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safety issues, ranging from solar and biomass applications to the avoidance of runaway reactions.
Thoroughly classroom tested, this text reﬂects feedback from hundreds of students at the University of
Michigan and other leading universities. It also provides new resources to help students discover how
reactors behave in diverse situations-including many realistic, interactive simulations on DVD-ROM. New
Coverage Includes Greater emphasis on safety: following the recommendations of the Chemical Safety Board
(CSB), discussion of crucial safety topics, including ammonium nitrate CSTR explosions, case studies of the
nitroaniline explosion, and the T2 Laboratories batch reactor runaway Solar energy conversions: chemical,
thermal, and catalytic water spilling Algae production for biomass Steady-state nonisothermal reactor
design: ﬂow reactors with heat exchange Unsteady-state nonisothermal reactor design with case studies of
reactor explosions About the DVD-ROM The DVD contains six additional, graduate-level chapters covering
catalyst decay, external diﬀusion eﬀects on heterogeneous reactions, diﬀusion and reaction, distribution of
residence times for reactors, models for non-ideal reactors, and radial and axial temperature variations in
tubular reactions. Extensive additional DVD resources include Summary notes, Web modules, additional
examples, derivations, audio commentary, and self-tests Interactive computer games that review and apply
important chapter concepts Innovative "Living Example Problems" with Polymath code that can be loaded
directly from the DVD so students can play with the solution to get an innate feeling of how reactors operate
A 15-day trial of Polymath(tm) is included, along with a link to the Fogler Polymath site A complete, new
AspenTech tutorial, and four complete example problems Visual Encyclopedia of Equipment, Reactor Lab,
and other intuitive tools More than 500 PowerPoint slides of lecture notes Additional updates, applications,
and information are available at www.umich.edu/~essen and www.essentialsofcre.com.
Anthem of the Decades Mazisi Kunene 1981
Fundamentals of Engineering Thermodynamics, 9th Edition EPUB Reg Card Loose-Leaf Print Companion Set
Michael J. Moran 2018-01-17
Fundamentals of Thermodynamics Claus Borgnakke 2013-06-27 Now in a new edition, this book continues to
set the standard for teaching readers how to be eﬀective problem solvers, emphasizing the authors's
signature methodologies that have taught over a half million students worldwide. This new edition provides a
student-friendly approach that emphasizes the relevance of thermodynamics principles to some of the most
critical issues of today and coming decades, including a wealth of integrated coverage of energy and the
environment, biomedical/bioengineering, as well as emerging technologies. Visualization skills are developed
and basic principles demonstrated through a complete set of animations that have been interwoven
throughout.
Fundamentals of Thermodynamics Claus Borgnakke 2022-05-22
Fundamentals of Physics David Halliday 2010-03-15 This book arms engineers with the tools to apply key
physics concepts in the ﬁeld. A number of the key ﬁgures in the new edition are revised to provide a more
inviting and informative treatment. The ﬁgures are broken into component parts with supporting
commentary so that they can more readily see the key ideas. Material from The Flying Circus is incorporated
into the chapter opener puzzlers, sample problems, examples and end-of-chapter problems to make the
subject more engaging. Checkpoints enable them to check their understanding of a question with some
reasoning based on the narrative or sample problem they just read. Sample Problems also demonstrate how
engineers can solve problems with reasoned solutions. INCLUDES PARTS 1-4 PART 5 IN FUNDAMENTALS OF

Engineering and Chemical Thermodynamics Milo D. Koretsky 2012-12-17 Chemical engineers face the
challenge of learning the diﬃcult concept and application of entropy and the 2nd Law of Thermodynamics.
By following a visual approach and oﬀering qualitative discussions of the role of molecular interactions,
Koretsky helps them understand and visualize thermodynamics. Highlighted examples show how the
material is applied in the real world. Expanded coverage includes biological content and examples, the
Equation of State approach for both liquid and vapor phases in VLE, and the practical side of the 2nd Law.
Engineers will then be able to use this resource as the basis for more advanced concepts.
