Basic Principles Of Vacuum
Technology Brief Overview Festo

An accessible and applicable guide to quantitative problem
solving in vacuum technology, this book is aimed at
newcomers, students and the experienced practitioner. It
contains essential information and worked examples for those
using vacuum technology in chemical applications and who
are involved in the design and operation of vacuum
equipment. Using step by step solutions of example
calculations and formulae, Vacuum Technology: Calculations
in Chemistry sets out to encourage readers to quantify their
own systems so that they can ensure efficient operation and
fault finding. Whilst emphasising the use of appropriate units
in calculations and using well known expressions in vacuum
technology throughout, the book includes: * formulae
necessary for quantitative vacuum technology * commonly
required data for common gases in tabulated form *
schematic diagrams of systems and layouts This book is
certain to be a confidence inspiring publication for use in both
research and industry.

Principles of Optics: Electromagnetic Theory of Propagation,
Interference and Diffraction of Light, Sixth Edition covers
optical phenomenon that can be treated with Maxwell’s
phenomenological theory. The book is comprised of 14
chapters that discuss various topics about optics, such as
geometrical theories, image forming instruments, and optics
of metals and crystals. The text covers the elements of the
theories of interference, interferometers, and diffraction. The
book tackles several behaviors of light, including its diffraction
when exposed to ultrasonic waves. The selection will be most
useful to researchers whose work involves understanding the

behavior of light.
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Vacuum technology is widely used in many manufacturing
and developmental processes and its applications grow in
scope and sophistication. It is an inter-disciplinary subject,
embracing aspects of mechanical, electrical and chemical
engineering, chemistry, and materials science while having a
broad foundation in physics. In spite of its technological
importance, and perhaps because of its cross-disciplinary
nature, substantial teaching and training is not widely
available. Basic Vacuum Technology aims to give readers a
firm foundation of fundamental knowledge about the subject
and the ability to apply it. This book is an introductory text on
how to use vacuum techniques. It provides a good grounding
in the basic scientific principles and concepts that underlie the
production and measurement of vacua. The authors describe
how these are applied in representative low, medium, high,
and ultra-high vacuum systems and explain the most
important practical aspects of the operation of a large variety
of pumps, components, and measuring instrumentation. The
book introduces numerical methods for analysis and
prediction of the behavior of vacuum systems in terms of the
properties of their individual elements and enables readers to
recognize and resolve problems with malfunctioning systems.
Vacuum Technology and Applications reviews the most
commonly encountered methods for the production,
containment, and measurement of subatmospheric pressure.
This book also outlines a number of very important
applications of this technology. This text is organized into
eight chapters and begins with a brief survey of the
fundamental principles of vacuum technology. The
succeeding chapters deal with the pumps used for the
production of rough-medium and high-ultra-high vacua. These
chapters specifically cover their principles, performance, and
applications. These topics are followed by a discussion of the
devices for residual gas %Qg%lyl%s and partial pressure



measurement. Other chapters consider the aspects of leak
detection using He-specific mass spectrometer and the
materials, components, and fabrication of vacuum devices.
The final chapters explore the application of vacuum
technology in critical areas of industrial activity, such as thin-
film technology, semiconductor, metallurgy, and chemical
industry. This book will prove useful to practicing mechanical,
chemical, and design engineers.

Ultrahigh Vacuum Practice covers topics about components
suitable for ultrahigh vacuum applications, their theory of
operation, their assembly and use, and their performance and
calibration. The book starts by discussing the fundamentals of
vacuum science and technology. The text then describes the
physical properties and methods of preparing the materials
for ultrahigh vacuum and the various pumps and their
performance and application to ultrahigh vacuum systems.
The mechanism and performance of the various ultrahigh
vacuum gauges and the problem of gauge calibration at low
pressures, as well as the accuracy that can be expected are
discussed as well. Partial pressure measurements, ultrahigh
vacuum components, and liquid nitrogen replenisher are also
considered. The book tackles the system requirements and
applications, as well as methods for detecting leak. Users or
potential users of ultrahigh vacuum equipment and expert
vacuum engineers will find the book useful.

