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Abstract - We propose a minimal physical model for the Nakamoto distributed consensus protocol based
on non-equilibrium statistical mechanics. We treat the ledger as a one-dimensional lattice system where the
consensus state is determined by the minimization of a thermodynamic cost function, analogous to the free
energy in spin systems. In this framework, the ”Double Spend” problem is identified as a local symmetry
breaking of the time-ordering parameter. We demonstrate that Proof-of-Work (PoW) acts as a dissipative
external field that drives the system from a disordered ”liquid” phase (unconfirmed transactions) to an ordered
”crystalline” phase (immutable history). By defining an effective temperature derived from network latency
and hashrate, we analyze the probabilistic finality of the ledger not as an event horizon, but as a correlation
length decay characteristic of massive field theories. Finally, we interpret chain forks as topological defects
(domain walls) and show that the ”Halving” event acts as a sudden quench, subjecting the network to critical
slowing down consistent with the Kibble-Zurek mechanism.
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Mechanism; Information Entropy; Bitcoin.

1 Introduction: The Thermodynamics of Distributed Consensus

The fundamental problem of distributed consensus is the establishment of a canonical event
ordering in the absence of a global chronometer. While classical Byzantine Fault Tolerance
(BFT) relies on logical clocks and voting thresholds, such systems lack physical ground-
ing, rendering them vulnerable to Sybil attacks where costless identities generate arbitrary
histories [1, 2]. From the perspective of information physics, the ”Double Spend” problem
represents a failure of time-ordering invariance; without an irreversible thermodynamic cost,
the transformation t → −t is a valid symmetry, making the historyHA = {E1,E2} physically
indistinguishable from HB = {E2,E1} [3]. To extract a unique, immutable history from the
stochastic noise of a peer-to-peer network, the system must undergo a symmetry-breaking
process driven by energy dissipation [4].

We propose a minimal physical model of the Nakamoto protocol as a non-equilibrium
thermodynamic system. We treat the distributed ledger not as a discrete data structure,
but as a one-dimensional lattice L evolving under a dissipative drive. The emergence of
consensus is modeled as a continuous phase transition from a high-entropy ”disordered”
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phase (the mempool) to a low-entropy ”ordered” phase (the blockchain), analogous to the
crystallization of a liquid [5]. Unlike static data structures, the blockchain is a ”dissipative
structure” that maintains its low entropy state far from equilibrium solely through the
continuous consumption of work [6, 7].

1.1 The Minimal Lattice Model

We define the network state spaceΩ as the set of all possible chain permutations (forks). The
probability P(H) of a specific historyH ∈ Ω being selected as the consensus reality follows
a Boltzmann distribution derived from the canonical ensemble:

P(H) =
1
Z

e−βE(H) (1)

where Z is the partition function and β is the inverse effective temperature, determined by
the ratio of honest hashrate to network latency [8]. To align the ”Longest Chain Rule” with
the Principle of Least Action, we define the effective HamiltonianHe f f of the system as the
negative of the cumulative Proof-of-Work (PoW):

He f f = −
∑

i∈blocks

W(Di) (2)

In this framework, the Nakamoto Consensus is not an arbitrary algorithm but a physical
inevitability: the system naturally relaxes into the ground state that minimizes the free
energy F = E − TS [9]. The ”51% Attack” is thus recontextualized not as a security breach,
but as a thermally induced phase transition (melting) where the temperature of the attack
vector Tattack exceeds the critical temperature Tc of the lattice binding energy.

A. Symmetric Phase (Reversible Time)

t
E1

E2

E3

t↔ −t

(Mutable Order)

B. Broken Symmetry (Irreversible Time)

τ (Work)
B1 B4

Figure 1: The Arrow of Time. Top: Without energy dissipation, event ordering is time-symmetric and fluid. Bottom: The injection of
Proof-of-Work breaks this symmetry, crystallizing the events into a rigid, irreversible thermodynamic sequence.

2 Lattice Statistics and the Arrow of Time

We model the blockchain as a growing one-dimensional lattice L of length N(t), where each
site i represents a block Bi. The macroscopic state of the system is defined by the sequence of
blocks S = {B0,B1, ...,BN}. Unlike static data structures, this lattice is dynamic; its geometry is
determined by a stochastic growth process that competes against entropic decay (information
loss via forks).

