Cambridge University Press & Assessment
978-1-316-51931-8 — Visible and Dark Matter in the Universe
Giuseppe Bertin

Frontmatter

More Information
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This is a concise introduction to modern astrophysics for physicists, with a focus on
galaxy dynamics and the discovery of dark matter halos in galaxies. Part I summarizes
important discoveries in observational astronomy and astrophysics, in a manner acces-
sible to those who are new to the topic. Building on this foundation, Part II describes the
study of dark matter and provides more detail on galactic dynamics. Important physi-
cal concepts that form the basis of key astrophysical phenomena are explained, avoiding
unnecessary technicalities and complex derivations. The approach is semi-empirical and
emphasizes the importance of key measurements and observations in formulating fun-
damental theoretical questions and developing their solutions. Students are encouraged
to develop a deep understanding of major discoveries and contemporary research top-
ics, beyond the simple application of practical models and formulae, as a bridge to more
advanced study in astrophysics.
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Preface

The structure of this book reflects the first part of a one-semester course
addressed to third-year undergraduate students of physics at the University of
Milan. In the form taken in the last 15 years, the course contained two addi-
tional parts. The second part was taught by a colleague active in the study of
the cosmic microwave background radiation, who introduced several aspects of
observational astronomy and observational cosmology (recently this contribu-
tion was replaced by two colleagues briefly covering the topics of black holes
in astrophysics and modern aspects of cosmology). The third part was given by
a colleague working on neutrino experiments at Gran Sasso, who focused on
topics in astroparticle physics.

My task was to set the general themes for such a composite set of lectures,
which were meant to help undergraduate students, with no previous experience
in astronomy courses, to become familiar with key research topics in astro-
physics and possibly to decide, on the basis of these lectures, whether they
would wish to undertake a program in astrophysics for their future graduate
studies.

Within this general framework, in my part (20 hours of class) I tried to pose
and answer the following key questions:

(1) What are the most significant discoveries in astrophysics of the last 100
years?

(i1) What does research in astrophysics consist in?

(iii) Why does gravity, even at the classical level, still pose some of the most
intriguing and challenging problems in modern astrophysics?

To proceed, and to do so at an elementary level within a very limited number

of classes, I decided to focus on few selected topics that I judged to be particu-
larly significant and instructive. I divided my time-slot in two equal parts. The

X1
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xii Preface

first was devoted to providing highlights of major discoveries, as an answer
to the first key question mentioned above. Then, in order to be more specific
and to tackle at least one topic in some depth, in the second part of my slot I
described the discovery of dark matter from the study of galaxies and clusters
of galaxies. This allowed me to provide an answer to the third key question
posed above. I thus produced a personal view of introducing astrophysics to
students of physics. My classes were all based on concrete examples, in which
I tried to convey my firm conviction that progress and inspiration come from
few decisive measurements/observations rather than from abstract or deductive
arguments.

The interactions with the students revealed a number of apparently surpris-
ing characteristics of our physics program. While generally showing a rather
satisfactory background in modern physics (in particular, many already showed
areasonable familiarity with basic concepts in quantum mechanics and general
relativity), the students often, almost always, exhibited a rather weak and naive
attitude toward classical mechanics and related tools of calculus. Given the fact
that my research activity focuses on the dynamics of galaxies and other stellar
systems, I thus found it natural to take the task of presenting a short introduc-
tion to astrophysics as an excuse to insert, here and there, essentially in each
class I gave, some simple problems or a brief outline of some basic concepts
in classical mechanics. (In general, this supplementary material corresponds to
the final section of each chapter.) In doing so, I tried to prompt the students to
catch up with topics that not too long ago would be taken for granted as first-
year physics. These digressions in classical mechanics not only turned out to
be useful, but also helped excite some interest in dynamical aspects of astro-
physics. In other words, to some students they may have shown that a view of
astrophysics from the dynamical window has its own beauty.

For obvious reasons, the 10 chapters of this book expand significantly what I
could teach realistically in 10 two-hour classes, and thus this text may be taken
as the basis for a full one-term course.

I should also mention that some of the topics covered in this short book
draw from material to some extent present in two books that I wrote. However,
there is a clear contrast in emphasis and content, which here are fully aimed at
communicating with undergraduate students that are imagined to meet astron-
omy and astrophysics for the first time. In turn, the book Dynamics of Galaxies
(2nd ed., Cambridge University Press, 2014) is addressed to graduate students,
with the goal of providing a coherent framework for our current perception
and tools of investigation on the subject of the dynamics of galaxies, while the
monograph Spiral Structure in Galaxies: A Density Wave Theory (co-authored
with C. C. Lin; MIT Press, 1996) has a specific objective, that is, to provide a
coherent framework for understanding spiral structure in galaxies.
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Of course, in class I make wide use of the blackboard and plots taken from
books and other published material. In the current text, there are only a few
figures, most of them taken from seminal publications. My hope is that this
apparent limitation could serve as an incentive for the student to look up the
original references and other sources so as to properly complement the text
with the material that is generally provided in class. I am especially keen on
encouraging students to look up original references, which are selected and
listed in the relevant endnotes.

Finally, I would like to mention another point that is complementary to the
role of my teaching in writing this book. In Milan, at the end of their third year,
undergraduate students write an essay (in Italian, Tesi di Laurea Triennale), for
which the student has no obligation of obtaining original results as would be
suitable for a scientific publication or for a Ph.D. thesis. For the students, the
essay is a way to get exposed, often for the first time, to scientific research;
that is, to get an answer to the second key question that I raised above. So far I
have supervised about 20 such projects on topics of astrophysical interest. The
interactions with students during the supervision process have had a significant
influence in determining the content and the structure of the present book.
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