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About the book

In "Applied Mathematics," Alain Goriely ingeniously bridges the gap
between the abstract elegance of mathematical theory and the tangible
realities of real-world challenges. This thought-provoking work invites
readers into arealm where equations aren't just symbols on a page but
powerful tools capable of unraveling the mysteries of nature and enhancing
our understanding of technological advancements. Goriely's unique
approach reveals how mathematical principles underpin everything from the
growth of treesto the dynamics of galaxies, the mechanics of the human
body, and the complexities of global networks. With clarity and passion, the
book presents mathematical applications as both avital language of the
universe and a catalyst for innovation, urging readers to appreciate—and
apply—the beauty and precision of mathematics like never before. Whether
you're a seasoned mathematician or a curious novice, Goriely's compelling
narrative promises to enrich your perception of the world through the lens of

applied mathematics.
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About the author

Alain Goriely is arenowned applied mathematician and a distinguished
academic whose work spans a broad spectrum of research areas, integrating
mathematics with other fields such as biology, engineering, and the sciences.
Holding a Ph.D. in mathematical sciences, Goriely has made significant
contributions to the understanding of nonlinear systems, and the dynamic
processes that govern real-world phenomena. He currently servesasa
Professor of Mathematical Sciences at the University of Oxford, where he
leads groundbreaking studies and nurtures the next generation of
mathematical minds. As a Fellow of the Royal Society, Goriely'sresearch is
internationally recognized, yet he seamlessly balances his roles as both an
educator and investigator, authoring numerous influential publications
including "Applied Mathematics by Alain Goriely," wherein he blends
fundamental concepts with innovative techniques to solve complex
problems. Goriely's passion for advancing the field is evident in histireless
efforts to unravel the hidden patterns of the natural world through the lens of

mathematics.
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Chapter 1 Summary: Preface

In the preface, the author humorously reflects on the common socia
challenge of explaining one's profession, especially when it involves aniche
field like applied mathematics. Often misunderstood, applied mathematicsis
depicted as an engaging and socially relevant discipline that stands apart
from both scientific fields and pure mathematics. The author expresses a
desire to convey the excitement and intellectual satisfaction that applied
mathematics brings, aiming to provide readers with an understanding of the
real-world problems that applied mathematicians tackle and how these

challenges |ead to the development of new mathematical theories.

The author acknowledges the necessity of including equations in the
discussion, viewing them not as impenetrable barriers but as essential
components of mathematical language. Just as one would expect French
words in abook on French literature, equations are integral to any discourse

on mathematics.

Motivated by a hope to inspire others, including his own sons, the author
explores writing this introduction to applied mathematics as an opportunity
to share its beauty and intellectual intrigue. Despite the author's sons not
showing an inclination toward following in his footsteps, there remains a
belief that other readers could be captivated by the subject's limitless
potential.
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The preface concludes with areading playlist that contrasts pure
mathematics' association with classical music by offering a selection of
energetic and fun songs that capture the spirit of applied mathematics,
reinforcing the idea of it being accessible and engaging. The playlist
includes songs by The Clash, Elvis Costello, The Beatles, and others, adding

amusical dimension to the book's thematic exploration.

Set in Oxford, UK, in May 2017, this introduction sets the stage for a
journey into the dynamic world of applied mathematics, encouraging readers
to explore the fascinating convergence of mathematical theory and practical

application.
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Chapter 2 Summary: 1 What's so funny ‘bout applied
mathematics? M odelling, theory, and methods

Chapter 1 delvesinto the intriguing and often misunderstood world of
applied mathematics, contrasting it with pure mathematics while weaving in
humor and historical anecdotes to enrich our understanding. The chapter
begins with a quote from Groucho Marx, whimsically applied to the field of
mathematics, setting the tone for an exploration of applied mathematics and

its significance.

The chapter opens by defining pure mathematics as a discipline that
transcends reality, operating entirely within the realms of logic and
imagination. This foundation allows mathematicians to explore intricate
concepts like prime numbers, which hold a special fascination for
mathematicians due to their unique and often mysterious properties. One
famous conjecture, the twin-prime conjecture, posits that there are infinitely
many pairs of prime numbers that differ by two—a question that remains
unanswered but tantalizingly close, with recent breakthroughs suggesting the
existence of pairs differing by 246.