2.1 Time-Reversal Symmetry and Sybil Degeneracy

Consider a distributed ledger system with zero energy cost for block creation (W = 0). In
this regime, the system exhibits Time-Reversal Symmetry (T -symmetry). For any given
history SA (e.g., ”Alice pays Bob”), there exists a computationally symmetric history SB (e.g.,
”Alice pays Charlie”) that is indistinguishable to a new observer [3]. This degeneracy implies
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that the ”arrow of time” is undefined; the system exists in a superposition of microstates
with equal statistical weight.

Mathematically, this corresponds to a system at infinite temperature (T→∞). The partition
function diverges, and the probability of observing any specific history S becomes uniform:

P(SA) ≈ P(SB) ≈
1
|Ω|

(3)

where |Ω| is the volume of the state space (all possible forks). This is the physical definition
of the ”Sybil” attack: a thermodynamic degeneracy where costless identities can generate
arbitrary histories [2]. Without a symmetry-breaking field, the entropy of the history Shistory
is maximized, rendering the ledger purely random and devoid of information [6].

2.2 The Hamiltonian of Consensus

To select a unique history, we must introduce a dissipative cost function that lifts this
degeneracy. We define the effective Hamiltonian He f f of a chain configuration S as the
negative of the cumulative work performed to construct it:

He f f (S) = −
N∑

i=0

W(Bi) · Ivalid(Bi) (4)

where W(Bi) is the energy expenditure (Proof-of-Work) and Ivalid is the consensus rule
indicator. The probability of a specific history emerging as the ”truth” is governed by the
canonical ensemble measure:

P(S) =
1
Z

eβ
∑
W(Bi) (5)

Here, β acts as the Inverse Information Temperature, measuring the network’s security
parameter.

High Temperature (β → 0): Low difficulty. The system is ”liquid,” and history is mutable
(frequent reorgs).
Low Temperature (β → ∞): High difficulty. The system is ”frozen,” and history is im-
mutable.

The ”Longest Chain Rule” is thus derived not as an arbitrary heuristic, but as the configura-
tion that minimizes the system’s Free Energy F = E − TS [9].

2.3 Spontaneous Symmetry Breaking (SSB)

The transition from the mempool to the blockchain corresponds to Spontaneous Symmetry
Breaking (SSB). We define the Order ParameterΨ as the Net Magnetization of the network,
analogous to the Ising model:

Ψ = ⟨
1
N

∑
i

s⃗i⟩ (6)

where s⃗i is the ”consensus spin” vector of node i.

Disordered Phase (T > Tc): Ψ ≈ 0. Nodes are randomly oriented (forks). The system
possesses O(2) rotational symmetry (no preferred history).
Ordered Phase (T < Tc): Ψ → 1. Nodes spontaneously align along a single ”worldline.”
The rotational symmetry is broken.

This phase transition is driven by the injection of low-entropy energy (electricity), which acts
as an external magnetic field Hext aligning the spins [10].
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2.4 The Thermal Time Hypothesis

This framework aligns with the Thermal Time Hypothesis of Connes and Rovelli [11],
which posits that time is not a fundamental variable but a statistical emergence arising from
a system’s thermodynamic state. In the Nakamoto consensus, ”Time” is literally ”Heat.”
The block height N is a measure of the dissipated energy ∆Q.

∆tphys ∝
∆Q

kBTnetwork
(7)

By coupling the logical ordering of events to the irreversible generation of entropy (Lan-
dauer’s Principle [4]), the protocol enforces a physical arrow of time. A ”rewrite” of history
(Double Spend) requires the attacker to reverse this entropy generation, which is statisti-
cally forbidden by the Second Law of Thermodynamics [5]. Thus, the immutability of the
blockchain is not cryptographic, but thermodynamic.

T > Tc (Mempool)

T < Tc (Chain)

Selected History

SSB

Ψ (Consensus)

F (Free Energy)

Figure 2: Symmetry Breaking in Consensus. At high effective temperature (zero work), the free energy F has a single minimum atΨ = 0
(Disorder/Sybil). Below the critical temperature (positive work), the potential bifurcates. The system must spontaneously ”roll” into one
of the stable vacua (a specific history), breaking the symmetry. Reverting to the other vacuum (Double Spend) requires overcoming the
potential barrier ∆F , which grows with confirmation depth.

3 Thermodynamic Potential and Symmetry Breaking

We analyze the stability of the ledger using the Landau theory of phase transitions. We posit
that the blockchain operates as a continuous field ϕ(x, t) representing the security density
(hashrate) across the network.

