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Chemical Kinetics Problems And Solutions
LSENS, the Lewis General Chemical Kinetics and Sensitivity Analysis Code, has been developed for solving complex, homogeneous, gasphase chemical kinetics problems and contains sensitivity analysis for a variety of problems, including nonisothermal situations. This report is
part II of a series of three reference publications that describe LSENS, provide a detailed guide to its usage, and present many example
problems. Part II describes the code, how to modify it, and its usage, including preparation of the problem data file required to execute
LSENS. Code usage is illustrated by several example problems, which further explain preparation of the problem data file and show how to
obtain desired accuracy in the computed results. LSENS is a flexible, convenient, accurate, and efficient solver for chemical reaction
problems such as static system; steady, one-dimensional, inviscid flow; reaction behind incident shock wave, including boundary layer
correction; and perfectly stirred (highly backmixed) reactor. In addition, the chemical equilibrium state can be computed for the following
assigned states: temperature and pressure, enthalpy and pressure, temperature and volume, and internal energy and volume. For static
problems the code computes the sensitivity coefficients of the dependent variables and their temporal derivatives with respect to the initial
values of the dependent variables and/or the three rate coefficient parameters of the chemical reactions. Part I (NASA RP-1328) derives the
governing equations and describes the numerical solution procedures for the types of problems that can be solved by LSENS. Part III (NASA
RP-1330) explains the kinetics and kinetics-plus-sensitivity-analysis problems supplied with LSENS and presents sample results.
Radhakrishnan, Krishnan and Bittker, David A. Glenn Research Center CHEMICAL REACTIONS; BOUNDARY LAYERS; NUMERICAL
ANALYSIS; SHOCK WAVES; COMPUTER PROGRAMS; SENSITIVITY ANALYSIS; VAPOR PHASES; STEADY FLOW; REACTION
KINETIC...
The authors explain at length the principles of chemical kinetics and approaches to computerized calculations in modern software suites —
mathcad and maple. Mathematics is crucial in determining correlations in chemical processes and requires various numerical approaches.
Often significant issues with mathematical formalizations of chemical problems arise and many kinetic problems can ?t be solved without
computers. Numerous problems encountered in solving kinetics ? calculations with detailed descriptions of the numerical tools are given.
Special attention is given to electrochemical reactions, which fills a gap in existing texts not covering this topic in detail. The material
demonstrates how these suites provide quick and precise behavior predictions for a system over time (for postulated mechanisms).Examples,
i.e., oscillating and non-isothermal reactions, help explain the use of mathcad more efficiently. Also included are the results of authors’ own
research toward effective computations.
This book began as a program of self-education. While teaching under graduate physical chemistry, I became progressively more dissatisfied
with my approach to chemical kinetics. The solution to my problem was to write a detailed set of lecture notes which covered more material,
in greater depth, than could be presented in undergraduate physical chemistry. These notes are the foundation upon which this book is built.
My background led me to view chemical kinetics as closely related to transport phenomena. While the relationship of these topics is well
known, it is often ignored, except for brief discussions of irreversible thermody namics. In fact, the physics underlying such apparently
dissimilar processes as reaction and energy transfer is not so very different. The intermolecular potential is to transport what the potentialenergy surface is to reactivity. Instead of beginning the sections devoted to chemical kinetics with a discussion of various theories, I have
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chosen to treat phenomenology and mechanism first. In this way the essential unity of kinetic arguments, whether applied to gas-phase or
solution-phase reaction, can be emphasized. Theories of rate constants and of chemical dynamics are treated last, so that their strengths and
weaknesses may be more clearly highlighted. The book is designed for students in their senior year or first year of graduate school. A year of
undergraduate physical chemistry is essential preparation. While further exposure to chemical thermodynamics, statistical thermodynamics,
or molecular spectroscopy is an asset, it is not necessary.
This is the first attempt to analyze both radiation and detailed kinetics on the burning and extinction of a solid fuel in a stagnation-point
diffusion flame. We present a detailed and comparatively accurate computational model of a solid fuel flame along with a quantitative study of
the kinetics mechanism, radiation interactions, and the extinction limits of the flame. A detailed kinetics model for the burning of solid trioxane
(a trimer of formaldehyde) is coupled with a narrowband radiation model, with carbon dioxide, carbon monoxide, and water vapor as the gasphase participating media. The solution of the solid trioxane diffusion flame over the flammable regime is presented in some detail, as this is
the first solution of a heterogeneous trioxane flame. We identify high-temperature and low-temperature reaction paths for the heterogeneous
trioxane flame. We then compare the adiabatic solution to solutions that include surface radiation only and gas-phase and surface radiation
using surface model.
