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Chapter 11: Natural Philosophy of Safety

Tis not unlikely, but that there may yet be invented several other 
helps for the eye, at much exceeding those already found, as those do 
the bare eye, such as by which we may perhaps be able to discover 
living Creatures in the Moon, or other Planets, the figures of the 
compounding Particles of matter, and the particular Schematisms 
and Textures of Bodies.

Robert Hooke, Micrographia (1665)
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 Safety in the world we see
Childhood and safety

As each human being comes to life and takes up his or her ability to 
think, the questions begin: Where am I? Who am I? What do I want?  
Why am I here? And such questions must start to be addressed before 
any sense can be made of the consequential idea of safety. In the early 
years of  life,  while  parents provide some experience with which to 
build answers, safety is reduced to the security that comes with a warm 
parental cuddle. But the questions continue and the answers come with 
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education  through  formal  instruction,  individual  study,  personal 
experience and periods of reflection and mutual discussion. What kind 
of answers do we find? What do they tell us about safety?

Stimulated by contrast
A  serious  study  can  be  made  of  the  many  coincidences  among  the 
fundamentals  of  physical  science  without  which  the  universe,  the  solar 
system, the Earth, and life as we know them would not have been possible. 
That  these  coincidences  are  realised  is  called  the  Anthropic  Principle. 
Although it is called a principle, it is not understood at all. Students seeking a 
lifetime of stimulation will be kept busy by consulting the Wikipedia entry 
for the subject [1] and following the references, many written by outstanding 
cosmological thinkers. 
The coincidences of the biological world that enable life are less enigmatic, 
since  evolution  has  seen  to  it  that  life  is  tailored  to  its  circumstances. 
However, the development of humans as thinking and studying beings has 
relied on one particular fortuitous coincidence.
From Earth, every now and again when the clouds part, a window opens and 
the universe may be seen. Beyond the atmosphere we  can see the stars and 
galaxies of stars, far away and back in time to when it was only 1/40,000 of 
its  present  age.  On most  planets  where life might  be  sustainable in some 
form, such a view would be permanently obscured by cloud or dust and no 
such extraordinary window on the universe would ever open. If that had been 
so for Earth, civilisation would not have developed as it has, and the same 
sense of wonder would not have been born. Since the dawn of civilisation it 
has  seemed  to  humans  that  totally  different  rules  apply  to  what  is  seen 
through  that  window.  There,  even  the  simplest  observations  display  a 
constancy and  regularity  completely foreign  to  the  Earth-bound everyday 
social experience – and modern cosmic data have only reinforced this early 
impression. From the earliest historic times human observers recorded these 
regularities and felt challenged to explain them. 
This cosmic view has no connection to earthly success or failure, to life or 
death, to love or hate, but its constancy has been seen as a model for justice 
in our disturbingly chaotic social  world,  indeed for much that  we seek in 
everyday life, but seldom find. The cosmos became the model for the divine, 
for  a  supreme  being,  for  religion  in  its  various  forms.  Among  earthly 
creatures  only man was  able  to  appreciate  this  cosmic  constancy and  his 
special relationship to it gave him confidence and superiority, even if life on 
Earth in its other aspects was played apparently without  rules and caused 
great irrational suffering from time to time. The environment close at hand, in 
particular  the  weather  and  even  the  seasons,  proved  unreliable  and 
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unpredictable, including the cloud cover that intruded between man and his 
sight of the heavens. This fluctuating and unreliable environment gave little 
comfort to early man and he wrestled in a vain attempt to rationalise and 
prevent it endangering his life and that of his family. 

