Heinemann Physics 12
As recognized, adventure as skillfully as experience nearly lesson, amusement, as skillfully as pact can be
gotten by just checking out a books heinemann physics 12 in addition to it is not directly done, you could
assume even more something like this life, re the world.
We pay for you this proper as without difficulty as easy mannerism to acquire those all. We have the funds for
heinemann physics 12 and numerous ebook collections from fictions to scientific research in any way. in the
course of them is this heinemann physics 12 that can be your partner.

Heinemann Physics for CXC Norman Lambert 2000 Heinemann Physics for CXC is a lively, accessible
textbook written by Norman Lambert, the well-repsected author and teacher, and experienced teachers
Natasha Lewis dos Santos and Tricia A. Samuel.The authors have drawn on their many years of teaching
Heinemann Physics for Western Australia 12 Jeff Cahill 2003
Carbon Capture and Storage Stephen A. Rackley 2017-09-05 Carbon Capture and Storage, Second Edition,
provides a thorough, non-specialist introduction to technologies aimed at reducing greenhouse gas emissions
from burning fossil fuels during power generation and other energy-intensive industrial processes, such as
steelmaking. Extensively revised and updated, this second edition provides detailed coverage of key carbon
dioxide capture methods along with an examination of the most promising techniques for carbon storage. The
book opens with an introductory section that provides background regarding the need to reduce greenhouse
gas emissions, an overview of carbon capture and storage (CCS) technologies, and a primer in the fundamentals
of power generation. The next chapters focus on key carbon capture technologies, including absorption,
adsorption, and membrane-based systems, addressing their applications in both the power and non-power
sectors. New for the second edition, a dedicated section on geological storage of carbon dioxide follows, with
chapters addressing the relevant features, events, and processes (FEP) associated with this scenario. Nongeological storage methods such as ocean storage and storage in terrestrial ecosystems are the subject of the final
group of chapters. A chapter on carbon dioxide transportation is also included. This extensively revised and
expanded second edition will be a valuable resource for power plant engineers, chemical engineers, geological
engineers, environmental engineers, and industrial engineers seeking a concise, yet authoritative one-volume
overview of this field. Researchers, consultants, and policy makers entering this discipline also will benefit
from this reference. Provides all-inclusive and authoritative coverage of the major technologies under
consideration for carbon capture and storage Presents information in an approachable format, for those with a
scientific or engineering background, as well as non-specialists Includes a new Part III dedicated to geological
storage of carbon dioxide, covering this topic in much more depth (9 chapters compared to 1 in the first edition)
Features revisions and updates to all chapters Includes new sections or expanded content on: chemical
looping/calcium looping; life-cycle GHG assessment of CCS technologies; non-power industries (e.g. including
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pulp/paper alongside ones already covered); carbon negative technologies (e.g. BECCS); gas-fired power plants;
biomass and waste co-firing; and hydrate-based capture
The Physics of Glaciers W. S. B. Paterson 2016-10-27 This updated and expanded version of the second edition
explains the physical principles underlying the behaviour of glaciers and ice sheets. The text has been revised
in order to keep pace with the extensive developments which have occurred since 1981. A new chapter, of
major interest, concentrates on the deformation of subglacial till. The book concludes with a chapter on
information regarding past climate and atmospheric composition obtainable from ice cores.
Physics of Polymer Surfaces and Interfaces Isaac C. Sanchez 2013-10-22 Physics of Polymer Surfaces and
Interfaces emphasizes current theoretical ideas and modern experimental tools for characterizing the physical
properties of polymer surfaces and interfaces. Foremost are their important roles in polymer technology
throughthe processes of wetting, adhesion, adsorption, and through their effect on the kinetics of phase
separation and mechanical mixing of molten polymers. Each of the 14 chapters in this book stands as a 'minireview' of a specific subject. This up-to-date compendium of the most significant theoretical and experimental
works provides a scientific understanding of the physics of polymer interfaces and surfaces and will aid
scientists in planning and interpreting new results.
