IOPSClence iopscience.iop.org

This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 18.218.18.195
This content was downloaded on 26/04/2024 at 17:34

Please note that terms and conditions apply.

You may also like:

INVERSE PROBLEMS NEWSLETTER

Black Holes, Cosmology and Extra Dimensions
Valeri P Frolov



https://iopscience.iop.org/page/terms
https://iopscience.iop.org/article/10.1088/0266-5611/14/3/025
https://iopscience.iop.org/article/10.1088/0264-9381/30/19/199001

Elementary Cosmology
(Second Edition)

From Aristotle’s universe to the Big Bang and beyond



Alp e 1OP | €b00kS”

S society

AAS Editor in Chief
Ethan Vishniac, Johns Hopkins University, Maryland, USA

About the program:

AAS-IOP Astronomy ebooks is the official book program of the American
Astronomical Society (AAS), and aims to share in depth the most fascinating areas
of astronomy, astrophysics, solar physics and planetary science. The program
includes publications in the following topics:

GALAXIES AND INTERSTELLAR STARS AND EDUCATION,
COSMOLOGY MATTER AND THE STELLAR PHYSICS OUTREACH,
LOCAL UNIVERSE AND HERITAGE

@ *

HIGH-ENERGY THE SUN AND THE SOLAR SYSTEM, LABORATORY
PHENOMENA AND THE HELIOSPHERE EXOPLANETS, ASTROPHYSICS,
FUNDAMENTAL AND ASTROBIOLOGY INSTRUMENTATION,
PHYSICS SOFTWARE, AND DATA

Books in the program range in level from short introductory texts on fast-moving
areas, graduate and upper-level undergraduate textbooks, research monographs and
practical handbooks.

For a complete list of published and forthcoming titles, please visit iopscience.org/
books/aas.

About the American Astronomical Society

The American Astronomical Society (aas.org), established 1899, is the major
organization of professional astronomers in North America. The membership
(~7,000) also includes physicists, mathematicians, geologists, engineers and others
whose research interests liec within the broad spectrum of subjects now comprising
the contemporary astronomical sciences. The mission of the Society is to enhance
and share humanity’s scientific understanding of the universe.


http://iopscience.org/books/aas
http://iopscience.org/books/aas
https://aas.org

Editorial Advisory Board

Steve Kawaler
ITowa State University, USA

Ethan Vishniac
Johns Hopkins University, USA

Dieter Hartmann
Clemson University, USA

Piet Martens
Georgia State University, USA

Dawn Gelino
NASA Exoplanet Science Institute,
Caltech, USA

Joan Najita
National Optical Astronomy
Observatory, USA

Bradley M. Peterson
The Ohio State University | Space
Telescope Science Institute, USA

Scott Kenyon
Smithsonian Astrophysical Observatory,
Us4

Daniel Savin
Columbia University, USA

Stacy Palen
Weber State University, USA

Jason Barnes
University of Idaho, USA

James Cordes
Cornell University, USA






Elementary Cosmology
(Second Edition)

From Aristotle’s universe to the Big Bang and beyond

James J Kolata
Physics Department, University of Notre Dame, Notre Dame, IN, USA

IOP Publishing, Bristol, UK



© IOP Publishing Ltd 2020

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording
or otherwise, without the prior permission of the publisher, or as expressly permitted by law or
under terms agreed with the appropriate rights organization. Multiple copying is permitted in
accordance with the terms of licences issued by the Copyright Licensing Agency, the Copyright
Clearance Centre and other reproduction rights organizations.

Permission to make use of IOP Publishing content other than as set out above may be sought
at permissions@ioppublishing.org.

James J Kolata has asserted his right to be identified as the author of this work in accordance with
sections 77 and 78 of the Copyright, Designs and Patents Act 1988.

ISBN  978-0-7503-3615-4 (ebook)
ISBN  978-0-7503-3613-0 (print)
ISBN  978-0-7503-3616-1 (myPrint)
ISBN  978-0-7503-3614-7 (mobi)

DOI 10.1088/2514-3433/abbd4b
Version: 20201201

AAS-IOP Astronomy
ISSN 2514-3433 (online)
ISSN 2515-141X (print)

British Library Cataloguing-in-Publication Data: A catalogue record for this book is available
from the British Library.