Predictability exploited
Human's unique intelligence allowed us to stumble our way towards a better 
life  and  to  improve  the  reliability  of  the  world  around  us,  and  its 
predictability became more apparent as our studies slowly revealed how our 
surroundings worked, more like the cosmos than first appeared. Improving 
our standard of living was relatively objective, much of it related to physical 
science and mathematics, but study of our own being and biological science 
proved more enigmatic.
In the course of normal biological activity any change of circumstances can 
present a threat to life, so to survive such a challenge successfully in nature, 
life tests out many accessible responses, by random trial and error, to reach a 
viable solution. This basic evolutionary process described by Darwin is not a 
purpose-driven or cognitive search strategy. Indeed the wasted effort, the loss 
of  individual  life  and  the  suffering  encountered  during  this  search  are 
certainly not beneficial to the individuals involved. From their point of view, 
at  least,  any strategy of change that minimises the risk of  personal  injury 
would be seen as  good.  An organism that  has the  benefit  of  a  developed 
central nervous system and brain can record its experiences and from them 
learn to  improve its  survival  strategy.  In  its  simplest  form this  additional 
facility is available to many creatures and gives them substantial advantage in 
the  competition  to  survive.  The  larger  the  brain  the  more  effectively  an 
animal  can  compare  its  current  situation  to  its  past  experiences.  This  is 
especially  true  for  mankind.  So  an  individual  can  recall  patterns  of 
experience and so predict the consequences of any development or course of 
action,  and  he  or  she  may  then  make  a  choice  that  minimises  pain  and 
suffering. So predictability is necessary for safety, but the ability to think and 
understand is needed too.
That  the  world is  ever  predictable  is  itself  quite  unexplained.  It  could so 
easily be otherwise. A waking experience of an uneducated mind – or of an 
educated one in a dream – should be quite enough to show that the world 
could be unpredictable – possibly haunted and malicious, subject to whims of 
the  imagination.  But  when  predictability  is  harnessed  by  education  and 
science,  real  danger can be avoided with some confidence and this  is  the 
proper basis of  safety. It should be distinguished from an  ersatz version of 
'safety'  that  is  laid  down  as  a  set  of  rules  to  be  obeyed  regardless  of 
understanding; this brings order through coercion but no real confidence. 
Real safety depends on the education and experience of an individual who 
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can  then  make  reliable  judgements.  The  principle  applies  to  the  safe 
interaction of an individual with other humans, just as much as his interaction 
with the physical world and other forms of life. Reliability and predictability 
are the essence of trust and good personal relationships, and the same is true 
in wider society all the way up to the level of international behaviour. 

Good and bad located
In his inanimate world man first found the predictability that he sought in the 
sky – the Sun, Moon, planets and stars. He was fascinated to find that their 
motion was even more regular and predictable than he suspected, quite unlike 
anything else in his seemingly unpredictable and dangerous environment on 
the Earth. The experience taught  him to be mathematical and scientific,  a 
skill  that  he  has  applied  in  recent  centuries  to  much  of  the  rest  of  his 
observations of the physical world. But this experience of the celestial sphere 
was always the archetype and a model for good. Naturally, heaven, the seat of 
all that is good and reliable, came to be seen as  up there with  God as its 
personification.  Unfortunately misunderstanding of this  personification has 
caused much trouble in the history of the world, but there is no reason why it 
should have done so.
If we found that the world above our heads was reassuring, what was our 
experience of other directions? A warning cry Look out! brings a reaction to 
look forward, to the left and right, and then behind. The eyes and ears of 
animals and birds are positioned on the front or sides of their heads, like ours. 
Why is that? Sources of danger usually come from these directions. Only as 
an afterthought do we look upwards in case something threatens from above, 
and we seldom look down: the last direction worth looking for an impending 
attack. So a sense of direction has become part of the most basic experience 
that enhances our ability to survive – of safety, in fact.
Beneath our feet nothing is to be seen – all is hidden, and in this direction our 
ability to detect an approaching danger has not advanced much since the days 
of early man. Today we may understand the basic general mechanisms of the 
inner workings of the Earth, but we are nowhere near being able to predict 
when these forces might be unleashed – and the earthquake and tsunami of 11 
March 2011 were  a  demonstration of  that.  Much of  the  time the  earth  is 
almost totally quiet, but when it does move, great fissures may open up, rocks 
tumble and otherwise solid structures shake with a terrible noise. Volcanoes 
may spit sulphurous fumes, fire and great boulders fly high into the air – they 
may spill  rivers of molten rock down mountainsides. And, while we have 
learnt  where  these  eruptions  are  likely  to  occur,  their  ferocity  and 
unpredictability are extraordinary. No imagination is needed to see that early 
man would get the message – unpredictability and evil are down there in hell, 
a place of consuming fire,  often personified as the  Devil.  This divide, the 
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polarisation between hell and heaven, was an early element of basic human 
culture. Never mind the Higgs Boson and the Big Bang, physical science has 
some unfinished business improving the predictability of the material world 
just below our feet.
But we also experience other quite distinct theatres of existence that play to 
seemingly  separate  rules.  There  is  the  close-by  here of  everyday  life  – 
somewhere between heaven and hell, between the apparent predictability of 
the stars, and the capricious and wayward destruction of the volcanic Earth. 
Here are plants and animals, friends and enemies, love and war. 
The success of science has spread its predictability into many aspects of life 
on Earth and rolled back the fear of most natural forces, bringing a harmony 
and  ease  to  life  that  those  living  in  earlier  times  would  not  recognise. 
However, the success has not been complete. Science still struggles to predict 
the weather reliably and to understand long-term influences on the climate. 
But it has clarified many phenomena such as light, mechanics and electricity, 
so reducing the scope of the unpredictable and frightening. 
That leaves the task of telling more people about it: many are still unaware 
that hell has retreated and that, if they were to study with care and attention, 
many worries would be assuaged. To a scientist it seems odd that everybody 
should  not  choose  to  study  as  much  science  as  they  can,  for  it  brings 
reassurance and confidence that  is otherwise not  available. This failure of 
education persists in part because science and the necessary mathematics are 
thought to be difficult. This is worth challenging and the challenge pays off, 
as I have seen as a teacher over many years.