As we shift focus to applied mathematics, the chapter characterizesit asa
blend of pure mathematics and empirical sciences—an "illegitimate
offspring" that straddles logic and practical application. Historically,

mathematics arose from practical needs such as trade and construction, only
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later developing into the distinct disciplines we recognize today. Indeed,
figures like Newton and Euler seamlessly integrated pure and applied
mathematics in their work, underscoring the artificial boundaries that

modern academia places between fields.

Applied mathematicsis portrayed as afield centered around three key
activities: modeling, theory, and methods. Modeling involves trandlating
real-world phenomenainto mathematical language, while theory provides a
conceptual framework to lend meaning to data and equations. Methods
encompass the tools and techniques used to solve equations and manipulate
data. A prime example, explored extensively, isthe burning of a candle.
Using elemental physics and a series of logical assumptions, the chapter
demonstrates how applied mathematics can model the rate at which a candle
burns, revealing underlying principles about energy conversion and offering

predictions that can be empirically tested.

Ultimately, the goal of applied mathematics is not to study specific
objects—Ilike a candle—but rather to decipher broad phenomena through
mathematical frameworks. This approach enables the identification and
understanding of patterns shared across various natural and scientific

domains, such as autocatalytic processes in genetics and physiology.

In conclusion, rather than defining applied mathematics rigidly, the chapter
suggests taking a pragmatic view similar to that of Justice Potter
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Stewart—recognizing applied mathematics by its characteristics and

applications rather than afixed definition. This flexibility encourages

continuous exploration and the forging of connections across disparate

scientific fields, allowing practitioners to harness the power of mathematics

to unlock new insights and solve complex problems.

Section

Introduction

Definition of
Pure
Mathematics

Transition to
Applied
Mathematics

Activities in
Applied
Mathematics

Objective of
Applied
Mathematics

Conclusion

More Free Book

Summary

The chapter starts with a humorous twist, using a quote from Groucho
Mar, to introduce applied mathematics and its relevance.

Pure mathematics is depicted as abstract and detached from reality,
focusing on logical constructs like prime numbers and unsolved
problems (e.g., twin-prime conjecture).

Applied mathematics is a fusion of pure mathematics and practical
sciences, with historical roots in practical needs and exemplified by
figures like Newton and Euler.

Explores modeling, theory, and methods as the core activities in applied
mathematics, using real-world phenomena like candle burning to
illustrate these processes.

Focuses on understanding broad phenomena through mathematics,
enabling the discovery of shared patterns across scientific realms.

Advocates for a flexible definition of applied mathematics, encouraging
cross-field connections and practical applications to solve complex
problems.
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Chapter 3 Summary: 2 Do you want to know a secret?
Turkeys, giants, and atomic bombs

Chapter 2. Science and Dimensional Analysis

This chapter explores the fundamental principles of science hinging on two
simple yet profound truths: the necessity of proper quantification and the
diverse scales of objects. Scientific measurement starts with recognizing
different dimensions like time, length, and mass, which cannot be added
together—much like apples and oranges—to create a coherent picture of
reality. Thus, different measures like time, distance, volume, and force each
play distinct rolesin analyses, just as adding a meter of length to a second of

time is nonsensical.

Additionally, recognizing that size matters significantly, from the tiniest
microorganism to the vast scale of the universe, leads to what scientists call
dimensional or scaling analysis. This technique helps in understanding the
constraints that dimensions impose on real-world processes. The author
I[lustrates this through examples ranging from culinary settings to atomic

explosions and even giant creaturesin literature.

The author first uses the example of cooking poultry. Cooking times are not

random; they follow a predictable pattern based on the weight of the bird,
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following atheoretical 2/3 power law. A turkey, even ssimplified to a
theoretical sphere, follows this scaling law of \( t \propto M~ 2/3} \), where
cooking time \( t\) increases with the mass\( M \). This show how thinking
of birds as spheres simplifies complex cooking times through basic

assumptions about heat transfer.

The chapter also draws fantastical analogies, such as how Jonathan Swift's
fictional Lilliputians and Brobdingnagians defy scaling laws. Swift's
Lilliputians, being twelve times smaller than humans, would face extreme
thermal challenges, losing heat rapidly due to their small size. Similarly,
giants like those in Gulliver's Travels would find their bones too weak to
support their size as according to the laws of physics, bone strength does not
scale proportionally with size, leading to structural failure if a creature were

to grow beyond realistic proportions.