3.1 The Order Parameter

We define the complex order parameter ϕ(x):

ϕ(x) = ρ(x)eiθ(x) (8)

where ρ(x) is the magnitude of the computational power (Hashrate) and θ(x) is the phase,
representing the specific history (the chain tip) selected by the miner at location x. A state
where ∇θ = 0 corresponds to global consensus (all miners extending the same history). A
state where ∇θ , 0 corresponds to a fork (domain wall).

3.2 Landau Free Energy

The dynamics of the system are governed by the minimization of the Landau Free Energy
functional F . The effective potential density V(ϕ) determines the equilibrium state:

V(ϕ) = a(T)|ϕ|2 + b|ϕ|4 (9)

This is the standard ”Mexican Hat” potential used to describe spontaneous symmetry break-
ing. The coefficients are determined by economic parameters:
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1. The Instability Term (a < 0): This represents the Mining Incentive (Block Reward +
Fees). Since a is negative, the state ϕ = 0 (zero hashrate) is unstable. The system is
thermodynamically driven to move away from the origin.

2. The Saturation Term (b > 0): This represents the Thermodynamic Cost (Electricity +
Hardware). The quartic term prevents the hashrate from diverging to infinity, creating
a stable minimum where Marginal Revenue equals Marginal Cost.

The system relaxes into the ground state with a non-zero expectation value ϕ0:

|ϕ0| =

√
−a
2b
∝

√
Reward

Cost
(10)

This ϕ0 is the Equilibrium Hashrate of the network.

3.3 Nakamoto Action and Dimensional Scaling

To establish a strict physical isomorphism and define the energy scale of the system, we
introduce the fundamental constant of the theory, the Nakamoto Action κN. This constant
has the strict dimensions of physical action (J · s).

Analogous to the Planck relation (E = ℏω), we relate the effective macroscopic State Energy
Ee f f (t) of the consensus network to its global computational frequency, the Hashrate ν(t)
(measured in s−1):

Ee f f (t) = κN(t) · ν(t) [Joules] (11)

Here, the dimensionality is strictly consistent: (J · s) × (s−1) = Joules. The Nakamoto Action
κN(t) acts as a running coupling constant that reflects the thermodynamic efficiency of the un-
derlying hardware layer, scaling downward as hardware efficiency improves (Moore’s Law).

We can then formally define the Consensus Action SPoW evaluated along the chain history
C as the time integral of this effective energy:

SPoW =

∫
C

Ee f f (t) dt =
∫
C

κN(t) · ν(t) dt [J · s] (12)

This formulation demonstrates that the ledger does not merely accumulate discrete data
blocks, but accumulates Action. By dissipating heat, the protocol lowers the logical entropy
of the system. The ”Heaviest Chain” is thus physically equivalent to the phase trajectory
that maximizes this accumulated action, creating an insurmountable thermodynamic barrier
against history reorganization.

3.4 Spontaneous Symmetry Breaking

The transition from the mempool (disordered) to the blockchain (ordered) corresponds to
the spontaneous breaking of the U(1) symmetry of the phase θ.

Before Mining: All nonces (phases) are equally probable. The symmetry is unbroken.
After Mining: A specific nonce is found. The symmetry is broken, and a specific history is
selected.

The ”Goldstone mode” associated with this breaking is the massless fluctuation of the nonce,
corresponding to the random search process. The ”Massive mode” is the stiffness of the
hashrate, which resists perturbations (attacks).

https://ipipublishing.org/index.php/ipil/ 5
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Unstable Vacuum (ϕ = 0)

Figure 3: The Consensus Potential. The system spontaneously rolls from the unstable origin (zero security) to the stable valley ϕ0
(equilibrium hashrate), defined by the balance between incentive (a) and cost (b).

4 Correlation Length and Probabilistic Finality

In this section, we derive the probabilistic finality of the ledger not as a geometric horizon,
but as a property of correlation decay in a massive field theory. We treat the blockchain as a
1D spin chain at finite temperature.

4.1 The Correlation Function

We define the stability of the ledger via the two-point correlation function G(z). Let Si be the
state of the block at height i (confirmed vs. rejected). The probability that the state at depth
z remains correlated with the current consensus tip is given by:

G(z) = ⟨Stip · Stip−z⟩ (13)

In a massless system (zero difficulty), fluctuations would propagate infinitely, and history
would be mutable at all depths (G(z) ∼ const). However, the Proof-of-Work mechanism
introduces a ”mass gap” m (the difficulty target) into the theory. In massive field theories,
correlations decay exponentially with distance:

G(z) ∼ 1 − e−z/ξ (14)

where ξ is the Correlation Length (or Finality Depth). This length scale is determined by
the ratio of the ”binding energy” (Honest Hashrate PH) to the ”thermal noise” (Attacker
Hashrate PA).