Fundamentals of Thermodynamics Claus Borgnakke 2012-12-26 Now in its eighth edition, Fundamentals of
Thermodynamics continues to oﬀer a comprehensive and rigorous treatment of classical thermodynamics,
while retaining an engineering perspective. With concise, applications-oriented discussion of topics and selftest problems, this text encourages students to monitor their own learning. The eighth edition is updated
with additional examples and end-of-chapter problems to increase student comprehension. In addition,
Learning Objectives have been added to the beginning of each chapter. This classic text provides a solid
foundation for subsequent studies in ﬁelds such as ﬂuid mechanics, heat transfer and statistical
thermodynamics, and prepares students to eﬀectively apply thermodynamics in the practice of engineering.
Munson's Fluid Mechanics Philip M. Gerhart 2016-11-14 Munson's Fundamentals of Fluid Mechanics oﬀers
comprehensive topical coverage, with varied examples and problems, application of visual component of
ﬂuid mechanics, and strong focus on eﬀective learning. The text enables the gradual development of
conﬁdence in problem solving. Each important concept is introduced in easy-to-understand terms before
more complicated examples are discussed.
Problems and Solutions on Thermodynamics and Statistical Mechanics Yung-kuo Lim 1990 Volume 5.
Fluid and Thermodynamics Kolumban Hutter 2016-07-18 In this book ﬂuid mechanics and thermodynamics
(F&T) are approached as interwoven, not disjoint ﬁelds. The book starts by analyzing the creeping motion
around spheres at rest: Stokes ﬂows, the Oseen correction and the Lagerstrom-Kaplun expansion theories
are presented, as is the homotopy analysis. 3D creeping ﬂows and rapid granular avalanches are treated in
the context of the shallow ﬂow approximation, and it is demonstrated that uniqueness and stability deliver a
natural transition to turbulence modeling at the zero, ﬁrst order closure level. The diﬀerence-quotient
turbulence model (DQTM) closure scheme reveals the importance of the turbulent closure schemes’ nonlocality eﬀects. Thermodynamics is presented in the form of the ﬁrst and second laws, and irreversibility is
expressed in terms of an entropy balance. Explicit expressions for constitutive postulates are in conformity
with the dissipation inequality. Gas dynamics oﬀer a ﬁrst application of combined F&T. The book is rounded
out by a chapter on dimensional analysis, similitude, and physical experiments.
Essentials of Chemical Reaction Engineering H. Scott Fogler 2011 Learn Chemical Reaction Engineering
through Reasoning, Not Memorization Essentials of Chemical Reaction Engineering is the complete, modern
introduction to chemical reaction engineering for today's undergraduate students. Starting from the
strengths of his classic Elements of Chemical Reaction Engineering, Fourth Edition, in this volume H. Scott
Fogler added new material and distilled the essentials for undergraduate students. Fogler's unique way of
presenting the material helps students gain a deep, intuitive understanding of the ﬁeld's essentials through
reasoning, using a CRE algorithm, not memorization. He especially focuses on important new energy and
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PHYSICS, EXTENDED
Borgnakke's Fundamentals of Thermodynamics Claus Borgnakke 2018-09-14 This new edition of Borgnakke's
Fundamentals of Thermodynamics continues to oﬀer a comprehensive and rigorous treatment of classical
thermodynamics, while retaining an engineering perspective. With concise, applications-oriented discussion
of topics and self-test problems, this text encourages students to monitor their own learning. This classic text
provides a solid foundation for subsequent studies in ﬁelds such as ﬂuid mechanics, heat transfer and
statistical thermodynamics, and prepares students to eﬀectively apply thermodynamics in the practice of
engineering.
Student Solutions Manual Steve Rigdon 2006-08-16
Fundamentals of Heat and Mass Transfer Theodore L. Bergman 2011-04-12 Completely updated, the seventh
edition provides engineers with an in-depth look at the key concepts in the ﬁeld. It incorporates new
discussions on emerging areas of heat transfer, discussing technologies that are related to nanotechnology,
biomedical engineering and alternative energy. The example problems are also updated to better show how
to apply the material. And as engineers follow the rigorous and systematic problem-solving methodology,
they'll gain an appreciation for the richness and beauty of the discipline.
