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Preface

“To those who do not know mathematics it is difficult to

get across a real feeling as to the beauty, the deepest

beauty, of nature ... If you want to learn about nature,

to appreciate nature, it is necessary to understand the

language that she speaks in.”

—Richard P. Feynman

Differential equations serve as the fundamental language for mod-

eling dynamic systems across the sciences. This book focuses on first-

and second-order ordinary differential equations, emphasizing their role

as practical tools for understanding change. Rather than presenting

abstract theory, we explore how these equations emerge naturally from

physical, biological, ecological, and engineering problems, and how their

solutions reveal the underlying behavior of systems.

The book begins with first-order equations, where we study growth

and decay processes, separation of variables, and applications to popu-

lation dynamics. These foundational concepts lead naturally to second-
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order equations, which describe oscillatory systems from mechanical

vibrations to electrical circuits. Throughout, we prioritize the connec-

tion between problem formulation and solution methods, showing how

to choose appropriate techniques — whether exact solutions, series ex-

pansions, or stability analysis — based on the system’s mathematical

structure.

Pedagogically, the text follows a consistent progression: first identi-

fying the physical laws that generate differential equations, then devel-

oping solution methods with careful attention to their assumptions and

limitations, and finally interpreting results to predict system behavior.

Computational examples, implemented in Python, complement analyt-

ical work by providing visual confirmation of solutions and enabling

parameter exploration.

This book is designed for undergraduate students in physics, math-

ematics, and engineering who seek a practical, application-driven ap-

proach to differential equations. It will particularly benefit learners

who prefer intuitive understanding over abstract formalism, as well as

instructors looking for fresh pedagogical perspectives. The content as-

sumes only basic calculus and Newtonian mechanics, making it accessi-

ble to motivated students in interdisciplinary fields like computational

biology or economics. Researchers and professionals who use ODEs for

modeling will also find the problem-solving framework valuable for their

work. The optional computational components cater to those who learn
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through visualization and numerical experimentation, though program-

ming experience is not required.

Kishore Dutta

Guwahati, India

July 2025
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