The range of courses requiring a good basic understanding of chemical kinetics is extensive, ranging from chemical engineers and
pharmacists to biochemists and providing the fundamentals in chemistry. Due to the wide reaching nature of the subject readers often
struggle to find a book which provides in-depth, comprehensive information without focusing on one specific subject too heavily. Here Dr
Margaret Wright provides an essential introduction to the subject guiding the reader through the basics but then going on to provide a
reference which professionals will continue to dip in to through their careers. Through extensive worked examples, Dr Wright, presents the
theories as to why and how reactions occur, before examining the physical and chemical requirements for a reaction and the factors which
can influence these. * Carefully structured, each chapter includes learning objectives, summary sections and problems. * Includes numerous
applications to show relevance of kinetics and also provides plenty of worked examples integrated throughout the text.
Fundamentals of Enzyme Kinetics details the rate of reactions catalyzed by different enzymes and the effects of varying the conditions on
them. The book includes the basic principles of chemical kinetics, especially the order of a reaction and its rate constraints. The text also
gives an introduction to enzyme kinetics - the idea of an enzyme-substrate complex; the Michaelis-Menten equation; the steady state
treatment; and the validity of its assumption. Practical considerations, the derivation of steady-state rate equations, inhibitors and activators,
and two-substrate reactions are also explained. Problems after the end of each chapter have also been added, as well as their solutions at
the end of the book, to test the readers' learning. The text is highly recommended for undergraduate students in biochemistry who wish to
study about enzymes or focus completely on enzymology, as most of the mathematics used in this book, which have been explained in detail
to remove most barriers of understanding, is elementary.
Each chapter of this accessible portrait of the evolution of mathematics examines the work of an individual — Archimedes, Descartes, Newton,
Einstein, others — to explore the mathematics of his era. 1989 edition.
Introduces advanced mathematical tools for the modeling, simulation, and analysis of chemical non-equilibrium phenomena in combustion
and flows, following a detailed explanation of the basics of thermodynamics and chemical kinetics of reactive mixtures. Researchers,
practitioners, lecturers, and graduate students will find this work valuable.
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LSENS, the Lewis General Chemical Kinetics Analysis Code, has been developed for solving complex, homogeneous, gas-phase chemical
kinetics problems and contains sensitivity analysis for a variety of problems, including nonisothermal situations. This report is part 2 of a
series of three reference publications that describe LSENS, provide a detailed guide to its usage, and present many example problems. Part
2 describes the code, how to modify it, and its usage, including preparation of the problem data file required to execute LSENS. Code usage
is illustrated by several example problems, which further explain preparation of the problem data file and show how to obtain desired
accuracy in the computed results. LSENS is a flexible, convenient, accurate, and efficient solver for chemical reaction problems such as static
system; steady, one-dimensional, inviscid flow; reaction behind incident shock wave, including boundary layer correction; and perfectly stirred
(highly backmixed) reactor. In addition, the chemical equilibrium state can be computed for the following assigned states: temperature and
pressure, enthalpy and pressure, temperature and volume, and internal energy and volume. For static problems the code computes the
sensitivity coefficients of the dependent variables and their temporal derivatives with respect to the initial values of the dependent variables
and/or the three rate coefficient parameters of the chemical reactions. Part 1 (NASA RP-1328) derives the governing equations describes the
numerical solution procedures for the types of problems that can be solved by lSENS. Part 3 (NASA RP-1330) explains the kinetics and
kinetics-plus-sensitivity-analysis problems supplied with LSENS and presents sample results. Radhakrishnan, Krishnan and Bittker, David A.
Glenn Research Center APPLICATIONS PROGRAMS (COMPUTERS); CHEMICAL REACTIONS; COMPUTER PROGRAMS;
COMPUTERIZED SIMULATION; DOCUMENTATION; REACTION KINETICS; SENSITIVITY; USER MANUALS (COMPUTER
PROGRAMS)...
