
who made the quantum mechanical model

who made the quantum mechanical model is a fundamental question in the history of physics and
chemistry, tracing back to the early 20th century when classical physics could no longer explain atomic and
subatomic phenomena. This article explores the key scientists who contributed to the development of the
quantum mechanical model, a framework that revolutionized our understanding of atomic structure and
behavior. The quantum mechanical model replaced earlier atomic models by introducing principles based
on wave-particle duality, uncertainty, and probability, providing a more accurate description of electrons in
atoms. By examining the contributions of pioneers such as Max Planck, Niels Bohr, Erwin Schrödinger,
Werner Heisenberg, and others, this article sheds light on the collaborative and evolving nature of
scientific discovery. Additionally, it highlights the foundational experiments and theoretical advancements
that shaped the quantum mechanical model. The following sections will provide a detailed overview of
who made the quantum mechanical model and how their work collectively advanced the field of quantum
mechanics.

Early Foundations of Quantum Theory

Niels Bohr and the Bohr Model

Werner Heisenberg and Matrix Mechanics

Erwin Schrödinger and Wave Mechanics

Contributions of Other Key Scientists

Significance and Impact of the Quantum Mechanical Model

Early Foundations of Quantum Theory
Understanding who made the quantum mechanical model requires a look at the early breakthroughs that
laid the groundwork for quantum theory. In the late 19th and early 20th centuries, classical physics faced
challenges explaining phenomena such as blackbody radiation and the photoelectric effect. Max Planck is
credited with initiating quantum theory in 1900 by proposing that energy is quantized, emitted in discrete
units called quanta or photons. Planck’s constant became a fundamental constant in quantum mechanics.



Max Planck’s Quantum Hypothesis
Max Planck introduced the concept that electromagnetic energy could only be emitted or absorbed in
discrete packets, which he called quanta. This hypothesis was revolutionary because it contradicted the
classical view of continuous energy emission. Planck’s work provided the first mathematical formulation of
energy quantization and explained blackbody radiation spectra accurately, marking the birth of quantum
theory.

Albert Einstein and the Photoelectric Effect
Building on Planck’s work, Albert Einstein explained the photoelectric effect in 1905 by proposing that
light itself is quantized, consisting of photons with energy proportional to their frequency. This work
supported the particle-like nature of light and earned Einstein the Nobel Prize in Physics. His insights
were crucial to the development of the quantum mechanical model by emphasizing the dual wave-particle
nature of matter and radiation.

Niels Bohr and the Bohr Model
Niels Bohr made significant advances in atomic theory by introducing a model that incorporated quantum
ideas into the structure of the atom. In 1913, Bohr proposed an atomic model where electrons orbit the
nucleus in fixed energy levels or shells, and they could jump between these levels by absorbing or
emitting quanta of energy. This model explained the spectral lines of hydrogen and was the first to
successfully integrate quantum concepts into atomic structure.

Postulates of the Bohr Model
Bohr’s atomic model was based on several key postulates:

Electrons orbit the nucleus in specific, quantized circular paths without radiating energy.

Electrons can transition between orbits by absorbing or emitting energy quanta.

The angular momentum of electrons in these orbits is quantized.

Although the Bohr model was revolutionary, it could not adequately explain atoms more complex than
hydrogen or the finer details of atomic behavior, which led to further developments in quantum
mechanics.



Werner Heisenberg and Matrix Mechanics
Werner Heisenberg was a central figure in the formal development of quantum mechanics. In 1925, he
introduced matrix mechanics, the first complete and consistent mathematical formulation of quantum
mechanics. Heisenberg’s approach focused on observable quantities and avoided assumptions about electron
trajectories, signaling a departure from classical mechanics.

Principles of Matrix Mechanics
Matrix mechanics uses matrices to represent physical quantities such as position and momentum, which do
not necessarily commute—meaning the order of operations affects the results. This non-commutativity is at
the heart of quantum uncertainty. Heisenberg’s method was abstract but powerful, providing precise
predictions of atomic spectra and laying the foundation for modern quantum mechanics.

The Uncertainty Principle
In 1927, Heisenberg formulated the uncertainty principle, a fundamental limit on the precision with which
certain pairs of physical properties, such as position and momentum, can be known simultaneously. This
principle profoundly changed the understanding of measurement and determinism in physics and is
integral to the quantum mechanical model.