In the decade and a half since the publication of the Second
Edition of A User?s Guide to Vacuum Technology there have
been many important advances in the field, including spinning
rotor gauges, dry mechanical pumps, magnetically levitated
turbo pumps, and ultraclean system designs. These, along
with improved cleaning and assembly techniques have made
contamination-free manufacturing a reality. Designed to
bridge the gap in both knowledge and training between
designers and end userspggevsz}z%uum equipment, the Third



Edition offers a practical perspective on today?s vacuum
technology. With a focus on the operation, understanding,
and selection of equipment for industrial processes used in
semiconductor, optics, packaging, and related coating
technologies, A User?s Guide to Vacuum Technology, Third
Edition provides a detailed treatment of this important field.
While emphasizing the fundamentals and touching on
significant topics not adequately covered elsewhere, the text
avoids topics not relevant to the typical user.

Get up-to-speed on the theory, principles and design of
vacuum electron devices.

Quadrupole Mass Spectrometry and Its Applications
provides a comprehensive discussion of quadrupoles
and their applications. It proceeds from a general
explanation of the action of radiofrequency quadrupole
fields to the description of their utilization in mass
analyzers—such as the quadrupole mass filter, the
monopole, the three-dimensional quadrupole ion trap,
and various time-of-flight spectrometers—and finally to
the characteristic applications of quadrupoles. A multi-
author format has been adopted to provide broader-than-
usual viewpoint in the book. The book begins by
explaining the principles of operation of quadrupole
devices. These include ion trajectories and computer
simulations of performance; analytical theory; numerical
methods of calculation of performance, including the
recently developed application of phase-space
dynamics; and fringing fields and other field
imperfections. Subsequent chapters provide design and
performance evaluations of the mass filter, the
monopole, ion traps, and time-of-flight instruments; and

describe areas of application where quadrupole devices
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have made the greatest impact because of their
particular advantages and disadvantages.

Offering a basic understanding of each important topic in
vacuum science and technology, this book concentrates
on pumping issues, emphasizes the behavior of vacuum
pumps and vacuum systems, and explains the
relationships between pumps, instrumentation and high-
vacuum system performance. The book delineates the
technical and theoretical aspects of the subject without
getting in too deep. It leads readers through the
subtleties of vacuum technology without using a
dissertation on mathematics to get them there. An
interesting blend of easy-to-understand technician-level
information combined with engineering data and
formulae, the book provides a non-analytical introduction
to high vacuum technology.

Practical information about today's vacuum technology
The purpose of this book is to help scientists, engineers
and technicians learn about and better understand the
vacuum technology found in science and industry today.
It is written so that anyone, whether new to the art or an
experienced practitioner, who wishes to learn about
vacuum engineering can do so quickly and easily. It
provides an undercut to the many classic texts that are
still available today. Armed with the information
contained within, the technologist will be able to go to the
more advanced materials, if needed, and absorb that
knowledge quickly and efficiently. This second edition
contains the absolute latest technology, some not found
in any vacuum technology book to date. It has updated

information about pressure measurement, pumping and
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residual gas analysis. You will find information about the
cutting edge research being done by NIST to develop
guantum based standards. Understanding Modern
Vacuum Technology explains concepts and methods by
presenting the historical background of the development
of the technology and how it has evolved into the
technology we use today. It draws on historical papers
and patents to show how the technology was conceived
and then brings the topic up to modern times. In this way
the reader will gain full conceptual understandings so
that he or she will be able to then create sound vacuum
solutions for the technical challenges that they face. A
partial list of topics: Gas Laws Microscopic Description of
a Gas Flows and Conductance Pressure Measurement
Partial Pressure and Mass Analysis Vapor Pressure
Photonic Pressure Measurement Flow Characteristics in
Vacuum Rough Vacuum Pumps Diffusion Pumps
Turbomolecular Pumps Cryopumps lon Pumps Getter
Pumps Calibrated Leaks Leaks and their Detection In
order to learn more, visit
www.ModernVacuumTechnology.com.

