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Lithium-ion batteries dominate mobile 
electronics: laptops, cell phones, 

e-readers, etc. Their role is expanding as 
electric propulsion, wearable electronics, 
and the Internet of things are being devel-
oped. However, they fall short of their 
potential: current technologies achieve 
only 20% of the theoretical energy den-
sities. This situation has motivated much 
research. In the book reviewed here, four 
authors combine their expertise in solid-
state physics and chemistry, electrochem-
istry, and battery technology to bring us 
up to date. Additionally, they discuss the 
 re problems that occur from time to time 

in lithium batteries and recent progress 
in the use of nanotechnology to improve 
performance.
 The  rst two chapters include a lucid 
introduction to energy storage and lithium 
batteries. The third chapter includes a 
thermodynamic background and explains 
intercalation, the reversible process of 
introducing and extracting ions from 
the layers of the host structure. The next 
chapter explores the use of the rigid-bond 

model for intercalation in transition-metal 
chalcogenides and oxides, concluding 
that it “can only be rarely applied.” The 
density functional theory, which has been 
used with considerable success, is not 
discussed. In contrast to other chapters, 
this chapter has no references after 2010. 
Chapters 5 to 9 discuss cathode materi-
als, which have attracted a lot of atten-
tion. Layered structures such as lithium 
cobalt oxide, which is used commercially, 
and its potential replacements, which are 
cheaper and less toxic, are discussed in 
chapter 5. The next four chapters discuss 
three-dimensional networks, polyanionic 
compounds,  uoro-polyionic compounds, 
and disordered compounds. 
 Chapter 10 is devoted to anodes based 
on carbon, silicon, lithium titanate, and 
several other materials. Electrolytes and 
separators are discussed together in chap-
ter 11 since the choice of one depends on 
the other materials. The important role 
of solid-electrolyte interphase comes up 
for a detailed and authoritative discussion 
here. A special feature of the book is the 

discussion in chapter 12 on synthesis of 
nanomaterials and their electrochemical 
and physical properties. A lot of ongo-
ing research on batteries involves nano-
technology. It is convenient to have a 
summary of experimental techniques in 
chapter 13. The next chapter on safety 
aspects is timely. The concluding chap-
ter presents a brief introduction to tech-
nological issues of capacity, electrode 
loading, degradation, manufacturing, 
and packaging.
 With the fast pace of research in this 
 eld, many topics, such as stretchable bat-

teries that can be attached to the skin like 
an adhesive bandage, material recycling 
technologies, and lithium-air batteries, 
will have to wait for future volumes. 
This book covers the chosen topics com-
prehensively with good illustrations and 
a large number of references, including 
recent ones. Cathodes get more than 800 
references and anodes get 650! This book 
will be useful to students (although home-
work exercises would have added value), 
researchers in academia, laboratories, and 
energy-related industries. With its focus 
on fundamental materials science, the 
book not only informs you of the state 
of the art, but also prepares you for the 
advances that are likely to come.

Reviewer: N. Balasubramanian is an 
independent research scholar working on 
energy-related materials and ultra  ne-
grain materials in Bangalore, India.
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This book is a well-condensed, use-
ful textbook that introduces damage 

mechanics and fracture mechanics. It 
does not dive deeply into all of the failure 
modes or mathematical models of all the 
related theories in applied mechanics, but 
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is a suf  cient level of introduction that is 
necessary to understand the content. The 
book is comprised of  ve chapters.
 Chapter 1 starts from a classical uniax-
ial tensile test with round and  at shapes 
to introduce the stress–strain behavior 

of a ductile aluminum alloy with corre-
sponding microstructure changes at dif-
ferent stages. This chapter provides the 
outline and focus of the book, where three 
theories—classical continuum mechan-
ics, continuum damage mechanics, and 
fracture mechanics—are described based 
on material behavior at the microscale. 
 Chapter 2 introduces elastic materials 
behavior under simple load conditions. 
The introduction to the three-dimensional 
Hooke’s Law for isotropic and linear-
elastic materials behavior is very useful 
and essential for  nite elements and other 
numerical analytical methods for engi-
neering design and failure analysis.
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This book is indeed a short introduc-
tion; nevertheless, it is surprisingly 