Erwin Schrödinger and Wave Mechanics
Erwin Schrödinger contributed a complementary formulation of quantum mechanics known as wave
mechanics. In 1926, he developed the Schrödinger equation, a wave equation describing how the quantum
state of a physical system changes over time. This approach conceptualized electrons as wavefunctions
rather than point particles orbiting the nucleus.

The Schrödinger Equation
The Schrödinger equation is a partial differential equation that predicts the probability distribution of an
electron’s position and energy. Unlike Bohr’s fixed orbits, Schrödinger’s wavefunctions provide a
probabilistic interpretation, which became a cornerstone of the modern quantum mechanical model. This
formulation allowed for the explanation of complex atomic and molecular behavior beyond the capabilities
of previous models.



Wave-Particle Duality and Electron Clouds
Schrödinger’s wave mechanics supported the concept of wave-particle duality, where particles exhibit both
wave-like and particle-like properties. Instead of definite paths, electrons are described by electron clouds
representing the probability of finding an electron in a particular region around the nucleus, a significant
advance in atomic theory.

Contributions of Other Key Scientists
The quantum mechanical model was developed through the combined efforts of many scientists beyond
Planck, Bohr, Heisenberg, and Schrödinger. Each contributed critical ideas or mathematical tools that
refined and expanded the model.

Paul Dirac and Quantum Theory Unification
Paul Dirac advanced quantum mechanics by formulating the Dirac equation, which combined quantum
mechanics with special relativity. His work predicted the existence of antimatter and introduced important
concepts such as quantum field theory, further enriching the quantum mechanical framework.

Wolfgang Pauli and the Exclusion Principle
Wolfgang Pauli proposed the Pauli Exclusion Principle, which states that no two electrons in an atom can
have identical quantum numbers. This principle explained the structure of the periodic table and the
behavior of electrons in atoms, influencing the quantum mechanical model's application to chemistry and
physics.

Max Born and the Probabilistic Interpretation
Max Born introduced the probabilistic interpretation of the wavefunction, suggesting that the square of the
wavefunction’s amplitude corresponds to the probability density of finding a particle in space. This
interpretation resolved many conceptual issues in quantum mechanics and remains central to the model.

Significance and Impact of the Quantum Mechanical Model
The quantum mechanical model, developed through the contributions of multiple scientists, fundamentally
transformed science and technology. It replaced classical atomic models with a framework that accurately
describes atomic and subatomic phenomena, enabling advances in fields such as chemistry, materials science,
and electronics.



Technological Innovations
The understanding provided by the quantum mechanical model led to innovations including:

Semiconductor technology and transistors

Lasers and photonics

Magnetic resonance imaging (MRI)

Quantum computing research

Philosophical and Scientific Implications
The quantum mechanical model also challenged classical notions of determinism and reality, introducing
concepts of probability, uncertainty, and observer effects that continue to influence philosophical discussions
in physics and beyond.

Frequently Asked Questions

Who is credited with developing the quantum mechanical model of the
atom?
Erwin Schrödinger is credited with developing the quantum mechanical model of the atom in 1926
through his wave equation.

What contribution did Erwin Schrödinger make to the quantum
mechanical model?
Erwin Schrödinger formulated the Schrödinger equation, which describes how the quantum state of a
physical system changes over time, forming the foundation of the quantum mechanical model.

Did any other scientists contribute to the quantum mechanical model
besides Schrödinger?
Yes, notable contributors include Werner Heisenberg, who developed matrix mechanics, Max Born, who
interpreted the wave function probabilistically, and Erwin Schrödinger, who developed wave mechanics.



How did Heisenberg's work relate to the quantum mechanical model?
Werner Heisenberg developed matrix mechanics, an early form of quantum mechanics that represented
physical quantities as matrices, contributing to the foundation of the quantum mechanical model.

What was the significance of the quantum mechanical model compared to
earlier atomic models?
The quantum mechanical model introduced the concept of wave-particle duality and probability
distributions for electron positions, replacing the fixed orbits of earlier models like Bohr's.

When was the quantum mechanical model of the atom developed?
The quantum mechanical model was developed in the mid-1920s, with key contributions from Erwin
Schrödinger in 1926 and Werner Heisenberg around the same time.

