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A  b o o k  t h A t  h A s  s t A y e d  w i t h  m e :  L A u R e n c e  v i e n n o t

Explaining science

IOP

1

In 1996, after more than two decades of studies 
and collation of results, students’ ‘pre scientific 
knowledge’ or ‘alternative frameworks’ (as we then 
described them) were found to be highly resistant 
to teaching, suggesting that teaching methods were 
at that time generally inefficient. Several versions 
of ‘constructivism’ agreed on one point at least: as 
the student is the main actor in the learning process, 
teachers should elicit students’ ideas on the topic 
at hand before attempting to teach about it. As stu-
dents were thought to construct their knowledge, 
principally on the basis of cognitive conflicts in 
an experimental context, enactment of an authori-
tative discourse was among the most frequently 
disavowed teaching strategies—even the word 
‘explain’ sounded almost strange. As to teachers, 
most studies focused on their ‘naïve empiricist’ 
epistemology. This account of the discourse may 
seem something of a caricature, but it captures my 
perception of the doctrine prevailing at the time.

Then, a small book was published: Explain
ing Science in the Classroom [1]. Written by Jon 

Ogborn, Gunther Kress, Isabel Martins and Kieran 
McGillicuddy, the simplicity of the title contrasts 
with the difficulty of the endeavour—to extract some 
clear ideas from the analysis of such a complex pro-
cess (explanation) without descending into the obvi-
ous. While the authors offered some responses of 
their own to the question posed in the title, it was 
refreshing to find that their message was grounded 
in examples of teachers in action. This foreground-
ing of teacher expertise was not fashionable at that 
time among researchers in physics education.

I knew that I would have been unable to write 
such a book, preoccupied as I was to capture stu-
dents’ ‘alternative’ explanations and their internal 
consistency from their viewpoint. To me, it was 
essential first not to reinforce any lines of student rea-
soning that contradicted accepted physics. Second, 
it seemed important to ‘spotlight’ a given area of 
content so as to emphasise essential concepts and 
conceptual links while respecting the constraints of 
accessibility for that audience. In this, I confess that 
I viewed teachers as innovation transformers rather 
than as a source of inspiration for teaching practice.

For me, then, the book was not an immediate 
shock but served over time as a reliable compan-
ion and a discrete lesson. In line with my personal 
experiences, its distilled messages activated in my 
mind (‘ah! ah!’) from time to time. The following 
are some examples of views that progressively 
manifested their substance:

‘(…) communicating necessarily implies 
both newness and sameness’
 ‘(…) talk and knowledge, language and 
science are often indistinguishable because 
we see them as deeply interdependent: 
talking as remaking knowledge, science as 
reshaping language’.
‘Explanations are like the tip of an iceberg, 
with a large amount of supporting knowl-
edge lurking below the surface’.

In the ‘newness’ register, a strong accent is 
placed on the need to ‘construct entities’ (‘pro-
tagonists’) to explain the physical world, keeping 
an eye on all those ‘lurking below the surface’. 
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illusion) that they understand’. He also criticised 
some of the views advanced by the inquiry-based 
science education movement. While this article 
does not explicitly use the same categories as in 
the book, they are lurking ‘below the surface’ in 
quite the same vein. This is highly relevant in the 
contemporary context, showing (if need there 
was) that Jon Ogborn’s thinking has powerful 
implications for teaching practice.

Laurence Viennot 

Perhaps I may dare to transpose these views to 
the book, which itself constructs entities—here, 
types of action—to explain what an explanation 
in science is (or should be?): creating differences 
(e.g. ‘between what students think they know and 
knowledge that runs counter to that’) and con-
structing entities (e.g. an electron) to transform 
knowledge and turn meaning into matter.

It might be argued that such entities—participants 
in the explanation—constitute only a particular lan-
guage for talking about explanation, but in that case, it 
is all the more true that ‘talking remakes knowledge’. 
For instance, I often realised subsequently the need 
to look ‘below the surface’ of current explanations in 
search of misunderstood entities. Think, for instance, 
of the various (differences of) ‘pressure(s)’ qualified as 
‘hydrostatic’ or ‘osmotic’ or ‘Laplace’, which students 
are found to consider as different physical quanti ties 
merely on the basis of the adjacent adjective.