Applied Thermodynamics for Engineering Technologists Eastop 1967
A TEXTBOOK OF CHEMICAL ENGINEERING THERMODYNAMICS K. V. NARAYANAN 2013-01-11 Designed as an
undergraduate-level textbook in Chemical Engineering, this student-friendly, thoroughly class-room tested
book, now in its second edition, continues to provide an in-depth analysis of chemical engineering
thermodynamics. The book has been so organized that it gives comprehensive coverage of basic concepts
and applications of the laws of thermodynamics in the initial chapters, while the later chapters focus at
length on important areas of study falling under the realm of chemical thermodynamics. The reader is thus
introduced to a thorough analysis of the fundamental laws of thermodynamics as well as their applications to
practical situations. This is followed by a detailed discussion on relationships among thermodynamic
properties and an exhaustive treatment on the thermodynamic properties of solutions. The role of phase
equilibrium thermodynamics in design, analysis, and operation of chemical separation methods is also deftly
dealt with. Finally, the chemical reaction equilibria are skillfully explained. Besides numerous illustrations,
the book contains over 200 worked examples, over 400 exercise problems (all with answers) and several
objective-type questions, which enable students to gain an in-depth understanding of the concepts and
theory discussed. The book will also be a useful text for students pursuing courses in chemical engineeringrelated branches such as polymer engineering, petroleum engineering, and safety and environmental
engineering. New to This Edition • More Example Problems and Exercise Questions in each chapter •
Updated section on Vapour–Liquid Equilibrium in Chapter 8 to highlight the signiﬁcance of equations of state
approach • GATE Questions up to 2012 with answers
Thermodynamics Yunus A. Çengel 2014-08 "Thermodynamics, An Engineering Approach," eighth edition,
covers the basic principles of thermodynamics while presenting a wealth of real-world engineering examples
so students get a feel for how thermodynamics is applied in engineering practice. This text helps students
develop an intuitive understanding by emphasizing the physics and physical arguments. Cengel and Boles
explore the various facets of thermodynamics through careful explanations of concepts and use of numerous
practical examples and ﬁgures, having students develop necessary skills to bridge the gap between
knowledge and the conﬁdence to properly apply their knowledge. McGraw-Hill is proud to oﬀer "Connect"
with the eighth edition of Cengel/Boles, "Thermodynamics, An Engineering Approach." This innovative and
powerful new system helps your students learn more eﬃciently and gives you the ability to assign homework
problems simply and easily. Problems are graded automatically, and the results are recorded immediately.
Track individual student performance - bt question, assignment, or in realtion to the class overall with
detailed grade reports. ConnectPlus provides students with all the advantages of Connect, plus 24/7 access
to an eBook. Cengel's" Thermodynamics," eighth edition, includes the power of McGraw-Hill's "LearnSmart" a
proven adaptive learning system that helps students learn faster, study more eﬃciently, and retain more
knowledge through a series of adaptive questions. This innovative study tool pinpoints concepts the student
does not understand and maps out a personalized plan for success.
Introduction to Engineering Thermodynamics Richard E. Sonntag 2001-08-10
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Schaum's Outline of Thermodynamics for Engineers, 2ed Merle Potter 2010-05-23 Tough Test Questions?
Missed Lectures? Not Enough Time? Fortunately for you, there's Schaum's Outlines. More than 40 million
students have trusted Schaum's to help them succeed in the classroom and on exams. Schaum's is the key
to faster learning and higher grades in every subject. Each Outline presents all the essential course
information in an easy-to-follow, topic-by-topic format. You also get hundreds of examples, solved problems,
and practice exercises to test your skills. This Schaum's Outline gives you Practice problems with full
explanations that reinforce knowledge Coverage of the most up-to-date developments in your course ﬁeld Indepth review of practices and applications Fully compatible with your classroom text, Schaum's highlights all
the important facts you need to know. Use Schaum's to shorten your study time-and get your best test
scores! Schaum's Outlines-Problem Solved.
Thermodynamics, Kinetic Theory, and Statistical Thermodynamics Francis Weston Sears 1975 This
text is a major revision of An Introduction to Thermodynamics, Kinetic Theory, and Statistical Mechanics by
Francis Sears. The general approach has been unaltered and the level remains much the same, perhaps
being increased somewhat by greater coverage. The text is particularly useful for advanced undergraduates
in physics and engineering who have some familiarity with calculus.
