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Open Channel Flow, 2nd edition is written for senior-level undergraduate and graduate courses on steady and unsteady
open-channel flow. The book is comprised of two parts: Part I covers steady flow and Part II describes unsteady flow.
The second edition features considerable emphasis on the presentation of modern methods for computer analyses; full
coverage of unsteady flow; inclusion of typical computer programs; new problem sets and a complete solution manual for
instructors.
Thermodynamics in Materials Science, Second Edition is a clear presentation of how thermodynamic data is used to
predict the behavior of a wide range of materials, a crucial component in the decision-making process for many materials
science and engineering applications. This primary textbook accentuates the integration of principles, strategies, a
While teaching the Numerical Methods for Engineers course over the last 15 years, the author found a need for a new
textbook, one that was less elementary, provided applications and problems better suited for chemical engineers, and
contained instruction in Visual Basic® for Applications (VBA). This led to six years of developing teaching notes that have
been enhanced to create the current textbook, Numerical Methods for Chemical Engineers Using Excel®, VBA, and
MATLAB®. Focusing on Excel gives the advantage of it being generally available, since it is present on every
computer—PC and Mac—that has Microsoft Office installed. The VBA programming environment comes with Excel and
greatly enhances the capabilities of Excel spreadsheets. While there is no perfect programming system, teaching this
combination offers knowledge in a widely available program that is commonly used (Excel) as well as a popular
academic software package (MATLAB). Chapters cover nonlinear equations, Visual Basic, linear algebra, ordinary
differential equations, regression analysis, partial differential equations, and mathematical programming methods. Each
chapter contains examples that show in detail how a particular numerical method or programming methodology can be
implemented in Excel and/or VBA (or MATLAB in chapter 10). Most of the examples and problems presented in the text
are related to chemical and biomolecular engineering and cover a broad range of application areas including
thermodynamics, fluid flow, heat transfer, mass transfer, reaction kinetics, reactor design, process design, and process
control. The chapters feature "Did You Know" boxes, used to remind readers of Excel features. They also contain end-of-
chapter exercises, with solutions provided.
Integrating nonequilibrium thermodynamics and kinetic theory, this unique text presents a novel approach to the subject
of transport phenomena.
Optimization is used to determine the most appropriate value of variables under given conditions. The primary focus of
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using optimisation techniques is to measure the maximum or minimum value of a function depending on the
circumstances. This book discusses problem formulation and problem solving with the help of algorithms such as secant
method, quasi-Newton method, linear programming and dynamic programming. It also explains important chemical
processes such as fluid flow systems, heat exchangers, chemical reactors and distillation systems using solved
examples. The book begins by explaining the fundamental concepts followed by an elucidation of various modern
techniques including trust-region methods, Levenberg–Marquardt algorithms, stochastic optimization, simulated
annealing and statistical optimization. It studies the multi-objective optimization technique and its applications in chemical
engineering and also discusses the theory and applications of various optimization software tools including LINGO,
MATLAB, MINITAB and GAMS.
The focus of Thermodynamics: Concepts and Applications is on traditional thermodynamics topics, but structurally the
book introduces the thermal-fluid sciences. Chapter 2 includes essentially all material related to thermodynamic
properties clearly showing the hierarchy of thermodynamic state relationships. Element conservation is considered in
Chapter 3 as a way of expressing conservation of mass. Constant-pressure and volume combustion are considered in
Chapter 5 - Energy Conservation. Chemical and phase equilibria are treated as a consequence of the 2nd law in Chapter
6. 2nd law topics are introduced hierarchically in one chapter, important structure for a beginner. The book is designed
for the instructor to select topics and combine them with material from other chapters seamlessly. Pedagogical devices
include: learning objectives, chapter overviews and summaries, historical perspectives, and numerous examples,
questions and problems and lavish illustrations. Students are encouraged to use the National Institute of Science and
Technology (NIST) online properties database.
Learn classical thermodynamics alongside statistical mechanics and how macroscopic and microscopic ideas interweave
with this fresh approach to the subjects.