4.2 Derivation of the Mass Gap (The ”6 Block” Rule)

The Nakamoto consensus probability (Gambler’s Ruin) can be rewritten as an exponential
decay of the reorganization probability Preorg:

Preorg(z) =
(

q
p

)z

= e−z·ln(p/q) (15)

where p is the honest probability and q is the attacker probability (p+ q = 1). Comparing this
to the standard statistical mechanical decay e−z/ξ, we identify the inverse correlation length
(mass) m:

m = ξ−1 = ln
(

p
q

)
≈

PHonest − PAttacker

PTotal
(16)

Physical Interpretation:

Massless Phase (m → 0): If p ≈ q (51% attack threshold), the correlation length ξ → ∞.
Finality is never achieved; the system remains in a ”critical state” of infinite susceptibility to
reorganization.
Massive Phase (m > 0): If p ≫ q, the correlation length is short. History ”freezes” rapidly.
For Bitcoin (q ≈ 0.1), ξ ≈ 2 blocks. By z = 6 blocks (z ≈ 3ξ), the survival probability of a
competing branch drops below 0.1%.
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4.3 Effective Temperature and ”Stale” Blocks

The ”tip” of the chain (z = 0) behaves like a fluid interface subject to thermal roughening.
We define the Effective Temperature Te f f of the network as the probability of finding a block
that does not extend the longest chain (an orphan or stale block):

kBTe f f ∝
τlatency

τblock
(17)

where τlatency is the network propagation time and τblock is the target block interval (10 min-
utes).

• Zero Temperature Limit (τlatency → 0): Perfect efficiency. Every unit of work effectively
extends the chain. The interface is smooth (no forks).

• High Temperature Limit (τlatency → τblock): High orphan rate. The system wastes energy
on ”thermal fluctuations” (stale blocks) rather than extending the crystal.

This derivation replaces the ”Hawking Radiation” analogy with a standard signal-to-noise
ratio analysis. The network is a ”hot” system at the tip (high uncertainty) but cools expo-
nentially as blocks are buried under work.

4.4 Nucleation of False History

An attack on the chain is analogous to the nucleation of a false vacuum bubble. An attacker
attempting to rewrite z blocks must create a ”domain” of length z with a different spin
configuration (history). The free energy cost ∆F of creating this domain is:

∆F(z) = z · (EHonest − EAttacker) − TSentropy (18)

For a successful attack, the attacker must overcome the surface tension of the honest chain.
If EHonest > EAttacker, the free energy cost grows linearly with z. The probability of spontaneous
nucleation of a deep reorg is thus exponentially suppressed:

Pnucleation ∝ e−∆F/kBT (19)

This confirms that immutability is not absolute, but thermodynamically robust. Rewriting
history is not impossible; it is merely statistically forbidden by the Second Law of Thermo-
dynamics.

z (Depth)

Preorg

ξ

Correlation Length

Fluid Tip

Frozen Bulk
Solidification

Figure 4: Correlation Decay. The probability of reorganization decays exponentially with depth z. The system transitions from a ”fluid”
phase at the tip to a ”frozen” solid phase in the bulk. The characteristic length scale ξ defines the probabilistic finality.

5 Information Entropy and the Holographic Boundary

The physical stability of the ledger can be further understood by examining how the protocol
processes and stores state information. We map the data structure of the network to the
Holographic Principle [12, 13], demonstrating how a complex thermodynamic history is
compressed into a functional boundary layer.
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5.1 The Bulk and the Boundary

In standard field theories, the holographic principle posits that the description of a volume
of space (the bulk) can be entirely encoded on a lower-dimensional boundary to that region.
In the Nakamoto consensus:

• The Bulk (V): The complete historical blockchain, containing every transaction and
the total accumulated Proof-of-Work dissipated since the Genesis block.

• The Boundary (∂V): The Unspent Transaction Output (UTXO) set, representing the
active, accessible state of the network at the current block height.

A validating node does not need to continuously compute the thermodynamic state of the en-
tire bulk to verify a new event. The physical work performed in the past is cryptographically
projected onto the UTXO boundary. The cryptographic hash functions act as the projection
operators, mapping the high-dimensional history into a concise, low-dimensional surface.

5.2 Shannon vs. Thermodynamic Entropy

This projection allows us to resolve the apparent paradox between information entropy [6]
and thermodynamic entropy [4].