With its elegant and simple style, this book 
opens several routes for thinking about what we 
are doing when we explain something, often on 
the basis of ‘pure thought’. It has stayed with me.

Further reading. Sixteen years later, Jon 
Ogborn delivered a plenary talk at a WCPE meet-
ing (Istanbul 2012) and wrote a paper about cur-
riculum development [2], based on his experience 
in this domain [3, 4]. He took the opportunity 
to present his reflections on the teaching of sci-
ence, including the construction of explanations, 
and to analyse some risks in this regard, notably 
with reference to Daniel Kahneman’s book about 
fast and slow thinking [5]. In par ticular, he ana-
lysed the phenomenon of the teaching rituals and 
explanations that ‘we use as teachers to (…) sat-
isfy students, giving them the feeling (maybe the 
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the quality of the teaching learning 
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reasoning in physics, design and evaluation of sequences 
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recently her research focused on the codevelopment of 
conceptual understanding and critical attitude in students. 
She was awarded the ICPE (International Commission of 
Physics Education) medal in 2003, and the GIREP (Groupe 
International de Recherche sur l’Enseignement de la 
Physique) medal in 2016 for her research investigations in 
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b o o k :  F u R R y  L o g i c

Spotting physics among the animals

As the authors describe, ‘this book is about how 
selective animals use physics to survive in the 
wild. … From furry cats and dogs to spiny lob-
sters, mosquitos and giant squid, physics is every-
where. … It’s not that animals have worked out 
[physics principles] and designed their bodies 
accordingly. It’s that evolution has, over time, by 
trial and error, come up with real-world systems 
that function well, using the science principles 
and laws that humans call physics’.

In my experience secondary school science 
teachers are great collectors, not only of experi-
ments that work but, more important, of narratives 
which appeal to students and help engage them in 
learning the subject. Describing phenomena that 
are strange, disgusting or alarming holds par-
ticular appeal and can make a lesson memorable.

This means that any book introducing phys-
ics through interesting stories about animals, often 
based on scientific research, holds great promise. 
It is especially true for this book, which has a 

proper index and concept-led chapters, each start-
ing with a list of its case studies and ending with a 
summary of both its physics and the animal con-
texts. The book’s six chapters cover heat, forces, 
fluids, sound, electricity and magnetism, and light. 
Using case studies as a vehicle for the physics also 
serves to illustrate the nature of science, the many 
different ways in which science can work.

The final chapter turns to a few general 
thoughts, such as animal behaviour triggering 
advances in physics, technologies developed from 
biomimetics, and recognising that physics and 
biology are complementary sciences. Again from 
the authors: ‘The surprising tech star of this book 
is the high-speed video camera. By capturing fast 
movements, at hundreds or thousands of frames 
per second, and watching the footage back in slow-
mo, scientists have learned everything from how 
mosquitos survive raindrop collisions to the way 
that pondskaters scoot across the surface of water’.

Wanting to like this book, I started reading 
from the beginning and went on as long as I could. 
However, given my urgency as a reader with a clear 
objective (writing this review) and thinking about 
busy teachers who struggle to find any reading time, 
I found many of its stories just too convoluted and 
wordy. Soon I was jumping about, here and there 
across the remaining chapters. The book is chock 
full of clichéd chapter sub-titles and text, perhaps 
meaning to be funny (or entertaining). Here’s a ran-
dom selection of sub-titles: ‘raindrops keep falling 
on my head’, ‘to bee or not to bee’, ‘drop dead gor-
geous’, ‘get your skates on’ and ‘watch the birdie’. 
Constant clichés really annoy this reader.

Also, the physics is not always well-explained. 
Just one example: ‘...Newton’s third law of motion 
states that for every action there is an equal and 
opposite reaction. In other words, there’s a ‘push-
back’ for any force acting on an object from a 
counter part force acting in the opposite direction’.