Engineering Tribology Gwidon Stachowiak 2011-03-31 As with the previous edition, the third edition of
Engineering Tribology provides a thorough understanding of friction and wear using technologies such as
lubrication and special materials. Tribology is a complex topic with its own terminology and specialized
concepts, yet is vitally important throughout all engineering disciplines, including mechanical design,
aerodynamics, fluid dynamics and biomedical engineering. This edition includes updated material on the
hydrodynamic aspects of tribology as well as new advances in the field of biotribology, with a focus throughout
on the engineering applications of tribology. This book offers an extensive range if illustrations which
communicate the basic concepts of tribology in engineering better than text alone. All chapters include an
extensive list of references and citations to facilitate further in-depth research and thorough navigation
through particular subjects covered in each chapter. * Includes newly devised end-of-chapter problems *
Provides a comprehensive overview of the mechanisms of wear, lubrication and friction in an accessible
manner designed to aid non-specialists. * Gives a reader-friendly approach to the subject using a graphic
illustrative method to break down the typically complex problems associated with tribology.
Heinemann Physics 12 2003 "Student pack consisting of textbook and ePhysics 12 student CD"--Back cover.
Bioinspired Legged Locomotion Maziar Ahmad Sharbafi 2017-11-21 Bioinspired Legged Locomotion: Models,
Concepts, Control and Applications explores the universe of legged robots, bringing in perspectives from
engineering, biology, motion science, and medicine to provide a comprehensive overview of the field. With
comprehensive coverage, each chapter brings outlines, and an abstract, introduction, new developments, and a
summary. Beginning with bio-inspired locomotion concepts, the book's editors present a thorough review of
current literature that is followed by a more detailed view of bouncing, swinging, and balancing, the three
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fundamental sub functions of locomotion. This part is closed with a presentation of conceptual models for
locomotion. Next, the book explores bio-inspired body design, discussing the concepts of motion control,
stability, efficiency, and robustness. The morphology of legged robots follows this discussion, including biped
and quadruped designs. Finally, a section on high-level control and applications discusses neuromuscular
models, closing the book with examples of applications and discussions of performance, efficiency, and
robustness. At the end, the editors share their perspective on the future directions of each area, presenting
state-of-the-art knowledge on the subject using a structured and consistent approach that will help researchers
in both academia and industry formulate a better understanding of bioinspired legged robotic locomotion and
quickly apply the concepts in research or products. Presents state-of-the-art control approaches with biological
relevance Provides a thorough understanding of the principles of organization of biological locomotion Teaches
the organization of complex systems based on low-dimensional motion concepts/control Acts as a guideline
reference for future robots/assistive devices with legged architecture Includes a selective bibliography on the
most relevant published articles
Cambridge Checkpoints VCE Physics Units 1 and 2 Sydney Boydell 2015-12-16 Cambridge Checkpoints VCE
2016, Victoria's most popular study guides, are updated regularly to incorporate recent official VCE exams and
changes to the VCE, providing the most up-to-date exam preparation available.

Porous Materials Peisheng Liu 2014-08-12 Engineers and scientists alike will find this book to be an excellent
introduction to the topic of porous materials, in particular the three main groups of porous materials: porous
metals, porous ceramics, and polymer foams. Beginning with a general introduction to porous materials, the
next six chapters focus on the processing and applications of each of the three main materials groups. The book
includes such new processes as gel-casting and freeze-drying for porous ceramics and self-propagating high
temperature synthesis (SHS) for porous metals. The applications discussed are relevant to a wide number of
fields and industries, including aerospace, energy, transportation, construction, electronics, biomedical and
others. The book concludes with a chapter on characterization methods for some basic parameters of porous
materials. Porous Materials: Processing and Applications is an excellent resource for academic and industrial
researchers in porous materials, as well as for upper-level undergraduate and graduate students in materials
science and engineering, physics, chemistry, mechanics, metallurgy, and related specialties. A comprehensive
overview of processing and applications of porous materials – provides younger researchers, engineers and
students with the best introduction to this class of materials Includes three full chapters on modern applications
- one for each of the three main groups of porous materials Introduces readers to several characterization
methods for porous materials, including methods for characterizing pore size, thermal conductivity, electrical
resistivity and specific surface area
Heinemann Physics 12 Geoff Millar 1996 Physics textbook written specifically for units 3 and 4 of the new
VCE physics study design. Includes summaries, worked examples, graded and exam-style questions. Answers
are included. Support materials for this text are the 'Heinemann Physics 12 Extended Practical Investigation
Workbook' and the'Heinemann Physics Bank 12' disk. Includes an index. Each of the six authors are
experienced physics teachers.