Vacuum technology is advancing and expanding so
rapidly that a major difficulty for most companies in the
field is finding qualified technicians needed for expansion
and as replacements. The only recourse for most
companies is to hire capable, though untrained, people
to train them in-house. One of the problems in this
course of action is that it repeatedly draws on the
valuable time of experienced personnel to explain
fundamental concepts to a trainee. * Provides a variety

of exercises in eac
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Vacuum Technology and ApplicationsElsevier

The goal of producing devices that are smaller, faster,
more functional, reproducible, reliable and economical
has given thin film processing a unique role in
technology. Principles of Vapor Deposition of Thin Films
brings in to one place a diverse amount of scientific
background that is considered essential to become
knowledgeable in thin film depostition techniques. Its
ultimate goal as a reference is to provide the foundation
upon which thin film science and technological
innovation are possible. * Offers detailed derivation of
important formulae. * Thoroughly covers the basic
principles of materials science that are important to any
thin film preparation. * Careful attention to terminologies,
concepts and definitions, as well as abundance of
illustrations offer clear support for the text.

Handbook of Vacuum Physics, Volume 1: Gases and
Vacua provides information on the many aspects of
vacuum technology, from material on the quantum
theoretical aspects of the complex semi-conductors used
for thermionic and photo-electric emission to data on the
performance of commercially available pumps, gauges,
and high-vacuum materials. The handbook satisfies the
need of workers using vacuum apparatuses or works on
the diverse applications of high-vacuum technology in
research and industry. The book is a compilation of long
articles prepared by experts in vacuum technology.
Sufficient theoretical materials are provided to ensure
that the underlying principles and formulas are well
understood. On the practical side, the provision of

accurate tables of physical constants; properties of
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materials; laboratory techniques; and properties of
commercial pumps, gauges, and leak detectors are
emphasized. The text will be a valuable reference
material to physicists, chemists, engineers, students, and
workers in industries using vacuum technology.

This comprehensive, standard work has been updated to
remain an important resource for all those needing
detailed knowledge of the theory and applications of
vacuum technology. The text covers the existing
knowledge on all aspects of vacuum science and
technology, ranging from fundamentals to components
and operating systems. It features many numerical
examples and illustrations to help visualize the
theoretical issues, while the chapters are carefully cross-
linked and coherent symbols and notations are used
throughout the book. The whole is rounded off by a user-
friendly appendix of conversion tables, mathematical
tools, material related data, overviews of processes and
techniques, equipment-related data, national and
international standards, guidelines, and much more. As a
result, engineers, technicians, and scientists will be able
to develop and work successfully with the equipment and
environment found in a vacuum.

Vacuum technology has enormous impact on human life
iIn many aspects and fields, such as metallurgy, material
development and production, food and electronic
industry, microelectronics, device fabrication, physics,
materials science, space science, engineering,
chemistry, technology of low temperature,
pharmaceutical industry, and biology. All decorative

coatings used in jewelries and various daily
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products—including shiny decorative papers, the surface
finish of watches, and light fixtures—are made using
vacuum technological processes. Vacuum analytical
techniques and vacuum technologies are pillars of the
technological processes, material synthesis, deposition,
and material analyses—all of which are used in the
development of novel materials, increasing the value of
industrial products, controlling the technological
processes, and ensuring the high product quality. Based
on physical models and calculated examples, the book
provides a deeper look inside the vacuum physics and
technology.

This uniqgue monograph discusses all aspects of the
design and operation of electrophysical ultrahigh-vacuum
pumps (EUVP). The adsorption-diffusion model of
interaction of gas molecules with metal getters is
presented, together with getter films sorption
characteristics. A mathematical model of molecular
transfer in electrophysical pumps and the principles and
criteria of their energy and structural-geometrical
optimization are proposed; and the physical processes in
the pumps are analyzed during the pumping out of both
active and inert gases. Also presented are the generic
and specific pump parameters and the methods of
calculating their main characteristics. Of special interest
are discussions of the design, structure, and operational
featuress of evaporation getter and ion-getter pumps
with thermal deposition of getter films; EUVP with
plasma evaporation; sputter-ion pumps with and without
built-in evaporators; pumping out methods based on

nonevaporable getters; and impantation, membrane and
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catalytic pumps. This book will appeal to experts and
students in experimental physics, electronics, fusion
accelerator technigues and electrophysical and vacuum
apparatus design.