Over-all, however, this still may be a book 
worth having on the departmental resources shelf. 



R e v i e w s

4 Physics  EducationJanuary 2017

Were I teaching again, I could imagine hunting 
down and simplifying a relevant story from this 
book when planning a lesson, sourcing an appro-
priate image from the web. In class, short inter-
ventions by teachers are often most effective.

The book may also make a suitable gift for 
someone you know who is neither a teacher nor a 
physicist but who would enjoy its rambling story-
telling style, learning some physics along the way.

Peter Campbell

W o r t h  a  L o o k

Furry Logic: The Physics of Animal Life 
Matin Durrani and Liz Kalaugher

Rating: ★★★

Price: £16.99 hardback

Details: Published in 2016 by Bloomsbury 
Sigma, 301 pp including an index.  
ISBN 978 1 47 291409 5

b o o k :  c o n t R i b u t i o n s  F R o m  s c i e n c e  e d u c A t i o n  R e s e A R c h

What research has to say

This book consists of a selection of papers  
presented at the European Science Education 
Research Association (ESERA) conference in  
Barcelona in 2005. It is divided into sec-
tions titled Students Interest in Learning Science; 
Science Education Research: New Approaches 
and Links to Practice; Science Teachers’ 
Knowledge, Practice and Education; Learning and 
Understanding Science; Teaching and Learning 
Scientific Concepts; Innovative Teaching-Learning 
Environments in Science Education; Models and 
Modelling in Science Education; Discourse and 
Argumentation in Science Education; and finally, 

Teaching and Learning Science Using Multimedia 
and Computer Tools.

Having read it from cover to cover, the main 
issue that struck me is the variability in quality 
of the papers. These are supposedly edited ver-
sions of 37 outstanding papers but some of the 
editing is poor and some papers certainly don’t 
come across as outstanding. I suspect this might 
result from trying to represent all the conference 
topics, when some topics did not attract the high 
quality speakers, and hence papers, hoped for. 
Likewise, other deficiencies probably occurred 
due to practicalities. Getting papers in by a 
deadline never seems to go smoothly. Not all of 
these papers are going to be useful to teachers 
or researchers, despite the book containing only 
highlights.

The format is typical, papers are of a fairly 
uniform length and certainly none dragged on. 
The editors have done well in keeping the writing 
concise. With a list of contributors, a table of con-
tents and a preface in the front, a list of authors 
and a subject index in the back, and plenty of ref-
erences with each paper, it’s difficult to see how it 
could be made any easier to find material. Online 
you can access only previews of a limited number 
of the papers in the book.

A few of my highlights follow, which are an 
indication of my own professional interests than 
any other factor.

Girls and Physics: Dilemmas and Tensions, 
written by Elizabeth Whitelegg, Patricia Murphy 



R e v i e w s

5 Physics  EducationJanuary 2017

and Christina Hart, reports on some of the findings 
of research into the participation of girls in phys-
ics. This field has moved on since this paper was 
written but it is a good example of where it stood at 
the time, especially within a UK context. The key 
findings are listed at the end and some are useful 
for classroom teachers. References are extensive.

Contested Territory: The Actual and Potential 
Impact of Research on Teaching and Learning 
Science on Students’ Learning, by John Leach, I 
found thought provoking and useful. With guidance 
on planning and evaluating teaching sequences 
that give examples from real classrooms, imple-
mentation would be relatively easy. Discussion 
of the overall direction of evidence-informed  
practice was interesting and wide ranging.

Pedagogical Content Knowledge: What 
Does it Mean for Teachers?, by John Loughran, 
Amanda Berry and Pamela Mulhall, is typical 
of the very good research that continues to come 
from Australia. Analysing teaching sequences 
using a tabular approach and joining the dots with 
narratives gives a standard representation of PCK 
that can be used for developing teachers and/or 
schemes of work. In my view PCK had largely hit 
a dead-end, nice idea but no practical use, until 
this approach came along.