Engineering and Chemical ThermodynamicsJohn Wiley & Sons
Familiarizes the student or an engineer new to process safety with the concept of process safety management Serves as a
comprehensive reference for Process Safety topics for student chemical engineers and newly graduate engineers Acts as a
reference material for either a stand-alone process safety course or as supplemental materials for existing curricula Includes the
evaluation of SACHE courses for application of process safety principles throughout the standard Ch.E. curricula in addition to, or
as an alternative to, adding a new specific process safety course Gives examples of process safety in design
Master the principles of thermodynamics with this comprehensive undergraduate textbook, carefully developed to provide students
of chemical engineering and chemistry with a deep and intuitive understanding of the practical applications of these fundamental
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ideas and principles. Logical and lucid explanations introduce core thermodynamic concepts in the context of their measurement
and experimental origin, giving students a thorough understanding of how theoretical concepts apply to practical situations. A
broad range of real-world applications relate key topics to contemporary issues, such as energy efficiency, environmental
engineering and climate change, and further reinforce students' understanding of the core material. This is a carefully organized,
highly pedagogical treatment, including over 500 open-ended study questions for discussion, over 150 varied homework problems,
clear and objective standards for measuring student progress, and a password-protected solution manual for instructors.
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.
Building up gradually from first principles, this unique introduction to modern thermodynamics integrates classical, statistical and
molecular approaches and is especially designed to support students studying chemical and biochemical engineering. In addition
to covering traditional problems in engineering thermodynamics in the context of biology and materials chemistry, students are
also introduced to the thermodynamics of DNA, proteins, polymers and surfaces. It includes over 80 detailed worked examples,
covering a broad range of scenarios such as fuel cell efficiency, DNA/protein binding, semiconductor manufacturing and polymer
foaming, emphasizing the practical real-world applications of thermodynamic principles; more than 300 carefully tailored
homework problems, designed to stretch and extend students' understanding of key topics, accompanied by an online solution
manual for instructors; and all the necessary mathematical background, plus resources summarizing commonly used symbols,
useful equations of state, microscopic balances for open systems, and links to useful online tools and datasets.
Interfacial Science: An Introduction is an accessible text introducing readers to the chemistry of interfaces, a subject of increasing
relevance and popularity due to the emergence of nanoscience.
In this newly revised 5th Edition of Chemical and Engineering Thermodynamics, Sandler presents a modern, applied approach to
chemical thermodynamics and provides sufficient detail to develop a solid understanding of the key principles in the field. The text
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confronts current information on environmental and safety issues and how chemical engineering principles apply in biochemical
engineering, bio-technology, polymers, and solid-state-processing. This book is appropriate for the undergraduate and graduate
level courses.
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.
A revised edition of the well-received thermodynamics text, this work retains the thorough coverage and excellent organization that
made the first edition so popular. Now incorporates industrially relevant microcomputer programs, with which readers can perform
sophisticated thermodynamic calculations, including calculations of the type they will encounter in the lab and in industry. Also
provides a unified treatment of phase equilibria. Emphasis is on analysis and prediction of liquid-liquid and vapor-liquid equilibria,
solubility of gases and solids in liquids, solubility of liquids and solids in gases and supercritical fluids, freezing point depressions
and osmotic equilibria, as well as traditional vapor-liquid and chemical reaction equilibria. Contains many new illustrations and
exercises.
Process Control: Modeling, Design, and Simulation is the first complete introduction to process control that fully integrates
software tools-helping you master critical techniques hands-on, using MATLAB-based computer simulations. Author B. Wayne
Bequette includes process control diagrams, dynamic modeling, feedback control, frequency response analysis techniques,
control loop tuning, and start-to-finish chemical process control case studies.
This survey of thermal systems engineering combines coverage of thermodynamics, fluid flow, and heat transfer in one volume.
Developed by leading educators in the field, this book sets the standard for those interested in the thermal-fluids market. Drawing
on the best of what works from market leading texts in thermodynamics (Moran), fluids (Munson) and heat transfer (Incropera),
this book introduces thermal engineering using a systems focus, introduces structured problem-solving techniques, and provides
applications of interest to all engineers.