Vacuum technology finds itself in many areas of industry
and research. These include materials handling,
packaging, gas sampling, filtration, degassing of oils and
metals, thin-film coating, electron microscopy, particle
acceleration, and impregnation of electrical components.
It is vital to design systems that are appropriate to the
application, and with so many potential solutions this can
become overwhelming. Vacuum Technique provides an
overview of vacuum technology, its different design
methodologies, and the underlying theory. The author
begins with a summary of the properties of low-pressure
gases, then moves on to describe mathematical
modeling of gas transfer in the vacuum system, the
operation of pumps and gauges, computer-aided
synthesis and analysis of systems, and the design of
different vacuum systems. In particular, the author
discusses the structure and characteristics of low,
middle, high, and superhigh vacuum systems, as well as
the characteristics of joints, materials, movement inputs,
and all aspects of production technology and
construction standards. Using specific examples rather
than describing the various elements, Vacuum
Technique supplies engineers, technicians, researchers,
and students with needed expertise and a
comprehensive guide to designing, selecting, and using
an appropriate vacuum system for a specific purpose.

Materials Characterization Using Nondestructive
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Evaluation (NDE) Methods discusses NDT methods and
how they are highly desirable for both long-term
monitoring and short-term assessment of materials,
providing crucial early warning that the fatigue life of a
material has elapsed, thus helping to prevent service
failures. Materials Characterization Using Nondestructive
Evaluation (NDE) Methods gives an overview of
established and new NDT techniques for the
characterization of materials, with a focus on materials
used in the automotive, aerospace, power plants, and
infrastructure construction industries. Each chapter
focuses on a different NDT technique and indicates the
potential of the method by selected examples of
applications. Methods covered include scanning and
transmission electron microscopy, X-ray
microtomography and diffraction, ultrasonic,
electromagnetic, microwave, and hybrid techniques. The
authors review both the determination of microstructure
properties, including phase content and grain size, and
the determination of mechanical properties, such as
hardness, toughness, yield strength, texture, and
residual stress. Gives an overview of established and
new NDT techniques, including scanning and
transmission electron microscopy, X-ray
microtomography and diffraction, ultrasonic,
electromagnetic, microwave, and hybrid techniques
Reviews the determination of microstructural and
mechanical properties Focuses on materials used in the
automotive, aerospace, power plants, and infrastructure
construction industries Serves as a highly desirable

resource for both long-term monitoring and short-term
Page 11/20



assessment of materials

The environmental condition called vacuum is created
any time the pressure of a gas is reduced compared to
atmospheric pressure. On earth we typically create a
vacuum by connecting a pump capable of moving gas to
a relatively leak free vessel. Through operation of the
gas pump the number of gas molecules per unit volume
is decreased within the vessel. As soon as one creates a
vacuum natural forces (in this case entropy) work to
restore equilibrium pressure; the practical effect of this is
that gas molecules attempt to enter the evacuated space
by any means possible. It is useful to think of vacuum in
terms of a gas at a pressure below atmospheric
pressure. In even the best vacuum vessels ever created
there are approximately 3,500,000 molecules of gas per
cubic meter of volume remaining inside the vessel. The
lowest pressure environment known is in interstellar
space where there are approximately four molecules of
gas per cubic meter. Researchers are currently
developing vacuum technology components (pumps,
gauges, valves, etc.) using micro electro mechanical
systems (MEMS) technology. Miniature vacuum
components and systems will open the possibility for
significant savings in energy cost and will open the doors
to advances in electronics, manufacturing and
semiconductor fabrication. In conclusion, an
understanding of the basic principles of vacuum
technology as presented in this summary is essential for
the successful execution of all projects that involve
vacuum technology. Using the principles described

above, a practitioner of vacuum technology can design a
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vacuum system that will achieve the project
requirements.

When it was first published some two decades ago, the
original Handbook of Lubrication and Tribology stood on
technology's cutting-edge as the first comprehensive
reference to assist the emerging science of tribology
lubrication. Later, followed by Volume II, Theory and
Design and Volume IIl, Monitoring, Materials, Synthetic
Lubricants, and Ap

This completely revised edition of a bestselling concise
introduction to microsystems technology includes the
latest trends in this emerging scientific discipline. The
chapters on silicium and LIGA technology are greatly
expanded, whilst new topics include application aspects
in medicine and health technology, lithography and
electroplating.

Based on the very successful German editions, this
English version has been thoroughly updated and
revised to reflect the developments of the last years and
the latest innovations in the field. Throughout, the author
makes excellent use of real-life examples and highly
praised didactics to disseminate his expert knowledge
needed by vacuum technology users and engineers in
their daily work at industrial plants, as consultants or in
design offices. He covers in detail the most modern liquid
ring pumps, with chapters dedicated to maintenance,
explosion prevention and general procedures for safety
at work with this technology. The whole is backed by a
large repository of frequently needed technical data, unit
conversions, formulae and current industrial, technical

and legal norms without drawing on unnecessary
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complex or theoretical mathematics. The result is the
ideal hands-on introduction to vacuum technology,
ranging from fundamentals to in-depth expert knowledge
on liquid-ring vacuum pumps.