Additional Resources
1. Quantum: Einstein, Bohr, and the Great Debate about the Nature of Reality
This book by Manjit Kumar explores the development of quantum mechanics through the intense
intellectual rivalry between Albert Einstein and Niels Bohr. It delves into the foundational experiments
and philosophical questions that shaped the quantum mechanical model. Readers gain insight into how key
figures contributed to the framework that defines modern physics.

2. Quantum Mechanics and Path Integrals
Authored by Richard P. Feynman and Albert R. Hibbs, this text introduces the path integral formulation of
quantum mechanics. Feynman’s innovative approach provides a unique perspective on the quantum
mechanical model, emphasizing the sum over histories. The book is both a historical and technical resource
for understanding the evolution of quantum theory.

3. In Search of Schrödinger's Cat: Quantum Physics and Reality
John Gribbin’s accessible book explains the paradoxes and principles behind the quantum mechanical model.
It traces the contributions of Erwin Schrödinger and other pioneers who shaped the theory. The book
makes complex ideas understandable for general readers interested in the origins of quantum mechanics.

4. Quantum Mechanics: The Theoretical Minimum
Leonard Susskind and Art Friedman provide a concise introduction to the fundamental principles of
quantum mechanics. The book covers the mathematical and conceptual foundations laid by early quantum
theorists like Heisenberg and Schrödinger. It is ideal for readers seeking to understand who made the
quantum mechanical model and how it works.

5. Heisenberg’s War: The Secret History of the German Bomb



This biography by Thomas Powers explores Werner Heisenberg’s role in the development of quantum
mechanics and his controversial activities during World War II. It provides context on Heisenberg’s
scientific achievements and his influence on the quantum mechanical model amid political turmoil. The
book offers a nuanced view of a key figure in quantum physics.

6. Quantum Mechanics: Concepts and Applications
By Nouredine Zettili, this comprehensive textbook covers the historical development and mathematical
framework of quantum mechanics. It highlights the contributions of pioneers such as Max Planck, Bohr,
and Dirac. The book is suitable for students and readers interested in the detailed origins and applications of
the quantum mechanical model.

7. The Strangest Man: The Hidden Life of Paul Dirac, Quantum Genius
Graham Farmelo’s biography reveals the life and work of Paul Dirac, one of the founding fathers of
quantum mechanics. It discusses Dirac’s theoretical innovations that advanced the quantum mechanical
model. The book also provides personal insights into the character behind the groundbreaking science.

8. Quantum Reality: Beyond the New Physics
Nick Herbert’s book explores different interpretations of the quantum mechanical model and the scientists
who developed them. It discusses the philosophical implications and the contributions of figures like Bohr,
Einstein, and Schrödinger. The book is a thought-provoking read on the impact of quantum mechanics on
our understanding of reality.