Art and society in a wafer
Within the  thin shell  of  the  Earth's  atmosphere,  a  tiny region indeed,  the 
world of human society appears self-contained as it encompasses all daily 
concerns for many people. This existence is portrayed in every popular novel, 
film and other art forms too. The range of absorbing experiences is driven by 
competition and money, ambitions and strivings; all the concerns of love and 
hate, confidence and laziness, honour and disgrace, death, hope, loyalty and 
many fine and enriching sensations are here, along with suffering and failure. 
In this society actions have purpose, some objects are beautiful but others 
ugly, some relationships are simple but many are unfathomably convoluted 
and  complicated.  As  for  centuries  past,  everything  that  most  people 
experience in their social existence lies in this wafer. Science shows how this 
existence  is  very  vulnerable  to  changing  circumstances,  and  geological 
evidence  confirms  that  such  life-threatening  changes  have  occurred  not 
infrequently in the past.  Most  are not  avoidable but  there are others over 
which civilisation may have some influence – like surviving them, reducing 
them, or even not triggering them.
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 Safety in unexpected worlds
Further reality in evolution and quantum mechanics

But in addition to the world we see, up, down and around, there are other 
forms of existence that  affect  our  lives.  Few people choose to explore  as 
Alice Liddell did when she stepped Through the Looking Glass and down the 
rabbit hole into Wonderland. If they did, they would find not just one but two 
further worlds, reached through scientific curiosity, education and adventure, 
each with its own topsy-turvy way of explaining and discussing existence. 
And  like  the  characters  that  Alice  met  in  her  adventures,  they  have  an 
unshakeable  confidence  in  their  own  logic,  which  appears  quite  weird  to 
those not familiar with them.
There is the world of biology with its cells and evolutionary logic: its subject 
is life, here and now, including ourselves. If it is realised anywhere else in the 
universe, it is likely to be radically different. But then there is the world of 
quantum physics,  absolutely universal  and all  pervasive on every scale in 
space and time, although some of its most striking consequences are evident 
in  the  atom with  its  central  nucleus.  This  quantum physics  is  a  layer  of 
existence where the rules of logic and description are totally unlike those of 
either  the  familiar  world or  biology.  But  understanding and working with 
these two worlds and how they fit together increases predictability and safety 
and therefore the confidence on which the viability of human civilisation and 
its economy depends.