This is a review book for people planning to take the PE exam in Chemical Engineering.Prepared specifically for the exam used in all 50
states.It features 188 new PE problems with detailed step by step solutions. The book covers all topics on the exam, and includes easy to
use tables, charts, and formulas.It is an ideal desk companion to DAS's Chemical Engineer License Review.It includes sixteen chapters and
a short PE sample exam as well as complete references and an index.Chapters include the following topical areas: * Material and energy
balances * Fluid dynamics * Heat transfer * Evaporation * Distillation * Absorption * Leaching * Liq-liq extraction * Psychrometry and
humidification * Drying * Filtration * Thermodynamics * Chemical kinetics * Process control * Mass transfer * Plant safety The ideal study
guide, this book brings all elements of professional problem solving together in one BIG BOOK.It is also an ideal desk reference, and it
answers hundreds of the most frequently asked questions.It is the first truly practical, no-nonsense problem and solution book for the difficult
PE exam.Full step-by-step solutions are are additionally included.
DIVThis text teaches the principles underlying modern chemical kinetics in a clear, direct fashion, using several examples to enhance basic
understanding. Solutions to selected problems. 2001 edition. /div
Chemical Kinetics relates to the rates of chemical reactions and factors such as concentration and temperature, which affects the rates of
chemical reactions. Such studies are important in providing essential evidence as to the mechanisms of chemical processes. The book is
designed to help the reader, particularly students and researchers of physical science, understand the chemical kinetics mechanics and
chemical reactions. The selection of topics addressed and the examples, tables and graphs used to illustrate them are governed, to a large
extent, by the fact that this book is aimed primarily at physical science (mainly chemistry) technologists. Undoubtedly, this book contains
"must read" materials for students, engineers, and researchers working in the chemistry and chemical kinetics area. This book provides
valuable insight into the mechanisms and chemical reactions. It is written in concise, self-explanatory and informative manner by a world
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class scientists in the field.
Chemical Kinetics and Catalysis is a comprehensive guide to chemical kinetics and catalysis, and focuses on the use of computational tools
for studying chemical kinetics and catalytic phenomena. Provides a thorough and up-to-date treatment of chemical kinetics and catalysis,
combining traditional background information with the latest computational methods for fitting data to appropriate rate equations.
Demonstrates how the vastly improved computational tools now available allow application of kinetic concepts to understanding and
predicting the behavior of diverse and complex phenomena, including biological systems, semiconductor growth, and corrosion. Contains
chapters reviewing of kinetic concepts, introducing kinetics via rate equations and mechanisms, explaining the theory of reaction rates (a
section on trajectory calculations to simulate reactions), predicting potential energy surfaces (methods for directing the reaction rate), and
discussing catalysis with a focus on modifying the reaction rate. A useful reference guide, providing the essential basics along with numerous
solved examples, problems, and illustrative computer programs.
The first text to cover both molecular reaction dynamics and chemical kinetics and their respective theories in a single source. After
introductory material, the monograph goes on to cover interaction potentials; relative motion and the collisional approach for chemical
reaction in the gas phase; partition functions; transition state theory; unimolecualr reactions; molecular reactions calculations; non-adiabatic
transitions; surface kinetics; chemical reactions in solution; energetic changes in solvating a molecule; transition state theory in solution;
models for diffusion; Kramers' theory of viscosity of solvent in chemical reactions; and electronic transfer reactions in solution. Also includes
problems and solved exercises.

Proceedings of the IUTAM Symposium held in Poitiers, France, 2-6 October 1995
Chemical Kinetics The Study of Reaction Rates in Solution Kenneth A. Connors This chemical kinetics book blends physical
theory, phenomenology and empiricism to provide a guide to the experimental practice and interpretation of reaction kinetics in
solution. It is suitable for courses in chemical kinetics at the graduate and advanced undergraduate levels. This book will appeal to
students in physical organic chemistry, physical inorganic chemistry, biophysical chemistry, biochemistry, pharmaceutical
chemistry and water chemistry all fields concerned with the rates of chemical reactions in the solution phase.
Geared toward mathematicians already familiar with the elements of Lebesgue's theory of integration, this classic graduate-level
text begins with a brief introduction to some generalities of trigonometrical series. Discussions of the Fourier series in Hilbert space
lead to an examination of further properties of trigonometrical Fourier series and related subjects. 1956 edition.