In this book, Yoshimura provides a review of the UHV
related development during the last decades. His very
broad experience in the design enables him to present
us this detailed reference. After a general description
how to design UHV systems, he covers all important
issue in detail, like pumps, outgasing, Gauges, and
Electrodes for high voltages. Thus, this book serves as
reference for everybody using UVH in scientific
equipment.

The Handbook of Vacuum Technology consists of the
latest innovations in vacuum science and technology
with a strong orientation towards the vacuum
practitioner. It covers many of the new vacuum pumps,
materials, equipment, and applications. It also details the
design and maintenance of modern vacuum systems.
The authors are well known experts in their individual
fields with the emphasis on performance, limitations, and
applications rather than theory. There aremany useful
tables, charts, and figures that will be of use to the
practitioner. User oriented with many useful tables,
charts, and figures of use to the practitioner Reviews
new vacuum materials and equipment lllustrates the
design and maintenance of modern vacuum systems
Includes well referenced chapters

Bestselling author and acclaimed physicist Lawrence
Krauss offers a paradigm-shifting view of how everything

that exists came to be in the first place. “Where did the
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universe come from? What was there before it? What will
the future bring? And finally, why is there something
rather than nothing?” One of the few prominent
scientists today to have crossed the chasm between
science and popular culture, Krauss describes the
staggeringly beautiful experimental observations and
mind-bending new theories that demonstrate not only
can something arise from nothing, something will always
arise from nothing. With a new preface about the
significance of the discovery of the Higgs patrticle, A
Universe from Nothing uses Krauss’s characteristic wry
humor and wonderfully clear explanations to take us
back to the beginning of the beginning, presenting the
most recent evidence for how our universe evolved—and
the implications for how it's going to end. Provocative,
challenging, and delightfully readable, this is a game-
changing look at the most basic underpinning of
existence and a powerful antidote to outmoded
philosophical, religious, and scientific thinking.

The first of a three-part series designed to highlight the
principles of Vacuum Science and Technology. This
book is written for those who are new to vacuum and
covers many of the topics that are used in industrial
rough vacuum applications such as: pressure
conversions, flow conversions, pumpdown of closed
systems, vacuum technologies, filtration and vacuum
piping. Readers will gain a working fluency of the words,
terms and concepts used in sizing and applying vacuum
pumps to industrial and manufacturing processes. In
addition, this book provides tips on the application and

installation of vacuum pump accessories. This book is
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complete with a glossary of common terms and a
chapter dedicated to sample problems on major topics.
Based on the very successful German edition and a
seminar held by the German Engineers” Association
(VDI) on a regular basis for years now, this English
edition has been thoroughly updated and revised to
reflect the latest developments. It supplies in particular
the special aspects of vacuum technology, applied
vacuum pump types and vacuum engineering in the
chemical, pharmaceutical and process industry
application-segments. The text includes chapters
dedicated to latest European regulations for operating in
hazardous zones with vacuum systems, methods for
process pressure control and regulation and leak
detection. All of the authors work or did work at a
selection of the most important German companies
involved in vacuum technology, and their expertise is
disseminated here for engineers working in vacuum
technology, chemical process design, plant operation,
and mechanical engineering.

The Foundations of Vacuum Coating Technology, Second
Edition, is a revised and expanded version of the first edition,
which was published in 2003. The book reviews the histories
of the various vacuum coating technologies and expands on
the history of the enabling technologies of vacuum
technology, plasma technology, power supplies, and low-
pressure plasma-enhanced chemical vapor deposition. The
melding of these technologies has resulted in new processes
and products that have greatly expanded the application of
vacuum coatings for use in our everyday lives. The book is
unigue in that it makes extensive reference to the patent

literature (mostly US) and how it relates to the history of
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vacuum coating. The book includes a Historical Timeline of
Vacuum Coating Technology and a Historical Timeline of
Vacuum/Plasma Technology, as well as a Glossary of Terms
used in the vacuum coating and surface engineering
industries. History and detailed descriptions of Vacuum
Deposition Technologies Review of Enabling Technologies
and their importance to current applications Extensively
referenced text Patents are referenced as part of the history
Historical Timelines for Vacuum Coating Technology and
Vacuum/Plasma Technology Glossary of Terms for vacuum
coating