Fundamentals of Chemical Engineering Thermodynamics, SI Edition Kevin D. Dahm 2014-02-21 A brand new
book, FUNDAMENTALS OF CHEMICAL ENGINEERING THERMODYNAMICS makes the abstract subject of
chemical engineering thermodynamics more accessible to undergraduate students. The subject is presented
through a problem-solving inductive (from speciﬁc to general) learning approach, written in a conversational
and approachable manner. Suitable for either a one-semester course or two-semester sequence in the
subject, this book covers thermodynamics in a complete and mathematically rigorous manner, with an
emphasis on solving practical engineering problems. The approach taken stresses problem-solving, and
draws from best practice engineering teaching strategies. FUNDAMENTALS OF CHEMICAL ENGINEERING
THERMODYNAMICS uses examples to frame the importance of the material. Each topic begins with a
motivational example that is investigated in context to that topic. This framing of the material is helpful to all
readers, particularly to global learners who require big picture insights, and hands-on learners who struggle
with abstractions. Each worked example is fully annotated with sketches and comments on the thought
process behind the solved problems. Common errors are presented and explained. Extensive margin notes
add to the book accessibility as well as presenting opportunities for investigation. Important Notice: Media
content referenced within the product description or the product text may not be available in the ebook
version.
Instructor's Solutions Manual David J. Griﬃths 2005
Mathematical Methods for Physics and Engineering K. F. Riley 2006-03-13 The third edition of this
highly acclaimed undergraduate textbook is suitable for teaching all the mathematics for an undergraduate
course in any of the physical sciences. As well as lucid descriptions of all the topics and many worked
examples, it contains over 800 exercises. New stand-alone chapters give a systematic account of the 'special
functions' of physical science, cover an extended range of practical applications of complex variables, and
give an introduction to quantum operators. Further tabulations, of relevance in statistics and numerical
integration, have been added. In this edition, half of the exercises are provided with hints and answers and,
in a separate manual available to both students and their teachers, complete worked solutions. The
remaining exercises have no hints, answers or worked solutions and can be used for unaided homework; full
solutions are available to instructors on a password-protected web site,
www.cambridge.org/9780521679718.
Fundamentals of Analytical Chemistry Douglas A. Skoog 2013-01-01 Known for its readability and
systematic, rigorous approach, this fully updated Ninth Edition of FUNDAMENTALS OF ANALYTICAL
CHEMISTRY oﬀers extensive coverage of the principles and practices of analytic chemistry and consistently
shows students its applied nature. The book's award-winning authors begin each chapter with a story and
photo of how analytic chemistry is applied in industry, medicine, and all the sciences. To further reinforce
student learning, a wealth of dynamic photographs by renowned chemistry photographer Charlie Winters
appear as chapter-openers and throughout the text. Incorporating Excel spreadsheets as a problem-solving
tool, the Ninth Edition is enhanced by a chapter on Using Spreadsheets in Analytical Chemistry, updated
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spreadsheet summaries and problems, an Excel Shortcut Keystrokes for the PC insert card, and a
supplement by the text authors, EXCEL APPLICATIONS FOR ANALYTICAL CHEMISTRY, which integrates this
important aspect of the study of analytical chemistry into the book's already rich pedagogy. New to this
edition is OWL, an online homework and assessment tool that includes the Cengage YouBook, a fully
customizable and interactive eBook, which enhances conceptual understanding through hands-on integrated
multimedia interactivity. Available with InfoTrac Student Collections http://gocengage.com/infotrac.
Important Notice: Media content referenced within the product description or the product text may not be
available in the ebook version.
Introduction to Thermodynamics and Heat Transfer Yunus A. Cengel 2009-02 This text provides balanced
coverage of the basic concepts of thermodynamics and heat transfer. Together with the illustrations,
student-friendly writing style, and accessible math, this is an ideal text for an introductory thermal science
course for non-mechanical engineering majors.
Elements of Chemical Reaction Engineering H. Scott Fogler 1999 "The fourth edition of Elements of
Chemical Reaction Engineering is a completely revised version of the book. It combines authoritative
coverage of the principles of chemical reaction engineering with an unsurpassed focus on critical thinking
and creative problem solving, employing open-ended questions and stressing the Socratic method. Clear and
organized, it integrates text, visuals, and computer simulations to help readers solve even the most
challenging problems through reasoning, rather than by memorizing equations."--BOOK JACKET.
Munson, Young and Okiishi's Fundamentals of Fluid Mechanics Philip M. Gerhart 2020-12-03 Original edition:
Munson, Young, and Okiishi in 1990.