Towards a Validated Conception of Scientific 
Models, by Jan H Van Driel and A E Van Der Valk, 
has a list of features found in models as defined 
in research papers, looks at how models are actu-
ally used in the classroom and then compares the 
two cases. The initial list of features is very useful 
when approaching the understanding and detailed 
use of models, and the results of the questions 

W o r t h  a  L o o k

Contributions from Science Education 
Research 
Roser Pintó and Digna Cous (editors)

Rating: ★★★

Price: Available from www.springer.com/
gb/book/9781402050312, e-book £208, 
hardcover and softcover £260

Details: Published in 2007 by Springer, 
504 pp including a subject index.  
ISBN 978 1 40 205031 2

posed to teachers show how these features were 
largely recognised by them.

The best place to look at the table of contents 
is on the ESERA site: www.esera.org/publica-
tions/compilations-of-selected-papers-from-ese/
contrib utions-from-science-education-res/table-of-
contents/. Members of ESERA who attended the 
conference can get the book for ~€24. Otherwise 
the book is going to set you back a staggering £150 
or more. Individual chapters can be purchased 
online but what constitutes a chapter isn’t clear. So 
if you find a paper and preview that look interest-
ing, I’d suggest asking your local library to order 
the book. There certainly isn’t any content that 
can’t be found elsewhere at much less cost.

Gary Williams

http://www.springer.com/gb/book/9781402050312
http://www.springer.com/gb/book/9781402050312
http://www.esera.org/publications/compilations-of-selected-papers-from-ese/contributions-from-science-education-res/table-of-contents/
http://www.esera.org/publications/compilations-of-selected-papers-from-ese/contributions-from-science-education-res/table-of-contents/
http://www.esera.org/publications/compilations-of-selected-papers-from-ese/contributions-from-science-education-res/table-of-contents/
http://www.esera.org/publications/compilations-of-selected-papers-from-ese/contributions-from-science-education-res/table-of-contents/
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b o o k :  F A s h i o n ,  F A i t h  A n d  F A n t A s y

A conservative’s view of fundamental 
science

Over 20 years ago I read Roger Penrose’s 1990 
book The Emperor’s New Mind: Concerning 
Computers, Minds and The Laws of Physics. A 
memorable aspect of that book was his classifica-
tion of basic physical theory into three different 
categories: SUPERB (Euclidean geometry, stat-
ics, Newtonian dynamics, Maxwell’s equations of 
electromagnetism, Einstein’s special and general 
theories of relativity, quantum electrodynamics), 
USEFUL (quantum chromodynamics, big bang 
origin of the universe) and TENTATIVE (super-
symmetry, string theories, cosmological inflation). 
In his view, SUPERB theories involve detailed 
mathematical treatment, enabling predictions of 
remarkable accuracy. ‘The important distinction 
between the categories USEFUL and TENTATIVE 
is the lack of any significant experimental support 
for the theories in the latter category’.

Penrose is an acclaimed mathematical physi-
cist, an emeritus professor at the University of 
Oxford. In his new book he employs catchy 

F-labels as attributes for the three families of 
theory that he critically examines, in its three 
major chapters. In FASHION he takes issue with 
string theories, in FAITH he questions the scope 
of quant um mechanics and in FANTASY he chal-
lenges the standard model of cosmology. You can 
see that he’s returned to two families of theory 
categorised as TENTATIVE many years go. In a 
fourth and final chapter Penrose briefly puts for-
ward his own ideas about these areas of physical 
theory. I’ll say a little more about these things 
later.

First I’ll describe the book in general. As 
Penrose explains, the book ‘developed from an 
account of three lectures that I gave at Princeton 
University in October 2003’, to an audience 
which included ‘resident distinguished experts’. 
Intending the book also to be accessible to non-
experts, he does not shy away from mathemati-
cal content because maths has a ‘central role in 
any physical theory that can seriously purport 
to describe nature at any real depth’. Instead he 
includes a 70 page mathematical appendix with 
11 sections, so that non-experts can ‘gain some 
greater appreciation of many of the main issues’. 
For clarity, it’s best to name the sections: iterated 
exponents; functional freedom of fields; vec-
tor spaces; vector bases, coordinates and duals; 
mathematics of manifolds; manifolds in physics; 
bundles; functional freedom via bundles; com-
plex numbers; complex geometry; and harmonic 
analysis.