Total Pressure Measurements in Vacuum Technology
focuses on the measurement of low total pressure in hostile
environments or in the presence of magnetic fields. This book
emphasizes the general processes and problems involved in
measurement techniques and physical principles on which
vacuum gauges operate, rather than on the detailed
description of the gauges. The design and techniques
involved in the use of special instruments that determine
“pressure or gas density, such as pressure converters or
radioactive gauges, are also described. This publication is
mainly intended for graduate students and research scientists
who have a good general background in physics and
engineering.

Market: Those involved in the design and use of UHV
component systems. Written 25 years ago, this book explains
both the design and use of UHV systems and components,
as well as the underlying physical principles on which the
performance of the equipment depends. Because of its close
association of these underlying physical principles with the
practical problems inherent in UHV equipment, the book
retains its value to this day.

Modern Vacuum Physics presents the principles and

practices of vacuum science and technology along with a
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number of applications in research and industrial production.
The first half of the book builds a foundation in gases and
vapors under rarefied conditions, The second half presents
examples of the analysis of representative systems and
describe

This volume looks at new and established processing
technologies for fruits and vegetables, taking into
consideration the physical and biochemical properties of fruits
and vegetables and their products, the challenges of the
processing industry, the effect of processing on nutritional
content, economic utilization of bio-wastes and byproducts,
and much more. Divided into several sections, the volume
covers: processing and antioxidant/enzyme profiles of fruits
and vegetables (role of antioxidants and enzymes in
processing, use of solar energy in processing, and
techniques used in making processed products from fruits
and vegetables) novel processing technologies in fruits and
vegetables (ultraviolet light, pulsed light technology, hurdle
technology, physical and biochemical properties) the
challenges and solutions in waste reduction, negative effects
of processing, and effects of processing on vitamins of fruits
and vegetables

An indispensable resource for scientists and engineers
concerned with high vacuum technology Vacuum technology
has evolved significantly over the past thirty years and is now
indispensable to various fields of scientific research as well as
the medical technology, food processing, aerospace, and
electronics industries. Foundations of Vacuum Science and
Technology offers a comprehensive survey of the physical
and chemical principles underlying the production,
measurement, and use of high vacuums. It also provides a
valuable critical survey of important developments that have
occurred in the field over the past several decades.
Comprising contributionspgrécg%/ggany of the world's leading



specialists in vacuum techniques, Foundations of Vacuum
Science and Technology: * Reviews the laws of kinetics, the
principles of gas flow over a wide range of pressures, and the
behaviors of both compressible and turbulent flows * Features
exhaustive coverage of vacuum pump technology, including
liquid ring pumps, dry pumps, turbo pumps, getter pumps,
and cryo pumps * Describes leak detectors used in industry *
Examines all types of pressure measurement techniques,
including the latest quadrupole mass spectrometer
techniques for partial pressure analysis * Explores the state of
the art in calibration and standards.

Finding consistent, analytical discussions of processes and
principles of lyophilization can be challenging and often
frustrating. The first resource to gather information about the
field, Lyophilization: Introduction and Basic Principles is still
the book to have on lyophilization. Presenting information in
an easy-to-read style, the book comprehensively and
authoritatively covers the field. Using plain, unpretentious
language, author Thomas A. Jennings pulls together
information from diverse sources to provide an authoritative
compendium of the lyophilization process and its basic
principles. He provides important discussions about the
nature of the container-closure system and the equipment,
tools, and environments required. Case studies and examples
of solutions illustrate the many ways problems can be
addressed in the lyophilization process. The book covers:
Properties of lyophilized materials Product formulation
requirements and the thermal properties of formulations
Importance of process water Phase changes Thermal
analytical methods Freezing, primary, and secondary drying
processes Effect of vacuum freeze-dryers, both now and in
the future Including over 150 illustrations, global symbols, and
more than 350 references, this book is the complete guide to
lyophilization, its analyticge!ggnl%/tzrg)ods, measurement of process



parameters, and equipment.
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