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The Classical Theory of Fields L D Landau 2013-10-22 Translated from the 6th Russian edition, this latest
edition contains seven new sections with chapters on General Relativity, Gravitational Waves and Relativistic
Cosmology, where Professor Lifshitz's interests lay. The text of the 3rd English edition has been thoroughly
revised and additional problems inserted
Handbook of Energy Efficiency in Buildings Umberto Desideri 2018-11-12 Handbook of Energy Efficiency in
Buildings: A Life Cycle Approach offers a comprehensive and in-depth coverage of the subject with a further
focus on the Life Cycle. The editors, renowned academics, invited a diverse group of researchers to develop
original chapters for the book and managed to well integrate all contributions in a consistent volume. Sections
cover the role of the building sector on energy consumption and greenhouse gas emissions, international
technical standards, laws and regulations, building energy efficiency and zero energy consumption buildings,
the life cycle assessment of buildings, from construction to decommissioning, and other timely topics. The
multidisciplinary approach to the subject makes it valuable for researchers and industry based Civil,
Construction, and Architectural Engineers. Researchers in related fields as built environment, energy and
sustainability at an urban scale will also benefit from the books integrated perspective. Presents a complete and
thorough coverage of energy efficiency in buildings Provides an integrated approach to all the different
elements that impact energy efficiency Contains coverage of worldwide regulation
Heinemann Physics Twelve Rob Chapman 2008
Nuclear Energy Raymond L. Murray 2013-10-22 This expanded, revised, and updated fourth edition of
Nuclear Energy maintains the tradition of providing clear and comprehensive coverage of all aspects of the
subject, with emphasis on the explanation of trends and developments. As in earlier editions, the book is
divided into three parts that achieve a natural flow of ideas: Basic Concepts, including the fundamentals of
energy, particle interactions, fission, and fusion; Nuclear Systems, including accelerators, isotope separators,
detectors, and nuclear reactors; and Nuclear Energy and Man, covering the many applications of radionuclides,
radiation, and reactors, along with a discussion of wastes and weapons. A minimum of mathematical
background is required, but there is ample opportunity to learn characteristic numbers through the illustrative
calculations and the exercises. An updated Solution Manual is available to the instructor. A new feature to aid
the student is a set of some 50 Computer Exercises, using a diskette of personal computer programs in BASIC
and spreadsheet, supplied by the author at a nominal cost. The book is of principal value as an introduction to
nuclear science and technology for early college students, but can be of benefit to science teachers and
lecturers, nuclear utility trainees and engineers in other fields.
Heinemann Physics 12 Enhanced Rob Chapman 2011 Heinemann Physics Third Edition Enhanced has been
updated with the latest developments and applications of physics, while still retaining the market-leading
features that make this series so popular. The student book includes: A brand-new look is designed to make
learning accessible for students; All questions have been checked and updated to reflect current VCE exams;
On-page references to online support and activities are available through Pearson Reader.
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Mechanics L D Landau 1982-01-29 Devoted to the foundation of mechanics, namely classical Newtonian
mechanics, the subject is based mainly on Galileo's principle of relativity and Hamilton's principle of least
action. The exposition is simple and leads to the most complete direct means of solving problems in mechanics.
The final sections on adiabatic invariants have been revised and augmented. In addition a short biography of L
D Landau has been inserted.

Principles of Environmental Physics John Monteith 1990-03 Thoroughly revised and up-dated edition of a
highly successful textbook.
Hydrogen Safety for Energy Applications Alexei Kotchourko 2022-03-25 Hydrogen Safety for Energy
Applications: Engineering Design, Risk Assessment, and Codes and Standards presents different aspects of
contemporary knowledge regarding the hazards, risks and safety connected with hydrogen systems. Sections
cover the main hydrogen technologies and explore the scientific aspects of possible sources and consequences of
accidental events that can occur when hydrogen is used, including in its vehicular applications. Risk
assessment, as well as the safety measures/safety barriers applicable in such situations are also considered.