9. Max Planck: The Reluctant Revolutionary
This biography by Brandon R. Brown examines Max Planck’s pioneering work in quantum theory, which
laid the foundation for the quantum mechanical model. It details Planck’s discovery of energy quanta and
his influence on subsequent physicists. The book offers historical context for the origins of quantum
mechanics.
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Wu's achievements are 14 books and more than 120 papers covering subjects from atomic and
molecular physics to plasmas and gases to atmospheric physics to relativity theory. Even at the age
of 90 he remains active, publishing papers and lecturing on physics.Prof Wu feels grateful that he
had the opportunity to educate a group of extremely talented students and, in particular, to discover
T D Lee's remarkable talent. Although creative talent is no doubt a product of nature, it must also be
nurtured. Prof Wu has played a crucial role for an entire generation of physicists in China and has
won great respect from former students such as C N Yang, T D Lee, K Huang, and countless others.
Prof Wu's love of physics and his dedication in teaching and research will always be remembered.
  who made the quantum mechanical model: Chemistry II For Dummies John T. Moore,
2012-07-03 The tools you need to ace your Chemisty II course College success for virtually all
science, computing, engineering, and premedical majors depends in part on passing chemistry. The
skills learned in chemistry courses are applicable to a number of fields, and chemistry courses are
essential to students who are studying to become nurses, doctors, pharmacists, clinical technicians,
engineers, and many more among the fastest-growing professions. But if you're like a lot of students
who are confused by chemistry, it can seem like a daunting task to tackle the subject. That's where
Chemistry II For Dummies can help! Here, you'll get plain-English, easy-to-understand explanations
of everything you'll encounter in your Chemistry II class. Whether chemistry is your chosen area of
study, a degree requirement, or an elective, you'll get the skills and confidence to score high and
enhance your understanding of this often-intimidating subject. So what are you waiting for? Presents
straightforward information on complex concepts Tracks to a typical Chemistry II course Serves as
an excellent supplement to classroom learning Helps you understand difficult subject matter with
confidence and ease Packed with approachable information and plenty of practice opportunities,
Chemistry II For Dummies is just what you need to make the grade.
  who made the quantum mechanical model: Remote Sensing and Image Processing in
Mineralogy Maged Marghany, 2022-03-02 Remote Sensing and Image Processing in Mineralogy
reveals the critical tools required to comprehend the latest technology surrounding the remote
sensing imaging of mineralogy, oil and gas explorations. It particularly focusses on multispectral,
hyperspectral and microwave radar, as the foremost sources to understand, analyze and apply
concepts in the field of mineralogy. Filling the gap between modern physics quantum theory and
image processing applications of remote sensing imaging of geological features, mineralogy, oil and
gas explorations, this reference is packed with technical details associated with the potentiality of
multispectral, hyperspectral and synthetic aperture radar (SAR). The book also includes key
methods needed to extract the value-added information necessary, such as lineaments, gold and
copper minings. This book also reveals novel speculation of quantum spectral mineral signature
identifications, named as quantized Marghany’s mineral spectral or Marghany Quantum Spectral
Algorithms for Mineral identifications (MQSA). Rounding out with practical simulations of 4-D
open-pit mining identification and monitoring using the hologram radar interferometry technique,
this book brings an effective new source of technology and applications for today’s minerology and
petroleum engineers. Key Features • Helps develop new algorithms for retrieving mineral mining
potential zones in remote sensing data. • Solves specific problems surrounding the spectral
signature libraries of different minerals in multispectral and hyperspectral data. • Includes over 200
equations that illustrate how to follow examples in the book.
  who made the quantum mechanical model: Complexity from Microscopic to
Macroscopic Scales: Coherence and Large Deviations A.T. Skjeltorp, Tamas Vicsek, 2012-12-06
Many mesoscopic systems display `adaptive' behaviour - changes in some physical property that
results from a small change in an internal or external driving force. There is a kind of progression in
adaptive phenomena, from quantum mesoscopics to complex, evolved cooperative systems and large
scale events like turbulence. The field of mesoscopic magnetism, especially quantum coherence and
quantum tunnelling in spin systems, and the coupling between mesoscopic magnetism and
mesoscopic transport is currently a very active area of solid state physics. `Dephasing' is an
important concept in mesoscopic systems like these. A basic question is the limit at which quantum



