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Eric Johnson’s beautifully titled 
Anxiety and the Equation: Under-
standing Boltzmann’s Entropy is a 
conundrum. The writing in this text, 
which doubles as an introduction to 
the life of Ludwig Boltzmann and his 
entropy formula, is unusually literary 
for a popular-science book. Johnson 
clearly has a knack for prose, and 
his passion – for both Boltzmann 
and the equation S = k log W that is 
considered to be his greatest accom-
plishment – shines through. For the 
reader who enjoys popular science 
that is a little technical in nature, 
this could be an enjoyable and, at 
170 pages, fast read. 

Yet I found myself struggling, 
greatly, with it. My deepest struggle 
was that I wanted to love the book 
because the structural ideas that 
underpin it are so fun. I love the idea 
of a biography that goes in reverse, 
and this is of course a poignant nod to 
the fact that the arrow of time is both 
irreversible and deeply enmeshed 

with the second law of thermody-
namics, which the entropy formula 
illuminates. As time marches for-
ward, entropy can only increase and 
the past is irretrievable. So the book 
begins with Boltzmann’s suicide and 
promises to work backward from 
there. It does, sort of. There are 
indeed episodes from Boltzmann’s 
life, but by the end I could not under-
stand the exact thread that tied it all 
together. Johnson – a chemistry pro-
fessor at Mount St Joseph Univer-
sity in Cincinnati, US – doesn’t tell 
us much about Boltzmann’s origins, 
and I would have preferred some nod 
to the traditional biography, even 
with this new fascinating twist. 

As a working physicist, I’m not 
exactly the target audience, and I 
tried to be conscientious about this 
as I read. But I am also a theoretical 
physicist who thinks that statistical 
mechanics is extremely undervalued 
in the physics curriculum, which is 
why I agreed to review this book. My 

hope was that this would be a text I 
might give to undergraduates, to give 
them a helpful qualitative discus-
sion of the entropy formula. Indeed, 
Johnson seems to love explaining 
the entropy law, which quantitatively 
gives the relationship between the 
entropy of an ideal gas and the num-
ber of possible microstates – config-
urations of particles – for that gas. 
Indeed, arguably, this is the equation 
that allows us to have a sense of what 
entropy even is: a quantification of 
the number of microstates, given a 
macrostate, or the large-scale char-
acteristics of the gas. 

Johnson undoubtedly faces a 
daunting task: how to explain a fun-
damentally mathematical concept 
and equation without resorting to 
derivations that are written in equa-
tions? In many ways he succeeds – by 
relying on our intuition in an unu-
sual way. Often we teach physics by 
hoping that our student will have an 
intuitive sense of how things usually 
work. Johnson flips this by beginning 
with a physical scenario that – based 
on everyday experience – we all have 
a strong intuition is highly unlikely 
or impossible. What is the likelihood 
that all of the air in a room is in the 
left half of the room or the right half, 
instead of evenly distributed across 
both? From here, Johnson is able to 
lead the reader to intuition about 
both microstates and macrostates, 
and he does it better than any text-
book I’ve ever read. 

Even so, he ultimately relies on 
equations to explain the logarithm 
that appears in the formula, and 
after such a creative attack on micro-
states, this is a bit disappointing. In 
either case, this is not a book I would 
give to someone who is uncomfort-
able with maths, and I won’t be giv-
ing it as a present to family. Having 
read the book, I think I could give 
this book to undergraduates, but 
would only recommend it to them 
with a caveat: ignore nearly every-
thing that Johnson has to say about 
anxiety and mental health because 
it’s just one man’s opinion, which he 
never backs up. 

Boltzmann displayed behav-
iours that have, in hindsight, been 
pathologized as signalling mental 
illness, possibly bipolar disorder. 
In his text Johnson argues that it 
was more likely an anxiety disor-
der. Although he caveats his com-
ments with a reminder that he’s not 
a health professional, Johnson draws 
some rather strong conclusions, both 
about the possibility of an anxiety 
disorder and the nature of anxiety, 

An anxious descent
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Strong conclusions 
Eric Johnson covers 
Ludwig Boltzmann’s 
science well, but 
veers into dangerous 
territory by 
pathologizing him.
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which he calls a “21st-century dis-
ease”. He goes on to explain that 
by this he means that one can only 
feel anxious in a context where one’s 
basic needs are already taken care 
of, and that in fact, anxiety is irra-
tional. Along with his casual use of 
“crazy”, this explication of anxiety 
disorder troubled me. An alterna-
tive interpretation that he does not 
grapple with at all is that in the 21st 
century, we are becoming more con-
scious of how the brain works, rather 
than that we are becoming more 
sensitive. Does this mean that those 
of us who have experienced poverty 
could not be diagnosed with anxiety 

disorders because we only felt fear 
in those moments? Many racialized 
people experience racism-related 
anxiety, even if they are from com-
fortable income backgrounds. Do 
the conclusions that Johnson draws 
apply outside of the Global North? If 
not, does this mean that the Global 
South is not in the 21st century?