Published by IOP Publishing, wholly owned by The Institute of Physics, London
IOP Publishing, Temple Circus, Temple Way, Bristol, BS1 6HG, UK

US Office: IOP Publishing, Inc., 190 North Independence Mall West, Suite 601, Philadelphia,
PA 19106, USA

Cover image: Eta Carinae Nebula (NGC 3372), optical image. This nebula (a vast cloud of dust
and gas) surrounds the variable star Eta Carinae. This massive star, over 100 times the mass of the
Sun, is the most luminous star known in our Galaxy. It radiates its energy at a rate that is 5 million
times that of the Sun. Because of its huge mass, it is extremely unstable. It is in the constellation
Carina, about 9000 light years away from Earth. This image includes filters for the light from
hydrogen (H-alpha), oxygen (OIIl) and sulphur (SII) ions. Image credit: Dr Luke Dodd/Science
Photo Library.



“Isn’t that what it means to be a scientist? To push the boundaries of the unknown?
To bravely, actively explore the enormity of our universe?”

—Robyn Mundell, Brainwalker

“The more clearly we can focus our attention on the wonders and realities of the
universe about us, the less taste we shall have for destruction.”

—Rachel Carson

“One of the basic rules of the universe is that nothing is perfect. Perfection simply
doesn’t exist. Without imperfection, neither you nor I would exist.”

—Stephen Hawking

“Tune your television to any channel it doesn’t receive and about 1 percent of the
dancing static you see is accounted for by this ancient remnant of the Big Bang.
The next time you complain that there is nothing on, remember that you can
always watch the birth of the universe.”

—Bill Bryson, A Short History of Nearly Everything
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Preface

Cosmology is the study of the origin, size, and evolution of the entire universe. Every
culture has developed a cosmology, whether it be based on religious, philosophical,
or scientific principles. In this book, the evolution of the scientific understanding of
the universe in the Western tradition is traced from the early Greek philosophers to
the most modern 21st century view.

This book began as a series of lecture notes for a one-semester course at the
University of Notre Dame called “Elementary Cosmology.” An elective for non-
science majors, it was designed to acquaint the non-mathematically-inclined student
with the most important discoveries in cosmology up to the present day and how
they have constantly altered our perceptions of the origin and structure of the
universe. It examined such questions as: “Where did the universe come from?” or
“Why do scientists now feel sure that its birth was in a great cosmic fireball called the
Big Bang?” and “Where did the Big Bang itself come from?” The emphasis was on
class discussion of readings from “science popularizations” for the curious and
intelligent layperson, focusing eventually on the many interesting and exciting new
discoveries in cosmology in the late 20th and early 21st century.

After a brief introduction to the concept of the “scientific method,” which
underpins all scientific approaches to the study of the universe, the first part of
the book describes the way in which detailed observations of the universe, first with
the naked eye and later with increasingly complex modern instruments, ultimately
led to the development of the “Big Bang” theory which supplies the framework for
our current understanding of cosmology. The key to this theory is the realization
that our universe, far from being static and eternal, has instead been expanding in
size since its origin some 13.5 billion years ago. While the fact of this expansion was
accepted rather soon after it was first proposed in the 1920s and 1930s, the more
radical idea that the universe had a birthday was more difficult for scientists to
accept. It was only with the development of modern, satellite-based communication
devices in the 1960s that instruments sensitive enough to detect the “cosmic
microwave background” (CMB) were produced. It is now understood that the
CMB consists of ancient light, emitted at a time near to the formation of the
universe. As such it’s the “smoking gun” of the Big Bang, and detailed studies of its
properties have led to many interesting and fascinating new discoveries in
cosmology.

The second part of the book traces the evolution of the Big Bang theory itself,
including the very recent observation that the expansion of the universe is itself
accelerating with time. In addition, the contribution of modern physics to our
understanding of the mechanism of the Big Bang is discussed, and the state of the
universe at various eras throughout its history is described. Finally, some spec-
ulations beyond current knowledge that bear on cosmology are introduced and the
implications for future developments in our understanding of the universe are
described.
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Elementary Cosmology (Second Edition)

The text contains many links to websites that clarify and extend the discussion. By
following these links (some to images and videos), the reader can attain a much more
in-depth understanding of many of the concepts introduced in this book. This is
especially true for those seeking a more mathematical discussion of these topics,
which is beyond the level of the current text.
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