
A Thermodynamic Perspective on the Origin of Life: An Overview of Jeremy England's 

Dissipative Adaptation Hypothesis 

1.0 Introduction: The Entropy Paradox and the Emergence of Order 

One of the most profound questions in science arises from a fundamental conflict between 

physics and biology. The Second Law of Thermodynamics, a cornerstone of physical law, 

dictates that the total entropy, or disorder, of any closed system must increase over time. 

The universe, in its grand trajectory, trends inexorably toward chaos. Yet, life stands in stark 

contrast to this principle. From the intricate folding of a protein to the complex architecture 

of a cell, biological systems are paragons of order and low-entropy structure. 

This apparent contradiction raises a central question: How can complex, exquisitely ordered 

systems like life spontaneously emerge and persist in a universe governed by a universal 

drive towards increasing disorder? This document provides a comprehensive overview of 

the "Dissipative Adaptation" hypothesis, a groundbreaking framework proposed by physicist 

Jeremy England. This hypothesis reframes the emergence of life not as a statistical anomaly 

or a lucky accident, but as a thermodynamic necessity—a predictable outcome of the 

fundamental laws of physics. 

The initial resolution to this paradox was elegantly articulated by Erwin Schrödinger in his 

seminal 1944 work, What is Life? He proposed that living organisms maintain their internal 

order by actively exporting disorder, in the form of heat, to their environment. In essence, 

life does not violate the Second Law; it is an agent that accelerates it. England's work takes 

this conceptual insight and provides a formal physical and mathematical framework, which 

will be explored in the subsequent sections of this overview. 

2.0 The Core Principle of Dissipative Adaptation 

The strategic importance of Jeremy England's hypothesis lies in its core principle, which 

proposes a fundamental physical drive toward self-organization. It posits that a collection of 

atoms, when subjected to an external energy source, will naturally restructure itself over 

time into configurations that are increasingly efficient at dissipating that energy. This is not 

a biological imperative but a physical one, rooted in the statistical mechanics of non-

equilibrium systems. 

This "Adaptation Principle" suggests that matter can "learn" or "adapt" to its environment. 

When a random configuration of atoms absorbs and dissipates energy poorly, it tends to 

remain static and unchanged. Conversely, if a particular atomic arrangement proves 

proficient at absorbing and dissipating energy, that structure becomes more robust, 

persists, and ultimately gives rise to self-replicating configurations. To clarify this abstract 

principle, the following analogies are particularly illustrative. 



The first principle states that driven non-equilibrium systems naturally favor macroscopic 

states that maximize the rate of entropy production over time. In this context, a 

"macroscopic state" refers to a large-scale, structured arrangement of matter—such as the 

ordered channels in a riverbed or the complex architecture of a bacterium—as opposed to a 

random, unstructured soup of atoms. Such a system favors this organized state precisely 

because it is the most effective configuration for absorbing and dissipating energy from an 

external source. By maximizing the rate of heat dissipation, the system achieves greater 

stability, making the emergence and persistence of order a thermodynamically favored 

outcome. 

Analogy II (The River Bed): Imagine a random, chaotic riverbed of sand over which a stream 

of water flows. Over time, the constant force of the water will inevitably carve structured 

channels into the sand. The sand did not "choose" to form these channels. Rather, the flow 

of energy—the force of the water—compelled the sand into the most efficient configuration 

for dissipating that energy. 

This conceptual principle, where structure emerges to facilitate energy dissipation, is not 

merely an intuitive idea but is underpinned by a rigorous formal mathematical framework. 

3.0 The Mathematical Framework: Statistical Inevitability of Structure 

The scientific rigor of the Dissipative Adaptation hypothesis stems directly from its 

mathematical foundation, which provides the statistical justification for the physical drive 

described in the previous section. This framework deconstructs the statistical mechanics 

that govern such systems, revealing that the formation of complex structures is not merely 

possible but, under the right conditions, statistically probable. The mathematical basis for 

this claim is a generalization of the Crooks Fluctuation Theorem, applied to non-equilibrium 

systems far from thermodynamic equilibrium. 

