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The quest for high resolution has preoccupied radio astronomers ever since radio
waves were first detected from space fifty years ago. This venture was par ticularly
stimulated by the discovery of quasars, and led to the development of interferometer
techniques using baselines of transglobal dimensions. These meth ods have become
known as Very Long Baseline Interferometry (VLBI). Arrays of radio telescopes situated
all over the Earth (or even in space) are regularly used for researches in radio
astronomy, reaching resolutions as small as a fraction of a milli arcsecond. The
technique also allows the measurement of the positions of the radio telescopes to a few
millimeters and so VLBI has become a major tool in geodesy and the study of the
rotation of the Earth. VLBI has now passed the pioneer stage and is becoming a
standard facility available to astronomers and geodesists, requiring the coordination of
the operations of indpendently owned radio telescopes around the world. In Europe
observatories from England, Federal Republic of Germany, France, Italy, Poland,
Sweden and The Netherlands are coordinated in their VLBI activity by the European
VLBI Network Consortium (EVN). The Programme Committee of the EVN allocates
time to scientific projects on a routine basis three times a year. The Unites States has a
similar arrangement of a network of independent radio observatories, and joint
experiments using 'Global Network' are often made.
Rotation is ubiquitous at each step of stellar evolution, from star formation to the final
stages, and it affects the course of evolution, the timescales and nucleosynthesis.
Stellar rotation is also an essential prerequisite for the occurrence of Gamma-Ray
Bursts. In this book the author thoroughly examines the basic mechanical and thermal
effects of rotation, their influence on mass loss by stellar winds, the effects of
differential rotation and its associated instabilities, the relation with magnetic fields and
the evolution of the internal and surface rotation. Further, he discusses the numerous
observational signatures of rotational effects obtained from spectroscopy and
interferometric observations, as well as from chemical abundance determinations,
helioseismology and asteroseismology, etc. On an introductory level, this book presents
in a didactical way the basic concepts of stellar structure and evolution in "track 1"
chapters. The other more specialized chapters form an advanced course on the
graduate level and will further serve as a valuable reference work for professional
astrophysicists.
Where do most stars (and the planetary systems that surround them) in the Milky Way
form? What determines whether a young star cluster remains bound (such as an open
or globular cluster), or disperses to join the field stars in the disc of the Galaxy? These
questions not only impact understanding of the origins of stars and planetary systems
like our own (and the potential for life to emerge that they represent), but also galaxy
formation and evolution, and ultimately the story of star formation over cosmic time in
the Universe. This volume will help readers understand our current views concerning
the answers to these questions as well as frame new questions that will be answered
by the European Space Agency's Gaia satellite that was launched in late 2013. The
book contains the elaborated notes of lectures given at the 42nd Saas-Fee Advanced
Course “Dynamics of Young Star Clusters & Associations" by Cathie Clarke (University
of Cambridge) who presents the theory of star formation and dynamical evolution of
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stellar systems, Robert Mathieu (University of Wisconsin) who discusses the kinematics
of star clusters and associations, and I. Neill Reid (S pace Telescope Science Institute)
who provides an overview of the stellar populations in the Milky Way and speculates on
from whence came the Sun. As part of the Saas-Fee Advanced Course Series, the
book offers an in-depth introduction to the field serving as a starting point for Ph.D.
research and as a reference work for professional astrophysicists.
Fascinating, engaging, and extremely visual, this Enhanced Thirteenth Edition of
FOUNDATIONS OF ASTRONOMY brings readers up-to-date on the developments and
discoveries in the exciting field of astronomy as recent as the summer 2015 New
Horizons studies of Pluto and its moons. Throughout the book, authors Michael Seeds
and Dana Backman emphasize the scientific method as they guide students to answer
two fundamental questions: What are we? And how do we know? In every chapter, the
book discusses the interplay between evidence and hypothesis, providing both factual
information and a conceptual framework for understanding the logic of science.
Important Notice: Media content referenced within the product description or the
product text may not be available in the ebook version.
This text has two objectives: to describe the leading ideas and concepts of modern
astronomy; and to indicate how astronomy in particular and physical science in general
developed, what its methods are, its goals and its limitations.
