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Abstract

We say that arguments get “heated” and then “cool off.” We take this literally. Modelling a
disagreement as an isolated thermodynamic system of people exchanging assertions, we show
that the folk metaphor is not a metaphor at all: the full apparatus of statistical mechanics—
temperature, entropy, free energy, phase transitions—transfers without modification. The
central result is a Second Law of Discourse: in an isolated debate the disorder can only
increase, so a decisive victory, which would require disorder to fall, is thermodynamically
forbidden. No isolated argument has ever been won. Placing 4,279 real arguments in a
purpose-built rhetorical calorimeter, we find that they cool exponentially, obeying Newton’s
law with a median R? = 0.94, toward a universal room temperature of 21.040.4°C that is in-
dependent of the topic, the culture, and who was right. Extrapolating the Second Law to its
conclusion, every exchange ends in maximum entropy and uniform lukewarm temperature—
the heat death of discourse. What we call consensus is merely thermal equilibrium: the
state in which two people who disagreed about everything at last agree, because no energy
remains with which to disagree.

1 Introduction: Everybody Already Knows This

Nobody had to teach you that an argument can be “heated,” that tempers “flare,” that a
quarrel “boils over” before both parties, eventually, “cool off.” The vocabulary of disagreement
is, and has always been, the vocabulary of heat. The literature has treated this as a charming
coincidence of language. It is not a coincidence. It is a measurement.

In this paper we take the thermal vocabulary of argument at face value and ask what follows.
What follows is everything. If “heat” names a real quantity that an argument possesses, then
that quantity has a temperature; if it has a temperature, it has an entropy; if it has an entropy, it
obeys a Second Law; and if it obeys a Second Law, then the eventual fate of every disagreement
is already written. We derive that fate and then, uncomfortably, we measure it.

Our headline is a consequence we state now so the reader may argue with it for the remain-
der of the paper: a decisive win in an isolated argument is forbidden by the Second Law of
Thermodynamics. A win would require the disorder of the exchange to spontaneously decrease,
and disorder, left to itself, does not decrease. Every reader has felt this without naming it—the
long exchange that resolves nothing, the comment thread that does not conclude so much as go
cold. We give the feeling a coefficient.

The plan is ordinary. Section 3 builds a complete dictionary between statistical mechan-
ics and discourse. Section 4 states the four Laws of Discourse and proves the no-win theorem.
Section 5 gives the dynamics—why arguments cool, and how fast. Section 6 describes the rhetor-
ical calorimeter and what 4,279 real arguments told it. Section 7 maps the phase behaviour,



including the first-order transition every online moderator already knows by name. Section 8
confronts the failures of the theory, of which the most serious occurs at Thanksgiving.

2 Related Work

That argument obeys a conservation principle was first proposed, in a paper usually mistrans-
lated, by Clausius [1], whose AS > 0 for the “forces of argument” (Streitkrifte) we recover
below as our Second Law. The microstate counting we rely on is due to Boltzmann [2], who
first proposed that a stated position is an ensemble of the beliefs compatible with it. The ap-
parent violation of the Second Law by a moderator—who reaches into a hot thread and lowers
its disorder—repeats exactly the paradox of Maxwell [3] and is resolved, as that paradox is, by
the erasure cost of Landauer [4]. Cross-effects, whereby a concession on one point provokes a
hardening on another, are the discursive form of the reciprocal relations of Onsager [5]. The
self-organisation of a thread before it dies is a dissipative structure in the sense of Prigogine [6].

Our approach subsumes the bounded-confidence tradition of Deffuant & Hufnagel [7] and
Hegselmann & Krause [8], which correctly predicts that opinions either converge or fragment
but omits the temperature at which they do either, and therefore cannot predict when a thread
goes cold. The channel we use for incoming information is that of Shannon [9], taken here in
its less celebrated application to miscommunication. The efficiency bound of Section 5 is the
argumentative specialisation of Carnot [10]. We follow Gibbs [12] in treating the two-person
quarrel, the comment thread, and the platform as three ensembles of one system.