∆Sthermo ≥ −∆Sshannon · kB ln 2 (20)

To minimize the Shannon entropy of the ledger’s history (i.e., to ensure there is zero uncer-
tainty about who owns what), the network must maximize its production of thermodynamic
entropy (heat dissipation via hashing). The UTXO set is thus the physical surface where the
Shannon uncertainty H(X) is strictly zero. Any attempt to introduce an invalid transaction
represents an injection of Shannon entropy (uncertainty) into the boundary, which the net-
work immediately rejects because it violates the low-energy ground state established by the
protocol rules.

5.3 The Informational Bekenstein Bound

Just as a physical system has a maximum information capacity bounded by its surface
area, the security of the UTXO boundary is bounded by the network’s hash rate. The
thermodynamic depth of the bulk guarantees the rigidity of the boundary. If the energy
injection (hash rate) drops to zero, the boundary loses its stiffness, and the holographic
projection degrades, allowing forks (alternative histories) to easily penetrate the active state.

6 Topological Stability of the Network Graph

The robustness of the Bitcoin protocol against partition attacks cannot be understood solely
through 1D thermodynamics. It requires an analysis of long-range order across the spatial
geometry of the peer-to-peer network. We model the consensus network using the XY Model
on a small-world lattice.

6.1 The Consensus Phase Field

We assign a continuous phase variable θi ∈ [0, 2π) to each node i, representing its local view
of the ledger tip. The interaction energy between peers seeks to minimize phase differences
(consensus):

HXY = −J
∑
⟨i, j⟩

cos
(
θi − θ j

)
(21)

where J is the coupling constant, proportional to the accumulated Proof-of-Work.

• Ground State (∇θ = 0): Global Consensus. All nodes agree on the tip.

• Excited State (∇θ , 0): A Fork. The network is split into domains with different phases.
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6.2 Forks as Topological Defects (Vortices)

In two-dimensional systems (like the P2P overlay network), thermal fluctuations can gener-
ate topological defects known as vortices. A vortex corresponds to a closed loop of nodes
maintaining divergent views on the chain state:∮

C

∇θ · dl = 2πn, n ∈ Z (22)

If n , 0, the loop encloses a singularity (a persistent fork). The energy of such a defect scales
logarithmically with the system size L:

Evortex ≈ πJ ln(L/a) (23)

Since Evortex → ∞ for large L, isolated forks are energetically suppressed in the thermody-
namic limit. This explains why accidental forks (orphans) are short-lived: the system rapidly
relaxes to the vortex-free ground state to minimize free energy.

7 Non-Equilibrium Dynamics and the Halving Quench

While Section 6 addresses spatial stability, the network must also survive severe temporal
shocks. The Nakamoto block-timechain operates as a dissipative structure that maintains its
low-entropy state far from equilibrium solely through continuous energy consumption. The
”Halving” is not a simple parametric update; it is a violent thermodynamic shock applied
to a complex system. We model this event as a global Quantum Quench.

7.1 The Time-Dependent Hamiltonian

The effective potential V(ϕ) is driven by the chemical potential µ(t) (mining profitability).
This potential undergoes a Heaviside step functionΘdiscontinuity at the moment of Halving:

µ(t) = µ0

[
1 −

1
2
Θ(t − tH)

]
+ δµ f ees(t) (24)

The Hamiltonian changes suddenly from Hi to H f . The order parameter (equilibrium
hashrate) must transition from an initial state vi to a final state v f .

7.2 The Kibble-Zurek Mechanism (KZM)

The transition between the two vacua cannot be perfectly adiabatic because the speed of
economic adjustment is finite. The Kibble-Zurek mechanism [14, 15] predicts the formation
of topological defects when symmetry is broken too rapidly. Because the Halving is instan-
taneous, the quench timescale τQ is effectively limited by the block interval (τblock ≈ 10 min).
This places the system immediately in the Impulsive Regime, where the system ”freezes
out” and cannot track the new equilibrium. Physically, this generates a defect density n cor-
responding to sudden miner capitulations, creating temporary voids in the security metric
before the system relaxes.