This course aims to connect the principles, concepts, and laws/postulates of classical and statistical thermodynamics to
applications that require quantitative knowledge of thermodynamic properties from a macroscopic to a molecular level. It covers
their basic postulates of classical thermodynamics and their application to transient open and closed systems, criteria of stability
and equilibria, as well as constitutive property models of pure materials and mixtures emphasizing molecular-level effects using
the formalism of statistical mechanics. Phase and chemical equilibria of multicomponent systems are covered. Applications are
emphasized through extensive problem work relating to practical cases.
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Suitable for undergraduates, postgraduates and professionals, this is a comprehensive text on physical and chemical equilibrium.
De Nevers is also the author of Fluid Mechanics for Chemical Engineers.
Part I: Process design -- Introduction to design -- Process flowsheet development -- Utilities and energy efficient design -- Process
simulation -- Instrumentation and process control -- Materials of construction -- Capital cost estimating -- Estimating revenues and
production costs -- Economic evaluation of projects -- Safety and loss prevention -- General site considerations -- Optimization in
design -- Part II: Plant design -- Equipment selection, specification and design -- Design of pressure vessels -- Design of reactors
and mixers -- Separation of fluids -- Separation columns (distillation, absorption and extraction) -- Specification and design of
solids-handling equipment -- Heat transfer equipment -- Transport and storage of fluids.
Chemical Engineering Volume 2 covers the properties of particulate systems, including the character of individual particles and
their behaviour in fluids. Sedimentation of particles, both singly and at high concentrations, flow in packed and fluidised beads and
filtration are then examined. The latter part of the book deals with separation processes, such as distillation and gas absorption,
which illustrate applications of the fundamental principles of mass transfer introduced in Chemical Engineering Volume 1. In
conclusion, several techniques of growing importance - adsorption, ion exchange, chromatographic and membrane separations,
and process intensification - are described. A logical progression of chemical engineering concepts, volume 2 builds on
fundamental principles contained in Chemical Engineering volume 1 and these volumes are fully cross-referenced Reflects the
growth in complexity and stature of chemical engineering over the last few years Supported with further reading at the end of each
chapter and graded problems at the end of the book
This undergraduate textbook integrates the teaching of numerical methods and programming with problems from core chemical
engineering subjects.
An applications-oriented introduction to process fluid mechanics. Provides an orderly treatment of the essentials of both the macro
and micro problems of fluid mechanics.
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.
Presenting engineering fundamentals and biological applications in a unified way, this book provides learners with the
skills necessary to develop and critically analyze models of biological transport and reaction processes. It covers topics in
fluid mechanics, mass transport, and biochemical interactions, with engineering concepts motivated by specific biological
problems. For researchers in biomedical engineering.
Designed as an undergraduate-level textbook in Chemical Engineering, this student-friendly, thoroughly class-room
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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 engineering-related
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
A Practical, Up-to-Date Introduction to Applied Thermodynamics, Including Coverage of Process Simulation Models and
an Introduction to Biological Systems Introductory Chemical Engineering Thermodynamics, Second Edition, helps
readers master the fundamentals of applied thermodynamics as practiced today: with extensive development of
molecular perspectives that enables adaptation to fields including biological systems, environmental applications, and
nanotechnology. This text is distinctive in making molecular perspectives accessible at the introductory level and
connecting properties with practical implications. Features of the second edition include Hierarchical instruction with
increasing levels of detail: Content requiring deeper levels of theory is clearly delineated in separate sections and
chapters Early introduction to the overall perspective of composite systems like distillation columns, reactive processes,
and biological systems Learning objectives, problem-solving strategies for energy balances and phase equilibria, chapter
summaries, and “important equations” for every chapter Extensive practical examples, especially coverage of non-ideal
mixtures, which include water contamination via hydrocarbons, polymer blending/recycling, oxygenated fuels, hydrogen
bonding, osmotic pressure, electrolyte solutions, zwitterions and biological molecules, and other contemporary issues
Supporting software in formats for both MATLAB® and spreadsheets Online supplemental sections and resources
including instructor slides, ConcepTests, coursecast videos, and other useful resources
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This 1998 book introduces the basics of engineering design and analysis for beginning chemical engineering
undergraduate students.