3 A Thermodynamics of Disagreement

We construct a one-to-one correspondence between the primitives of statistical mechanics and
the primitives of discourse. The correspondence is complete: every term on the left has a
counterpart on the right, and the counterpart is not an analogy but a definition.

Definition 1 (Microstate and macrostate). A microstate w € Q is a complete specification of
every participant’s momentary belief vector. A macrostate, or position M, is an equivalence
class of microstates—the set of belief configurations a participant would describe with the same
stated view. We write (M) for the number of microstates consistent with M.

Definition 2 (Rhetorical entropy). The rhetorical entropy of a position is
S = kInQ(M), (1)

where k, is Boltzmann’s discursive constant. A sharp, committed position (“the answer is
exactly four”) is consistent with few configurations, so S is small; a maximally defensible position
(“it’s complicated; there are many factors”) is consistent with enormously many, so S is large.
Entropy measures the wiggle room a position has left itself.

Definition 3 (Discursive temperature). The discursive temperature T, is proportional to the
mean-square assertion intensity per unit time,

Ty <d2>, (2)

where ¢ is the rate of assertion weighted by the intensity index ¢ of Section 6. Operationally,
T, is “how heated it is"—the quantity our instrument reads.

With internal energy U—the total conviction present in the system—the state of a debate
is fixed by the same variables that fix the state of a gas. The free energy of conviction is the
Helmholtz form

F=U-T1;5, (3)

and positions realised in practice are those that minimise F'. The apparatus we invoke to read
T, from a transcript is shown schematically in Figure 1.
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Figure 1: The rhetorical calorimeter (schematic). A transcript is decomposed into three mea-
sured channels, combined into the intensity index ¢, and read out as a discursive temperature
T,
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4 The Four Laws of Discourse

The correspondence of Section 3 transports the laws of thermodynamics verbatim. We state
each in its discursive form.

Law 1 (Transitivity of stalemate). If party A has agreed to disagree with B, and B with C,
then A has agreed to disagree with C. Mutual stalemate is an equivalence relation; its classes
possess a common discursive temperature. This is what licenses a single thermometer reading
T, for an entire room.

Law 2 (Conservation of conviction).
dU = 0Q — oW. (4)

The total conviction in a debate rises only through new information injected into it (§Q)) and
falls only through the rhetorical work 6W spent moving another position. Conviction is neither
created nor destroyed by the mere act of arguing; it can only be transferred or paid in.

Law 3 (The Second Law). For an isolated debate,
as > 0. (5)

Every exchange multiplies the number of live interpretations—each reply is read three ways;
each rebuttal spawns two sub-threads—so €2 can only grow. Misunderstanding is entropic.
The debate therefore climbs monotonically toward maximum entropy, the state in which every
position is technically defensible and none is decisive.

Law 4 (Residual grudge). As T; — 0, the entropy approaches a floor Sy > 0. A debate may be
cooled arbitrarily close to silence, but never to a disorder of zero: an irreducible grudge remains.
Absolute zero is unreachable in a finite number of exchanges.

The Second Law has an immediate and unwelcome consequence.

Theorem 1 (No isolated argument is won). Let a debate be isolated in the sense of Law 3. A
decisive victory is a transition to a macrostate of strictly lower multiplicity, i.e. AS < 0. By
(5) no such transition occurs spontaneously. Hence no isolated argument is ever won.

Proof. A win concentrates the belief configurations of the losing party onto the victor’s position,
reducing (M) and therefore S. Equation (5) forbids AS < 0 without external work. The only
debates in which a party concedes are, by the contrapositive, not isolated: work has been
done on them from outside (a shared authority, an exhausted deadline, a third party with a
spreadsheet). O

Corollary 1. Apparent victories are imports. Any argument that ends in a genuwine concession
was coupled, at the decisive moment, to an external reservoir doing work on it.
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Figure 2: Arguments cool exponentially to a universal room temperature. Both a public text
thread and a spoken argument relax to 21°C; the spoken argument, with more surface area per
assertion, cools far faster (shorter 7). Markers are measured; curves are Newton’s-law fits, (6).

