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Overview
University Physics with Modern Physics by Hugh D. Young and Roger A. Freedman is a
foundational and comprehensive calculus-based textbook designed for introductory physics
courses at the university level, typically spanning two or three semesters. The book
systematically covers the core principles of physics, beginning with classical mechanics, including
kinematics, dynamics, work, energy, momentum, rotation, and gravitation. It then progresses
through oscillations, waves, sound, and thermodynamics, laying a robust groundwork for
understanding macroscopic physical phenomena.

The text continues its rigorous exploration with a detailed treatment of electromagnetism,
covering electric fields, circuits, magnetic fields, and electromagnetic induction, followed by
optics, encompassing both geometric and physical optics. A significant portion of the book is
dedicated to modern physics, introducing students to the revolutionary concepts of special
relativity, quantum mechanics, atomic physics, nuclear physics, and elementary particles. The
authors emphasize a clear, logical presentation of concepts, supported by numerous worked
examples, conceptual questions, and a vast array of challenging problems designed to foster
both conceptual understanding and advanced problem-solving skills. Its enduring popularity
stems from its pedagogical clarity, thoroughness, and consistent updates to reflect
contemporary physics education.

Key Takeaways
• Mastering the fundamental principles of classical mechanics is crucial before advancing to
more complex topics like electromagnetism or modern physics.

• Developing strong problem-solving strategies, including drawing diagrams and identifying
knowns and unknowns, is as important as understanding the theoretical concepts.

• Conceptual understanding should be prioritized alongside mathematical derivation to truly
grasp the physical meaning behind equations.

• Regularly practicing with a variety of problems, from straightforward applications to
multi-concept challenges, is essential for solidifying knowledge.

• The interconnectedness of different physics disciplines means that concepts learned in one
area often apply or provide context for others.
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• Pay close attention to units and significant figures in all calculations to ensure accuracy and
physical relevance.

• Embrace the iterative process of learning physics: read, understand, apply, reflect, and
re-evaluate your understanding.

• Modern physics introduces a paradigm shift from classical mechanics, requiring an open
mind to new, often counter-intuitive, principles.

Chapter Summaries
Chapters 1-3: Introduction to Physics and Kinematics

These initial chapters lay the groundwork for the study of physics, introducing fundamental
concepts such as units, significant figures, and dimensional analysis. The book emphasizes the
importance of vectors, covering vector addition, subtraction, and components, which are crucial
for describing physical quantities. Kinematics is thoroughly explored, starting with
one-dimensional motion, including displacement, velocity, and acceleration, often illustrated
with real-world examples and problem-solving strategies. This progresses to two-dimensional
motion, detailing projectile motion, uniform circular motion, and relative velocity. The text
provides numerous worked examples and conceptual questions to build a strong foundation in
analyzing motion and understanding the mathematical tools required for subsequent topics in
mechanics.

Chapters 4-6: Newton's Laws and Applications

This section delves into the core principles of dynamics, beginning with Newton's three laws of
motion. It introduces concepts of force, mass, and inertia, and provides extensive guidance on
drawing free-body diagrams to analyze forces acting on objects. Applications include various
types of friction, tension, and the dynamics of circular motion, including centripetal force. The
chapters then transition to the concepts of work and kinetic energy, the work-energy theorem,
and conservative and nonconservative forces. Potential energy (gravitational and elastic) and the
principle of conservation of mechanical energy are thoroughly discussed, often using roller
coasters and springs as illustrative examples.

Chapters 7-9: Momentum, Collisions, and Rotational Motion

These chapters explore impulse and momentum, leading to the principle of conservation of
momentum, which is applied to analyze various types of collisions, including elastic and inelastic
interactions in one and two dimensions. The concept of the center of mass is introduced for
systems of particles and rigid bodies. The book then shifts to rotational motion, covering
rotational kinematics, torque, and rotational inertia. The dynamics of rigid bodies, including
rolling motion, are examined. Angular momentum and its conservation are presented, with
applications to systems like spinning ice skaters and gyroscopes, providing a comprehensive
understanding of rotational dynamics.



https://booksummaryai.com/country/en/university-physics-with-modern-physics Page 3

Chapters 10-12: Equilibrium, Gravitation, and Periodic Motion

This section covers static equilibrium, analyzing conditions for objects to remain at rest under the
influence of forces and torques, including concepts of stress and strain in materials. It then
moves to universal gravitation, detailing Newton's law of gravitation, gravitational potential
energy, and Kepler's laws of planetary motion, with discussions on satellites and orbital
mechanics. The final part of this section introduces periodic motion, focusing on simple
harmonic motion (SHM), including mass-spring systems and pendulums. Damped and forced
oscillations, along with resonance phenomena, are also explored, providing a foundation for
understanding wave behavior.