mechanics breaks down and what it can be replaced with. Another interesting crossover is that
between complexity and large excursions or events, with turbulence as a prototype example. The
book also contains a discussion of finance. Qualitatively speaking, turbulence and financial markets
are apparently similar, so our understanding of turbulence may be relevant to understanding price
fluctuations.
  who made the quantum mechanical model: New Frontiers in Nanochemistry: Concepts,
Theories, and Trends, 3-Volume Set Mihai V. Putz, 2022-05-29 New Frontiers in Nanochemistry:
Concepts, Theories, and Trends, 3-Volume Set explains and explores the important fundamental and
advanced modern concepts from various areas of nanochemistry and, more broadly, the
nanosciences. This innovative and one-of-a kind set consists of three volumes that focus on
structural nanochemistry, topological nanochemistry, and sustainable nanochemistry respectively,
collectively forming an explicative handbook in nanochemistry. The compilation provides a rich
resource that is both thorough and accessible, encompassing the core concepts of multiple areas of
nanochemistry. It also explores the content through a trans-disciplinary lens, integrating the basic
and advanced modern concepts in nanochemistry with various examples, applications, issues, tools,
algorithms, and even historical notes on the important people from physical, quantum, theoretical,
mathematical, and even biological chemistry.
  who made the quantum mechanical model: Current Challenges on Large
Supramolecular Assemblies Georges Tsoucaris, 2012-12-06 The objectives of the ARW were: -
identifying areas and highlighting approaches by which large Supramolecular (SM) Assemblies can
be synthesised - reviewing and combining methods to characterise and analyse such assemblies. The
first part of the ARW is devoted to reviewing synthetic achievements in recent years for several
families of SM compounds, and to bringing out principles for crystal structure design, including
novel quantum mechanical methods. Synthesis pertains both to the chemical synthesis of
components for SM assembly, and to the subsequent assembly process based on complementarity
and non-covalent interactions. The elaboration of multiple recognition algorithms concurrently
employed (for instance, 1t-1t and hydrogen bonds) has recently reached a high degree of
sophistication in the sequence: Molecules -7 Supermolecule -7 SM array -7 Crystal or Conglomerate
Novel Large Assemblies comprise synthetic entities with molecular weight as high as 15000, and
hybrid SM assemblies between synthetic molecules and DNA. Further developments are foreseen at
a higher level of organisation, such as between supermolecules or with electromagnetic fields in
photochemical processes. Creation of 2D Assemblies is now a powerful tool for creation and study of
SM interactions. Moreover, much is to be learned in going from 2D to 3D assemblies in crystal
growth and other forms of organisation such as micelles or liquid crystals. On the other hand, crystal
engineering based on Molecular Recognition in the Crystal State leads to novel 2D assemblies
occurring within predesigned crystal structures (hydrophobic organic clays or nanoporous
networks).
  who made the quantum mechanical model: Comprehensive Physics for Engineers
Narinder Kumar, 2005
  who made the quantum mechanical model: Niels Bohr and Complementarity Arkady
Plotnitsky, 2012-09-05 This book offers a discussion of Niels Bohr’s conception of
“complementarity,” arguably his greatest contribution to physics and philosophy. By tracing Bohr’s
work from his 1913 atomic theory to the introduction and then refinement of the idea of
complementarity, and by explicating different meanings of “complementarity” in Bohr and the
relationships between it and Bohr’s other concepts, the book aims to offer a contained and
accessible, and yet sufficiently comprehensive account of Bohr’s work on complementarity and its
significance.
  who made the quantum mechanical model: God – Fact or Fiction Luke VandenBerghe,
2014-05-28 The author develops the problem of God in a stimulating way, by exploring science,
philosophy, history, and other disciplines. He concludes that God does not exist because the
supernatural does not exist and therefore God, an entity of the supernatural, also does not exist. He