The chapter then pivotsto Taylor's Dimensional Analysis, a method applied
during the Cold War's nuclear arms race. Geoffrey Taylor estimated the
energy of nuclear blasts using dimensional analysis, even deducing from
photographs the approximate energy of an atomic explosion. His technique
relied on scaling laws, showcasing the practical power of dimensional
analysisin estimating an explosion's energy from blast radius and air

density, refining public knowledge from minimal information.

The chapter concludes with cautionary advice from esteemed scientist Lord
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Rayleigh. While scaling laws reveal much about how size and physics
interact, they are not absolute. The primary power, denoted as \(\alpha)), is
easier to identify than the constant \(C\), which often requires in-depth
understanding. Further, the reliability of predictions based on dimensional
analysis depends heavily on intuition or comprehensive knowledge, which

might miss key variables.

Ultimately, dimensional analysis exemplifies the elegance of mathematical
constraints imposed by our physical world, transforming complex
phenomena into comprehensible patterns. It serves as an illustrative guide
for analyzing physical processes and developing models grounded in

reality—a testament to the importance of mathematicsin science.
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Chapter 4. 3 Do you believein models? Simplicity and
complexity

Chapter 3: Do Y ou Believe in Models? Simplicity and Complexity

This chapter delves into the world of modelsin applied mathematics,
illustrating their pivotal role in understanding complex systems. Models,
derived from the Latin word modus (a measure), are abstract representations
that aid in answering specific questions or providing insightsinto varied
phenomena. These models vary across disciplines. For instance, in biology,
amodel might describe biochemical processes using diagrams that indicate
influences of different components like proteins or genes. In contrast,
mathematical models are precise constructs rooted in mathematical
language, helping to observe quantities that aren't directly visible but are

crucia for problem-solving.

A core element of mathematical modelsistheir ability to quantify, aligning
with Lord Kelvin's assertion that knowledge is richer when expressed in
numbers. Models compel explicit assumptions, and their validity depends on
sound principles and mathematical consistency. For example, amodel on
financial investments assumes certain conditions about stock market
behavior, yielding calculations about investment growth and deductions on

compound interest's nature. Nonetheless, predictions hinge on assumptions
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and must be cautiously extended beyond their original scope.

Models can vary significantly in complexity. A straightforward exampleis
modeling athrown ball's trgjectory initially using Newton's laws, which
disregard air resistance. Introducing factors like drag or the gravitational
variation due to height adds complexity. More advanced models might
consider factors like spin or even relativistic effects, although the latter
would be excessive for the problem of asimple ball throw. These examples
Ilustrate the spectrum of model complexity, demonstrating that simple
models offer insight but lack predictive power, while complex models can

predict more accurately but are harder to solve.

Model complexity resembles different microscope lenses used to examine a
problem at varying resolutions, balancing between size, insight, and
predictive power—the so-called " Goldilocks zone" of modeling. Models too
simple may miss essential details, while overly complex ones risk becoming
unwieldy and disconnected from reality. The art of modeling thus requires a
deep understanding of the scientific question and analytical skillsto craft
models that balance complexity with utility.

The "physics paradigm" exemplifies model development and posits a
stepwise method: from data observations and pattern identification to
theoretical models grounded in fundamental principles. Aniconic exampleis

the development of the laws of planetary motion—from Copernicus
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heliocentric model to Kepler'slaws and Newton's gravitational theory—each

step building on earlier observations and insights.
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Chapter 5 Summary: 4 Do you know the way to solve
equations? Spinning tops and chaotic rabbits

Chapter 4 of this book introduces readers to the intricacies of solving
eguations through both theoretical and applied mathematics, touching upon
historical developments and the role of equationsin modeling real-world
phenomena. The chapter opens with alight-hearted nod to the simplicity of
solving basic equations, such as\(x + 3 =7\), gradually leading to more
complex equations, where finding solutions becomes increasingly
challenging. As equations become more intricate, the focusin pure
mathematics shifts from finding explicit solutions to investigating the

existence, uniqueness, and properties of solutions.