Finally, a short survey concerning legal aspects is presented. Provides factual material, such as models,
correlations, tables, nomograms and formulas that can be used to perform evaluations and propose mitigation
measures Presents reference data and detailed descriptions and guidelines for contemporary risk assessment
methodologies Covers accident phenomena and consequences of accidents specific to hydrogen systems in a
widely and applicable way for a wide variety of hydrogen activities
Heinemann Physics for Western Australia 12 1998
Essential Physics, Chemistry and Biology D.F. Horrobin 2012-12-06 of these subjects and should be kept
constantly at hand so that it can readily be consulted when difficult topics arise. I hope that it may succeed in
reducing the fear with which many nurses face the sciences with which the book deals. Section 1 BIOLOGY 2
The cell and its requirements The world of living things is conveniently and conven tionally divided into two
great groups, the animals and the plants. Broadly speaking the important feature which distinguishes plants is
that they can manufacture most of the substances they require by trapping and using various forms of outside
energy, in particular the energy of sunlight. In the process of photosynthesis they utilize the energy of light to
build up complex chemical substances from relatively simple ones. In contrast, animals lack the ability to use
light or any other form of outside energy. Instead they must obtain the energy they require by breaking
down complex substances which ultimately they always obtain from plants. Plant-eating animals such as cows
and sheep obtain these substances directly. Carnivores obtain them indirectly after they have passed through
the bodies of other animals.

Brill's Companion to the Reception of Presocratic Natural Philosophy in Later Classical Thought 2021-02-01
Brill's Companion to the Reception of Presocratic Natural Philosophy in Later Classical Thought explores both
explicit and hidden influences of Presocratic (6-4th c. BCE) early scientific concepts, such as nature, elements,
principles, soul, organization, causation, purpose, and cosmos in Platonic, Aristotelian, and Hippocratic
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philosophy
Basic Physics and Measurement in Anaesthesia P. D. Davis 2015-01-28 As in the previous editions, the authors
have clearly defined the principles of clinical measurement. Mathematics are kept to a simple, understandable
level with the frequent use of practical examples. Well established at the level between undergraduate
teaching and advanced medical physics, this extensively illustrated book is for trainees and examination
candidates in anesthesia and intensive care. Senior nursing, operating theatre and intensive care staff will also
find it appropriate.
Physics James S. Walker 2002 Physics is designed to give readers conceptual insight and create active
involvement in the learning process. Topics include vectors, forces, Newton's Laws of Motion, work and
kinetic energy, potential energy, rotational dynamics, gravity, waves and sound, temperature and heat, Laws
of Thermodynamics, and many more. For anyone interested in Algebra-based Physics.

Heinemann Physics 12 Doug Bail 1996 Specifically designed to assist students with Physics CAT 1, this fill-in
workbook is a guide for planning, analysing and reporting on practical investigation. Other titles in the series
are the textbook 'Heinemann Physics 12' and the disk 'PhysicsBank 12'.
Natural Water Remediation James G. Speight 2019-08-29 Natural Water Remediation: Chemistry and
Technology considers topics such as metal ion solubility controls, pH, carbonate equilibria, adsorption reactions,
redox reactions and the kinetics of oxygenation reactions that occur in natural water environments. The book
begins with the fundamentals of acid-base and redox chemistry to provide a better understanding of the
natural system. Other sections cover the relationships among environmental factors and natural water
(including biochemical factors, hydrologic cycles and sources of solutes in the atmosphere). Chemical
thermodynamic models, as applied to natural water, are then discussed in detail. Final sections cover selfcontained applications concerning composition, quality measurement and analyses for river, lake, reservoir and
groundwater sampling. Covers the fundamentals of acid-base and redox chemistry for environmental
engineers Focuses on the practical uses of water, soil mineral and bedrock chemistry and how they impact
surface and groundwater Includes applications concerning composition, quality measurement and analyses for
river, lake, reservoir and groundwater sampling
Heinemann Physics 11 Student Workbook Doug Bail 2018-11-07 Write-in workbooks with a focus on key
science skills They are designed to consolidate concepts learnt in class. They also provide students with Sample
Assessment tasks worksheets. Fully aligned to the VCE Units 1&2 Study Design. Key knowledge Worksheets
Practical activities Sample assessment tasks Designed so that they are able to be used independently from the
Student Books. Fully worked solutions and suggested answers to the workbook can be found on the Teacher
ProductLink.