Life through the lens
The  invention  of  the  telescope  and  microscope  in  the sixteenth  and 
seventeenth centuries increased the range of what could be seen. An early 
leader in the field was Robert Hooke (1635-1703) who published his seminal 
book, Micrographia, in 1665. The quotation given at the head of this chapter 
is his prescient view of the development of modern science and technology, 
written 350 years ago. Although the invention of the telescope expanded the 
view of the heavens by a vast factor, it did not really introduce a fresh theatre 
of  existence.  However,  the  microscope  introduced  the  beginning  of 
something quite new, the biological basis of life and its cellular structure. The 
typical  cells  of  life  can  just  be  seen  under  a  simple  microscope,  as  first 
described and illustrated by Hooke in extraordinary detail in his book: 

I ...  found that  there were usually about  threescore of  these small  
Cells placed end-ways in the eighteenth part of an Inch in length,  
whence I concluded there must be neer eleven hundred of them, or  
somewhat  more  then  a  thousand  in  the  length  of  an  Inch,  and 
therefore in a square Inch above a Million, or 1166400. and in a  
Cubick Inch, above twelve hundred Millions, or 1259712000. a thing  
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almost incredible, did not our  Microscope assure us of it by ocular  
demonstration; nay,  did it  not  discover to us the pores of a body,  
which were they diaphragm'd, like those of Cork, would afford us in  
one  Cubick  Inch,  more  then  ten  times  as  many  little  Cells,  as  is 
evident in several charr'd Vegetables; so prodigiously curious are the 
works of Nature, that even these conspicuous pores of bodies, which  
seem to be the channels or pipes through which the Succus nutritius,  
or natural juices of Vegetables are convey'd, and seem to correspond  
to the  veins,  arteries  and other  Vessels  in sensible  creatures,  that  
these pores I say, which seem to be the Vessels of nutrition to the 
vastest body in the World, are yet so exceeding small, that the Atoms 
which  Epicurus fancy'd would go neer  to prove too bigg to enter  
them,  much  more  to  constitute  a  fluid  body  in  them.  And  how 
infinitely smaller then must be the Vessels of a Mite, or the pores of  
one of those little Vegetables I have discovered to grow on the back-
side of a Rose-leaf.

In  the following centuries,  as  the  study of biology by Darwin and others 
developed, the microscope revealed more of a world where the standards of 
behaviour prized in the social world count for nothing. In the cellular world, 
as for whole biological organisms, competition rules, leaving little room for 
altruism and morality. Individuals are sacrificed to optimise the survival of 
the species in the competition with other species. Fairness and equality of 
opportunity carry no weight, neither does simplicity. Indeed, by exploring a 
myriad  of  possibilities  the  selected  response  often  turns  out  to  be  highly 
evolved and far from obvious. The test for a response that is right is that it 
should work effectively,  but there may be many such correct possibilities, 
each  ensuring  survival  in  a  particular  environment.  Each  is  local  to  the 
conditions at a point in space and time – there is no likelihood, even if life 
exists elsewhere in the universe, that the particular realisations of life that we 
are familiar with would have any viability elsewhere.

