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Abstract. We develop a thermodynamic theory of acculturation in which a newly arrived, contextless
traveler is treated as a system displaced from equilibrium. The traveler’s cultural potential =—a scalar
aggregating unfamiliarity with language, currency, and custom—is shown to relax toward the local baseline
according to a first-order law, = = —(Z — Ej,.)/7, with a single relaxation time 7. Analysing a Contextual
Displacement Assay administered to N = 4218 arrivals across 40 international airports, and extending
the record with a genealogical chronosequence, we recover 7 = (175.2 £ 3.1) yr—precisely seven human
generations—and find it invariant across origin, destination, and traveler effort. Effort is found to set
only the arrival amplitude Zo, never the rate: the Second Law of Social Thermodynamics is indifferent to
sincerity. We introduce the dimensionless Xeno number Xe governing the onset of cultural turbulence, and
identify the international airport as an adiabatic boundary across which cultural heat momentarily cannot
flow. Assimilation thus emerges not as a choice but as a conserved thermodynamic inevitability unfolding
over a seven-generation horizon.
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1 Introduction

Consider a competent adult set down, for the first time,
in a country whose language they do not speak, whose
customs they do not know, and whose currency they do
not hold. They are not incapable—they can read a clock,
follow an arrow, and recognise a queue—yet they are,
in a precise sense, without context. Every routine act,
from purchasing a transit ticket to computing a gratuity,
must be reconstructed from first principles. We take this
contextless arrival as the canonical initial condition of a
physical system and ask a deceptively simple question:
how, and how fast, does context return?

The prevailing sociological view treats assimilation as
an idiosyncratic, effort-driven, and fundamentally unpre-
dictable process. We argue the opposite. When unfamil-
iarity is aggregated into a single scalar state variable and
the population is regarded as a heat bath at fixed social
temperature, the return of context obeys a first-order re-
laxation law with a well-defined time constant. Remark-
ably, that constant appears to be universal. Across every
cohort and destination we examined, cultural potential
decays with the same characteristic time—approximately
seven human generations.

Contributions. This paper makes four claims.

e We formalise unfamiliarity as a thermodynamic
state variable Z (Sec. 3) and derive its relaxation
law.

¢ We measure the relaxation time and find 7 =

(175.2 &+ 3.1) yr, coinciding with seven generations,
and show it is invariant across origin and destination
(Sec. 5).

e We show that traveler effort sets the arrival ampli-
tude Z¢ but leaves 7 unchanged: assimilation cannot
be hurried, only started lower.

e We introduce the Xeno number Xe and locate the
transition to cultural turbulence, and we identify the
international airport as an adiabatic boundary.

2 Related Work

The thermodynamic treatment of social aggregates dates
to the foundational program of Brunel [1], who first pro-
posed that populations possess an intensive “social tem-
perature” and an extensive “civic volume.” The diffu-
sion of custom across a cultural boundary was later cast
as a parabolic partial differential equation by Oyelaran
[2], whose cultural diffusivity D, we adopt wholesale.
Our longitudinal design borrows the space-for-time sub-
stitution of Halloran and Vestergaard [3], imported from
landscape ecology, in which spatially separated cohorts of
differing residence age stand in for a single unobservably
long time series.

The semiotics of the arrivals hall—the culture-
invariant pictogram as the one reference frame shared
across civilisations—was mapped by Feldkamp [5], whose
“running figure” and “fork-and-knife” we treat as fixed
points of comprehension. A dissenting account is offered
by Quist [8], who reports destination-dependent relax-



ation times and rejects universality; we return to this
claim, and to its unfortunate treatment of units, in Sec. 6.
The econophysical equation-of-state analogy we invoke
follows Delacroix and Ng [6].

3 A Thermodynamic Model of Accultur-
ation

3.1 State variables and the culton

We collapse the traveler’'s unfamiliarity into a sin-
gle scalar, the cultural potential Z, measured in cul-
tons (cult). By convention one culton is the unfamiliarity
of an agent who can neither order a coffee nor compute
the corresponding gratuity; full local fluency corresponds
to Z = 0. The resident population sits at the local base-
line Zjoc &~ 0 and acts as a heat bath at social temper-
ature Ty, measured in kelvin-social (Ks). The traveler
additionally carries a cultural entropy S, = —[EdInZ=
quantifying the disorder of their internal model of local
custom.

3.2 The relaxation law

Displacement from equilibrium drives return at a rate
proportional to the displacement itself:

d=
— =—=(= 1
dt T( (1)
With Ejc &~ 0 and arrival amplitude Z(0) = =g, Eq. (1)
integrates to the pure exponential

- Eloc)-

[1]

(t) = o exp(—t/7).

2)

The 1/e assimilation time is 7; the half-context time is
tiyo = 7In2 ~ 121yr; and 99% assimilation requires
tgg = 71n 100 =~ 806 yr. That full locality is approached
but never reached (Sec. 6) is a feature of the model, not
a defect.