Structure and Evolution of Single Stars: An introduction is intended for upper-level
undergraduates and beginning graduates with a background in physics. Following a
brief overview of the background observational material, the basic equations describing
the structure and evolution of single stars are derived. The relevant physical processes,
which include the equation of state, opacity, nuclear reactions and neutrino losses are
then reviewed. Subsequent chapters describe the evolution of low-mass stars from
formation to the final white dwarf phase. The final chapter deals with the evolution of
massive stars.
The ninth edition of this successful textbook describes the full range of the astronomical
universe and how astronomers think about the cosmos.
Going beyond the superficial treatments found in "coffee-table" astronomy books, this
book provides comprehensive treatment of astronomy in depth, offering
comprehensible explanations of how and why things are as they are. Comprehensive in
its coverage, the book includes self-study questions at the end: of each chapter.
Issues in Astronomy and Astrophysics / 2012 Edition is a ScholarlyEditions™ eBook that
delivers timely, authoritative, and comprehensive information about Planetary Science.
The editors have built Issues in Astronomy and Astrophysics: 2012 Edition on the vast
information databases of ScholarlyNews.™ You can expect the information about
Planetary Science in this eBook to be deeper than what you can access anywhere else,
as well as consistently reliable, authoritative, informed, and relevant. The content of
Issues in Astronomy and Astrophysics: 2012 Edition has been produced by the world’s
leading scientists, engineers, analysts, research institutions, and companies. All of the
content is from peer-reviewed sources, and all of it is written, assembled, and edited by
the editors at ScholarlyEditions™ and available exclusively from us. You now have a
source you can cite with authority, confidence, and credibility. More information is
available at http://www.ScholarlyEditions.com/.
This publication contains presentations & poster papers of a conference that focussed
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on the many aspects of astrochemistry related to star formation. Topics covered
include: the next generation of telescopes & detectors; studies of fundamental chemical
processes both in the lab & in the field; an exploration of the connections between
chemistry & physics in star-forming regions; the unique problems of high-mass star
formation; the formation of hydrogen; deuterated molecules; molecular depletion;
observations & modelling of embedded protostars; accretion disks & circumstellar
disks; interstellar dust; and the chemistry, physical conditions, & structure of dark
clouds. Includes indexes of subjects, authors, & astronomical objects.
"A marvelous book, written about one of the history's greatest astronomers, and written
by one of the greatest historians of astronomy. As Henry Norris Russell shaped modern
astronomy a century ago, this book gives a valued glimpse into a time long gone.
DeVorkin's thoroughly researched and beautifully written book brings the man, and his
time, to life again."--David H. Levy "In the 1920s, Princeton astronomer Henry Norris
Russell stood as a giant among his peers. At the vanguard of uniting modern physics
with observation, he set the standard for astronomy for the twentieth century. In this
masterful biography, noted historian David DeVorkin chronicles one of the most exciting
eras in astronomical history and the man who was at its focal point. Combining
meticulous research with a lucid prose, DeVorkin shows how an anxiety-ridden scholar,
both savvy and ambitious, first revealed how stars are born, live, and die. An enthralling
study of an astrophysicist's mind at work."--Marcia Bartusiak, author of Thursday's
Universe and Through a Universe Darkly "DeVorkin's work on Russell is an outstanding
contribution to the history of modern astronomy and American science. In spite of its
high scholarly level, it will make a good read for general readers as well as historians of
science, astronomers, physicists, and others engaged in scientific work. It is the first
biography of Henry Norris Russell, and as a contribution to the history of American
astrophysics it is better than any other book I know of."--Helge Kragh, author of
Quantum Generations "DeVorkin's biography reveals how Russell used his talents,
achievements, and connections to accelerate the integration of physical theory into
American astrophysical practice. In doing so, it greatly enriches our understanding of
several themes within the history of science. . . . DeVorkin's scholarship is truly
impressive. This study will be mandatory reading for those in the history of modern
astronomy, in the history of twentieth-century American science, and in scientific
biography. In addition, it will find substantial readerships among practicing astronomers,
Princeton alumni and faculty, and readers of American biography. I strongly
recommend it."--Karl Hufbauer, author of Exploring the Sun: Solar Science since
Galileo
The Formation of StarsJohn Wiley & Sons
Remembrance of Things Past It scarcely seems credible that it was almost exactly
thirty years ago that I ?rst met Duccio Macchetto at the ?rst meeting of the newly
formed Science Working Group of what was then called the Space Telescope project.
