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Abstract

This paper provides a material, numerical example of how the ® function can be used to
evaluate the evolutionary efficiency of a simple biological system. We apply the ® function to
a bacterial cell adapting to thermal stress, using real units for complexity, entropy, and energy
efficiency. The results demonstrate how ® can be interpreted to assess the evolutionary
dynamics of physical systems.

1. Introduction

The function is defined as a scalar that describes how a system evolves over time in terms
of its internal complexity (C'), entropy (.5), and energy efficiency (E). The general form is:

o= (%) (%) (%)

Where «, 3, and v are weights or scaling constants that normalize units and assign signifi-
cance to each term.

2. Scenario: Bacterial Cell Responding to Heat
Consider a bacterial cell exposed to elevated temperature. In response:
e Internal regulatory complexity increases from 50 to 65 bits.
e Thermodynamic entropy rises from 2.0 to 2.5 J/K.

e Energy yield (ATP/glucose) increases from 32 to 34.

These changes occur over one hour, or 3600 seconds.

3. Step 1: Compute Rates of Change

dC 65 —50 )
= = 3800~ 0.00417 bits/sec
ds 25-20
— = ——— =0.0001 K
7 2600 0.000139 J/K/sec
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= = T3e00 - 0.000556 ATP /glucose/sec



4. Step 2: Define Scaling Coefficients

a = 10-units - s/bit, [ = 1000-units-s-K/J, -~ = 5-units-s/glucose-ATP

5. Step 3: Calculate @

® =10-0.00417 — 1000 - 0.000139 + 5 - 0.000556
= 0.0417 — 0.139 4 0.00278
= —0.0945 ® -units

6. Interpretation

The result is:

® = —0.0945 @ -units

This indicates that although complexity and energy efficiency increased, the rise in entropy
outweighed these gains. The system is in a transitional stress phase and not yet optimizing
its adaptive response.

7. Comparison: With and Without Using ¢

e Without ®: Complexity and energy appear to improve, but entropy also increases.
Its unclear how to weigh these effects together.

e With &: The combined outcome is quantified as a single value. The negative ® value
tells us the system is expending effort without a net gain in evolutionary quality.

Feature Interpretation Without & Rate or Value With ¢ Weight
Complexity Improves +0.00417 bits/sec +0.0417

Entropy Increases +0.000139 J/K/sec —0.139

Energy Efficiency Slight gain +0.000556 ATP /glucose/sec  +0.00278

Net Effect Unclear/Mixed —0.0945

8. Conclusion

This example demonstrates how the ® function can be applied quantitatively using real
units. It offers insight into the evolutionary trajectory of systems under pressure, providing
a tool to measure adaptive success or failure using principles grounded in thermodynamics
and information theory.