3.3 The cultural equation of state

Treating newcomers as a dilute cultural gas admitted into
a civic volume V, (institutions per capita), we posit

EV.=nR,T,, (3)

with n the number of co-arriving newcomers and R the
social gas constant. Equation (3) predicts that cold,
crowded institutions—low T, small V.—elevate cultural
potential: time spent queuing at a foreign registry office
measurably retards assimilation, a prediction we exploit
in the phase analysis of Sec. 5.

3.4 The Xeno number and cultural turbulence

By analogy with the Reynolds and Péclet numbers, and
following the programme of dimensionless social trans-
port groups initiated by Ibarra [4], we form the dimen-

sionless group
u L,
4
e, (4)

where u is the rate of cultural advection (daily expo-
sure), L. the characteristic context length of a task, and
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Figure 1: Schematic of the international arrivals hall as
an adiabatic boundary. Cultural heat exchange is sus-
pended (6Qs = 0); only culture-invariant pictographic
information crosses the wall, so the arrival amplitude =
is fixed at the moment of egress.

D, = A/C; the cultural diffusivity. For Xe < 1 accul-
turation is diffusion-dominated and smooth; for Xe > 1
it is advection-dominated, and the traveler encounters
eddies of misunderstanding. Empirically the transition
to cultural turbulence occurs at a critical Xe, ~ 2300,
in striking numerical agreement with the onset of turbu-
lence in pipe flow.

3.5 The airport as an adiabatic boundary

The international arrivals hall occupies a distinguished
role in our theory. Its signage is pictographic and there-
fore culture-invariant; its transactions are suspended; its
occupants are, momentarily, neither in their origin cul-
ture nor their destination culture. We model it as an adi-
abatic wall: a boundary across which cultural heat dQ
cannot flow (6@ = 0), so that the traveler’s state is con-
served in transit and = is fixed at the moment of egress
from the hall. Figure 1 depicts the control volume.

4 Methods (Field Program)

Instrument. We developed the Contextual Displace-
ment Assay (CDA), a 40-item standardized battery scor-
ing an arrival’s ability to (i) purchase a transit ticket,
(ii) compute a locally appropriate gratuity, (iii) locate a
restroom from pictographic signage alone, and (iv) return
a greeting in the correct register. Raw scores are affine-
normalised to cultons, with a returning-native control
group anchoring = = 0.

Cohort. The CDA was administered to N = 4218 ar-
rivals across 40 international airports spanning six con-
tinents. Airports were selected precisely because their
signage constitutes the culture-invariant reference frame
of Sec. 3.5, allowing Zj to be measured at a well-defined
boundary.

Longitudinal design. Direct observation over seven
generations being impractical, we adopt a space-for-time
substitution: within each destination we additionally as-
sayed resident cohorts whose families arrived 1,2,...,7
generations ago (by genealogical self-report), reading the
seven points as a single relaxation curve. This chronose-
quence is a standard device in landscape ecology [3] and
inherits its assumptions.
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Figure 2: Master relaxation curve. Cultural potential
(cultons) versus residence age. Points: pooled chronose-
quence with 95% intervals. Curve: nonlinear least-
squares fit of Eq. (2), 7 = 175.2yr (R? = 0.972).

Table 1: Fitted relaxation time by destination. All in-
tervals bracket seven generations (175yr, dashed).

Destination Eo (cult) 7 (yr) R?

Meridia 0.94 171.8 +£5.2 0.981
Kestrel Coast 1.07 176.3 £4.7 0.968
Valdemar 0.88 1789 +£6.1 0.959
Anseo City 1.13 173.4+4.1 0974
Port Halland 0.97 175.0£5.5 0.977
Sirefu Basin 1.02 1776 £5.9 0.963
Talvela 0.91 1721 +4.8 0.971
Ombrose 1.05 176.8 £5.0 0.966
Pooled 1.00 175.2+ 3.1 0.972

Estimation. For each destination we fit Eq. (2) by

nonlinear least squares, obtaining (Z¢, 7) with 95% con-
fidence intervals. Pooled estimates use a random-effects
meta-analysis over destinations. A frequent-flyer sub-
group was retained to test whether effort alters 7.

5 Results

5.1 Relaxation and the recovered time constant

Figure 2 shows the pooled CDA record against genera-
tional age. The exponential of Eq. (2) describes the data
with R? = 0.972 and returns 7 = (175.2 + 3.1) yr. Ex-
pressed in generations of g = 25 yr, this is 7.01+0.12 gen-
erations. Per-destination fits (Table 1) are mutually con-
sistent and each bracket seven generations.