The core of the argument is captured in an equation that relates the probability of a 

system's evolution to its total entropy production. The formula demonstrates the likelihood 

of a system transforming from state A to state B, compared to the likelihood of the reverse 

process: 

P (A → B) / P (B → A) ≈ e^{∆S_{int}+∆S_{ext}} 

The profound implication of this equation is that any transformation that increases total 

entropy—primarily through dissipating heat into the environment (∆S_{ext})—is 

exponentially more probable than any transformation that does not. This creates an 

overwhelming statistical bias toward structure-forming, heat-dissipating pathways. 

Synthesizing this mathematical insight leads to a striking conclusion: given a sufficient 

energy source (like the sun) and enough time, a primordial "soup" of atoms is statistically 



compelled to self-organize into complex structures like bacteria. This is not because of a pre-

ordained biological goal, but because such structures are exceptionally efficient at absorbing 

energy from their environment and dissipating it as heat. This math is the engine of 

inevitability. The "Guitar String" analogy provides a final, intuitive illustration of this 

resonant adaptation. 

The "Guitar String" Analogy: If an opera singer sustains a specific note with sufficient 

power, a nearby wine glass may shatter. This occurs because a new form of structure—the 

collective, resonant motion of the glass's atoms—emerges specifically to absorb and 

dissipate the incoming sound energy. The glass structure adapts to the external energy 

source until it is overwhelmed. 

This physico-mathematical view of life's origins carries broad, paradigm-shifting implications 

for how we define and understand living systems. 

4.0 The Physical and Biological Implications: Redefining Life 

The Dissipative Adaptation hypothesis extends beyond a mere explanation for abiogenesis; 

it offers a new, fundamental way to define life itself within the universal laws of physics. By 

framing biological organization as a thermodynamic outcome, this theory successfully 

bridges the conceptual gap that has long separated physics and biology. The framework 

presents two profound implications for our understanding of life. 

1. Inevitability The hypothesis challenges the long-held view that life is the result of a 

"lucky roll of the dice"—an improbable accident in the cosmic lottery. Instead, it 

posits that the emergence of life, or at least life-like structures, is a fundamental and 

predictable outcome of physics, as inevitable as gravity. Under the right conditions—

namely, a collection of atoms within an energy-rich environment or "heat bath"—the 

formation of ordered, energy-dissipating structures should be expected. 

2. Definition From this theory emerges a new, purely physical definition of what it 

means to be alive. It can be stated with stark elegance: life is "matter that got good 

at being hot." This definition characterizes living organisms as highly efficient 

dissipative structures. We are, in essence, engines of entropy, exquisitely configured 

to consume high-grade free energy from our surroundings (like sunlight or chemical 

potential) and degrade it into low-grade, disordered heat, thereby accelerating the 

universe's march towards maximum entropy. 

This framework therefore does not just explain life; it redefines it as a physical 

phenomenon, subjugating the complexities of biology to the fundamental thermodynamic 

imperatives of the universe. 



5.0 Conclusion 

In summary, the Dissipative Adaptation hypothesis, proposed by Jeremy England, offers a 

compelling and physically grounded explanation for the origin of complex, ordered 

structures in the universe. It posits that the emergence of life is not in conflict with the 

Second Law of Thermodynamics but is rather a direct consequence of it. The theory's 

central mechanism is that matter, when subjected to an external energy gradient, will 

inevitably self-organize into configurations that become progressively more efficient at 

dissipating that energy. This process, driven by statistical probability, favors the formation 

and persistence of ordered, life-like systems because they are superior "engines of entropy." 

Ultimately, this hypothesis provides a powerful paradigm shift, reframing life from a cosmic 

accident to a fundamental expression of the physical laws governing energy and matter. 

 