In applied mathematics, the practical solutions of equations become
paramount, as they play acrucial role in scientific predictions and
problem-solving, such as estimating cloud coverage. Three main strategies
are outlined for solving equations: finding explicit solutions through
formulas, using asymptotic methods for approximations, and employing
numerical solutions using computers. The latter has significantly evolved
alongside advancements in computer technology, allowing for the handling

of complex systems with numerous variables.

The chapter then delves into specific types of equations, such aslinear,

guadratic, cubic, and higher-order polynomial equations. While linear and
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guadratic equations have general solutions, it was established by
mathematicians Niels Henrik Abel and Evariste Galoisin the early 19th
century that higher-order equations, like quintic equations, lack such general

formulas.

A key aspect of the chapter is the exploration of differential equations,
which involve unknown functions and their derivatives, revealing their
pivotal role in mathematical modeling since I saac Newton’swork on
motion. Differential equations are omnipresent in applied mathematics,
helping to model everything from the falling applesin Newton's time to

complex systems in the natural world.

The narrative highlights the historical contributions of mathematicians like
Sofia Kovalevskaya and Henri Poincaré. Kovalevskaya's work on the motion
of rigid bodies led to insights about unsolvable cases, while Poincaré's study
on the three-body problem initiated the qualitative theory of dynamical
systems, shifting the focus from finding exact solutions to understanding the

geometric behavior of solutions.

The chapter also introduces the concept of chaos, illustrated through the
famous L otka—V olterra model, a predator-prey dynamic representing rabbits
and wolves. This model demonstrates how simple differential equations can
lead to complex, oscillatory behaviors, depicting interactions between

populations. Extensions of the model involving additional species revea the
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emergence of chaotic behavior, where outcomes become unpredictable,

i[lustrating the fascinating complexity of dynamical systems.

In summary, Chapter 4 elegantly weaves together mathematical theory,
history, and practical applications, showing how methodologies have
evolved to understand and solve equations in both simple and complex
systems. The interplay between mathematics and applied sciences continues
to foster new discoveries and insights, as equations provide a window into

the structure and behavior of natural phenomena.

Section Description
Introduction Explores solving equations from basic ones like \(x + 3 = 7\) to more
to Solving complex ones, shifting focus from finding solutions to understanding
Equations their properties.
Pure vs Pure mathematics investigates the existence and uniqueness of
Applied solutions, whereas applied mathematics focuses on practical solutions

Mathematics for real-world problems, emphasizing scientific predictions.

Approaches Discusses three strategies: explicit solutions through formulas,
to Solving asymptotic methods for approximations, and numerical solutions
Equations facilitated by computer advancements.
Specific Covers linear, quadratic, cubic, and higher-order polynomial equations,
Types of with an emphasis on the lack of general formulas for quintic equations
Equations as established by Abel and Galois.
Differential Highlights their importance in modeling, dating back to Newton's work,
Equations applicable in a variety of natural phenomena.

L Discusses insights by Sofia Kovalevskaya on unsolvable cases and
Historical

Henri Poincaré’s contributions to the qualitative theory of dynamical

Contributions
systems.
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Section

Chaos and
Dynamical
Systems

Conclusion

More Free Book

Description

Introduces chaotic systems through models like the Lotka—Volterra,
illustrating complex behaviors and the unpredictability present in
extended models.

Summarizes the integration of theory, history, and practical applications
in the chapter, illustrating how methodologies evolve to solve and
understand equations in diverse systems.
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Chapter 6 Summary: 5 What’sthe frequency, Kenneth?
Waves, quakes, and solitons

Chapter 5 explores the fascinating world of waves, focusing on both linear
and nonlinear dynamics, and delves into the mathematical models that
describe these phenomena. It introduces the concept of sound waves as
pressure variations traveling through the air, decoded by the human ear.
Such phenomena, like sound and temperature changes in aroom, involve
variables that evolve in both space and time. This complexity requires partia
differential equations (PDES) rather than the smpler ordinary differential

equations (ODES), which typically only consider changes over time.

PDESs, unlike ODESs, can model phenomenathat vary with multiple variables
such as space and time, and they are crucial in expressing conservation laws
like mass and energy. These foundational equations are central in multiple
fields, including science, engineering, and finance. Some of the key topicsin
waves, quakes, and solitons involve wave motion on strings and seismic

activities during earthquakes.