regards religion as the biggest hoax ever released on mankind. With his great erudition and critical
reasoning, he will incite the reader to serious thought. The controversial topic will provoke a great
deal of criticism and perhaps consequently contribute to clarification of the Gods problem. The main
concern of the author remains the quest for truth from every possible angle. The book is a modern
testament.
  who made the quantum mechanical model: Chemistry All-in-One For Dummies (+
Chapter Quizzes Online) Christopher R. Hren, John T. Moore, Peter J. Mikulecky, 2022-11-23
Everything you need to crush chemistry with confidence Chemistry All-in-One For Dummies arms
you with all the no-nonsense, how-to content you’ll need to pass your chemistry class with flying
colors. You’ll find tons of practical examples and practice problems, and you’ll get access to an
online quiz for every chapter. Reinforce the concepts you learn in the classroom and beef up your
understanding of all the chemistry topics covered in the standard curriculum. Prepping for the AP
Chemistry exam? Dummies has your back, with plenty of review before test day. With clear
definitions, concise explanations, and plenty of helpful information on everything from matter and
molecules to moles and measurements, Chemistry All-in-One For Dummies is a one-stop resource for
chem students of all valences. Review all the topics covered in a full-year high school chemistry
course or one semester of college chemistry Understand atoms, molecules, and the periodic table of
elements Master chemical equations, solutions, and states of matter Complete practice problems
and end-of-chapter quizzes (online!) Chemistry All-In-One For Dummies is perfect for students who
need help with coursework or want to cram extra hard to ace that chem test.
  who made the quantum mechanical model: U Can: Chemistry I For Dummies John T.
Moore, Chris Hren, Peter J. Mikulecky, 2015-08-10 Now you can score higher in chemistry Every
high school requires a course in chemistry for graduation, and many universities require the course
for majors in medicine, engineering, biology, and various other sciences. U Can: Chemistry I For
Dummies offers all the how-to content you need to enhance your classroom learning, simplify
complicated topics, and deepen your understanding of often-intimidating course material. Plus,
you'll find easy-to-follow examples and hundreds of practice problems—as well as access to 1,001
additional Chemistry I practice problems online! As more and more students enroll in chemistry
courses,, the need for a trusted and accessible resource to aid in study has never been greater.
That's where U Can: Chemistry I For Dummies comes in! If you're struggling in the classroom, this
hands-on, friendly guide makes it easy to conquer chemistry. Simplifies basic chemistry principles
Clearly explains the concepts of matter and energy, atoms and molecules, and acids and bases Helps
you tackle problems you may face in your Chemistry I course Combines 'how-to' with 'try it' to form
one perfect resource for chemistry students If you're confused by chemistry and want to increase
your chances of scoring your very best at exam time, U Can: Chemistry I For Dummies shows you
that you can!
  who made the quantum mechanical model: Science and Technology in World History
James E. McClellan III, Harold Dorn, 2015-12-15 Arguably the best general history of science and
technology ever published. Tracing the relationship between science and technology from the dawn
of civilization to the early twenty-first century, James E. McClellan III and Harold Dorn’s bestselling
book argues that technology as “applied science” emerged relatively recently, as industry and
governments began funding scientific research that would lead directly to new or improved
technologies. McClellan and Dorn identify two great scientific traditions: the useful sciences, which
societies patronized from time immemorial, and the exploration of questions about nature itself,
which the ancient Greeks originated. The authors examine scientific traditions that took root in
China, India, and Central and South America, as well as in a series of Near Eastern empires in late
antiquity and the Middle Ages. From this comparative perspective, McClellan and Dorn survey the
rise of the West, the Scientific Revolution of the seventeenth century, the Industrial Revolution, and
the modern marriage of science and technology. They trace the development of world science and
technology today while raising provocative questions about the sustainability of industrial
civilization. This new edition of Science and Technology in World History offers an enlarged



thematic introduction and significantly extends its treatment of industrial civilization and the
technological supersystem built on the modern electrical grid. The Internet and social media receive
increased attention. Facts and figures have been thoroughly updated and the work includes a
comprehensive Guide to Resources, incorporating the major published literature along with a vetted
list of websites and Internet resources for students and lay readers.
  who made the quantum mechanical model: Ludwig Boltzmann Carlo Cercignani, 2006-01-12
This book presents the life and personality, the scientific and philosophical work of Ludwig
Boltzmann, one of the great scientists who marked the passage from 19th- to 20th-Century physics.
His rich and tragic life, ending by suicide at the age of 62, is described in detail. A substantial part of
the book is devoted to discussing his scientific and philosophical ideas and placing them in the
context of the second half of the 19th century. The fact that Boltzmann was the man who did most to
establish that there is a microscopic, atomic structure underlying macroscopic bodies is
documented, as is Boltzmann's influence on modern physics, especially through the work of Planck
on light quanta and of Einstein on Brownian motion. Boltzmann was the centre of a scientific
upheaval, and he has been proved right on many crucial issues. He anticipated Kuhn's theory of
scientific revolutions and proposed a theory of knowledge based on Darwin. His basic results, when
properly understood, can also be stated as mathematical theorems. Some of these have been proved:
others are still at the level of likely but unproven conjectures. The main text of this biography is
written almost entirely without equations. Mathematical appendices deepen knowledge of some
technical aspects of the subject.
  who made the quantum mechanical model: Discovering Common Ground , Copublished
with Industrial Engineering and Management Press This book brings together cases from around the
world of a breakthrough new approach to strategic planning, empowerment, consensus building,
and whole systems improvement. Marvin Weisbord and 35 international coauthors show how all
types of business, government, and nonprofit organizations are successfully using this approach to
create shared vision, innovation, commitment, and collaborative action that exceed what people
thought possible. In this approach-called future searches or search conferences-people with diverse
interests who have a stake in an organization or issue come together for two or three days to explore
their mutual past, present, and future in a global context. Using a self-managing format, they seek
common ground among their varied interests, invent ideal futures rather than work old problems,
and generate creative strategies, action plans, and commitment.
  who made the quantum mechanical model: Modern Ferrites, Volume 1 Vincent G. Harris,
2022-11-14 MODERN FERRITES, Volume 1 A robust exploration of the basic principles of
ferrimagnetics and their applications In Modern Ferrites Volume 1: Basic Principles, Processing and
Properties, renowned researcher and educator Vincent G. Harris delivers a comprehensive overview
of the basic principles and ferrimagnetic phenomena of modern ferrite materials. Volume 1 explores
the fundamental properties of ferrite systems, including their structure, chemistry, and magnetism;
the latest in processing methodologies; and the unique properties that result. The authors explore
the processing, structure, and property relationships in ferrites as nanoparticles, thin and thick
films, compacts, and crystals and how these relationships are key to realizing practical device
applications laying the foundation for next generation technologies. This volume also includes:
Comprehensive investigation of the historical and scientific significance of ferrites upon ancient and
modern societies; Neel’s expanded theory of molecular field magnetism applied to ferrimagnetic
oxides together with theoretic advances in density functional theory; Nonlinear excitations in ferrite
systems and their potential for device technologies; Practical discussions of nanoparticle, thin, and
thick film growth techniques; Ferrite-based electronic band-gap heterostructures and
metamaterials. Perfect for RF engineers and magnetitians working in the field of RF electronics,
radar, communications, and spintronics as well as other emerging technologies. Modern Ferrites will
earn a place on the bookshelves of engineers and scientists interested in the ever-expanding
technologies reliant upon ferrite materials and new processing methodologies. Modern Ferrites
Volume 2: Emerging Technologies and Applications is also available (ISBN: 9781394156139).