5.2 Universality of 7

Figure 3 plots the fitted relaxation time for each des-
tination. Despite arrival amplitudes = differing by up
to 28%, every estimate is statistically indistinguishable
from seven generations. We interpret this as strong ev-
idence that 7 is a property of the assimilation process
itself and not of any particular culture pair.

5.3 Effort sets amplitude, not rate

Comparing the frequent-flyer subgroup to first-time ar-
rivals, we find a significant reduction in arrival amplitude
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Figure 3: Universality of the relaxation time. Fitted 7
per destination (markers) with 95% confidence intervals
(horizontal bars). The dashed line marks seven genera-
tions; every interval intersects it.

Table 2: Effort changes arrival amplitude Z¢ but not the
relaxation time 7.

Subgroup Zo (cult) 7 (yr)

First-time arrival 1.04+0.06 175.5+5.3
Frequent flyer 0.71+£0.05 174.6+6.8
Deliberate immersion 0.63 +0.07 176.1 +7.1

(ZEo: 0.71 vs. 1.04 cult, p < 0.001) but no detectable
change in 7 ((174.6 £ 6.8) yr vs. (175.5 £ 5.3) yr). Ta-
ble 2 summarises. Effort, in other words, lowers where
one begins but not how quickly one relaxes: the process
is memoryless in its rate.

5.4 The cultural phase diagram

Mapping destinations into the (T, E) plane (Fig. 4) re-
veals four regimes: assimilated, transient, culture shock,
and, beyond the critical Xe., turbulent. Cold, high-
context destinations push arrivals across the turbulence
contour, consistent with Eq. (3).

6 Discussion

The coincidence of 7 with seven generations invites com-
ment. That the recovered time constant matches the
Haudenosaunee “Seven-Generation” principle [7]—which
counsels evaluating every decision by its consequences
seven generations hence—is, we stress, an empirical re-
sult and not an assumption of the model. We resist the
temptation to read intent into the number; the data sim-
ply prefer it.

Three limitations deserve emphasis. First, Eq. (2) ap-
proaches Z = 0 only asymptotically, so “complete” lo-
cality is never formally attained; the practical conver-
gence at tgg ~ 806yr we regard as sufficient. Second,
the culton is defined by convention and is therefore, like
any base unit before its artifact is retired, mildly cir-
cular. Third, the chronosequence relies on genealogical
self-report, which may bias =y though not, we argue, 7.

We must also address Quist [8], who reports
destination-dependent relaxation times and concludes
that universality fails. On re-examination, that study
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Figure 4: Cultural phase diagram. Social temperature T
versus cultural potential =, partitioned into assimilated,
transient, culture-shock, and turbulent regimes by the
critical Xeno contour Xe, ~ 2300 (red). A newcomer’s
state relaxes downward (dashed) toward the assimilated
band.

quotes T in generations at one site and in years at an-
other without converting between them; correcting the
factor of 25 collapses its apparent variation to within our
confidence interval. We therefore regard the universality
of 7 as intact.

7 Conclusion

Assimilation is not, on the evidence presented here, a
matter of will, aptitude, or luck. It is a conserved relax-
ation of a thermodynamic system toward equilibrium,
governed by a universal time constant of seven human
generations and indifferent to the effort of any individual
traveler. Effort determines only the height from which
one begins. If the result holds, cultural infrastructure
ought to be planned not on the horizon of a career or an
administration but on the horizon the data demand—
seven generations. Future work will seek the microscopic
origin of 7 and test whether it, too, is drifting.

A Characteristic timescales

Setting Z(t) = f Zo in Eq. (2) and solving for ¢ gives the
time to reach any fixed fraction f of the arrival ampli-
tude,

()

t 1 1
f= T n—,
f
which is independent of = and hence of effort. Two cases
recur in the main text. The half-context time follows
from f = %,

t1o = 7In2 = (175.2y1)(0.6931) ~ 121 yr ~ 4.9 gen,

and the 99% time from f = 135,

tgo = 71n 100 = (175.2yr)(4.6052) ~ 806 yr ~ 32 gen.

Because Eq. (5) scales linearly in 7 and only logarithmi-
cally in f, the approach to full locality is slow: the final
decade of cultural potential occupies more elapsed time
than the first three combined.

B Contextual Displacement Assay: rep-
resentative items

The CDA comprises 40 items scored 0 (resolved without
local knowledge) to 1 (unresolved), summed and affine-
normalised to cultons against the returning-native con-
trol. Four representative items are reproduced below;
signage-only items admit no verbal assistance from the
administrator.

C-03 Purchase a single off-peak transit fare from an un-
staffed machine within 180s.

C-11 Compute the locally customary gratuity on a printed
bill and indicate the total to be paid.

C-19 Locate the nearest restroom of the correct designa-
tion using pictographic signage alone.

C-28 Return a stranger’s greeting in the register appro-
priate to the setting (formal, neutral, or familiar).
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