An Introduction to Materials Engineering and Science forChemical and Materials Engineers provides a solid background
inmaterials engineering and science for chemical and materialsengineering students. This book: Organizes topics on two
levels; by engineering subject area andby materials class. Incorporates instructional objectives, active-learningprinciples,
design-oriented problems, and web-based information andvisualization to provide a unique educational experience for
thestudent. Provides a foundation for understanding the structure andproperties of materials such as ceramics/glass,
polymers,composites, bio-materials, as well as metals and alloys. Takes an integrated approach to the subject, rather
than a"metals first" approach.
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
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.
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
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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.
Step-by-step instructions enable chemical engineers to masterkey software programs and solve complex problems Today, both
students and professionals in chemical engineeringmust solve increasingly complex problems dealing with refineries,fuel cells,
microreactors, and pharmaceutical plants, to name afew. With this book as their guide, readers learn to solve theseproblems using
their computers and Excel, MATLAB, Aspen Plus, andCOMSOL Multiphysics. Moreover, they learn how to check theirsolutions
and validate their results to make sure they have solvedthe problems correctly. Now in its Second Edition, Introduction to
ChemicalEngineering Computing is based on the author’s firsthandteaching experience. As a result, the emphasis is on
problemsolving. Simple introductions help readers become conversant witheach program and then tackle a broad range of
problems in chemicalengineering, including: Equations of state Chemical reaction equilibria Mass balances with recycle streams
Thermodynamics and simulation of mass transfer equipment Process simulation Fluid flow in two and three dimensions All the
chapters contain clear instructions, figures, andexamples to guide readers through all the programs and types ofchemical
engineering problems. Problems at the end of each chapter,ranging from simple to difficult, allow readers to gradually buildtheir
skills, whether they solve the problems themselves or inteams. In addition, the book’s accompanying website lists thecore
principles learned from each problem, both from a chemicalengineering and a computational perspective. Covering a broad range
of disciplines and problems withinchemical engineering, Introduction to Chemical EngineeringComputing is recommended for both
undergraduate and graduatestudents as well as practicing engineers who want to know how tochoose the right computer software
program and tackle almost anychemical engineering problem.
Today’s Definitive, Undergraduate-Level Introduction to Chemical Reaction Engineering Problem-Solving For 30 years, H. Scott
Fogler’s Elements of Chemical Reaction Engineering has been the #1 selling text for courses in chemical reaction engineering
worldwide. Now, in Essentials of Chemical Reaction Engineering, Second Edition, Fogler has distilled this classic into a modern,
introductory-level guide specifically for undergraduates. This is the ideal resource for today’s students: learners who demand
instantaneous access to information and want to enjoy learning as they deepen their critical thinking and creative problem-solving
skills. Fogler successfully integrates text, visuals, and computer simulations, and links theory to practice through many relevant
examples. This updated second edition covers mole balances, conversion and reactor sizing, rate laws and stoichiometry,
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isothermal reactor design, rate data collection/analysis, multiple reactions, reaction mechanisms, pathways, bioreactions and
bioreactors, catalysis, catalytic reactors, nonisothermal reactor designs, and more. Its multiple improvements include a new
discussion of activation energy, molecular simulation, and stochastic modeling, and a significantly revamped chapter on heat
effects in chemical reactors. To promote the transfer of key skills to real-life settings, Fogler presents three styles of problems:
Straightforward problems that reinforce the principles of chemical reaction engineering Living Example Problems (LEPs) that allow
students to rapidly explore the issues and look for optimal solutions Open-ended problems that encourage students to use inquiry-
based learning to practice creative problem-solving skills About the Web Site (umich.edu/~elements/5e/index.html) The companion
Web site offers extensive enrichment opportunities and additional content, including Complete PowerPoint slides for lecture notes
for chemical reaction engineering classes Links to additional software, including Polymath, MATLAB, Wolfram Mathematica,
AspenTech, and COMSOL Multiphysics Interactive learning resources linked to each chapter, including Learning Objectives,
Summary Notes, Web Modules, Interactive Computer Games, Computer Simulations and Experiments, Solved Problems, FAQs,
and links to LearnChemE Living Example Problems that provide more than 75 interactive simulations, allowing students to explore
the examples and ask “what-if ” questions Professional Reference Shelf, containing advanced content on reactors, weighted least
squares, experimental planning, laboratory reactors, pharmacokinetics, wire gauze reactors, trickle bed reactors, fluidized bed
reactors, CVD boat reactors, detailed explanations of key derivations, and more Problem-solving strategies and insights on
creative and critical thinking Register your product at informit.com/register for convenient access to downloads, updates, and/or
corrections as they become available.
