what is life erwin schrodinger

what is life erwin schrodinger is a question that delves into one of the most profound
inquiries in science and philosophy. Erwin Schrodinger, a renowned physicist, addressed
this question in his influential 1944 book titled *What Is Life?*. In this work, Schrodinger
explored the physical aspects of living cells and attempted to explain the fundamental
principles that distinguish life from non-life. His insights laid the groundwork for the
development of molecular biology and contributed significantly to our understanding of
genetics and biophysics. This article will explore the context of Schrodinger’s inquiry,
summarize the key concepts from his book, and discuss the lasting impact of his ideas on
science. Additionally, the article will examine how Schrodinger’s approach bridged physics
and biology, opening new perspectives on the nature of living organisms.
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Erwin Schrodinger and the Context of "What Is
Life?"

Erwin Schrodinger was an Austrian physicist best known for his contributions to quantum
mechanics, including the famous Schrodinger equation. In the early 1940s, while working
primarily in physics, Schrodinger turned his attention to biological questions, particularly
the nature of life. At that time, biology was largely descriptive, lacking a firm theoretical
foundation rooted in physics or chemistry. Schrodinger’s book, What Is Life?, was
presented as a series of lectures intended to apply physical principles to understand living
organisms. This work was groundbreaking because it introduced the idea that the laws of
physics could provide insights into the processes of life.

Schrodinger’s inquiry was motivated by the puzzle of how living organisms maintain order
and complexity despite the second law of thermodynamics, which predicts increasing
disorder or entropy in physical systems. His exploration of life’s physical basis was aimed
at explaining how biological systems resist decay and sustain themselves.

Core Concepts in Schrodinger’s "What Is Life?"

In What Is Life?, Schrodinger proposed several key ideas that challenged traditional views
of biology and influenced future research. Central to his thesis was the concept of an



"aperiodic crystal," which he hypothesized as the physical carrier of genetic information.

The Aperiodic Crystal

Schrodinger suggested that genetic material must take the form of a highly ordered yet
non-repetitive structure, which he called the aperiodic crystal. Unlike periodic crystals
such as salt or quartz, which have repetitive patterns, an aperiodic crystal would be
complex enough to store vast amounts of hereditary information. This concept anticipated
the discovery of DNA as the molecule that holds genetic instructions.

Order from Disorder: Negative Entropy

Another significant contribution was Schrodinger’s idea of "negative entropy" or
"negentropy." He argued that living organisms feed on negative entropy to maintain order
and avoid decay. In other words, life sustains itself by importing energy and exporting
entropy, thereby creating local order despite the universal tendency toward disorder.

Quantum Mechanics and Life

While Schrodinger did not provide a detailed quantum mechanical explanation of life, he
emphasized that quantum principles might be essential to understanding biological
processes. His work encouraged scientists to consider the role of quantum mechanics in
the molecular basis of life, including mutation and enzymatic activity.

The Influence of Schrodinger’s Ideas on
Molecular Biology

Schrodinger’s *What Is Life?* had a profound impact on the emerging field of molecular
biology. His theoretical framework inspired several pioneering scientists, including James
Watson, Francis Crick, and Maurice Wilkins, who eventually discovered the double helix
structure of DNA.

The book highlighted the importance of understanding the physical and chemical nature of
genetic material. It helped shift the focus from purely descriptive biology toward a
quantitative, physics-based science. Schrodinger’s emphasis on genetic material as an
aperiodic crystal set the stage for identifying DNA as the hereditary molecule.

Inspiration for Genetic Research

Many molecular biologists credit Schrodinger’s book with motivating their research into
the molecular mechanisms of heredity. The concept of genetic information as a physical
entity that could be decoded and understood in terms of chemistry and physics was
revolutionary at the time.



Bridging Disciplines

The book encouraged collaboration between physicists, chemists, and biologists, fostering
an interdisciplinary approach that accelerated discoveries in genetics, biochemistry, and
cell biology.

The Interdisciplinary Approach: Physics Meets
Biology

One of the most notable aspects of Schrodinger’s work was its interdisciplinary nature. By
applying physical laws to biological questions, he helped establish biophysics as a
legitimate field of study. This approach continues to influence research today, especially in
systems biology, synthetic biology, and bioinformatics.

Thermodynamics and Life Processes

Schrodinger’s use of thermodynamics to explain how living systems maintain order
remains a foundational concept. The idea that organisms export entropy and import free
energy underpins modern understandings of metabolism and cellular processes.

Quantum Biology

Schrodinger’s suggestion that quantum mechanics could play a role in biological systems
has spurred research into quantum biology. This emerging field investigates phenomena
such as photosynthesis, enzyme catalysis, and avian navigation through the lens of
quantum effects.

Legacy and Modern Relevance of Schrodinger’s
Work

Decades after its publication, Schrodinger’s What Is Life? remains a seminal text in both
biology and physics. Its influence extends beyond molecular biology into philosophy and
the ongoing quest to define life scientifically.

Contributions to Genetics and Biophysics

The book’s fundamental insights helped shape modern genetics, contributing to the
understanding of DNA structure, gene expression, and heredity. It also laid the
groundwork for biophysical techniques that analyze molecular structures and interactions.