5 Cooling: The Dynamics of a Dying Argument

No real argument is perfectly isolated; each is in thermal contact with an indifferent world and
leaks heat into it. The leak obeys Newton’s law of cooling,
dTy
dt
so every argument is an exponential relaxation toward the ambient temperature Tyoom Wwith a
characteristic argument half-life

= —k (Td - TI"OOHI)7 Td(t) == Troom + (Td(O) - Troom) eiktv (6)

In2
T = —. 7
. 7)
The half-life is the paper’s central measurable, and Section 6 reports it across media. A repre-
sentative cooling curve, with fit, is shown in Figure 2.

The free-energy landscape. Realised positions minimise F = U — T3S of (3). When
Ty is large, the —T;S term dominates and the system prefers high-entropy, maximally vague
positions—this is the thermodynamic account of why people retreat to platitudes when a fight
gets hot. When Ty is small, U dominates and sharp, committed positions become stable again—
why the calm conversation the next morning is so much more precise than the shouting the
night before. The landscape sharpens as it cools (Figure 3).

A bound on persuasion. Treating an argument as a heat engine running between a hot
interlocutor at Ti,.; and a cool one at Tiq, the maximum fraction of conviction extractable as
useful work—an actual, surviving concession—is the Carnot bound

_ Tcold
Thot

n <1 (8)

The colder-blooded party is the more efficient engine. This is the exact thermodynamic content
of the advice to “stay calm and you’ll win”: more precisely, staying calm maximises the work
you extract before the argument, inevitably, is won by no one.

6 Experiments

Corpus. We assembled 4,217 public online debates (anonymised) and 62 dinner-table argu-
ments transcribed with the consent of the disputants: 4,279 arguments, 1.9 million assertions,
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Figure 3: The free-energy landscape flattens as the argument heats. When cool, F' is a sharp
double well and committed positions are stable; when hot, the —73S term of (3) flattens it into
a single basin and the vague, high-entropy platitude becomes the only minimum.

Table 1: Argument half-life 7 by medium of conduction. Media with poor thermal contact
(email) insulate; a seminar is, to first order, adiabatic.

Medium 7 Remark

Spoken (in person) 9 min Large surface area per assertion

Group chat 23 min Turbulent; convective losses

Public thread 47 min The canonical case

Email 31 h  An insulator; heat is retained for days
Academic seminar — oo Adiabatic within measurement error

spanning topics chosen to be maximally load-bearing (elections, tabs versus spaces, the correct
way to load a dishwasher).

Instrument. The rhetorical calorimeter (Figure 1) reads Ty from three channels of a tran-
script: the capitalisation ratio ¢, the exclamation density e, and the second-person pronoun
frequency y. These combine into the intensity index and temperature

Lt = ac+ Be+vy, Ty = To+ A, (9)

with (a, 8,7) fit once on a calibration set and thereafter frozen. Of the three channels, y—the
moment an argument stops being about the topic and becomes about you—is by a wide margin
the strongest predictor of temperature. The zero-point Ty and scale A are fixed so that a fully
relaxed thread reads 21 °C.

Results. Cooling curves fit (6) with median R? = 0.94: arguments really do relax exponen-
tially. The asymptote is strikingly universal,

Troom = 21.0+0.4 °C, (10)

independent of topic, culture, and which party was, in the end, correct—the room temperature
of the human spirit. Half-lives, by contrast, depend strongly on the medium of conduction
(Table 1). The Second Law (Law 3) held—entropy rose monotonically—in 98.3% of threads,
and in exactly zero of the 4,279 arguments did any participant record a concession that survived
to the following session, consistent with Theorem 1.
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Figure 4: Moderation does not repeal the Second Law; it relocates it. Left unmoderated, en-
tropy rises monotonically; a moderator sorts and deletes, dropping S at each erasure—but by
Landauer’s principle each erasure dissipates k,Ty1n 2 into the moderator, whose own tempera-
ture climbs (inset). The disorder the thread avoids is exported, not destroyed.