LSENS, the Lewis General Chemical Kinetics and Sensitivity Analysis Code, has been developed for solving complex,
homogeneous, gas-phase chemical kinetics problems and contains sensitivity analysis for a variety of problems, including
nonisothermal situations. This report is part 1 of a series of three reference publications that describe LENS, provide a detailed
guide to its usage, and present many example problems. Part 1 derives the governing equations and describes the numerical
solution procedures for the types of problems that can be solved. The accuracy and efficiency of LSENS are examined by means
of various test problems, and comparisons with other methods and codes are presented. LSENS is a flexible, convenient,
accurate, and efficient solver for chemical reaction problems such as static system; steady, one-dimensional, inviscid flow;
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reaction behind incident shock wave, including boundary layer correction; and perfectly stirred (highly backmixed) reactor. In
addition, the chemical equilibrium state can be computed for the following assigned states: temperature and pressure, enthalpy
and pressure, temperature and volume, and internal energy and volume. For static problems the code computes the sensitivity
coefficients of the dependent variables and their temporal derivatives with respect to the initial values of the dependent variables
and/or the three rate coefficient parameters of the chemical reactions. Radhakrishnan, Krishnan Glenn Research Center NASARP-1328-PT-1, E-5140-1-PT-1, NAS 1.61:1328-PT-1 RTOP 505-62-52...
By bringing together various ideas and methods for extracting the slow manifolds, the authors show that it is possible to establish a
more macroscopic description in nonequilibrium systems. The book treats slowness as stability. A unifying geometrical viewpoint
of the thermodynamics of slow and fast motion enables the development of reduction techniques, both analytical and numerical.
Examples considered in the book range from the Boltzmann kinetic equation and hydrodynamics to the Fokker-Planck equations
of polymer dynamics and models of chemical kinetics describing oxidation reactions. Special chapters are devoted to model
reduction in classical statistical dynamics, natural selection, and exact solutions for slow hydrodynamic manifolds. The book will be
a major reference source for both theoretical and applied model reduction. Intended primarily as a postgraduate-level text in
nonequilibrium kinetics and model reduction, it will also be valuable to PhD students and researchers in applied mathematics,
physics and various fields of engineering.
This text combines a description of the origin and use of fundamental chemical kinetics through an assessment of realistic reactor
problems with an expanded discussion of kinetics and its relation to chemical thermodynamics. It provides exercises, open-ended
situations drawing on creative thinking, and worked-out examples. A solutions manual is also available to instructors.
The book on Advanced Chemical Kinetics gives insight into different aspects of chemical reactions both at the bulk and nanoscale
level and covers topics from basic to high class. This book has been divided into three sections: (i) "Kinetics Modeling and
Mechanism," (ii) "Kinetics of Nanomaterials," and (iii) "Kinetics Techniques." The first section consists of six chapters with a variety
of topics like activation energy and complexity of chemical reactions; the measurement of reaction routes; mathematical modeling
analysis and simulation of enzyme kinetics; mechanisms of homogeneous charge compression ignition combustion for the fuels;
photophysical processes and photochemical changes; the mechanism of hydroxyl radical, hydrate electron, and hydrogen atom;
and acceptorless alcohol dehydrogenation. The understanding of the kinetics of nanomaterials, to bridge the knowledge gap, is
presented in the second section. The third section highlights an overview of experimental techniques used to study the mechanism
of reactions.
CD-ROM: "CARAT" software. Computer interactive models and database for the CAlculation of RATe constants, Supplement to Reference
Book: Physical and chemical processes in gas dynamics, Cross sections and rate constants.
Contents: Introduction, Atoms, Molecules and Formulas, Chemical Equations and Stoichiometry, Aqueous Reactions and Solution
Stoichiometry, Gases, Intermolecular Forces, Liquids and Solids, Atoms Structure and the Periodic Table, Chemical Bonding, Chemical
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Thermodynamics, Solutions, Chemical Kinetics, Chemical Equilibrium, Acids and Bases, Ionic Equilibria I, Ionic Equilibria II, Redox
Reactions, Electrochemistry, Nuclear Chemistry.
This monograph is intended to provide a systematic presentation of theories concerning the adsorption of metal ions from aqueous solutions
onto surfaces of natural and synthetic substances and to outline methods and procedures to estimate the extent and progress ofadsorption.