Chapters 13-14: Fluid Mechanics and Mechanical Waves

These chapters introduce the behavior of fluids, covering density, pressure, buoyancy, and
Archimedes' principle. Fluid dynamics is explored through concepts like fluid flow, continuity
equation, and Bernoulli's equation, with applications to real-world phenomena such as airplane
lift and blood flow. The discussion then transitions to mechanical waves, defining wave types
(transverse and longitudinal), wave speed, and the principle of superposition. Sound waves are
examined in detail, including intensity, standing waves, resonance in pipes and strings, and the
Doppler effect, providing a comprehensive understanding of wave propagation and interaction.

Chapters 15-17: Temperature, Heat, and the First Law of Thermodynamics

This section begins with temperature and thermal expansion, introducing different temperature
scales. It then delves into the concepts of heat, specific heat capacity, and phase changes,
including latent heat. The three mechanisms of heat transfer—conduction, convection, and
radiation—are thoroughly explained with practical examples. The behavior of ideal gases is
examined through the ideal-gas law and the kinetic theory of gases, relating microscopic
properties to macroscopic behavior. Finally, the first law of thermodynamics is introduced,
defining internal energy, work done by a gas, and heat transfer in various thermodynamic
processes, such as isobaric, isochoric, isothermal, and adiabatic processes.

Chapters 18-20: The Second Law of Thermodynamics and Entropy

These chapters focus on the second law of thermodynamics, introducing its various statements
and implications. Heat engines, refrigerators, and heat pumps are analyzed, with a detailed
discussion of the Carnot cycle and its efficiency limits. The concept of entropy is introduced as a
measure of disorder or randomness, and its statistical interpretation is explored. The second law
is presented in terms of entropy increase in isolated systems. Free energy and its relation to
spontaneity of processes are also discussed, providing a deeper understanding of energy
transformations and their directionality in physical systems.

Chapters 21-23: Electric Charge, Fields, and Gauss's Law
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This section initiates the study of electromagnetism, starting with electric charge, Coulomb's law,
and the principle of superposition for forces between charges. The concept of the electric field is
introduced, detailing how to calculate fields due to point charges and continuous charge
distributions. Electric field lines are used as a visualization tool. The electric dipole and its
behavior in an electric field are discussed. Finally, Gauss's law is presented as a powerful tool for
calculating electric fields, especially for highly symmetric charge distributions, with numerous
applications to spheres, cylinders, and planes.

Chapters 24-26: Electric Potential, Capacitance, Current, and Resistance

These chapters build upon electric fields by introducing electric potential energy and electric
potential. Equipotential surfaces are explained as a visualization of potential. Capacitors and
capacitance are thoroughly discussed, including parallel-plate, cylindrical, and spherical
capacitors, and the effect of dielectrics. The section then transitions to electric current, current
density, and resistivity, leading to Ohm's law. Resistance and its dependence on material
properties and temperature are covered. Electrical power and energy dissipation in resistive
circuits are also analyzed, providing the foundational concepts for understanding electrical
circuits.

Chapters 27-29: DC Circuits and Magnetic Fields

This section focuses on direct-current (DC) circuits, covering series and parallel combinations of
resistors, and applying Kirchhoff's rules for analyzing complex circuits. RC circuits, including
charging and discharging processes, are also examined. The book then introduces magnetism,
defining the magnetic field and the magnetic force on moving charges (Lorentz force) and
current-carrying conductors. Applications include the Hall effect and the motion of charged
particles in uniform magnetic fields, such as in mass spectrometers and cyclotrons, laying the
groundwork for understanding magnetic phenomena and their practical uses.