The discussion starts with linear waves, using the guitar string as an example
to illustrate wave propagation. When plucked, the string creates a wave that
propagates along its length, demonstrating fundamental and harmonic modes
of vibration. The speed of these waves (and thus the sound frequency) is

influenced by the tension in the string and its mass per unit length. Historical
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figures like Joseph Sauveur, Euler, and Bernoulli made pioneering
contributions to understanding wave behavior, while musicians like Johann
Sebastian Bach explored harmonic relationships, paralleling developments

in musical theory.

Jean Le Rond D'Alembert's wave equation describes vibrations on a string
using PDEs, capturing both vertical oscillations and traveling waves. The
general solutions demonstrate superpositions of waves moving in different
directions. This mathematical insight allowed figures like Euler and
Bernoulli to explain complex string movements, like those initiated by

plucking atriangular-shaped string in harpsichords.

Moving to seismic waves, the text highlights how energy released during
earthquakes propagates through Earth's layers. Differentiating between
primary (P-waves) and secondary (S-waves), it describes how these move
with varied speeds and destructive potential, with P-waves acting
longitudinally like sound waves, and S-waves exerting shear forces. Proper
PDE analysis of these seismic waves enables modern seismology to predict

epicenters and understand Earth's interior.

The phenomenon of nonlinear waves, or solitons, presents a unigue and
surprising class of waves that resist dispersion and retain their shape over
long distances. John Scott Russell discovered such awave in acanad, later

termed a soliton by Zabusky and Kruskal. Solitons result from a delicate
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balance between dispersion and nonlinearity. Unlike typical waves, they
behave like discrete particles, maintaining their identity after interactions
and traveling distances without losing form. This surprising consistency and
resilience make solitons valuable for telecommunications, especialy in

optical fibers, acting as stable 'light bullets' for data transmission.

Finally, the chapter reflects on the discovery of solitons as part of a broader
paradigm shift in applied mathematics. Christopher Zeeman's "Pandora's
box" metaphor captures the unexpected behaviors of these continuous
objects behaving like discrete particles. The interplay of experiment,
numerical analysis, and mathematical modeling in understanding these
waves showcases the dynamic synergy between theory and practice, leading

to new realms of discovery in fluid dynamics, optics, and beyond.

Overall, Chapter 5 intricately connects the theoretical understanding of wave
motion with practical applications, illustrating the profound impact of
mathematical models in capturing and forecasting the complexity of natural

phenomena.
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Chapter 7 Summary: 6 Can you picture t
DNA, and photos

Chapter 6 exploresthe integral role of applied mathematicsin the realm of
modern digital and medical technologies. The chapter opens by

emphasi zing the omnipresence of datain today's digital world, highlighting
how its processing and manipulation rely on efficient mathematical methods
and numerical algorithms. This overview sets the stage for discussions on

the applications of mathematicsin fields like medical imaging, genomics,

digital data handling, and modern technological developments.

The chapter delves into the revolution brought by computer tomography and
the mathematical backbone supporting it, especialy the Radon Transform.
Wilhelm Rontgen's invention of X-ray radiography in 1895 marked the
beginning of non-invasive medical imaging. It utilized the concept of
sending high-energy waves through the body, measuring the intensity as
they exit, which varies based on the matter's atomic composition. As the
chapter progresses, the mathematical challenge becomes clear—extracting
diagnostic information from these data shadows using mathematical

inversions.
The solutions, pioneered by physicist Allan Cormack and engineer Godfrey

Hounsfield in the 1960s, create the foundation for computed tomography

(CT), dlowing for three-dimensional reconstructions from multiple X-ray
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angles. Their work was later recognized with a Nobel Prize, underscoring
the collaboration required between theoretical mathematics and practical

application in medicine.

Next, the chapter shiftsto the discovery of DNA's structure, where X-ray
crystallography played a pivotal role. The phenomenon of X-ray diffraction,
fundamental to determining atomic structures of macromolecules, is
explained as waves interact with crystals, resulting in characteristic
diffraction patterns. The seminal work of Rosalind Franklin and her student
Raymond Gosling is recounted, which provided crucial X-ray diffraction
patterns that revealed the structure of DNA. Their work allowed James
Watson and Francis Crick, with the help of Maurice Wilkins, to identify the
double helix structure, leading to a Nobel Prize in Physiology or Medicine.