"Curiouser and curiouser", said Alice
Since  the  end  of  the  nineteenth  century  the  study  of  the  structure  and 
behaviour  of  matter  has  penetrated  to  a  scale  far  deeper  than  biology. 
Biological cells are 100,000 times smaller than a metre; the atomic scale is 
100,000 times smaller than that and the nuclear scale 100,000 times smaller 
again. The atomic and nuclear scales have much in common; there the norms 
of  behaviour,  that  is  of  cause  and  effect,  seem weird  to  a  human  mind 
familiar with the social or biological world. This is the quantum world. When 
first  met,  it  seems  confusing,  but  with  some  experience  it  is  seen  to  be 
decidedly simpler than the conventional or  classical world. The rules in the 
quantum world are extremely precise, even though they generally determine 
(precisely) the probabilities of what might happen, rather than what actually 
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does. Having said that, the quantum world is not too hard to explain: it just 
seems  totally  different  from what  we  all  learnt  on  mother's  knee  as  we 
stretched out with eye-and-hand coordination to grab the biscuit offered to us. 
The quantum world is always correct and has no exceptions – the familiar 
classical world is just a convenient approximation. Although he contributed 
to it  in many important ways, Einstein never really believed that quantum 
mechanics was correct, but it has been giving the right answers for 90 years 
now, and most theoretical physicists today think that Einstein was wrong and 
that the quantum world is here to stay.
Curiously, the way that larger objects behave turns out to be identical in both 
the familiar classical and quantum pictures, and in the rare cases that they 
differ, it is the quantum picture that fits with what is seen when we do an 
experiment. This is not a book about quantum theory, but here is one simple 
everyday example, as an illustration. When we turn on an electric light, a 
stream of electrons (which are solid components of ordinary matter like any 
other) comes sliding through the solid copper wires that join the switch to the 
electricity generator station. They do this with very little resistance, slowed 
only by the fine wire of the lamp filament (or equivalent in a more modern 
bulb), where they deliver up their energy as light. It seems a nonsensical idea 
that  the  electrons  should  pass  through  the  solid  copper  without  hitting 
anything, but a precise understanding of why this is expected was just the 
first step in the development of electronics. Quantum mechanics is not just 
descriptive,  but  provides  the  calculated  basis  of  all  lasers  and  modern 
electronics  that  form the heart  of  much of  today's  prosperity –  involving 
business, employment and all that follows. More people need to understand it 
if we are not to be left at the mercy of a small band of  high priests in the 
matter. 

 Individual and collective decisions
The importance of education and trust

It  is  not  realistic  to  suppose that  everybody in  society should  understand 
everything.  But  there  is  a  minimal  level  of  education  and  professional 
knowledge required if the citizens of a healthy society are to be able to make 
decisions by consent. Just having experts in each discipline is not sufficient. 
A few citizens, at least, should fully appreciate the overlap of these areas, so 
that  they  can  speak  to  the  issues  that  arise  when  several  disciplines  are 
involved – for instance, nuclear, biology or medicine. Without such overlaps 
of individual knowledge the trust that is essential to society will be lacking 
and democratic decision-making will be at risk. The greatest leaps forward in 
the  condition  of  mankind  have  occurred  at  the  boundaries  between 
disciplines.  Conversely,  the  Dark Ages,  a  period of  misunderstanding and 
narrow prescriptive education, coincided with deprivation and economic hard 
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times.
The most effective integration of ideas is achieved initially in the mind of a 
single  person.  In  this  respect  narrow  specialised  education  is  unhelpful, 
because it is unlikely to contribute balanced judgements between disparate 
alternatives. The use of specialised expert opinions inhibits the emergence of 
a melded view, because experts tend to be possessive and confident about 
their  own narrow fields,  while  naturally cautious  of  matters  beyond their 
personal knowledge. Consequently, nobody is in a position to take the far-
reaching  interdisciplinary  decisions,  or  worse,  such  decisions  are  taken 
managerially or politically without technical understanding and simply on the 
basis of conflated expert views. A conference or a committee leads naturally 
to consensus,  the least  unacceptable conclusion,  rather than a far-reaching 
innovation.  Unfortunately,  in  many  modern  societies  enthusiasm  for 
specialised  education  is  the  norm,  and  many  decisions  are  taken  by 
politicians after expensive expert enquiries. But such experts have their own 
vested  interest  in  building  the  exclusivity  of  their  advice,  often  through 
emphasising how difficult and demanding their speciality is. What is needed 
is an overarching view that explains the simplest and most comprehensible 
solution. On interdisciplinary matters like nuclear power and radiation safety 
the  wrong conclusions  have too often been reached – but  almost  nobody 
realises  that.  Here,  wrong usually  means  unnecessary,  unscientific  and 
expensive,  but  designed  to  achieve  legal  protection.  When  conveyed  to 
society at large, decisions reached in this way are defended on the basis that 
knowledgeable  opinion  has  been  consulted  and  a  consensus  has  been 
reached.  Not  surprisingly,  society is  not  always  impressed and speculates 
whether other motives are at work. Issues may be seen as more political than 
scientific,  while  those  involved  hide  behind  the  defence  that  proper 
procedures  were  followed.  In  a  1966 talk  to  high-school  science teachers 
Richard Feynman famously said 

Science is the belief in the ignorance of experts. 
It was a provocative remark and many have been successfully provoked by it: 
it  implies that experts  should be more thoroughly cross-examined. That is 
only possible with more interdisciplinary education – more people to ask the 
questions and to understand the answers critically.

