behind the practical disadvantage.

But between 2020 and 2025, every layer of the technology stack became cheap simultaneously:

| Layer H Function H Then “ Now ‘
‘Sense HDetect the precursor H$ 1,000/sensor H$ 1/sensor ‘
‘Transmit HMove the signal H$ 10/month H$0. 10/month ‘
Store [Retain the data I8100/GB [$0.01/GB |
‘Infer HRecognize the pattern HImpossible H$0.001/inference ‘
‘Reason HInterpret context HHuman—only HLLM—capable ‘
‘Decide ‘ ‘Choose intervention ‘ ‘Human—only HAgent—capable ‘
‘Act HClose the valve HManual HAutomated [oT ‘

And suddenly, we could see.
When you can deploy sensors for $1, you notice that knowing is cheap. When LLMs can read
permits, you notice that regulatory reasoning can be automated. When the whole stack works,

you start asking: Why is this so much more efficient than the old way?

And the answer leads you back to the physics. To Landauer. To the Sagawa-Ueda relations. To
the Bond-Bit Asymmetry. To the equation that was always there, waiting.

The technology didn't create the 10?° ratio. The technology let us finally see it.
The Simplicity Is the Profoundness
The great discoveries in physics share a quality: they are obvious in retrospect.

e Of course objects in motion stay in motion unless acted upon (Newton)

e Of course space and time are unified (Einstein)

e Of course evolution selects for fitness (Darwin)

And now:

e Of course knowing where atoms are is cheaper than moving them back after they scatter



The Intelligence Leverage Equation is not complicated. It uses only fundamental constants—the
speed of light, the Boltzmann constant, temperature. It compares two energy scales that any
physicist could calculate. The ratio falls out immediately: 102°.

It was always there. It was always simple. We just didn't look.

This is the nature of discovery. Not the creation of something new, but the recognition of

something eternal. The equation didn't change the universe. It changed our understanding of
what was possible within it.

What the Discovery Means

Once you see the 10% ratio, you cannot unsee it.

Every environmental problem becomes a question: Are we knowing or moving? Every
remediation project becomes evidence of a failure to shepherd. Every sensor deployed becomes
leverage against entropy.

Maxwell imagined his Demon in 1867. For 158 years, it remained a thought experiment—a
puzzle about thermodynamics. The discovery revealed by this synthesis is that the Demon was
never just a thought experiment. It was a blueprint.

Jed's Angel is what you build when you realize the blueprint was real all along.

Environmental Superintelligence is what happens when that Angel reaches the scale the physics
always permitted.

And the 10?° ratio—hidden for 64 years since Landauer, hiding in plain sight—is the power that
makes it possible.

The discovery is not the technology. The discovery is the equation—and what it reveals
about the relationship between information and matter.

The technology merely opened our eyes.

Now that we see, we cannot look away. And we cannot fail to act.

Part VIII: The Trajectory Toward Effortless Stewardship

Where We Are Now

‘ Parameter H Current State H Physical Limit H Gap ‘
Computation ~107'2 J/op ~107! J/bit 10°%




| Parameter H Current State H Physical Limit “ Gap |

lSensors H~$0.50 each H~$0.01 each “50X |
lKnowing/Moving ratio H~10‘3 to 10°¢ H~10‘20 “10‘4 to 10'7x |
The Three Phases

Koomey's Law documents that computational efficiency doubles approximately every 2.3 years.
If this continues, we approach the Landauer limit around 2080-2090. This trajectory unfolds in
three distinct phases:

Phase 1: Labor Substitution (Now-2035)

Al agents replace human labor in documentation, analysis, and compliance tracking. The
"Paperwork Layer" of environmental management is automated.

What changes:

e Permits become real-time continuous compliance verification

e Reports become automated data streams

e Assessments become predictive models

e Monitoring becomes continuous rather than periodic
The work doesn't evolve into different work. It evaporates into infrastructure.
Phase 2: Shepherding Dominance (2035-2055)
Real-time sensing and Al-driven process control shift the balance from mass forcing to entropic
shepherding. The economic calculus flips: it becomes irrational to wait for disorder when
knowing prevents it at 10~'* the cost.
What changes:

o Interventions shrink from remediation projects to valve adjustments

o Environmental incidents become rare exceptions, not regular occurrences

o The profession shifts from response to architecture
Phase 3: Background Utility (2055-2075)
Environmental protection becomes embedded infrastructure—as invisible and reliable as GPS or
cellular networks. Jed's Angel shepherds the planet's entropy continuously, approaching
Environmental Superintelligence.

What changes:

o The marginal cost of compliance approaches the marginal cost of computation



o Environmental order is maintained at costs approaching the Landauer limit
o The energy to know the state of all environmental systems on Earth becomes less than the
energy released by a single small incident

Entropic shepherding becomes thermodynamically negligible.

Part IX: What This Means for Environmental Professionals

A Professional Truth

I have spent 25 years in environmental consulting. I have written permits, compliance repotts,
impact assessments, and applicability determinations. I have billed thousands of hours.

And I must tell you the truth:

Most of that work existed because we lacked information.