In Celebration of K.C. Hines Bruce H. J. McKellar 2010 This book presents a comprehensive review of a
diverse range of subjects in physics written by physicists who have all been taught by or are associated with K
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C Hines. Ken Hines was a great mentor with far-reaching influence on his students who later went on to
make outstanding contributions to physics in their careers. The papers provide significant insights into
statistical physics, plasma physics from fluorescent lighting to quantum pair plasmas, cosmic ray physics,
nuclear reactions, and many other fields. Sample Chapter(s). Chapter 1: Concerning Ken Hines... (358 KB).
Contents: Resonant X-Ray Scattering and X-Ray Absorption: Closing the Circle? (Z Barnea et al.); The
Screened Field of a Test Particle (R L Dewar); Aspects of Plasma Physics (R J Hosking); The Boltzmann
Equation in Fluorescent Lamp Theory (G Lister); Pair Modes in Relativistic Quantum Plasmas (D B Melrose &
J McOrist); Neutrons from the Galactic Centre (R R Volkas); Quaternions and Octonions in Nature (G C Joshi);
Accretion onto the Supermassive Black Hole at the Centre of Our Galaxy (F Melia); and other papers.
Readership: Academics and graduate students interested in physics.
Rotating Flow Peter R. N. Childs 2010-10-29 Rotating flow is critically important across a wide range of
scientific, engineering and product applications, providing design and modeling capability for diverse products
such as jet engines, pumps and vacuum cleaners, as well as geophysical flows. Developed over the course of 20
years’ research into rotating fluids and associated heat transfer at the University of Sussex Thermo-Fluid
Mechanics Research Centre (TFMRC), Rotating Flow is an indispensable reference and resource for all those
working within the gas turbine and rotating machinery industries. Traditional fluid and flow dynamics titles
offer the essential background but generally include very sparse coverage of rotating flows—which is where
this book comes in. Beginning with an accessible introduction to rotating flow, recognized expert Peter Childs
takes you through fundamental equations, vorticity and vortices, rotating disc flow, flow around rotating
cylinders and flow in rotating cavities, with an introduction to atmospheric and oceanic circulations included to
help deepen understanding. Whilst competing resources are weighed down with complex mathematics, this
book focuses on the essential equations and provides full workings to take readers step-by-step through the
theory so they can concentrate on the practical applications. A detailed yet accessible introduction to rotating
flows, illustrating the differences between flows where rotation is significant and highlighting the nonintuitive nature of rotating flow fields Written by world-leading authority on rotating flow, Peter Childs,
making this a unique and authoritative work Covers the essential theory behind engineering applications such
as rotating discs, cylinders, and cavities, with natural phenomena such as atmospheric and oceanic flows used to
explain underlying principles Provides a rigorous, fully worked mathematical account of rotating flows whilst
also including numerous practical examples in daily life to highlight the relevance and prevalence of different
flow types Concise summaries of the results of important research and lists of references included to direct
readers to significant further resources
Heinemann Physics 12 Student Workbook Doug Bail 2018-11-26 Write-in workbooks with a focus on key
science skills They are designed to consolidate concepts learnt in class. They also provide students with Sample
Assessment tasks worksheets. Fully aligned to the VCE Units 3&4 Study Design. Key knowledge Worksheets
Practical activities Sample assessment tasks Designed so that they are able to be used independently from the
Student Books. Fully worked solutions and suggested answers to the workbook can be found on the Teacher
ProductLink.
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Physics 12 Geoff Millar 1996-11 Physics textbook written specifically for units 3 and 4 of the new VCE physics
study design. Includes summaries, worked examples, graded and exam-style questions. Answers are included.
Support materials for this text are the 'Heinemann Physics 12 Extended Practical Investigation Workbook' and
the'Heinemann Physics Bank 12' disk. Includes an index. Each of the six authors are experienced physics
teachers.

The Orb Project Klaus Heinemann 2007-11-06 After literally stumbling into orbs appearing as bright as light
bulbs in photographs he was taking at a spiritual retreat, Dr. Klaus Heinemann immediately sensed that he was
onto something profound. There was no choice but to convince himself that his notion was on solid grounds.