We were there in slightly d- ferent roles, Duccio as the project scientist for the Faint
Object Camera and I as an interdisciplinary scientist. Henk van de Hulst was also there
as the of?cial rep- sentative of ESO. The approval of the project was the end result of a
great deal of lobbying and politicking both in the USA and Europe, the European
contribution proving essential to the approval process in the USA. Those interested in
the nit- gritty of the process should read Robert Smith’s outstanding history of the
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Hubble Space Telescope. We should have realized early on that we were in for a rough
time. At that ?rst meeting of the Science Working Group I remember vividly NASA
Headquarters telling us that the Space Telescope was a success-oriented programme
that would cost M$ 680. Well, we could live with the cost-tag, but we should have had
concerns about the expression “success-oriented”. This meant that everything should
turn out exactly as planned, the project would be carried out within the projected timescale and budget and the telescope would be launched in 1983. Well, the rest is
history. We learned a lot of useful jargon along the way.
This book is a comprehensive treatment of star formation, one of the most active fields
of modern astronomy. The reader is guided through the subject in a logically compelling
manner. Starting from a general description of stars and interstellar clouds, the authors
delineate the earliest phases of stellar evolution. They discuss formation activity not
only in the Milky Way, but also in other galaxies, both now and in the remote past.
Theory and observation are thoroughly integrated, with the aid of numerous figures and
images. In summary, this volume is an invaluable resource, both as a text for physics
and astronomy graduate students, and as a reference for professional scientists.
Astronomy is a science as old as the stars! With The Complete Idiot's Guide® to Astronomy,
Second Edition, learn: Fascinating facts while taking a tour of our solar system, our galaxy, and
beyond Idiot-proof steps for buying and using today's cutting-edge telescopes Tips and tricks
to guide you when exploring the skies
'Understanding Stellar Evolution' is based on a series of graduate-level courses taught at the
University of Washington since 2004, and is written for physics and astronomy students and for
anyone with a physics background who is interested in stars. It describes the structure and
evolution of stars, with emphasis on the basic physical principles and the interplay between the
different processes inside stars such as nuclear reactions, energy transport, chemical mixing,
pulsation, mass loss, and rotation. Based on these principles, the evolution of low- and highmass stars is explained from their formation to their death. In addition to homework exercises
for each chapter, the text contains a large number of questions that are meant to stimulate the
understanding of the physical principles. An extensive set of accompanying lecture slides is
available for teachers in both Keynote(R) and PowerPoint(R) formats.
Understanding Life, Third Editionis intended for non-major biology students.--General Biology
(non-majors)-Principles of Biology
Fascinating, engaging, and extremely visual, Foundations of Astronomy Twelth Edition
emphasizes the scientific method throughout as it guides students to answer two fundamental
questions: What are we? And how do we know? Updated with the newest developments and
latest discoveries in the exciting study of astronomy, authors Michael Seeds and Dana
Backman discuss the interplay between evidence and hypothesis, while providing not only fact
but also a conceptual framework for understanding the logic of science. Important Notice:
Media content referenced within the product description or the product text may not be
available in the ebook version.
A comprehensive introduction to astronomical objects and phenomena, for undergraduate
students.
Driven by discoveries, and enabled by leaps in technology and imagination, our understanding
of the universe has changed dramatically during the course of the last few decades. The fields
of astronomy and astrophysics are making new connections to physics, chemistry, biology, and
computer science. Based on a broad and comprehensive survey of scientific opportunities,
infrastructure, and organization in a national and international context, New Worlds, New
Horizons in Astronomy and Astrophysics outlines a plan for ground- and space- based
astronomy and astrophysics for the decade of the 2010's. Realizing these scientific
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opportunities is contingent upon maintaining and strengthening the foundations of the research
enterprise including technological development, theory, computation and data handling,
laboratory experiments, and human resources. New Worlds, New Horizons in Astronomy and
Astrophysics proposes enhancing innovative but moderate-cost programs in space and on the
ground that will enable the community to respond rapidly and flexibly to new scientific
discoveries. The book recommends beginning construction on survey telescopes in space and
on the ground to investigate the nature of dark energy, as well as the next generation of large
ground-based giant optical telescopes and a new class of space-based gravitational
observatory to observe the merging of distant black holes and precisely test theories of gravity.