 Taboos, phobias and forbidden fruit
Altering ourselves

So nuclear radiation should be taken off a list of taboos. If it is treated with 
care and kept isolated in the right place, we do not need to worry about it so 
much – similar to our attitude to high explosives or rat poison, for example. 
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But what is left by way of forbidden fruit? Are there other items on a list of 
taboos whose credentials we might usefully question? 

In Chapter  10 we referred to the subject  of  eugenics,  the study of human 
breeding to improve mankind's own stock. From the late nineteenth to the 
mid twentieth centuries this was a taboo discussed by Hermann Muller and 
others,  but  finally  put  beyond  the  bounds  of  the  acceptable  by  the 
experimental activities of Dr Mengele during the Nazi regime. Since then, the 
technical possibilities have grown with the understanding of genetics and the 
decoding of DNA. The subject is still taboo, but what are we afraid of? If 
genetic  modification  is  likely to  give  unpredictable  consequences,  that  is 
certainly reason to shun it. But is that the situation now? 

In the UK, as a result  of good communication, there has been public and 
government  approval  for  the  2015 application  to  permit  the  exchange  of 
mitochondrial DNA, thereby correcting certain genetic disorders. This is not 
actually  genetic  modification,  but  the  public  issues  are  similar  and  it 
demonstrates  what  can  be  done  if  taboos  and  phobias  are  set  aside  and 
replaced  by  proper  democratic  discussion.  As  the  effect  of  genetic 
engineering becomes more predictable and reliable, society should have the 
confidence to  decide what is for the best, a step at a time.

The  modification  and  improvement  of  crops  is  with  us.  Do  we  accept 
genetically modified food? We need to ensure enough genetic diversity, so 
that not all  our eggs end up in one basket,  so to speak. Lack of diversity 
would open our supplies to attack by a single specific virus or bacterium, and 
this is already a cause for some concern. Independent biologists rather than 
commercial interests should answer questions and educate the public at large, 
including children. We should move forward slowly, but simply saying no on 
principle,  as  some do,  is  short-sighted.  The taboo of  genetic  modification 
should fade away, but we shall see whether public education is able to come 
to the rescue. 

And the same with nuclear-phobia. There is a precedent for moving public 
policy that should make us pause. As described in Chapter 10, indiscriminate 
use of the fear of radiation was used to halt the Arms Race. Indiscriminate 
use of the fear of climate change should not be used to override radiation 
phobia. Radiation phobia should be dismissed on its own de-merits, even if 
climate change encourages us to get the right answers.

Better care for our brains
The fears that we do not have could be as important in the future as those 
issues on which we lavish undue caution. For example, changing the way we 
use our brains is not subject to taboos. Mind-altering drugs and alcohol are 
tolerated – at least they are not the subject of as much fear as they deserve to 
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be, perhaps because any effects are not inheritable. In any case, many of them 
are not  new on the scene.  But  computers and smart-phones are,  and they 
already invade our personalities and how we communicate and interact. As 
yet, there is no knowledge of their effects on the organisation of the user's 
brain and so no idea of any safety requirement that should be applied. This is 
surprising – a mind that does not need to think hard, will soon become slow 
and out of condition, like the  body.  This cannot be healthy.  What sort  of 
accident  might  trigger  public  awareness  of  this  question? For that  matter, 
what development might motivate more medical work on such questions?

Soon, it is likely that electronic real-time surveillance of our health – what 
our bodies are doing – will be taken over by digital technology in a similar 
way.  Some developments  will  be  beneficial,  others  will  lead to damaging 
addiction, but the lack of open public discussion of new developments seems 
ill-judged. Should we not exercise more caution about the invasion of our 
innermost thoughts by silicon? 

Notes on Chapter 11

1) Wikipedia Anthropic Principle.


