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In "From Photon to Neuron: Light, Imaging,
Vision" by Philip Nelson, readers are guided
through an extraordinary journey at the
intersection of physics and biology'. This
forward-looking textbook, authored by a
distinguished professor of physics at the
University of Pennsylvania, carries a unique
blend of expertise and insight that enriches the
learning experience.

Philip  Nelson's  impressive  academic
background serves as the foundation for this
captivating work?. As a professor of physics, he
has established himself as a notable figure in
the world of physics education and research.
Nelson's contributions extend beyond this
textbook, as he authorizes renowned works
such as "Biological Physics" and "Physical
Models of Living Systems." These books have
become essential references for students and
researchers, demonstrating his ability to
bridge the gap between physics and biology.

Moreover, Nelson's dedication to empowering
students is evident in his co-authorship of "A
Student's Guide to Python for Physical
Modeling." This collaborative effort reflects his
commitment  to nurturing students’
computational and modeling skills using the
powerful programming language Python,
particularly in the context of physical
modeling.

Nelson's ~ commitment to  educational
excellence has earned him the prestigious
Biophysical Society's Emily M. Gray Award, a

testament to his impact on educational
practices in the field of biophysics. This
recognition  highlights  his  unwavering
dedication to providing students with the
knowledge and tools necessary to excel in the
fascinating and complex world of physics,
especially where it intersects with the
biological sciences.

Philip Nelson's "From Photon to Neuron: Light,
Imaging, Vision" is nothing short of a
pioneering masterpiece in the realm of
educational resources. The textbook effectively
caters to a wide array of students, from those
venturing into the physical and life sciences to
engineering enthusiasts. Its approach to
elucidating the physics and biology of light is
both modern and accessible, making it an
invaluable asset to the academic community.

The book is thoughtfully organized into three
main parts, each contributing to building a
strong foundational understanding of its
subject matter. Part |, a comprehensive
introduction to the fundamental aspects of
light, sets the stage for a deeper exploration. It
commences with a Prologue, acquainting
readers with key concepts related to
uncertainty and probability distributions.
Subsequent chapters delve into the very
essence of light, addressing topics ranging
from its wave-particle duality and the discrete
nature of photons (Chapter 1) to the profound
impact of light on living organisms, touching
on subjects such as DNA damage,
fluorescence, and ontogenetic (Chapter 2).
Further exploration of color vision (Chapter 3)
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and the probabilistic nature of light with a
focus on probability amplitudes and
interference phenomena (Chapter 4) prepares
the ground for an examination of various
optical effects found in the natural world,
including structural color and ray-optics
phenomena (Chapter 5). This well-structured
approach is designed to equip readers with a
robust foundational understanding of the
properties and significance of light, thus laying
the groundwork for the more advanced topics
to come.

Part Il, aptly titled "Human and Superhuman
Vision," takes readers on a captivating journey
into the intricate world of visual perception
and the underlying mechanisms. Beginning
with an exploration of direct image formation
(Chapter 6) that reveals how our eyes process
light to create visual representations of the
world, the book leads us into the fascinating
domain of imaging as inference (Chapter 7).
Here, readers gain insights into how our brains
make sense of visual information. The narrative
deepens in Chapter 8 as the book delves into
X-ray diffraction, an ingenious technique that
extends our vision beyond what is perceptible
to the naked eye. The complexities of vision in
dim light are unveiled in Chapter 9, shedding
light on the remarkable adaptability of our
eyes. Chapters 10 and 11 take readers on a
profound journey into the neural and
physiological processes that underlie visual
perception, delving into the mechanisms of
visual transduction and the intricate workings
of the first synapse. Collectively, these chapters
provide readers with a captivating and
comprehensive understanding of the science
behind human and superhuman vision.

Part Ill of the book embarks on an exploration
of advanced topics related to light and its
interactions. Chapter 12 plunges into the world
of electrons and photons, introducing readers
to concepts like the action functions and their
trajectories. Chapter 13 steers into the
quantum transition of field theory for light,
unpacking the intricacies of photon states and
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their interactions with electrons. The
culmination of this fascinating journey is found
in Chapter 14, where the quantum-mechanical
theory of Forster Resonance Energy Transfer
(FRET) is dissected. This exploration
encompasses both classical and quantum
aspects, density operators, and the electric
dipole approximation. These chapters, laden
with in-depth insights into the quantum
behaviors of electrons, photons, and their
complex interactions, allow readers to grasp
the intricacies of advanced light-related
phenomena.