New Worlds, New Horizons in Astronomy and Astrophysics recommends a balanced and
executable program that will support research surrounding the most profound questions about
the cosmos. The discoveries ahead will facilitate the search for habitable planets, shed light on
dark energy and dark matter, and aid our understanding of the history of the universe and how
the earliest stars and galaxies formed. The book is a useful resource for agencies supporting
the field of astronomy and astrophysics, the Congressional committees with jurisdiction over
those agencies, the scientific community, and the public.
Featuring detailed commented spectral profiles of more than one hundred astronomical
objects, in colour, this spectral guide documents most of the important and spectroscopically
observable objects accessible using typical amateur equipment. It allows you to read and
interpret the recorded spectra of the main stellar classes, as well as most of the steps from
protostars through to the final stages of stellar evolution as planetary nebulae, white dwarfs or
the different types of supernovae. It also presents integrated spectra of stellar clusters,
galaxies and quasars, and the reference spectra of some terrestrial light sources, for
calibration purposes. Whether used as the principal reference for comparing with your
recorded spectra or for inspiring independent observing projects, this atlas provides a
breathtaking view into our Universe's past. The atlas is accompanied and supplemented by
Spectroscopy for Amateur Astronomers, which explains in detail the methods for recording,
processing, analysing and interpreting your spectra.

This book provides a modern introduction to the study of star formation, at a level
suitable for graduate students or advanced undergraduates in astrophysics. The
first third of the book provides a review of the observational phenomenology and
then the basic physical processes that are important for star formation. The
remainder then discusses the major observational results and theoretical models
for star formation on scales from galactic down to planetary. The book includes
recommendations for complementary reading from the research literature, as well
as five problem sets with solutions. Request Inspection Copy
Uses a discovery approach which encourages readers to be active rather than
passive learners. Organized in the way astronomy developed—from observations
to an understanding first of the solar system and later of stars and galaxies. A
separate Activity Kit features experimentation and measurement projects in order
to obtain direct experience in the scientific gathering and analyzing of data. In this
edition, the art program has been expanded to include full color photos plus
computer generated multicolor diagrams which help clarify complex concepts.
Contains a completely rewritten and updated discussion of the planets and a new
Earth/Moon chapter.
Influenced by astronomy education research, 21st Century Astronomy offers a
complete pedagogical and media package that facilitates learning by doing, while
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the new one-column design makes the Fifth Edition the most accessible
introductory text available today.
Stellar Formation focuses on the properties, distributions, characteristics, and
formation of stars and galaxies. The manuscript first offers information on
locations of star formation, as well as the distribution of interstellar gas, clouds,
and globules; spatial relationships between young stars and interstellar matter;
and distribution of young stars. The book also tackles frequency distribution of
stellar masses and aggregates of stars. The text ponders on the frequency
distribution of cloud masses, rate and environment of star formation, and cloud
structure in the interstellar gas. The publication also examines the fragmentation
of clouds into protostars and the frequency distribution of protostar masses, rate
of formation of stars, and evolution of galaxies. Discussions focus on random
fragmentation, gravitational turbulence, and fragmentation induced by molecule
formation. The manuscript is a vital reference for scientists and readers
interested in stellar formation.
Available with WebAssign! Author Theo Koupelis has set the mark for a studentfriendly, accessible introductory astronomy text with In Quest of the Universe. He
has now developed a new text to accommodate those course that focus mainly
on stars and galaxies. Ideal for the one-term course, In Quest of the Stars and
Galaxies opens with material essential to the introductory course (gravity, light,
telescopes, the sun) and then moves on to focus on key material related to stars
and galaxies. Incorporating the rich pedagogy and vibrant art program that have
made his earlier books a success, Koupelis' In Quest of the Stars and Galaxies is
the clear choice for students' first exploration of the cosmos.