  who made the quantum mechanical model: Repositioning Pedagogical Content
Knowledge in Teachers’ Knowledge for Teaching Science Anne Hume, Rebecca Cooper,
Andreas Borowski, 2019-01-28 This book enhances readers’ understanding of science teachers’
professional knowledge, and illustrates how the Pedagogical Content Knowledge research agenda
can make a difference in teachers’ practices and how students learn science. Importantly, it offers
an updated international perspective on the evolving nature of Pedagogical Content Knowledge and
how it is shaping research and teacher education agendas for science teaching. The first few
chapters background and introduce a new model known as the Refined Consensus Model (RCM) of
Pedagogical Content Knowledge (PCK) in science education, and clarify and demonstrate its use in
research and teacher education and practice. Subsequent chapters show how this new consensus
model of PCK in science education is strongly connected with empirical data of varying nature,
contains a tailored language to describe the nature of PCK in science education, and can be used as
a framework for illuminating past studies and informing the design of future PCK studies in science
education. By presenting and discussing the RCM of PCK within a variety of science education
contexts, the book makes the model significantly more applicable to teachers’ work.
  who made the quantum mechanical model: Physical Biology of the Cell Rob Phillips, Jane
Kondev, Julie Theriot, Hernan Garcia, 2012-10-29 Physical Biology of the Cell is a textbook for a first
course in physical biology or biophysics for undergraduate or graduate students. It maps the huge
and complex landscape of cell and molecular biology from the distinct perspective of physical
biology. As a key organizing principle, the proximity of topics is based on the physical concepts that
  who made the quantum mechanical model: An Introduction to Condensed Matter Physics for
the Nanosciences Arthur McGurn, 2023-04-13 The book provides an accessible introduction to the
principles of condensed matter physics with a focus on the nanosciences and device technologies.
The basics of electronic, phononic, photonic, superconducting, optics, quantum optics, and magnetic
properties are explored, and nanoscience and device materials are incorporated throughout the
chapters. Many examples of the fundamental principles of condensed matter physics are taken
directly from nanoscience and device applications. This book requires a background in
electrodynamics, quantum mechanics, and statistical mechanics at the undergraduate level. It will
be a valuable reference for advanced undergraduates and graduate students of physics, engineering,
and applied mathematics. Features Contains discussions of the basic principles of quantum optics
and its importance to lasers, quantum information, and quantum computation. Provides references
and a further reading list to additional scientific literature so that readers can use the book as a
starting point to then follow up with a more advanced treatment of the topics covered. Requires only
a basic background in undergraduate electrodynamics, quantum mechanics, and statistical
mechanics.
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