Heinemann looked at thousands of pictures he had taken earlier, and thousands more would be taken to test
the hypothesis that these light circles are nothing less than emanations from Spirit beings. Dr. Míceál Ledwith
had a similar experience after the orb phenomenon was first made known to him through the teachings of
Ramtha. He began an intense and systematic study of orbs in all sort of situations, day and night, and in all sorts
of atmospheric conditions, in order to discover all he could about their nature, the situations in which their
presence could be most easily detected, and what implications they might have for our understanding of our
own place in the cosmos. To date, he has amassed a collection of well over 100,000 images. In The Orb Project,
Ledwith and Heinemann present their fascinating discoveries, along with practical tips that amateur digital
photographers can use to photograph orbs and properly distinguish them from "false" orbs that are really dust
or water particles. They offer guidelines on deciphering the orbs' various patterns, features, and characteristics,
based on their extensive research. As Dr. Ledwith points out, once you develop a keen and sustained interest
in photographing spirit entities, some quite interesting things begin to happen: the brain stops censoring these
images, and you can begin to see with orbs with the naked eye -- in more color and detail than is visible to
even a digital camera. Ledwith and Heinemann also explore communication with orbs and what their
existence means to our lives. The implications of a realization that we are "surrounded by a cloud of witnesses"
are enormous and incredibly hopeful for the world at large.
Applied Dimensional Analysis and Modeling Thomas Szirtes 2007-04-27 Applied Dimensional Analysis and
Modeling provides the full mathematical background and step-by-step procedures for employing dimensional
analyses, along with a wide range of applications to problems in engineering and applied science, such as fluid
dynamics, heat flow, electromagnetics, astronomy and economics. This new edition offers additional workedout examples in mechanics, physics, geometry, hydrodynamics, and biometry. Covers 4 essential aspects and
applications: principal characteristics of dimensional systems, applications of dimensional techniques in
engineering, mathematics and geometry, applications in biosciences, biometry and economics, applications in
astronomy and physics Offers more than 250 worked-out examples and problems with solutions Provides
detailed descriptions of techniques of both dimensional analysis and dimensional modeling
Quantum Electrodynamics V B Berestetskii 2012-12-02 Several significant additions have been made to the
second edition, including the operator method of calculating the bremsstrahlung cross-section, the calcualtion of
the probabilities of photon-induced pair production and photon decay in a magnetic field, the asymptotic form
of the scattering amplitudes at high energies, inelastic scattering of electrons by hadrons, and the
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transformation of electron-positron pairs into hadrons.
Time-Critical Cooperative Control of Autonomous Air Vehicles Isaac Kaminer 2017-08-02 Time-Critical
Cooperative Control of Autonomous Air Vehicles presents, in an easy-to-read style, the latest research
conducted in the industry, while also introducing a set of novel ideas that illuminate a new approach to
problem-solving. The book is virtually self-contained, giving the reader a complete, integrated presentation of
the different concepts, mathematical tools, and control solutions needed to tackle and solve a number of
problems concerning time-critical cooperative control of UAVs. By including case studies of fixed-wing and
multirotor UAVs, the book effectively broadens the scope of application of the methodologies developed. This
theoretical presentation is complemented with the results of flight tests with real UAVs, and is an ideal
reference for researchers and practitioners from academia, research labs, commercial companies, government
workers, and those in the international aerospace industry. Addresses important topics related to time-critical
cooperative control of UAVs Describes solutions to the problems rooted in solid dynamical systems theory
Applies the solutions developed to fixed-wing and multirotor UAVs Includes the results of field tests with both
classes of UAVs

Heinemann Physics 11 Enhanced Carmel Fry 2011 Heinemann Physics Third Edition Enhanced has been
updated with the latest developments and applications of physics, while still retaining the market-leading
features that make this series so popular. The student book includes: A brand-new look is designed to make
learning accessible for students; All questions have been checked and updated to reflect current VCE exams;
On-page references to online support and activities are available through Pearson Reader.
A Short Course in Cloud Physics M.K. Yau 1996-05-15 Covers essential parts of cloud and precipitation physics
and has been extensively rewritten with over 60 new illustrations and many new and up to date references.
Many current topics are covered such as mesoscale meteorology, radar cloud studies and numerical cloud
modelling, and topics from the second edition, such as severe storms, precipitation processes and large scale
aspects of cloud physics, have been revised. Problems are included as examples and to supplement the text.
Heinemann Physics 12 2017

Heinemann Physics 12 Rob Chapman 2003-12-01 Table of contents includes: Motion in one and two dimensions
-- Electronics and photonics -- Interactions of light and matter -- Electric power.
Level 1: Island for Sale Anne Collins 2019
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