As heavy metals and the problems associated with their transport and distribution are of serious concern to human health and the
environment, the materials presented in this volume have both theoretical and practical significance. In writing this monograph, one ofour
goals was to prepare a book useful to environmental workers and practicing engineers. For this reason, our presentation relies heavily on
concepts commonly used in the environmental engineering literature. In fact, the volume was prepared for readers with a basic understanding
of environmental engineering principles and some knowledge of adsorption processes. No prior familiarity with the ionic solute adsorption at
solid-solution interfaces is assumed. Instead, introduction of the necessary background information was included. Generally speaking, metal
ion adsorption may be studied in terms of three distinct but interrelated phenomena: surface ionization, complex formation, and the formation
and presence of an electrostatic double layer adjacent to adsorbent surfaces. Analyses of these phenomena with various degrees of
sophistication are xviii ADSORPTION OF METAL IONS FROM AQUEOUS SOLUTIONS presented, and their various combinations yield
different models that describe metal ion adsorption.
This book covers the origin and chemical structure of sedimentary organic matter, how that structure relates to appropriate chemical reaction
models, how to obtain reaction data uncontaminated by heat and mass transfer, and how to convert that data into global kinetic models that
extrapolate over wide temperature ranges. It also shows applications for in-situ and above-ground processing of oil shale, coal and other
heavy fossil fuels. It is essential reading for anyone who wants to develop and apply reliable chemical kinetic models for natural petroleum
formation and fossil fuel processing and is designed for course use in petroleum systems modelling. Problem sets, examples and case
studies are included to aid in teaching and learning. It presents original work and contains an extensive reanalysis of data from the literature.
PHYSICAL CHEMISTRY: A Problem Solving Approach in 15 chapters covers a broad spectrum of topics for undergraduate. Units and
dimension, mutual conversion of units and basic mathematical formula required to handle the problems are discussed in the first chapter
followed by problems related to different states of matter (gas, liquid and solid), thermodynamics and its applications, thermochemistry,
chemical equilibrium, colligative properties of dilute solutions, electrochemistry, chemical kinetics, photochemistry and spectroscopy. KEY
FEATURES: Multiple choice and descriptive type questions Numerical problems covering the aforesaid topics Footnotes to assist the readers
to get the essence of the problem and to decipher the underlying tricks Usefulness of thermodynamics and spectroscopy mentioned briefly
A general chemical kinetics program is described for complex, homogeneous ideal-gas reactions in any chemical system. Its main features
are flexibility and convenience in treating many different reaction conditions. The program solves numerically the differential equations
describing complex reaction in either a static system or one-dimensional inviscid flow. Applications include ignition and combustion, shock
wave reactions, and general reactions in a flowing or static system. An implicit numerical solution method is used which works efficiently for
the extreme conditions of a very slow or a very fast reaction. The theory is described, and the computer program and users' manual are
included.
The volume is devoted to the problem of chemical kinetics on modern level. The book includes information on chemical physics of
nanocomposites, degradation, stabilization and flammability of polymeric materials as well as free radical mechanism of oxidation of organic
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compounds, thermostability, mechanism of action of catalytical systems and inhibitors in free radical reactions in liquid and solid phase, pure
and applied chemistry of antioxidants (synthesis and application), ionic reactions, effect of chemoluminescence in the processes of oxidation,
biodegradation and application of polymers in medicine, problems of adhesion of microorganisms on the surface of materials, thermo-, photoand hydrolitic reactions, creation of new ecologically friendly flame retaradnts for polymers, polymer composites and polymer blends as well
as filled polymers.

Problems and Solutions to Chemical Kinetics and Reaction DynamicsThe Solution of Chemical Kinetics Problems that Produce
Stiff Differential EquationsPrinciples of Chemical KineticsAcademic Press
James House's revised Principles of Chemical Kinetics provides a clear and logical description of chemical kinetics in a manner
unlike any other book of its kind. Clearly written with detailed derivations, the text allows students to move rapidly from theoretical
concepts of rates of reaction to concrete applications. Unlike other texts, House presents a balanced treatment of kinetic reactions
in gas, solution, and solid states. The entire text has been revised and includes many new sections and an additional chapter on
applications of kinetics. The topics covered include quantitative relationships between molecular structure and chemical activity,
organic/inorganic chemistry, biochemical kinetics, surface kinetics and reaction mechanisms. Chapters also include new problems,
with answers to selected questions, to test the reader's understanding of each area. A solutions manual with answers to all
questions is available for instructors. A useful text for both students and interested readers alike, Dr. House has once again written
a comprehensive text simply explaining an otherwise complicated subject. Provides an introduction to all the major areas of
kinetics and demonstrates the use of these concepts in real life applications Detailed derivations of formula are shown to help
students with a limited background in mathematics Presents a balanced treatment of kinetics of reactions in gas phase, solutions
and solids Solutions manual available for instructors
Covering chemical kinetics from the working chemist's point of view, this book aims to prepare chemists to devise experiments to
test different hypothesis. A number of examples from research literature have been included.