Chapters 30-32: Magnetic Induction and AC Circuits

These chapters delve deeper into magnetism, starting with the Biot-Savart law and Ampere's law
for calculating magnetic fields produced by currents, including solenoids and toroids. Faraday's
law of induction and Lenz's law are introduced to explain induced electromotive force (EMF) and
currents, with examples like motional EMF. Self-inductance and mutual inductance are discussed,
along with the behavior of LR circuits. The section concludes with alternating-current (AC)
circuits, covering LC oscillations, RLC series circuits, resonance, and power in AC circuits,
including power factor, providing a comprehensive analysis of time-varying electromagnetic
phenomena.

Chapters 33-34: Electromagnetic Waves and the Nature of Light

This section synthesizes electricity and magnetism by introducing Maxwell's equations,
demonstrating their role in predicting the existence of electromagnetic waves. The properties of
electromagnetic waves, including their speed in vacuum, energy, and momentum, are discussed.
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The electromagnetic spectrum, from radio waves to gamma rays, is explored. The nature of light
is examined, covering its wave properties such as polarization, and its interaction with matter
through reflection and refraction. Huygens' principle is introduced as a method for
understanding wave propagation and phenomena like diffraction and interference.

Chapters 35-36: Geometric and Physical Optics

These chapters cover the principles of optics. Geometric optics is explored through reflection and
refraction, including Snell's law, total internal reflection, and the formation of images by plane
and spherical mirrors. Lenses are thoroughly discussed, covering thin lenses, image formation,
and common optical instruments such as magnifiers, microscopes, and telescopes. The book
then transitions to physical optics, detailing interference phenomena like Young's double-slit
experiment, thin-film interference, and Newton's rings. Diffraction is also covered, including
single-slit diffraction, diffraction gratings, and X-ray diffraction, explaining the wave nature of
light in detail.

Chapters 37-38: Relativity and Early Quantum Theory

This section introduces modern physics, beginning with Einstein's special theory of relativity. It
covers the postulates of special relativity, Lorentz transformations, length contraction, time
dilation, and relativistic momentum and energy, including the famous E=mc². The discussion
then shifts to the early development of quantum theory, exploring the photoelectric effect,
Compton effect, and the concept of wave-particle duality. De Broglie wavelength and the
uncertainty principle are introduced, highlighting the revolutionary ideas that challenged
classical physics and laid the foundation for quantum mechanics.

Chapters 39-41: Quantum Mechanics and Atomic Structure

These chapters delve into the principles of quantum mechanics. Wave functions and the
Schrödinger equation are introduced, with applications to simple systems like the particle in a
box. The uncertainty principle is further explored. The structure of atoms is examined, starting
with the Bohr model of hydrogen and progressing to the full quantum mechanical treatment,
including quantum numbers, atomic orbitals, and electron spin. Atomic spectra, selection rules,
and the principles behind lasers are discussed. The section also touches upon molecular bonds
and the basic concepts of solid-state physics, including energy bands in materials.

Chapters 42-44: Nuclear Physics, Particle Physics, and Cosmology

The final chapters explore the frontiers of physics. Nuclear physics covers nuclear structure,
binding energy, radioactivity (alpha, beta, gamma decay), and nuclear reactions such as fission
and fusion, along with their applications and hazards. Particle physics introduces elementary
particles, fundamental forces, quarks, leptons, and the Standard Model of particle physics. The
book concludes with an overview of cosmology, including the Big Bang theory, the expansion of
the universe, dark matter, and dark energy, providing a glimpse into the current understanding
of the universe's origin, evolution, and ultimate fate.
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Themes
• Conceptual understanding

• Problem-solving skills

• Mathematical application

• Foundational physics

• Scientific inquiry

Frequently Asked Questions
What is university physics with modern physics about?

University Physics with Modern Physics is a comprehensive calculus-based textbook covering all
major areas of physics. It systematically introduces classical mechanics, thermodynamics,
electromagnetism, optics, and a substantial section on modern physics, including relativity and
quantum mechanics. The book aims to provide a rigorous foundation for science and
engineering students.

Is university physics with modern physics worth reading?