ROSAT Observations G. HASINGER Max-Planck-Institut flir extraterrestrische
Physik, D-85740 Garching, Germany Abstract. This review describes the most
recent advances in the study of the extragalactic soft X-ray background and what
we can learn about its constituents. The deepest pointed observations with the
ROSAT PSPC are discussed. The logN-logS relation is presented, which
reaches to the faintest X-ray fluxes and to the highest AGN surface densities
ever achieved. The N(>S) relation shows a 2 density in excess of 400 deg- at the
faintest fluxes and a flattening below the Einstein Deep Survey limit. About 60%
of the extragalactic background has been resolved in the deepest field. Detailed
source spectra and first optical and radio identifications will be discussed. The
results are put into perspective of the higher energy X -ray background. Key
words: X-rays, background radiations, active galactic nuclei. 1. Introduction The
extragalactic X-ray background (XRB), discovered about 30 years ago, has been
studied extensively with many X-ray experiments, in particular with the satel lites
HEAO I and II (see ego Boldt 1987) and with ROSAT (e. g. Hasinger et aI. ,
1993). Figure 1 shows a compilation of some of the most recent spectral
measure ments for the X-ray background. Over the energy range from 3 to about
100 keY its spectrum can be well approximated by an optically thin thermal
bremsstrahlung model with kT ~ 40 keY, while at lower X-ray energies a
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steepening into a new component has been observed observed (e. g.
Updated third edition introduces undergraduates to the Solar System's bodies,
the processes upon and within them, and their origins and evolution.
The book begins with a historical introduction, "Star Formation: The Early
History", that presents new material of interest for students and historians of
science. This is followed by two long articles on "Pre-Main-Sequence Evolution of
Stars and Young Clusters" and "Observations of Young Stellar Objects". These
articles on the fascinating problem of star formation from interstellar matter give a
thorough overview of present-day theories and observations. The articles contain
material so far unpublished in the astronomical literature. The book addresses
graduate students and can be used as a textbook for advanced courses in stellar
astrophysics.
This advanced undergraduate text provides broad coverage of astronomy and
astrophyscis with a strong emphasis on physics. It has an algebra and
trigonometry prerequisite, but calculus is preferred.
This new edition of Hartmann's bestselling text continues to provide students with
a highly visual and conceptual presentation of astronomical principles. Hartmann
discusses three themes: time, space and cosmic time.
Barron's Let's Review Regents: Earth Science 2020 gives students the step-bystep review and practice they need to prepare for the Regents exam. This
updated edition is an ideal companion to high school textbooks and covers all
Physical Setting/Earth Science topics prescribed by the New York State Board of
Regents. All Regents test dates for 2020 have been canceled. Currently the
State Education Department of New York has released tentative test dates for
the 2021 Regents. The dates are set for January 26-29, 2021, June 15-25, 2021,
and August 12-13th. This useful supplement to high school Earth Science
textbooks features: Comprehensive topic review covering fundamentals such as
astronomy, geology, and meteorology The 2011 Edition Reference Tables for
Physical Setting/Earth Science More than 1,100 practice questions with answers
covering all exam topics drawn from recent Regents exams One recent fulllength Regents exam with answers Looking for additional practice and review?
Check out Barron’s Regents Earth Science Power Pack 2020 two-volume set,
which includes Regents Exams and Answers: Earth Science 2020 in addition to
Let’s Review Regents: Earth Science 2020.
Anywhere in the Universe, gas that is sufficiently dense will form a range of
molecules. Emissions from these molecules - often in the radio régime - excited
by collisions can be detected in many locations in our Galaxy and in external
galaxies, including some of the most distant objects in the Universe. Astronomers
use the information contained in the detected radiation to infer the conditions in
the emitting region, and so are able to investigate the processesoccurring in, for
example, star forming regions, circumstellar matter, active galactic nuclei, and
the early Universe.
Written as an astronomy course for students who are not specializing in scientific
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subjects, this text makes the connections between facts and theory, between
discoveries and implications, and between astronomy and other related fields.
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