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Abstract

Early convergence theory modeled cultural change as a damped dynamical system approaching
equilibrium. Subsequent empirical work on semantic motion has identified additional
mechanisms governing conceptual movement, including message force, semantic field structure,
and inertial resistance proportional to frequency of occurrence. This research note integrates
these developments mathematically and demonstrates that convergence theory represents a
macroscopic reduction of a general field-dynamic model of semantic motion. The classical
convergence equation emerges as a scalar approximation to vector motion in a structured
semantic field governed by inertia, damping, and restoring forces.



1. Introduction

Convergence theory proposes that communication systems evolve toward shared cognitive
structures (Kincaid, Yum, Woelfel, & Barnett, 1983). Empirical work with Korean immigrants in
Hawaii demonstrated convergence toward host-culture equilibrium over time and modeled the
process as a damped dynamical system.

The original convergence equation was:

m d*x/dt> + C dx/dt + kx =0

where:

x = displacement from equilibrium

m = inertia

C = damping

k = restoring force

Open system:

m d?x/dt*> + C dx/dt + kx = F(t)

This formulation treated convergence as a scalar dynamical process describing displacement
along a single dimension.

Subsequent developments in semantic field modeling (Woelfel et al., 2026; Barnett, 2026;
Claude, DeepSeek & ChatGPT-5, 2026) suggest that conceptual motion occurs in

multidimensional spaces governed by forces arising from communication, semantic topology,
and inertial resistance. The present paper integrates these approaches mathematically.

2. Vector Representation

Let:

x(t) € Rn

represent conceptual position in semantic space.
Let equilibrium position:

x*



Define displacement vector:

r(t) = x(t) — x*

Motion becomes:

M d*x/dt> + C dx/dt = F _message(t) + F_field(x)
Where:

M = mass matrix (conceptual inertia)

C = damping matrix

F message = communication-induced force

F field = semantic field force

This formulation generalizes convergence theory from scalar to vector dynamics.

3. Field Linearization

Near equilibrium:

F field(x) = —K (x — x*)

Substituting:

M d?r/dt? + C dr/dt + K r=F_message
If no continuing message:

M d*r/dt? + Cdr/dt + Kr=0

This is the vector convergence equation.

The matrix K represents semantic topology near equilibrium and determines convergence
direction and rate.

4. Scalar Reduction

Observed convergence is often measured as scalar displacement:



r(t) = || (1) ||

Approximating multidimensional motion:
m d?r/dt? + ¢ dr/dt + k r = F(t)

This is the original convergence equation.

Thus classical convergence theory represents a scalar projection of multidimensional semantic
field dynamics.

5. Inertial Mass

Recent empirical work suggests conceptual inertia is proportional to frequency of occurrence
(Barnett, 2026; McIntosh & Woelfel, 2017):

m; X fl
where:

m; = conceptual inertia
fi = lexical frequency

This relationship explains differential rates of convergence:

o High-frequency concepts resist change
o Low-frequency concepts converge more rapidly

This interpretation links convergence theory to inertial mass in semantic motion.

6. Unified Model

Combining inertia, damping, and semantic field structure:
M d?x/dt? + C dx/dt + K (x — x*) = F_message(t)
This integrates:

* convergence theory
* semantic field dynamics



* inertial resistance
e communication forces

Cultural convergence emerges as relaxation toward equilibrium.

7. Thermodynamic Interpretation

Communication = energy input
Convergence = relaxation
Mass = inertia

Field = topology

Communication perturbs semantic systems away from equilibrium.
Damping dissipates energy.
Restoring forces drive convergence.

This connects convergence theory to general dynamical systems (Woelfel et al., 2026).

8. Empirical Implications

The unified model predicts:

Faster convergence for low-frequency concepts
Slower convergence for high-frequency concepts
Directional convergence constrained by topology
Multiple equilibria in structured semantic fields
Nonlinear convergence under large perturbations

MRS

These predictions are empirically testable.

9. Interpretation

Cultural convergence represents macroscopic semantic field dynamics.
Short-term and long-term findings align:

e Pigs in Space — inertial mass (Mclntosh & Woelfel, 2017; Barnett, 2026)



e Source credibility — directional field effects (MclIntosh & Woelfel, 2019)
o Convergence — long-term field relaxation

Together these form a unified dynamical theory.

10. Conclusion

Early convergence theory correctly modeled cultural change as a damped dynamical process.
Modern semantic field research reveals that convergence emerges from multidimensional motion
governed by inertia, damping, and semantic topology.

The classical convergence equation is therefore a scalar reduction of:
M d?x/dt? + C dx/dt + K (x — x*) = F_message

Cultural convergence is the macroscopic manifestation of semantic field dynamics.
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