Enduring Questions About Life

Schrodinger’s inquiry into what constitutes life continues to inspire debates in
astrobiology, artificial life, and synthetic biology. His framing of life as an ordered system
resisting entropy remains relevant as scientists explore the origins and possibility of life
beyond Earth.

Key Takeaways from Schrodinger’s "What Is Life?"

e Life can be understood through the principles of physics and chemistry.

¢ Genetic information is stored in a complex, non-repetitive molecular structure
(aperiodic crystal).

e Living organisms maintain order by consuming negative entropy.
¢ Quantum mechanics may play a role in biological processes.

e Interdisciplinary research is essential for advancing biological understanding.

Frequently Asked Questions

What is 'What is Life?' by Erwin Schrodinger about?

'What is Life?' is a book by physicist Erwin Schrodinger that explores the physical aspects
of living cells and introduces the idea that genetic information is stored in an 'aperiodic
crystal,' laying the groundwork for molecular biology.

Why is Erwin Schrodinger's "What is Life?' considered
important in biology?

'What is Life?' is important because it bridged physics and biology, inspiring scientists to
apply quantum mechanics and physics concepts to understand genetics and the molecular
basis of life, ultimately influencing the discovery of DNA's structure.

When was "What is Life?' by Erwin Schrodinger
published?

‘What is Life?' was originally published in 1944, based on a series of lectures Schrodinger
delivered in 1943.



How did Schrodinger's 'What is Life?' influence the
discovery of DNA's structure?

Schrodinger's concept of an 'aperiodic crystal' as the carrier of genetic information
influenced researchers like James Watson and Francis Crick, guiding their approach to
discovering the double helix structure of DNA.

What concepts from physics does Schrodinger apply to
biology in "What is Life?"

In 'What is Life?', Schrodinger applies principles from quantum mechanics and
thermodynamics to explain how living organisms maintain order and store genetic
information despite the tendency toward disorder.

Is "What is Life?' by Erwin Schrodinger still relevant to
modern science?

Yes, the book remains relevant as it introduced foundational ideas about the physical
nature of genetic material and inspired interdisciplinary approaches that continue to
influence genetics, molecular biology, and biophysics today.

Additional Resources

1. What Is Life? The Physical Aspect of the Living Cell by Erwin Schrodinger

This seminal book by physicist Erwin Schrodinger explores the fundamental question of
what life is from a physical and molecular perspective. Written in 1944, it introduced the
concept of an "aperiodic crystal," which later influenced the discovery of the DNA
structure. Schrodinger's work bridges physics and biology, inspiring scientists to explore
life through the lens of quantum mechanics and molecular biology.

2. The Double Helix: A Personal Account of the Discovery of the Structure of DNA by
James D. Watson

This autobiographical account describes the discovery of the DNA double helix structure,
a breakthrough that was influenced by Schrodinger’s ideas in "What Is Life?". Watson
provides a candid, behind-the-scenes look at the scientific process and the personalities
involved in one of biology’s greatest discoveries.

3. Life’s Ratchet: How Molecular Machines Extract Order from Chaos by Peter M.
Hoffmann

This book delves into the molecular machinery that powers life, explaining how living
organisms maintain order and complexity despite the natural tendency toward disorder.
Hoffmann draws on physics and biology to explore how energy and molecular interactions
drive life's processes.

4. Quantum Biology: The Hidden Nature of Nature by Jim Al-Khalili and Johnjoe McFadden
Al-Khalili and McFadden explore the emerging field of quantum biology, which
investigates how quantum phenomena influence biological processes. The book connects
to Schrodinger's pioneering ideas and examines contemporary research on



photosynthesis, bird navigation, and enzyme action.

5. The Vital Question: Energy, Evolution, and the Origins of Complex Life by Nick Lane
Nick Lane addresses the mystery of how life evolved from simple molecules to complex
organisms by focusing on the role of energy. The book combines biochemistry, evolution,
and physics to explain the energetic constraints and innovations that made complex life
possible.

6. Biology and Philosophy: Selected Essays by Ernst Mayr

Ernst Mayr, a leading evolutionary biologist, discusses the philosophical implications of
biological discoveries, including the nature of life itself. His essays explore the intersection
of biology, evolution, and the conceptual questions raised by pioneers like Schrodinger.

7. The Origins of Life: From the Birth of Life to the Origin of Language by John Maynard
Smith and Eérs Szathmdry

This comprehensive book examines the major transitions in the evolution of life, from the
origin of the first cells to the development of human language. It provides a scientific
framework for understanding life's complexity, reflecting themes introduced by
Schrodinger.

8. Life on the Edge: The Coming of Age of Quantum Biology by Johnjoe McFadden and Jim
Al-Khalili

This accessible book reveals how quantum mechanics underpins many biological
processes, challenging traditional views of biology. The authors discuss recent
experiments and theories that extend Schrodinger’s early insights into the quantum basis
of life.

9. The Selfish Gene by Richard Dawkins

Dawkins' influential book explains evolution from the perspective of genes as the central
units of natural selection. It provides a clear understanding of life’s complexity and
adaptation, complementing the molecular and physical perspectives introduced by
Schrodinger.
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