Originally delivered as a series of lectures, this volume systematically traces the evolution of the "spin" concept from its role in
quantum mechanics to its assimilation into the field of chemistry. Author Roy McWeeny presents an in-depth illustration of the
deductive methods of quantum theory and their application to spins in chemistry, following the path from the earliest concepts to
the sophisticated physical methods employed in the investigation of molecular structure and properties. Starting with the origin and
development of the spin concept, the text advances to an examination of spin and valence; reviews a simple example of the origin
of spin Hamiltonians; and explores spin density, spin populations, and spin correlation. Additional topics include nuclear hyperfine
effects and electron spin-spin coupling, the g tensor, and chemical shifts and nuclear spin-spin coupling.
A practical approach to chemical reaction kinetics—from basic concepts to laboratory methods—featuring numerous real-world
examples and case studies This book focuses on fundamental aspects of reaction kinetics with an emphasis on mathematical
methods for analyzing experimental data and interpreting results. It describes basic concepts of reaction kinetics, parameters for
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measuring the progress of chemical reactions, variables that affect reaction rates, and ideal reactor performance. Mathematical
methods for determining reaction kinetic parameters are described in detail with the help of real-world examples and fully-worked
step-by-step solutions. Both analytical and numerical solutions are exemplified. The book begins with an introduction to the basic
concepts of stoichiometry, thermodynamics, and chemical kinetics. This is followed by chapters featuring in-depth discussions of
reaction kinetics; methods for studying irreversible reactions with one, two and three components; reversible reactions; and
complex reactions. In the concluding chapters the author addresses reaction mechanisms, enzymatic reactions, data
reconciliation, parameters, and examples of industrial reaction kinetics. Throughout the book industrial case studies are presented
with step-by-step solutions, and further problems are provided at the end of each chapter. Takes a practical approach to chemical
reaction kinetics basic concepts and methods Features numerous illustrative case studies based on the author’s extensive
experience in the industry Provides essential information for chemical and process engineers, catalysis researchers, and
professionals involved in developing kinetic models Functions as a student textbook on the basic principles of chemical kinetics for
homogeneous catalysis Describes mathematical methods to determine reaction kinetic parameters with the help of industrial case
studies, examples, and step-by-step solutions Chemical Reaction Kinetics is a valuable working resource for academic
researchers, scientists, engineers, and catalyst manufacturers interested in kinetic modeling, parameter estimation, catalyst
evaluation, process development, reactor modeling, and process simulation. It is also an ideal textbook for undergraduate and
graduate-level courses in chemical kinetics, homogeneous catalysis, chemical reaction engineering, and petrochemical
engineering, biotechnology.
This is a review book for people planning to take the PE exam in Chemical Engineering. Prepared specifically for the exam used in
all 50 states. It features 188 new PE problems with detailed step by step solutions. The book covers all topics on the exam, and
includes easy to use tables, charts, and formulas. It is an ideal desk Companion to DAS's Chemical Engineer License Review. It
includes sixteen chapters and a short PE sample exam as well as complete references and an index. Chapters include the
following topical areas: material and energy balances; fluid dynamics; heat transfer; evaporation; distillation; absorption; leaching;
liq-liq extraction; psychrometry and humidification, drying, filtration, thermodynamics, chemical kinetics, process control, mass
transfer, and plant safety. The ideal study guide, this book brings all elements of professional problem solving together in one BIG
BOOK. Ideal desk reference. Answers hundreds of the most frequently asked questions. The first truly practical, no-nonsense
problems and solution book for the difficult PE exam. Full step-by-step solutions are included.
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