The Emperor’s New Mind opened with this 
note to the reader: ‘If you are a reader who finds 
any formula intimidating (and most people do), 
then I recommend…’ that you ‘… skip over to the 
next line of text!’ No such procedure is suggested 
in this book. He expects non-expert readers (like 
me) to work hard.

The writing itself is in a lecture style. I sus-
pect that it was dictated orally before any text 
editing was done. Ideas are typically expressed 
in long sentences and often involve mathematics. 
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Equations, diagrams and graphs play a major 
role in his explanations. For the lay reader, his 
three main chapters each begin with a discourse 
on physics usually taught at senior school level, 
sometimes from a personal angle that is unu-
sual. Physics teachers will find these perspectives 
interesting.

In his narrative mix, however, Penrose also 
includes historic false trails, slight repetitions 
and significant digressions so that his main 
argument becomes hard to follow. He covers an 
enormous amount of science, impossible to sum-
marise even if I understood it all (which I don’t). 
Teachers are likely to find section  1.2 ‘Some 
fashionable physics of the past’ a useful digres-
sion and, by contrast, much of section 3.10 ‘The 
anthropic principle’ irrelevant. In many places 
the text contains a reference to some previous or 
later section of the book, as if it was a hypertext 
link—but on a first reading such jumps are sim-
ply distracting.

I return now to the context and substance of 
Penrose’s critiques, starting with string theory. 
During the 1980s the mathematical theory of 
knots inspired a new approach to quantum field 
theory which became known as string theory. 
Replacing the notion of a point particle by a lit-
tle loop in space offered a new way of explaining 
hadron interactions. As Penrose explains, ‘String 
theory is largely driven by an ingenious proposal 
to circumvent the infinities’ that arise in quant um 
field theory and require renormalisation. ‘It there-
fore appears to offer some hope of … resolving 
the mystery of the unexplained numbers’ in the 
standard model of particle physics (i.e. electro-
magnetism, strong and weak interactions). In 
some undefined way, string ‘oscillations’ in 
higher dimensions create nature’s variety of fun-
damental forces and particles.

Penrose strongly objects to ‘the current 
string-motivated belief that the dimensionality of 
physical space must be greater than the three that 
we directly experience’, mainly for two reasons. 
His first reason is that ‘there appear to be no results 
whatever that provide (string theory) with exper-
imental support’ and there is no detailed prediction 
that might one day be tested. His second reason 
is technical: the spatial supra-dimensionality  
of string theories implies an ‘enormously exces-
sive functional freedom’, that is, a multitude of 
cross-sections available in the base space of their 

vector bundle, which is not manifest in any physi-
cal behaviour. In the last section of the book, 4.4. 
A Personal Coda, he also acknowledges a deeper 
reason: based on some of his earlier mathematical 
physics work, he finds it ‘impossible to believe’ 
that nature would reject the beauty of 4D space-
time for higher dimensionality.

Quantum field theory remains a SUPERB 
theory of the micro-world, in Penrose’s view. ‘In 
a general way, we shall think of quantum-level 
physics applying precisely to ‘small’ things but 
that the more readily understood classical-level 
physics holds, very closely, with ‘large’ things’. 
An exception, he notes, is that recently quantum 
entanglement of particle pairs has been observed 
at a distance of over 143 km. He rejects the 
Copenhagen interpretation of the wave function, 
because it fails to represent physical reality, being 
merely a convenient formalism for calculating, 
and therefore regards Schrodinger’s equation as a 
provisional theory. The quantum state ‘should be 
given a genuinely objective ontological status’, he 
says. ‘The faith that so many physicists appear to 
have in the universality of the overall framework 
of current quantum mechanics is misplaced’. In 
section 2.13 he makes his central complaint most 
clearly: ‘A fundamental problem arises when 
considering a quantum superposition in a general-
relativistic context’.