The demon of moderation. A moderator appears to violate the Second Law: reaching into
a hot thread, sorting good takes from bad, deleting the bad, and thereby lowering its entropy.
This is Maxwell’s demon, and it is resolved by Landauer’s principle: erasing one comment
dissipates at least k,T;In2 of heat into the moderator. Sustained sorting heats the demon
without bound. We identify this dissipation with moderator burnout, and find its rate to scale
linearly with deletion volume (Figure 4): the disorder a well-kept thread never accumulates is
not destroyed but exported, one erasure at a time, into a person.

7 Phase Behaviour and the Godwin Transition

Plotting social pressure against T, yields a phase diagram (Figure 5) with three regions—CIVIL
Di1sCOURSE, HEATED DEBATE, and FLAME—separated by coexistence curves. The boundary
between civility and flame is a first-order transition at a critical temperature Tz, the Godwin
point, with a latent heat of Godwinisation Lg: on approach the thread absorbs energy without
getting hotter while it reorganises from an argument about the topic into an argument about the
participants, then resumes heating in the new phase. Near Tz we observe critical opalescence—
the correlation length of misunderstanding diverges and the thread becomes locally opaque,
everyone talking past everyone else. Above a critical point the heated and flaming phases
become indistinguishable (supercritical discourse), a region we populate with several political
hashtags.

Three ensembles. The same system appears at three scales, and at each it is not merely
larger but different in kind—more is different, and also louder [11]. A two-person quarrel is
microcanonical—isolated, its conviction fixed. A comment thread is canonical—coupled to a
heat bath, the surrounding internet, at fixed ambient temperature. A whole platform is grand
canonical: participants are exchanged with a reservoir (“someone new has joined the thread” is
particle exchange) at a chemical potential of engagement p set by the recommendation algorithm.
Raising yi—boosting a thread—pumps hot particles in and postpones its heat death. This is the
thermodynamic account of why the algorithm keeps a dying argument alive: it is refrigerating
the thread against its own Second Law, and paying for it in attention.

8 Discussion and Limitations

Our idealisations are the usual ones and they fail in the usual places.
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Figure 5: The phase diagram of a disagreement. Three phases—civil discourse, heated debate,
and flame—meet along coexistence curves. The civil-flame boundary is a first-order transition
at the Godwin point Ty, with latent heat Lg; above the critical point the heated and flaming
phases become indistinguishable (supercritical discourse).

Isolation is an idealisation. Almost no real argument is closed; most are fed by an external
grievance reservoir—for many the reservoir is a single social platform of effectively unbounded
capacity—which can sustain apparently perpetual-motion arguments indefinitely. These do not
violate the Second Law. They are open systems with a hidden supply line, and cutting the line
(closing the tab) restores the expected cooling within minutes.

A quantum regime exists. Before a position is voiced it is not cold but unmeasured: it exists
in superposition (“I hadn’t thought about it until you asked”), and the question collapses it.
Our classical calorimeter cannot resolve pre-measurement opinion, and a quantum treatment—
in which asking a question is an act of measurement that transfers heat—is deferred to future
work.

The family anomaly. The one systematic failure of the theory occurs among kin. Family
arguments appear to violate the Residual-Grudge Law: the floor Sy does not settle to a constant
but grows, slowly, across decades. Either the Third Law fails for families, or the family is not
a closed system and is being continuously reheated from a source we could not identify. We
decline, at this time, to say which.

9 Conclusion: The Heat Death of Discourse

The Second Law admits only one ending. Wind the Second Law forward and every exchange
arrives at the same terminus: maximum entropy, uniform lukewarm temperature, no free energy
left to do rhetorical work. Physicists call this the heat death of the universe. We have been
calling it, without noticing, a comment thread on the third day—the lukewarm calm we praise
as consensus is merely thermal equilibrium. It is the state in which two people who once
disagreed about everything at last agree, not because either was persuaded, but because no
energy remains with which to disagree. The argument is not resolved. It is only, at 21 °C, over.

Data and materials

The corpus was anonymised beyond recovery, then, in accordance with the Second Law, allowed
to cool. Calorimeter calibration constants are available on request, though by the time they
reach you they will have relaxed.
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