Capitalism at the Crossroads Stuart L. Hart 2010-06-15 Today’s era of economic crisis has sent a powerful
message: The age of "mercenary" capitalism is ending. We must ﬁnally embark on a new age of sustainable,
stakeholder-based capitalism. While enlightened executives and policymakers understand the critical need
for change, few have tangible plans for making it happen. In Capitalism at the Crossroads: Next Generation
Business Strategies for a Post-Crisis World, Third Edition, Stuart L. Hart presents new strategies for
identifying sustainable products, technologies, and business models that will drive urgently needed growth
and help solve social and environmental problems at the same time. Drawing on his experience consulting
with top companies and NGOs worldwide, Hart shows how to craft your optimal sustainability strategy and
overcome the limitations of traditional "greening" approaches. In this edition, he presents new and updated
case studies from the United States and around the world, demonstrating what’s working and what isn’t. He
also guides business leaders in building an organizational "infrastructure for sustainability"--one that can
survive budgeting and boardrooms, recharging innovation and growth throughout your enterprise. Discover:
· The new business case for pursuing sustainable capitalism · Sustainability strategies that go far beyond
environmental sensitivity · How to fully embed your enterprise in the local context--and why you should ·
Tactics for making long-term sustainability work in a short-term world
Engineering Thermodynamics M. David Burghardt 1993 Here is a comprehensive and comprehensible
treatment of engineering thermodynamics from its theoretical foundations to its applications in real
situations. The thermodynamics presented will prepare students for later courses in ﬂuid mechanics and heat
transfer, and practicing engineers will ﬁnd the applications helpful in their professional work. The book is
appropriate for an introductory undergraduate course in thermodynamics and for a subsequent course in
thermodynamic applications.The chapters dealing with steam power plants, internal combusion engines, and
HVAC are unmatched. The introductory chapter on turbomachinery is also unique. A thorough development
of the second law of thermodynamics is provided in chapters 7-9. The ramiﬁcations of the second law receive
thorough discussion; the student not only performs calculations, but understands the implications of the
calculated results.Computer models created in TK Solver accompany each chapter and are particularly useful
in the application areas. The TK Solver ﬁles provided with the book can be used as written or modiﬁed and
merged into models developed to analyze new problems.The book has two particularly important strengths:
its readability and the depth of its treatment of applications. The readability will make the content
understandable to the average students; the depth in applications will make the book suitable for applied
upper-level courses as well.
Solutions Manual to Accompany Fundamentals of Engineering Thermodynamics John R. Howell 1987
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Moran's Principles of Engineering Thermodynamics Michael J. Moran 2020-01-08 Moran’s Principles of
Engineering Thermodynamics, SI Version, continues to oﬀer a comprehensive and rigorous treatment of
classical thermodynamics, while retaining an engineering perspective. With concise, applications-oriented
discussion of topics and self-test problems, this book encourages students to monitor their own learning. This
classic text provides a solid foundation for subsequent studies in ﬁelds such as ﬂuid mechanics, heat transfer
and statistical thermodynamics, and prepares students to eﬀectively apply thermodynamics in the practice
of engineering. This edition is revised with additional examples and end-of-chapter problems to increase
student comprehension.
Fundamentals of Heat and Mass Transfer Theodore L. Bergman 2020-07-08 With Wiley’s Enhanced E-Text,
you get all the beneﬁts of a downloadable, reﬂowable eBook with added resources to make your study time
more eﬀective. Fundamentals of Heat and Mass Transfer 8th Edition has been the gold standard of heat
transfer pedagogy for many decades, with a commitment to continuous improvement by four authors’ with
more than 150 years of combined experience in heat transfer education, research and practice. Applying the
rigorous and systematic problem-solving methodology that this text pioneered an abundance of examples
and problems reveal the richness and beauty of the discipline. This edition makes heat and mass transfer
more approachable by giving additional emphasis to fundamental concepts, while highlighting the relevance
of two of today’s most critical issues: energy and the environment.