Yes, it is highly regarded as one of the most thorough and pedagogically sound introductory
physics textbooks available. It is an excellent resource for university students in STEM fields,
offering clear explanations, extensive examples, and a vast array of problems to develop both
conceptual understanding and problem-solving abilities.

How does university physics with modern physics end?

Spoiler: The book concludes with a deep dive into modern physics, covering topics such as
special relativity, the principles of quantum mechanics, atomic structure, nuclear physics, and an
introduction to elementary particles. It provides a contemporary understanding of the universe's
fundamental constituents and forces.

Who should read university physics with modern physics?

This textbook is primarily intended for university students pursuing degrees in physics,
engineering, chemistry, and other science-related fields. It is also suitable for advanced high
school students or self-learners who have a strong background in calculus and are seeking a
rigorous, comprehensive introduction to physics.

How long does it take to read university physics with modern physics?

Given its extensive content and the need for thorough understanding and problem-solving
practice, reading and studying University Physics with Modern Physics can take hundreds of
hours. A typical university course using this book spans two or three semesters, implying a
dedicated study time of several hours per week over a year or more.
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Questions & Answers
What is the primary pedagogical approach of "University Physics with Modern Physics"?

The book emphasizes a strong conceptual understanding alongside rigorous problem-solving
skills. It often introduces concepts with real-world examples, follows with mathematical
derivations, and then provides numerous worked examples and practice problems. The authors
aim to build intuition before formalizing the physics, ensuring students grasp both the 'how' and
the 'why' of physical phenomena. This approach helps students develop a deep and lasting
comprehension of physics principles.

How does the book integrate "Modern Physics" into its curriculum?

The "Modern Physics" component is typically covered in the later chapters, after a
comprehensive treatment of classical mechanics, thermodynamics, waves, and
electromagnetism. It introduces topics like relativity, quantum mechanics, atomic structure,
nuclear physics, and particle physics. This integration provides a complete overview of physics,
bridging classical understanding with contemporary discoveries and theories, showing how
physics has evolved to explain phenomena beyond classical limits.

What mathematical background is expected of a student using this textbook?

"University Physics with Modern Physics" assumes a strong foundation in calculus, including
differential and integral calculus, vector calculus, and differential equations. It applies these
mathematical tools extensively to derive physical laws and solve complex problems. The book
often includes mathematical reviews or appendices to help students refresh necessary concepts,
but prior exposure and proficiency in calculus are crucial for success and understanding the
derivations.

How does the textbook help students develop problem-solving skills?

The book employs a structured approach to problem-solving, often featuring "Problem-Solving
Strategies" boxes that outline steps for tackling specific types of problems. It provides numerous
"Worked Examples" with detailed solutions, often including "IDENTIFY," "SET UP," "EXECUTE," and
"EVALUATE" steps. End-of-chapter problems are graded by difficulty and type, encouraging
systematic practice and helping students build confidence in applying physics principles.

What is the significance of the "Conceptual Questions" found in each chapter?

The "Conceptual Questions" are designed to test students' qualitative understanding of the
physics principles without requiring calculations. They encourage critical thinking and help
students identify common misconceptions. By focusing on the underlying concepts, these
questions reinforce the theoretical framework and ensure students can apply their knowledge
beyond just plugging numbers into formulas, fostering a deeper grasp of the subject.

How does the book address the topic of energy conservation?
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The book introduces energy conservation early, typically in the context of mechanical energy
(kinetic and potential). It then expands this concept to include thermal energy, work done by
nonconservative forces, and eventually mass-energy equivalence in modern physics. The
principle of energy conservation is presented as a fundamental and unifying concept across
various branches of physics, demonstrating its broad applicability and importance.

What role do figures and diagrams play in "University Physics with Modern Physics"?

Figures and diagrams are integral to the learning process in this textbook. They are used
extensively to visualize physical situations, illustrate vector quantities, depict experimental
setups, and clarify complex concepts. Many figures are accompanied by detailed captions and
often include references to interactive elements or simulations to enhance understanding,
making abstract ideas more concrete and accessible to students.

Does the book cover both introductory and advanced topics in electromagnetism?