Designed for introductory undergraduate courses in fluid mechanics for chemical engineers, this stand-alone textbook illustrates
the fundamental concepts and analytical strategies in a rigorous and systematic, yet mathematically accessible manner. Using
both traditional and novel applications, it examines key topics such as viscous stresses, surface tension, and the microscopic
analysis of incompressible flows which enables students to understand what is important physically in a novel situation and how to
use such insights in modeling. The many modern worked examples and end-of-chapter problems provide calculation practice,
build confidence in analyzing physical systems, and help develop engineering judgment. The book also features a self-contained
summary of the mathematics needed to understand vectors and tensors, and explains solution methods for partial differential
equations. Including a full solutions manual for instructors available at www.cambridge.org/deen, this balanced textbook is the
ideal resource for a one-semester course.
The emergence and refinement of techniques in molecular biology has changed our perceptions of medicine, agriculture and
environmental management. Scientific breakthroughs in gene expression, protein engineering and cell fusion are being translated
by a strengthening biotechnology industry into revolutionary new products and services. Many a student has been enticed by the
promise of biotechnology and the excitement of being near the cutting edge of scientific advancement. However, graduates trained
in molecular biology and cell manipulation soon realise that these techniques are only part of the picture. Reaping the full benefits
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of biotechnology requires manufacturing capability involving the large-scale processing of biological material. Increasingly,
biotechnologists are being employed by companies to work in co-operation with chemical engineers to achieve pragmatic
commercial goals. For many years aspects of biochemistry and molecular genetics have been included in chemical engineering
curricula, yet there has been little attempt until recently to teach aspects of engineering applicable to process design to
biotechnologists. This textbook is the first to present the principles of bioprocess engineering in a way that is accessible to
biological scientists. Other texts on bioprocess engineering currently available assume that the reader already has engineering
training. On the other hand, chemical engineering textbooks do not consider examples from bioprocessing, and are written almost
exclusively with the petroleum and chemical industries in mind. This publication explains process analysis from an engineering
point of view, but refers exclusively to the treatment of biological systems. Over 170 problems and worked examples encompass a
wide range of applications, including recombinant cells, plant and animal cell cultures, immobilised catalysts as well as traditional
fermentation systems. * * First book to present the principles of bioprocess engineering in a way that is accessible to biological
scientists * Explains process analysis from an engineering point of view, but uses worked examples relating to biological systems *
Comprehensive, single-authored * 170 problems and worked examples encompass a wide range of applications, involving
recombinant plant and animal cell cultures, immobilized catalysts, and traditional fermentation systems * 13 chapters, organized
according to engineering sub-disciplines, are groupled in four sections - Introduction, Material and Energy Balances, Physical
Processes, and Reactions and Reactors * Each chapter includes a set of problems and exercises for the student, key references,
and a list of suggestions for further reading * Includes useful appendices, detailing conversion factors, physical and chemical
property data, steam tables, mathematical rules, and a list of symbols used * Suitable for course adoption - follows closely
curricula used on most bioprocessing and process biotechnology courses at senior undergraduate and graduate levels.
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