Fundamentals of Chemical Engineering Thermodynamics Themis Matsoukas 2013 The Clear, Well-Organized
Introduction to Thermodynamics Theory and Calculations for All Chemical Engineering Undergraduate
Students This text is designed to make thermodynamics far easier for undergraduate chemical engineering
students to learn, and to help them perform thermodynamic calculations with conﬁdence. Drawing on his
award-winning courses at Penn State, Dr. Themis Matsoukas focuses on “why” as well as “how.” He oﬀers
extensive imagery to help students conceptualize the equations, illuminating thermodynamics with more
than 100 ﬁgures, as well as 190 examples from within and beyond chemical engineering. Part I clearly
introduces the laws of thermodynamics with applications to pure ﬂuids. Part II extends thermodynamics to
mixtures, emphasizing phase and chemical equilibrium. Throughout, Matsoukas focuses on topics that link
tightly to other key areas of undergraduate chemical engineering, including separations, reactions, and
capstone design. More than 300 end-of-chapter problems range from basic calculations to realistic
environmental applications; these can be solved with any leading mathematical software. Coverage includes
• Pure ﬂuids, PVT behavior, and basic calculations of enthalpy and entropy • Fundamental relationships and
the calculation of properties from equations of state • Thermodynamic analysis of chemical processes •
Phase diagrams of binary and simple ternary systems • Thermodynamics of mixtures using equations of
state • Ideal and nonideal solutions • Partial miscibility, solubility of gases and solids, osmotic processes •
Reaction equilibrium with applications to single and multiphase reactions
Fundamentals of Thermal-Fluid Sciences with Student Resource DVD Yunus Cengel 2011-02-03 The bestselling Fundamentals of Thermal-Fluid Sciences is designed for the non-mechanical engineering student who
needs exposure to key concepts in the thermal sciences in order to pass the Fundamentals of Engineering
(FE) Exam. The text is made up of Thermodynamics, Heat Transfer and Fluids. Like all the other Cengel texts,
it uses a similar pedagogical approach, by using familiar everyday examples followed by theory and analysis.
This edition features a return of Power and Refrigeration Cycles coverage in a revised and streamlined new
chapter as well as more examples featuring sustainability and green technology. Additionally, the artwork is
substantially revised and improved with more inclusion of three-dimensional ﬁgures.
Fundamentals of Complex Analysis Edward Saﬀ 2017-02-13 Originally published in 2003, reissued as part of
Pearson's modern classic series.
Thermodynamics Yunus A. Çengel 2002 The 4th Edition of Cengel & Boles Thermodynamics:An Engineering
Approach takes thermodynamics education to the next level through its intuitive and innovative approach. A
long-time favorite among students and instructors alike because of its highly engaging, student-oriented
conversational writing style, this book is now the to most widely adopted thermodynamics text in theU.S. and
in the world.
Fundamtls Engrg Economics & Student S/G Pkg 2003-10-01
Fluid Mechanics Yunus A. Çengel 2006 Covers the basic principles and equations of ﬂuid mechanics in the
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ensembles: microcanonical, canonical, and grand canonical. A uniﬁed treatment of ideal classical, Fermi, and
Bose gases is presented, including Bose condensation, degenerate Fermi gases, and classical gases with
internal structure. Additional topics include paramagnetism, adsorption on dilute sites, point defects in
crystals, thermal aspects of intrinsic and extrinsic semiconductors, density matrix formalism, the Ising model,
and an introduction to Monte Carlo simulation. Throughout the book, problems are posed and solved to
illustrate speciﬁc results and problem-solving techniques. Includes applications of interest to physicists,
physical chemists, and materials scientists, as well as materials, chemical, and mechanical engineers
Suitable as a textbook for advanced undergraduates, graduate students, and practicing researchers
Develops content systematically with increasing order of complexity Self-contained, including nine
appendices to handle necessary background and technical details

context of several real-world engineering examples. This book helps students develop an intuitive
understanding of ﬂuid mechanics by emphasizing the physics, and by supplying ﬁgures, numerous
photographs and visual aids to reinforce the physics.
Fundamentals of Management Ricky W. Griﬃn 2018
Thermal Physics Robert Floyd Sekerka 2015-08-19 In Thermal Physics: Thermodynamics and Statistical
Mechanics for Scientists and Engineers, the fundamental laws of thermodynamics are stated precisely as
postulates and subsequently connected to historical context and developed mathematically. These laws are
applied systematically to topics such as phase equilibria, chemical reactions, external forces, ﬂuid-ﬂuid
surfaces and interfaces, and anisotropic crystal-ﬂuid interfaces. Statistical mechanics is presented in the
context of information theory to quantify entropy, followed by development of the most important
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