Yes, the book provides a comprehensive treatment of electromagnetism, starting from
fundamental concepts like electric charge and Coulomb's law, progressing through electric
fields, Gauss's law, electric potential, capacitance, current, resistance, circuits, magnetic fields,
Ampere's law, Faraday's law, and Maxwell's equations. It covers both introductory principles and
more advanced applications, building a complete understanding of electromagnetic
phenomena.

What is the purpose of the "Challenge Problems" at the end of chapters?

"Challenge Problems" are typically more difficult and require a deeper synthesis of concepts,
often drawing from multiple sections or even previous chapters. They are designed to push
students beyond routine application of formulas, encouraging them to think critically and apply
problem-solving strategies to more complex, multi-step scenarios, preparing them for advanced
study and real-world engineering or scientific challenges.

How does the book differentiate between classical and modern physics?

The book systematically builds up classical physics (mechanics, thermodynamics,
electromagnetism, optics) in its initial sections, presenting the established theories and their
applications. It then transitions to modern physics, highlighting the limitations of classical
theories at extreme scales (very small, very fast, very strong fields) and introducing the
revolutionary concepts of relativity and quantum mechanics that address these limitations,
showing the evolution of physical understanding.

What kind of real-world applications are included in the textbook?

The textbook frequently integrates real-world applications and examples to make physics
concepts more relatable and demonstrate their practical relevance. These can range from the
physics of sports and everyday phenomena to technological applications in engineering,
medicine, and astronomy. "Application" boxes often highlight specific practical uses of the
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discussed principles, illustrating how physics underpins various aspects of our world and
technology.

How does "University Physics with Modern Physics" approach the topic of waves?

The book covers waves comprehensively, starting with mechanical waves (transverse and
longitudinal, sound waves) and their properties like superposition, interference, and diffraction.
it then extends to electromagnetic waves, including light, discussing their nature, propagation,
and phenomena like reflection, refraction, and polarization, building a unified understanding of
wave behavior and its diverse manifestations in physics.

What is the significance of the "Key Equations" sections or summaries?

"Key Equations" sections, often found at the end of chapters or within summaries, serve as a
concise reference for the most important formulas and principles introduced. They help students
quickly review essential mathematical relationships and prepare for problem-solving, acting as a
valuable study aid for consolidating knowledge before exams and ensuring they grasp the core
quantitative aspects of each topic.

Does the book include material on thermodynamics and statistical mechanics?

Yes, the book dedicates several chapters to thermodynamics, covering fundamental concepts
such as temperature, heat, the first and second laws of thermodynamics, entropy, and heat
engines. While it primarily focuses on classical thermodynamics, it often introduces basic ideas of
statistical mechanics to provide a microscopic interpretation of macroscopic thermodynamic
properties, offering a more complete picture of thermal phenomena.

How does the book handle vector quantities and their operations?

The book introduces vector quantities early in the mechanics section and emphasizes their
importance throughout. It provides detailed explanations of vector addition, subtraction, scalar
(dot) products, and vector (cross) products, along with their physical interpretations. Diagrams
and examples are frequently used to illustrate vector operations and their application in physics
problems, ensuring students can correctly use and interpret these essential mathematical tools.

What is the role of the "Caution" notes or warnings in the text?

The "Caution" notes or warnings are strategically placed throughout the text to highlight
common pitfalls, misconceptions, or tricky points that students often encounter. They serve to
alert readers to potential errors in reasoning or calculation, clarify subtle distinctions between
similar concepts, and provide guidance on avoiding typical mistakes, thereby enhancing
accuracy and deeper understanding of the material.

How does the book address the concept of relativity?

The book introduces special relativity in the modern physics section, covering topics such as the
postulates of relativity, Lorentz transformations, time dilation, length contraction, relativistic
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momentum, and mass-energy equivalence. It explains how these concepts fundamentally alter
our understanding of space, time, and energy at high speeds, providing a foundational
understanding of Einstein's revolutionary theory.

What is the purpose of the "Learning Goals" or "Chapter Goals" at the beginning of each
chapter?

The "Learning Goals" or "Chapter Goals" at the beginning of each chapter clearly outline the key
concepts and skills students are expected to master by the end of the chapter. They serve as a
roadmap for learning, helping students focus their study efforts, identify the most important
information, and assess their own comprehension as they progress through the material,
making the learning process more structured and effective.