My wish is that Johnson had cho-
sen – or been encouraged to – engage 
with disability justice literature, 
which problematizes the common 
use of “crazy” because of the way 
casual uses of this language actually 
harms disabled people. My worry 
about sharing this with undergradu-

ates is that we know they experience 
significant amounts of anxiety, and 
I would be concerned that this text 
could make them feel bad about it, 
although that’s clearly not Johnson’s 
intention. Johnson in fact ends his 
book by saying Boltzmann was “a 
kind man with a generous mind”. I 
wish I had gotten this sense from the 
book, but these qualities were never 
emphasized to provide context for 
what anxiety might have really meant 
in Boltzmann’s life. 

Chanda Prescod-Weinstein is assistant 
professor of physics at the University of New 
Hampshire, Durham, US 
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Earth-like?  
Artist’s impression of 
the extrasolar planet 
Kepler-62f.

Commonly uncommon 
Ten billion – that is the estimated 
number of Earth-like planets in 
orbit around Sun-like stars in the 
Milky Way. In One of Ten Billion 
Earths: How we Learn About our 
Planet’s Past and Future from 
Distant Exoplanets, astrophysicist 
Karel Schrijver takes a detailed 
look at what we know about 
exoplanets, and what this rapidly 
growing body of knowledge tells 
us about the Earth and its place 
in the solar system. We have 
known about exoplanets for about 
25 years and Schrijver points out 
that the earliest discoveries were 
made in the most unlikely places. 
In 1992, for example, the first 
ever confirmed observation of 
an exoplanet involved an object 
about four times the mass of Earth 
orbiting a neutron star. Rather than 
surviving the supernova explosion 
that preceded the formation 
of the neutron star, Schrijver 
explains that the exoplanet and 
its two subsequently discovered 
companions were probably formed 
from the remnants of the explosion. 
So even in death, a star can acquire 
exoplanets. Another early surprise 
with possible implications for our 
solar system is the existence of “hot 
Jupiters” – gas giants that orbit 
much closer to their stars than 
Mercury does to the Sun. The first 
one was discovered in 1995, when 
it was thought that such planets 
must form far away from their stars, 
where it is cold enough for water, 
ammonia, methane and other 
volatile substances to freeze. We 
now know of many hot Jupiters, 
and a likely explanation for their 
existence is that they formed far 
from their stars and wandered 

inwards. Indeed, there is evidence 
that Jupiter may have done this long 
ago, sculpting the inner solar system 
as it lumbered through. A strong 
theme of One of Ten Billion Earths 
is the constant stream of surprising 
exoplanet discoveries that have 
been made by astronomers. We are 
surprised, of course, because before 
1992 we only knew about the solar 
system and had assumed that it was 
somehow normal. Even though 
we can make an educated guess 
that there are 10 billion Earth-like 
planets in the Milky Way, Schrijver 
describes Earth as “common and 
exceptional”. He points out that 
factors such as the migration of 
Jupiter and the presence of the 
Moon may have played crucial 
roles in creating Earth’s life-
friendly environment – and we 
just do not know how many other 
exoplanets would have enjoyed a 
similar evolution.
Hamish Johnston 

●● 2018 Oxford University Press 
480pp £25

Deep thoughts
I once interviewed the Nobel-prize-
winning theoretical physicist Steven 
Weinberg, and found him to be a 
friendly and engaging person who 
thought deeply about fundamental 
physics. I’m not sure he enjoys 
working with other people though. 
After I wrote up the interview 
for Physics World, I e-mailed it to 
Weinberg to check, but he took issue 
with various parts of the text and 
refused to spend time straightening 
it out or answering follow-up 
questions – we never did end up 
publishing that piece. I suppose I 
should have foreseen his reaction; 
after all, Weinberg had told me 

he “almost never” collaborates or 
co-authors research papers because 
“I don’t like how other people 
write”. Thankfully, Weinberg is a 
prolific author himself, so to know 
more about what he thinks, take 
a look at Third Thoughts, his third 
collection of essays and talks, most 
of which originally appeared in 
the New York Review of Books. It 
covers not only his specialisms of 
particle physics and cosmology, 
but also the history of science, 
politics and funding (he doesn’t 
like manned spaceflight), and 
what he dubs “personal matters”. 
The latter, however, won’t give you 
much of an insight into what makes 
Weinberg tick; the closest he gets 
to a personal revelation is to admit 
that it’s “profoundly instructive to 
learn that one has been wrong about 
something” (though I guess that 
happens rarely for him). Where the 
book excels is the science and Third 
Thoughts has some marvellously 
pithy accounts of topics including 
the Standard Model, symmetries in 
physics, and dark matter and dark 
energy. Weinberg is an expert guide 
and these wise, informative and 
delightfully written essays are all 
brief and to the point. “What is an 
elementary particle?” is particularly 
strong. I also loved his remarks after 
receiving an honorary doctorate 
from Rockefeller University in the 
US, where Weinberg took issue 
with those who doubt the consensus 
on climate change. “It is ,” warned 
Weinberg, “generally foolish to bet 
against the judgements of science, 
and in this case, where the planet is 
at stake, it is insane.”
Matin Durrani

●● 2018 Harvard University Press 
226pp £20.00/$25.95pb
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