complete. It is perfect reading for any-
one who wants to extend their knowl-
edge of microscopy but has little time. 
Because of its length, do not expect to 
learn in-depth details about microscopy 
techniques.
 In general, this book is mostly about 
optical (light) and electron microscopy. 
Both optical and electron microscopy 
are described very well. Beginners who 
plan to use these techniques can ben-
e  t from this book. It has a good blend 
and description of almost all modes of 
operation of these two microscopies. The 
book slightly touches on other advanced 
techniques, such as scanning probe and 
x-ray microscopy. The descriptions of 
these techniques could be improved by 
polishing facts and updating the informa-
tion with recent advancements in those 
areas. It is unlikely that  rst-time learn-
ers can effectively use this book for the 
latter techniques.
 After a brief historical introduction 
to the world of optical and electron 

microscopies (chapter 1), the book 
starts with a more detailed description 
of techniques behind optical and elec-
tron microscopy (chapter 2). Chapter 3 
is an excellent description of the details 
of light microscopy, parts of an opti-
cal microscope, and advanced optical 
imaging modes, such as dark  eld and 
phase contrast, polarized light micros-
copy, and Nomarski mode. This chapter 
also touches upon ultraviolet and infra-
red microscopy, describing  uorescent 
microscopy and confocal and laser scan-
ning confocal microscopies. It further 
describes ways to increase resolution 
by either some image post-processing 
(deconvolution) or by using several 
advanced methods commonly referred 
to as “super-resolution,” a recent devel-
opment of light microscopy. 
 Chapter 4 is entirely devoted to 
 uorescent microscopy and its use in 

biological and medical applications. 
Chapters 5 and 6 nicely describe trans-
mission and scanning electron micros-
copies, respectively. Both chapters 
contain useful information about ways 

to increase the resolution of the sam-
ples, specimen preparation, and ways of 
labeling samples. Chapter 7 describes 
“magni  cation by other routes.” This 
includes scanning, tunneling, and 
atomic force microscopies, both devel-
oped in the last 30 years. This chapter 
also includes information about near-
 eld optical scanning microscopy using 

exotic “super lenses” created from 
metamaterials and lensless microscopy 
(both optical and x-ray).  
 Finally, chapter 8 describes the 
impact of microscopy in forensic sci-
ence, art, environmental science manu-
facturing, and the development of food 
and drugs. It  nishes with a description 
of an elegant version of a super cheap 
“origami” optical microscope. The last 
two pages are devoted to a descrip-
tion of further readings, which include 
only one book for each microscopy. 
The book’s  gures are black and white; 
while they are not extraordinary, they 
are still useful.
 This book is worth reading by anyone 
who wants to learn (or verify existing 
knowledge) about optical and electron 
microscopies. It is an excellent, concise 
description of these techniques. The 
book can be improved upon by further 
expanding the material on scanning 
probe microscopy. Otherwise, it is a 
small gem de  nitely worth having.

Reviewer: Igor Sokolov is a professor at 
Tufts University, Medford, Mass., USA.
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 Chapter 3 covers the equations for plas-
ticity of materials through yield condition, 
 ow rule, and hardening mechanisms. The 

classical failure criteria and several fracture 
hypotheses are also introduced with well-
illustrated graphs and equations. 
 Chapter 4 introduces straightforward 
ductile damage mechanics by relating the 
behavior with the microstructure evolu-
tions to the elastoplastic deformation stage 
followed by the introduction of Lemaitre 
and Gurson damage models in one- and 
three-dimensional circumstances.
 Chapter 5 introduces the concepts of 
failure criteria in the presence of cracks 

under different stress conditions. The 
concept of stress concentration based 
on stress intensity factor, energy release 
rate, and J-integral is also introduced 
based on different geometry and defect 
con  gurations.
 As noted by the author, the purpose of 
this book is to provide an introduction to 
damage and fracture mechanics suitable 
for undergraduates. The author has suc-
ceeded in accomplishing the scope and 
organizing the content in a very readable 
structure without losing any important 
information on this topic. Each chap-
ter has suf  cient  gures/illustrations to 

help understand the information. There 
are worked examples in some chapters. 
The supplementary problems are taken 
from  tutorials in the class, but there are 
no solutions provided, which encour-
ages students to  nd the solution on their 
own with some hints. This book will 
be useful not only to students, but also 
junior engineers who frequently utilize 
these principles. I recommend this book 
without reservation to anyone who needs 
to learn fracture mechanics.

Reviewer: Yan Hong of General Electric, 
USA.