In discussing digital data, the chapter explains the representation of digital
images through matrices. Each pixel in an image is represented by numerical
values, and mathematical transformations can manipulate these
Images—Iike inverting colors. Here, the concept of data compression
becomes essential, notably using JPEG compression algorithms grounded in
Fourier theory. Fourier’s concepts, introduced in earlier chapters, enable the
transformation of signalsinto a series of frequencies, facilitating efficient

data storage without significant loss of image quality.

The chapter also spotlights modern advancements in data treatment, like
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wavel ets and compressed sensing. Wavelets refine the Fourier approach for
sporadic and localized signals, rather than continuous, leading to
applications in both image processing and medical imaging, enhancing the
JPEG2000 format. Similarly, compressed sensing, a collaboration between
statisticians and mathematicians, redefined data acquisition and
reconstruction, optimizing MRI scanning times by analyzing sparse data

efficiently.

Finally, the chapter reflects on the evolving nature of mathematical
applications, emphasizing the role of linear algebrain processing digital
data. It highlights a recurring theme where applied problems, once
understood mathematically, give rise to diverse technological advancements.
The insights of pioneers like Cormack illuminate the curiosity-driven aspect
of mathematical research, reinforcing that foundational scientific inquiry

often precedes transformative technological innovation.
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Critical Thinking

Key Point: Mathematical Inversionsin Medica Imaging

Critical Interpretation: By embracing the concept of mathematical
inversions, particularly as utilized in computed tomography (CT), you
can broaden your perspective on problem-solving, not just in
medicine, but in lifeitself. Imagine the intricacies of analyzing
complex situations or challenges—from relationships to career
obstacles—much like deciphering blurred X-ray shadows. Just as
scientists extract meaningful insights by reversing layers of
convoluted data, you too can apply methodical and logical approaches
to untangle life's complexities, uncover underlying truths, and carve
out innovative solutions, transforming the seemingly impenetrable

into clear pathways forward.
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Chapter 8: 7 Mathematics, what isit good for ?
Quaternions, knots, and more DNA

In Chapter 7, the text delves into the seemingly obscure yet unexpectedly
impactful realm of advanced mathematics, exemplified by the study of
guaternions and knots. These mathematical constructs, initially perceived as
abstract musings, ultimately paved the way for real-world applications in
diverse fields, demonstrating the far-reaching relevance of mathematical

theory.

Modern mathematics, much like the mythic tower of Babel, continuously
aims to push humanity's understanding ever higher. Despite its complex
nature, mathematics should be treasured not purely for its direct
contributions to society's gross domestic product, but for the intrinsic value
it holds in expanding human knowledge. While the esoteric language of
mathematics may seem detached from everyday life, history has shown that
even once-abstract mathematical concepts often become pivotal to scientific

and technological advancements.

The chapter begins by exploring quaternions, a remarkable extension of
numbers that Irish mathematician William Rowan Hamilton formulated in
1843. Born from a need to understand three-dimensional rotations more
naturally than complex numbers did with two-dimensional rotations,

guaternions are visualized as quadruples of real numbers. These extend the
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concept of rotation into four-dimensional space and introduce the
revolutionary non-commutative property. Initially overlooked, quaternions
have found a resurgence in applications such as computer graphics, robotics,
and aerospace navigation due to their efficient use in representing rotations
without the pitfalls of gimbal lock, alimitation encountered in traditional
pitch/yaw/roll systems.

Beyond quaternions, the chapter navigates to the complex terrain of knot
theory—a study originally inspired by Lord Kelvin's 19th-century
vortex-atom hypothesis, though subsequently abandoned due to

Mendeleev’ s more successful periodic table of elements. Undeterred by this
historical oversight, Pioneers like Tait developed foundational classifications
and tools for knots, eventually leading to significant implications for
understanding DNA mechanics. Mathematical knots, akin to intertwined
loops, serve as metaphors for molecular processes such as DNA replication
and recombination, with enzymes like topoi somerases and recombinases

adeptly manipulating DNA strands in a manner reminiscent of knot surgery.