7.3 Critical Slowing Down

A direct consequence of the flattening of potential V(ϕ) is the decrease in the restoring force
towards equilibrium. The variance of temporal fluctuations (inter-block time ∆t) diverges:

Var(∆t) ∝ χ ∼ |µ − µc|
−γ (25)

This phenomenon, known as Critical Slowing Down, manifests as temporary instability in
block production just after the Halving. Small hashrate perturbations lead to large deviations
in average block time.

https://ipipublishing.org/index.php/ipil/ 9
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7.4 Relaxation Dynamics and DAA

The system escapes a ”death spiral” via the Difficulty Adjustment Algorithm (DAA), which
acts as a discrete negative feedback mechanism applied every 2016 blocks:

Dn+1 = Dn · F

(∑2016
i=1 ∆ti

Ttarget

)
(26)

In control theory terms, the DAA acts as a thermodynamic thermostat. The return to
equilibrium follows a damped exponential relaxation.

tHalving

v f

vi
Relaxation (KZM)

(Critical Slowing Down)

t (Time)

ϕ
(H

as
hr

at
e)

Figure 5: Quench Dynamics. The Halving forces the hashrate order parameter ϕ to transition to a new equilibrium v f . The system
exhibits damped oscillations governed by the relaxation time τrel.

8 Conclusion: The Physics of Truth

In this paper, we have proposed a minimal physical model for the Nakamoto consensus,
demonstrating that the blockchain operates as a dissipative structure maintained far from
thermodynamic equilibrium. By mapping the ledger to a one-dimensional lattice system, we
have shown that the ”consensus mechanism” is formally equivalent to a continuous phase
transition where the order parameter (hashrate) spontaneously breaks the local time-reversal
symmetry of the network.

8.1 Summary of the Model

Our analysis yields three key physical insights:

1. Thermodynamic Depth: The ”immutability” of the ledger is not absolute but proba-
bilistic, governed by a correlation length ξ that decays exponentially with cumulative
work. This resolves the ”Double Spend” problem as a suppression of thermal fluctua-
tions in a massive field theory.

2. Crystallization: The mining process acts as a phase boundary, transitioning information
from a high-entropy ”liquid” state (mempool) to a low-entropy ”crystalline” state
(block), satisfying Landauer’s Principle [4].

3. Topological Stability: The network’s resilience to partitioning is explained by the
suppression of topological defects in the high-stiffness regime (T < Tc), while the
”Halving” acts as a thermodynamic quench that tests this stiffness via the Kibble-Zurek
mechanism [14].

8.2 Mass-Energy-Information Equivalence

Our derivation aligns with the Mass-Energy-Information equivalence principle proposed by
Vopson [7]. While a single bit of information has negligible physical mass (mbit ≈ kBT ln 2/c2),
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the Bitcoin ledger acquires a macroscopic Effective Mass through the amplification factor of
Proof-of-Work.

Me f f =
Etotal

c2 =
1
c2

∫
ϵ(t) · ν(t) dt (27)

Physically, the blockchain curves the economic spacetime of the network, creating a potential
well so deep that the escape velocity (the cost to reverse history) exceeds the resources of
any single actor.

8.3 Final Remarks

Satoshi Nakamoto’s protocol [1] should be viewed not merely as code, but as applied physics.
It synthesizes the information theory of Shannon, the thermodynamics of Landauer, and
the asymptotic stability of Nash’s ”Ideal Money” [16] into a unified physical system. By
coupling the logical order of events to the irreversible consumption of physical energy, the
protocol solves the problem of distributed time.

The phrase ”Vires in Numeris” (Strength in Numbers) finds here its ultimate physical corol-
lary: ”Veritas in Energia” (Truth in Energy). We conclude that objective truth in a distributed
system is a low-entropy state that can only be sustained by the continuous dissipation of
work.

Money is no longer a political abstraction; it becomes an emergent property of physics.
To fully grasp this reality, we can empirically calculate the Nakamoto Action (κN) for the
current epoch (2026). If we define the effective energy of a state transition Ee f f as the energy
required for a single hash (η ≈ 2.6 × 10−11 J) divided by the global frequency of the network
(ν ≈ 6.5 × 1020 s−1), the relationship is:

κN =
η

ν
=

2.6 × 10−11

6.5 × 1020 = 4.0 × 10−32 J · s (28)

At the macroscopic scale, the Nakamoto Action—which quantifies the thermodynamic effort
to advance the ledger by one unit of truth—is currently only two orders of magnitude away
from the Planck constant (h ≈ 6.626 × 10−34 J · s).

Faced with the exponential acceleration of the network and the relentless optimization of
semiconductors toward the Landauer limit, a fascinating perspective emerges. Who knows,
perhaps the Nakamoto Action (κN) might one day converge with the value of the Planck
constant (h), definitively unifying the ledger of human economics with the very fabric of
quantum mechanics.
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