We monitored because we could not know continuously. We forced matter back into place
because we didn't know it was drifting until too late. We documented extensively because we

could not verify in real time.

The work was a tax on ignorance—the friction cost of operating without sufficient knowledge
about environmental systems.

The Sisyphus Question

For 50 years, the environmental profession has operated on an implicit assumption: our job is to
push the boulder up the hill forever. To force entropy back, again and again, through continuous
human effort.

This is Sisyphus. It is exhausting. And it was never the real goal.

The goal was never to force nature into order forever through human labor.

The goal was to build the system that would shepherd it.

That system is Jed's Angel—evolving toward Environmental Superintelligence. The physics
permits it. The technology enables it. The only question is whether we—perhaps the last

generation of environmental professionals who understand both the old world and the new—will
be its architects.

The New Role



From Forcing to Shepherding: Stop fighting entropy after it wins. Start knowing where it's
headed and intervening gently before it scatters.

From Labor to Architecture: Your expertise doesn't disappear—it becomes the blueprint.
Every judgment call you've made, every edge case you've navigated, becomes training data for
systems that will shepherd long after you retire.

From Paperwork to Principles: Codify the first principles of stewardship—entropy
minimization, precaution, biodiversity—into algorithms. Al lacks moral framework. We provide

it. This is the most important work of our careers.

From Sisyphus to Angel: You are not condemned to push boulders. You are designing the
intelligence that will keep them from rolling.

Conclusion: The Thermodynamic Equilibrium

A clean planet is not primarily a political choice or a moral aspiration.

It is the thermodynamic equilibrium of a civilization that has learned to shepherd entropy
rather than force it.

When the cost of knowing approaches the Landauer Limit, and the cost of moving remains fixed
by quantum mechanics, the cheapest path for any system is the ordered path. Disorder becomes
economically irrational—not because of regulations or values, but because knowing is 10?° times
cheaper than moving.

We are approaching that threshold.

The Intelligence Leverage Equation quantifies this convergence:

Mc?

A=—
I-kgTIn 2

Maxwell's Demon was a thought experiment. Jed's Angel is its realization. Environmental
Superintelligence is its destination. And entropic shepherding—the continuous maintenance of
order through knowledge rather than force—is the destiny of environmental stewardship.

The work is not merely changing. It is succeeding.

And we can be its architects.



Appendix A: Key Physical Constants

‘ Constant H Symbol H Value |
‘Speed of light Hc H2.998 x 10® m/s |
‘Boltzmann constant Hk_B H1.381 x 10722 J/K ‘
‘Avogadro's number HN_A H6.022 % 10% mol™ ‘
‘Fine structure constant H(x Hl/ 137.036 ‘
In(2) = 0.693 |
| Derived Quantity |  Vvalue(T=300K) |
‘Landauer limit (cost of knowing 1 bit) H2.87 x1072'] ‘
‘C-H bond energy (cost of moving 1 bond) H6.9 x107"J ‘
‘Bond/Bit ratio H~240 ‘
‘Energy of 1 kg (mc?) H9 x 1016 ) ‘
‘Max leverage (1 kg, 1 bit) H3.1 x 10% ‘

Appendix B: Experimental Verification

‘ Claim H Verification H Source
; YY)
Landauer's Principle D1r'ect‘ measurement within 10% Bérut et al., Nature (2012)
of limit
—— 5 ; ;
Informa.tlon to-work 90% of theoretical maximum Koski et al., PNAS (2014)
conversion extracted
Sagawa-Ueda relations Quantitative confirmation g;)yla(l)o)e ctal., Nature Physics
Nanomagnet erasure 44% above Landauer limit g(())ri%)et al., Science Advances

Appendix C: Historical Timeline

1867: Maxwell proposes demon thought experiment

1905: Einstein derives E = mc?

1948: Shannon founds information theory

1961: Landauer publishes "Irreversibility and Heat Generation"

1982: Bennett resolves Maxwell's demon via Landauer's principle

2008-2012: Sagawa and Ueda generalize Second Law to include information
2012: Bérut et al. experimentally verify Landauer's principle

2025: This synthesis: The Intelligence Leverage Equation

2026: Jed's Angel: From thought experiment to Environmental Superintelligence



Glossary

Entropic Shepherding: The continuous maintenance of low-entropy configurations through
information rather than force. What Jed's Angel does.

Mass Forcing: The restoration of low-entropy configurations through physical and chemical
work. The old paradigm.

Intelligence Leverage (A): The ratio of physical energy to information energy; quantifies how
much more efficient knowing is than moving.

Bond-Bit Asymmetry: The fundamental physical ratio (~10%°) between the cost of manipulating
matter and the cost of processing information.

Landauer Limit: The minimum energy required to process one bit of information (~3 x 102" J
at room temperature). The floor of knowing.

Jed's Angel: The practical realization of Maxwell's Demon—a system evolving toward
Environmental Superintelligence that maintains environmental order through entropic

shepherding.

Environmental Superintelligence (ESI): Al systems that shepherd planetary entropy with
capabilities far beyond human capacity, approaching the thermodynamic limits physics permits.
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The goal was to build the system that would.



