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Choudhuri’s captivating narrative starts
with the massive power blackout of
13 March 1989 in Quebec, an event
caused by a strong solar flare from a
few days earlier. Such strong solar erup-
tions are associated with sunspots, clus-
ters of which form active regions with
topologically complicated magnetic field
structures.

The author details such historical
highlights as the discovery of the
11-year solar cycle and makes a
brief excursion into the solar in-
terior’s dynamics and evolution.
His simple description of a tur-
bulent plasma in a magnetic field
serves as an introduction to the
deep theoretical studies of mag-
netic field generation and to Eu-
gene Parker, Horace Babcock,
and Robert Leighton, the scientists who
developed the foundation of solar dy-
namo theory.

The long record of solar observations
shows that the duration and strength of
solar cycles have varied over time. Our
understanding of the solar cycle is deter-
mined by the ability of theoretical mod-
els to make reliable forecasts, and until
recently, available models failed to cor-
rectly predict either a cycle’s amplitude
or the time of the next solar maximum.
During the past 10 years, however, anew
approach has emerged: Realizing that
our knowledge of the Sun’s interior is
still incomplete, solar physicists are com-
bining theoretical modeling with obser-
vational data.

Although Choudhuri does not detail
the new “data assimilation” approach in
the book, he has previously suggested a
weather forecasting scheme that com-
bines observational data with a type of
Babcock-Leighton mean-field dynamo
model. Because of the known correlation
between the strength of global magnetic
fields during a solar minimum and dur-
ing the next solar maximum, the mag-
netic field forecast is updated once per
solar cycle, at the solar minimum, by
means of an empirically determined
dipole magnetic index. The assimilation
of that data with the dynamo model en-
abled physicists to correctly predict the
observed amplitude of the current solar
cycle, which began in 2008 and is the
24th since extensive recording of sunspot
activity began in 1755.

Nature’s Third Cycle includes ap-
proaches to model the solar cycles and
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their predictions using rigorous mathe-
matical methods that are briefly de-
scribed in the appendices. The next step
is to incorporate nonlinear magneto-
hydrodynamic models and data assimi-
lation; the new prediction models that
result may be considered as an ensemble
of possible states sequentially adjusted
with observational data. In my recent
work with Alexander Kosovichev, we
have applied that approach to
describe the observed asymme-
try of solar cycles, which grow
faster than they decay (the so-
called Waldmeier effect). Our
initial results are in good agree-
" ment with the actual observed
evolution of the current solar
cycle—the good agreement sug-
gests the possibility of making
reliable predictions at least seven years
forward after a solar minimum.

I strongly recommend Nature’s Third
Cycle to readers who are interested in
learning about solar activity, its effects on
Earth, and the history of the field. It in-
cludes technical details and references
for delving deeper into a fascinating
topic, yet it is easy and enjoyable to read.

Irina Kitiashvili
NASA’s Ames Research Center
Moffett Field, California

The Story of

Collapsing Stars

Black Holes, Naked
Singularities, and the Cosmic
Play of Quantum Gravity

Pankaj S. Joshi
Oxford U. Press, 2015. $49.95 (225 pp.).
ISBN 978-0-19-968676-6

hat happens to a star after it has ex-
Whausted its nuclear fuel? If the star’s

initial mass is sufficiently small, it
collapses gravitationally and becomes a
white dwarf or a neutron star. For mas-
sive stars, the inevitable final state is a
singularity hidden behind an
event horizon—that is, a black
hole. Atleast that is the story told
by the cosmic censorship conjec-
ture, which does not permit
“naked” singularities void of an
event horizon as the end state of
gravitational collapse. However,
the conjecture is still unproven.

In The Story of Collapsing Stars: Black
Holes, Naked Singularities, and the Cosmic
Play of Quantum Gravity, Pankaj Joshi
presents the active field of research on
gravitational collapse. He concentrates
on possible outcomes of such collapses,
probing the conditions under which col-
lapsing stars form black holes, which are
not visible to a distant observer, and
naked singularities, which can be seen
by a distant observer. He also asks how
we should formulate the cosmic censor-
ship conjecture so that it can be proved.
Joshi outlines his and others’ efforts in
the past few decades to address those
research questions.

The book starts out with a short, ac-
cessible exposition of general relativity.
Joshi then describes singularities; in par-
ticular, he discusses the singularity theo-
rems, which state the conditions under
which singularities form in general rela-
tivity. He details the two possible kinds
of singularity —black holes and naked
singularities. Unfortunately, he neglects
to include a short overview of the astro-
physical evidence for their existence, as
Fulvio Melia did in The Black Hole at the
Center of Our Galaxy (Princeton Univer-
sity Press, 2003).

In the subsequent chapters, Joshi
presents different models for the gravi-
tational collapse of massive stars. He
starts with the idealized collapse of a
spherical, symmetric, and homogeneous
dust cloud, which unambiguously does
lead to a black hole. After that, Joshi re-
laxes all the assumptions gradually and
considers inhomogeneous dust models,
different matter models, deviations from
spherical symmetry, generalized theo-
ries of gravitation, and more. He shows
that naked singularities are indeed a
viable end state of the collapse of a star
whose matter satisfies the standard en-
ergy conditions. Unfortunately, the as-
sumptions made beyond the energy con-
ditions—for example, for velocity and
density profiles—are not justified astro-
physically, microphysically, or other-
wise. Thus it might be difficult for read-
ers to evaluate the applicability
of the models to realistic collapse
scenarios. Additionally, a refer-
ence list would have been help-
ful for expert readers.

Chapter 7, “Cosmic Conun-
drums,” is a highlight of the
book. Therein, Joshi brings to-
gether the material of the previ-



ous chapters by formulating common
questions regarding the cosmic censor-
ship conjecture and additional proper-
ties of black holes and naked singulari-
ties. He answers those questions directly
based on current knowledge and does
not shy away from pointing out open is-
sues. For scientists who are interested in
studying gravitational collapse, this sec-
tion will be valuable.

The book concludes with a discussion
of the observational signatures of naked
singularities and how those objects can
be distinguished from black holes. And
it discusses possible observations of
quantum gravity effects. The extreme
conditions near a naked singularity
allow processes at such high energies
that we might indeed be able to see evi-
dence for a unification of quantum me-
chanics and general relativity. That
would make naked singularities—if they
are observed —an exciting laboratory for
the discovery of new physics.

Although meant for a popular audi-
ence, The Story of Collapsing Stars pre-
sents the open research questions so
clearly that it can also serve as a valuable
starting point for scientists and students
considering research in the area of grav-
itational collapse.

Norman Giirlebeck
University of Bremen
Bremen, Germany
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Lock around the clock!

Frequency combs are an ideal solu-
tion for tasks that require a precise
reference for optical frequencies.
Typical applications are high-reso-
lution spectroscopy, optical clocks
for precision-time keeping, naviga-
tion, OPCPA seeding, dimensional
metrology and communications.

TOPTICA offers complete solutions
including the frequency comb, wave-
length conversion, beat detection
and stabilization units for cw-lasers.
The fiber-based systems provide
the convenience of fiber lasers and
achieve an ultra-low noise perfor-
mance that outpaces titanium-sap-
phire technology. This comb creates
a completely new laser experience to
lock around the clock!
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