That discussion leads nicely on to big bang 
cosmology, where Penrose’s main objection is 
to the widely-accepted notion of an inflationary 
epoch, invented in 1980 to answer four questions. 
Why do we not observe, in the early Universe, 
the magnetic monopoles predicted by grand uni-
fied theories? Why does cosmic microwave back-
ground radiation coming to us from every direction 
in the sky have the same temperature (currently 
accepted as the same to 1 part in 105)? Why is the 
matter distribution of the Universe statistically 
homogeneous? Why is the density of matter in the 
Universe comparable to the critical density neces-
sary for a geometrically flat universe?

Penrose points out that the inflationary process 
implies a lowering of entropy, something incom-
patible with the second law of thermodynamics. 
The real issue, says Penrose is this: ‘For some deep 
reason, a reason untouched by the inflationary pro-
posal, the initial singularity was indeed exceedingly 
uniform, and this uniformity was responsible for a 
very uniform, and uniformly evolving, primordial 



R e v i e w s

8 Physics  EducationJanuary 2017

fireball that we see in the CMB…’ He describes 
several further problems with inflation, among 
them ‘the turning off of the inflationary phase, 
which would have to take place with a simultaneity 
of quite extraordinary precision’.

In his last chapter Penrose discusses the 
theory of twistors, which has within its formal-
ism some of the non-local character required 
to explain quantum phenomena, perhaps even 
quant um gravity. In section 4.2 he declares, ‘My 
bias here is to place greater trust in the basic prin-
ciples of general relativity, and to be more ques-
tioning of those that are fundamental to standard 
quantum mechanics’. He concludes by outlining 
his own theory of ‘conformal cosmic cosmology’. 
It will be interesting to see what impact his think-
ing has on other theoretical physicists, indeed on 
future directions in physics and cosmology.

In summary, this important book is worth 
reading, however much or little you take from 
it. The more time you can give to reading  

b o o k :  w h  y  i c e b e R g s  F L o A t

Eavesdropping on adult learners
The preface to this book declares that ‘this is not a 
normal science book’. Its content is based on ‘hun-
dreds of discussions’ with adult learners since 2002. 
No mathematics is used and no prior knowledge of 
science is assumed. It introduces basic science by 
trying to answer questions posed by the adult learn-
ers, none of whom had any formal scientific training 
beyond their experience of school. So it starts with 
real life issues and develops into the scientific ideas 
that can be used to explain them. The learners pose 
questions—such as ‘Why do icebergs float?’—that 
the subsequent discussion sets out to answer. In the 
light of initial responses, the students pose further 
questions and the cycle repeats itself.

The approach illustrates beautifully the influ-
ence of language on understanding. The author 
makes clear how common language can be 
misleading when scientists have used everyday 
words but given them very specific meanings. It 
also illustrates nicely that it doesn’t really matter 

W e  r e c o m m e n d

Fashion, Faith and Fantasy in the New 
Physics of the Universe 
Roger Penrose

Rating: ★★★★

Price: £19.95 hardback

Details: Published in 2016 by Princeton 
University Press, 501 pp including 
an extensive mathematical appendix, 
references and an index.  
ISBN 978 0 69 111979 3

(and re-reading) it, the more you will learn about 
fundamental questions in contemporary physics.

Peter Campbell
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where you start. Whatever question prompts a 
discussion, you soon get to the same fundamen-
tals. This brings out one of the strengths of sci-
ence—there are only a very limited number of 
basic concepts.

Although each chapter can stand alone, there 
are some linking sections  if you read the book 
from start to finish. Inevitably more questions 
are posed than are answered. This appears to be 
a deliberate tactic to stimulate further exploration 
of the topics.

Each of the eighteen chapters offers a sepa-
rate story. More than half the content is physics 
related and those dealing directly with physics 
topics may well provide you with useful ideas 
when planning lessons.