As DNA strands unwind and recombine, the enzymatic action is analogous
to topological transformations, proving the surprising utility of knot theory
in the biological sciences. Such revelations underscore the once-unforeseen
relevance of an otherwise arcane mathematical discipline, propelling it into

the spotlight of applied research.
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In reflection, the chapter acknowledges how seemingly abstract
mathematical theories can transition into powerful applied tools. From the

Greeks' study of conic sections later utilized by Kepler, to number theory’s
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Chapter 9 Summary: 8 Where are we going? Networks
and thebrain

Chapter 8 Summary:

In the ever-evolving realm of applied mathematics, its distinct ability to
transcend specific domains highlights its significance in scientific progress
and societal advancement. Applied mathematics thrives on versatility,
seamlessly integrating into diverse scientific fields and constantly evolving
through new challenges, be they rooted in traditional sciences or emerging

from the complexities of modern life.

A prominent innovation within this dynamic discipline is the theory of
networks. Networks, which encapsul ate connections among various entities,
can be depicted as webs of nodes linked by edges or through matrix
representations. This concept findsitsroots in Euler's exploration of the

K 6nigsberg bridge problem and has since expanded through studies of social
interactions and data proliferation, especially in the context of the Internet

and social media platforms.
The ubiquitous nature of networks spans multiple domains, including socidl,

biological, and engineering systems. Notably, the advent of the Internet and

the data explosion of the late 1990s propelled networks into prominence,
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inviting scientists to unravel the structures of natural and societal networks.
Crucial insights emerged from the exploration of "small-world" networks by
Steven Strogatz and Duncan Watts, who established two key metrics:. the
average path length and clustering. Their findings reveal ed that real-world
networks exhibit short average path lengths alongside high clustering, akin
to social networks where distant connections bring individual s closer

together regardless of direct acquaintance.

The interdisciplinary reach of networks extends to practical applications
such as page ranking algorithms for search engines and the modeling of
disease spread within epidemiology. The mathematics underpinning
networks brings understanding to complex societal and scientific
phenomena, enabling optimized decision-making in public health, among
other fields.

Within the realm of neurosciences, applied mathematics plays a pivotal role
in deciphering the complexities of the human brain. The brain isa composite
of intricate structures, interacting neurons, and vast networks of connections.
Mathematical frameworks assist neuroscientists in linking microscopic
biochemical behaviors to macroscopic physiological functions, ultimately
i[luminating human consciousness and behavior. Advanced imaging
techniques such as diffusion tensor imaging and functional magnetic
resonance imaging (fMRI) enable the mapping of both anatomical and

functional brain networks, revealing the small-world characteristics that
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underpin cognitive processes.

In recent years, brain topology has emerged as afield of study, delving into
connectivity maps and linking network properties to various factors,
including age, gender, and disease. Mathematical models offer insightsinto
brain folding patterns and their developmental origins, contributing to our

understanding of neurodevelopmental disorders.

The study of the brain exemplifies how applied mathematics is woven into
addressing significant societal challenges. With its cross-disciplinary nature,
applied mathematics stands at the forefront of technological and theoretical
advancements. From climate change mitigation to medical innovations and
big data applications, applied mathematics remains vital to human progress,
fostering collaboration and discovery across scientific landscapes. Its
influence, deeply rooted in societal history, continues to shape future
endeavors, ensuring its pivotal role in understanding and transforming our

world.
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Critical Thinking

Key Point: The Power of Networks in Understanding Connections
Critical Interpretation: Consider the vast, unseen strands of
connections knitting our world together — from the neurons firing in
your brain to the global web of human interactions. Much like the
branching paths found in nature, networks encapsul ate the essence of
how entities interrelate. Grasping this concept not only unveils the
intricacies of scientific phenomena but also empowers you to
approach life's enigmas with a structured perspective. Visualizing
life' s complexities as networks teaches the importance of
relationships, influences, and systems. Y our interactions, whether at
work, with friends, or navigating the digital universe, can be better
managed and enriched by understanding these webs of connectivity.
Asyou navigate the intertwined pathways of life, think of how such
insights can guide and enhance your decision-making, reflecting back
on the art of making sense of apparent chaos. Embrace this networked
view to transcend traditional boundaries, fostering a mindset of
innovation, understanding, and empathy in both persona and

professional spheres.
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