The book's interdisciplinary approach, which
fuses the worlds of physics, biology, and optics,
makes it an excellent choice for a myriad of
courses, ranging from biophysics to sensory
neuroscience and laboratory instrumentation.
It also finds utility in fields like bio-photonics,
bioengineering, and nanotechnology. The
book's mission extends beyond conveying
knowledge; it strives to empower students with
the skills needed to independently derive
results. This emphasis on fostering critical
thinking and problem-solving skills is not only
commendable but also essential for nurturing
the next generation of scientists and
researchers.

One of the standout features of this book is its
inclusivity. It has been expertly crafted to be
accessible to a wide audience, requiring no
specific computer programming, biology, or
chemistry background. The authors have gone
the extra mile by bridging the gap between
undergraduate and graduate-level education,
providing supplementary sections that enable
the book to serve as the foundation for more
advanced courses. This adaptability is one of
its strengths, ensuring it can cater to students
at different academic levels.

The book's commitment to practical learning is
exemplified through the incorporation of a
multitude of exercises that vary in complexity.
Many of these exercises involve computer-
based applications, providing students
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tangible  opportunities to apply their
theoretical knowledge. To further enhance the
teaching process, full solutions for these
exercises are made available to instructors.
This hands-on approach enriches the learning
journey and equips students with the skills
necessary for real-world applications.

The book's integration of quantum physics
with optical and biological phenomena is a
hallmark of its forward-thinking approach. The
book places itself at the forefront of its field by
highlighting the quantum nature of light and
demonstrating its relevance in cutting-edge
imaging technologies and its role in
understanding fundamental life processes,
such as photosynthesis and human vision. The
synthesis of wave and particle aspects of light
provides students with a unified view of these
phenomena, thereby preparing them to
explore emerging fields like ontogenetics and
super-resolution microscopy.

Moreover, the book covers an extensive range
of topics, including fluorescence and two-
photon imaging, Forster resonance energy
transfer, and many more. These topics are
explored with meticulous attention to their
physical underpinnings, ensuring that students
not only gain practical knowledge but also
develop a profound comprehension of the
fundamental principles that underlie these
indispensable techniques.

While the book unquestionably boasts
numerous  strengths, it's essential to
acknowledge  areas  where  potential
improvement is possible. Some sections of the
book, particularly those related to quantum
physics, may pose challenges for readers who
lack a background in this field. To enhance
accessibility, the book could benefit from
simplified explanations and an increased
utilization of visual aids to elucidate intricate
quantum concepts. Additionally, incorporating
more relatable real-world comparisons and
practical illustrations would further demystify
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complex subject matter, benefiting readers of
various backgrounds.

Furthermore,  while  underscoring  the
importance of research skills is highly
commendable, it's worth noting that this
emphasis may be more pertinent to specific
audiences, such as aspiring researchers and
scientists. A broader readership might find this
content less imperative for their educational or
career  goals. Consequently, careful
consideration should be given to adapting the
book's content to cater to the diverse needs of
its readers.

Lastly, the book's inclusion of complex
mathematical concepts and its extensive
coverage may appear daunting to certain
readers. Extra care and support, such as
supplementary materials or resources, may be
beneficial to ensure a comprehensive
understanding across the board.

"From Photon to Neuron: Light, Imaging,
Vision" by Philip Nelson is a groundbreaking
and forward-looking textbook that transcends
traditional  boundaries to deliver an
exceptional educational experience. It is not
merely a repository of knowledge but a vehicle
for nurturing critical thinking, problem-solving
skills, and practical experience qualities.
Incorporating all these elements into the book
review, we can conclude that "From Photon to
Neuron" benefits from the wealth of
knowledge and teaching experience of its
author, Philip Nelson. This comprehensive and
forward-looking textbook not only provides a
solid foundation for understanding the
complex world of light, imaging, and vision but
also stands as a testament to Nelson's
commitment to enriching the educational
experiences of students interested in the
intricate relationships between physics and
biology. Whether you're an undergraduate/
graduate student or an instructor, this book is
a valuable resource, and its author's impressive
background adds an extra layer of credibility
to its content.
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