The specifically physics content explores light, 
density, gravitation, electricity, energy and the 
atomic theory of matter. There is also a very useful 
appendix titled Atoms, Elements and Molecules.

It is very good to see a chapter on Scientific 
Models and their role in describing the natu-
ral world. However, stating that models have a 
‘limited shelf life’, has the unfortunate implica-
tion that for example Newton’s laws of motion 
and his theory of gravitation are no longer used 
after Einstein introduced his theories of relativity. 
Newtonian dynamics is perfectly adequate to nav-
igate to the Moon and back, and also to explore 
the outer reaches of the solar system. The key 
point surely is to understand when a par ticular 
model is good enough for the purpose in hand. To 
be fair this is hinted at when it is stated that ‘grav-
ity is in fact quite a simple concept to grasp for 
ordinary purposes’ but the general implications 
of that statement may not be understood by non-
science readers.

When talking about models of light we read 
that ‘each explains some aspects of the behav-
iour of light’. Agreed. Then we read that ‘light 
seems to behave as a wave in some situations 
and as a stream of particles in others’. True. But 
what is not stated is that this is not an arbitrary 
division. The particle model (photons) is needed 
when analysing the emission and absorption of 
light, and the wave model is only used when 
analysing what happens as light propogates. 

Nature is not quite so capricious as the discus-
sion suggests.

The are some loosely phrased sentences, 
which is a surprise after the obvious care taken 
throughout most of the book to distinguish 
between the use of language in everyday conver-
sation compared to scientific discourse. If nothing 
else this book tries to focus on the scientific use 
of language, so it jars to read that the ‘sun is com-
posed of a very hot gas’. Stating that MRI scans 
do not involve any ‘radiation’ being shone on the 
body should have said ‘ionising radiation’. If the 
body was not interrogated in some way then no 
information could be gleaned.

There are three chapters on that most elu-
sive of concepts, energy. The book uses the types 
of energy approach and even talks about ‘pure 
energy’. The text defines energy as the capacity 
to do work. This definition has many shortcom-
ings. Sadly nuclear fusion is described as creating 
energy. At one point it seems that watts and kWh 
have been mixed up when a 60 W light bulb is 
stated to mean that it uses 60 J every hour. You do 
have to be very careful when looking for exam-
ples to illustrate a point. Taking a cup of hot tea 
to the Moon to illustrate the point that conduc-
tion or convection requires a material medium 
to transfer energy, so if there is no atmosphere 
there can be no cooling by these means did not 
strike the usually curious questioners as odd. 
Surely flash evaporation would disperse the drink 
instantly!

The appendix on Atoms, Elements and 
Molecules incorrectly states that there are ‘92 ele-
ments found in nature’. In fact there are only 90. 
The 92 should refer to the heaviest naturally occur-
ring element (uranium with Z  =  92). Technetium 
(Z  =  43) and promethium (Z  =  61) are both man-
made and radioactive. Their half-lives are such  
that any of Earth’s naturally occurring technetium 
(longest lived isotope has a half-life T1/2 of 2.6  ×   
106 year) or promethium (longest lived isotope 
T1/2  =  17.7 year) will have completely decayed.

The author was originally a science teacher 
and is now an honorary Senior Lecturer at the 
UCL Institute of Education. He is a great advo-
cate of ‘science for all’, believing that scientific 
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knowledge can only enhance our appreciation 
of the multitude of physical phenomena that 
we experience. This book certainly makes a 
worthwhile contribution to this laudable aim. It 
will whet the appetite of both the scientifically 
untrained reader and those trained in particular 
scientific disciplines to follow up the discussions 
of topics new to them. To help, there is a sec-
tion on where to start doing this. There is also an 
epilogue with useful tips on how to set up and 
maintain a discussion group of your own.

The few caveats I have about some of the 
physics content apart, I enjoyed this book and 
gained a lot from reading it. As for the non phys-
ics topics—you’ll learn something of what your 
colleagues in chemistry and biology are teaching 
your students.

Rick Marshall
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