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Chapter 2: Intelligence as an Aid to
Survival

The most difficult subjects can be explained to the most slow witted 
man if he has not formed any idea of them already; but the simplest  
thing cannot be made clear to the most intelligent man if he is firmly 
persuaded that he knows already, without a shadow of doubt, what is  
laid before him.

Leo Tolstoy

It is difficult to get a man to understand something when his salary  
depends on his not understanding it.

Upton Sinclair

Facing the problems of civilisation
Democracy and personal understanding 15
Fear of traumatic change 17

Learning from fable and science
Personal and public opinion 18
Science before Earth began 18
Fire in the home 19

Nuclear safety misjudged
The news from Fukushima Daiichi 21
Matching evidence and expectations 23
Pseudo-sciences and wishful thinking 24

Fear of nuclear energy
A zeitgeist reconsidered 26

Notes on Chapter 2 27

 Facing the problems of civilisation
Democracy and personal understanding

Can the planet support ten billion inhabitants? It almost certainly can, but 
severe conditions will be imposed by the environment, science, education and 
human behaviour. 

The  impact  of  mankind  on  the  environment  is  among  the  world's  most 
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pressing  problems.  It  is  time  to  ask  questions:  do  we  really  understand 
nature? How can we use nature with minimal effect  on its  sustainability? 
Should we just carry on without re-examining earlier decisions and attitudes?
There are facts that nobody can deny, even though some still question the 
causation of climate change: 

• the  atmosphere is  tiny,  equal  in mass  to  a layer  of  water  just  ten 
metres thick around the world; 

• the  steadily increasing concentration  of  poly-atomic  gases   in  the 
atmosphere; 

• the definite, if erratic, rise in temperatures and melting of ice sheets;

• the increasing consumption of energy that is essential to any socially 
stable and expanding economy; 

• a  world  population  that  increases  with  lengthening  lifespans, 
unmatched by falling birthrates. 

It may be late to take sufficient control, but it is never too late to take stock of 
the position and take action to reduce any serious consequences. Taking stock 
must allow the possibility that attitudes to major items in our armoury are 
misunderstood – that should include the historical view of the atomic nucleus 
and what flows from it. This book is not about climate change but it is such a 
stock taking.
Every child is taught from an early age that fire is dangerous. If the child fails 
to get the message, the chances are that the physical pain of a small accident 
will serve as a reminder, not easily forgotten. In the same way, each child is 
trained to cope safely with human waste – potty training comes high and 
early on the list of educational requirements. These are not options in human 
society,  but young children learn easily.  As they grow older,  they become 
more selective about the information they absorb. This selection depends on 
what they have already learned and accepted, and on new evidence of which 
they become aware. 

However, new evidence may conflict with what was previously understood 
and then be dismissed out of hand – that is the easy way out. Alternatively, 
the conflict must be examined – not a childish process, but one of ongoing 
self-education. A readiness to re-examine opinions like this is essential to any 
effective democracy because it allows views to flex as information changes. 
But such re-examination of opinions depends on sufficient numbers of the 
electorate being well informed, able to make up their own minds, and ready 
to  change  their  opinion  when  evidence  indicates.  But,  if  views  are  long 
standing and get repeated uncritically, a democracy may be unable to change. 
Instead, it becomes locked into a semi-permanent misapprehension that leads 
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to ill-advised decisions. Stability is only established when real information is 
accepted and people are ready to learn afresh, but, as Tolstoy wrote in the 
paragraph posted at the head of this chapter, this presents a high educational 
challenge. 

The task of this book is first to ask in straightforward terms why so many in 
society have  an  aversion  to  nuclear  science;  then  to  explain  to  them the 
balance of benefit and risk as it is known today. With the damage apparently 
inflicted on the environment by carbon combustion – coal, oil, gas, biofuels 
and biomass – the relevance of comparing nuclear energy to fire is clear.

Many people  are  reluctant  to  change their  opinion even when faced with 
evidence that contradicts it. Such rejection of scientific evidence is too easy, 
especially when the reluctance is supported by a whole industry of experts – 
from local  safety officers  to  international  lawyers  –  who  have  jobs  with 
careers and standing that depend on the status quo. The quotation by Upton 
Sinclair at the head of the chapter makes the point. 
Unfortunately, these are the very authorities that the press and politicians tend 
to consult when they want advice and information. Such consultations are the 
norm, since few people are prepared to stand up and say that they themselves 
understand an issue sufficiently. In this way a pass the parcel culture of weak 
responsibility,  stabilised  by  a  fear  of  litigation,  discourages  personal 
judgement and leaves decisions in the hands of expert  authorities who are 
least likely to recommend change. We shall go behind such interests to look 
at the evidence for what was previously claimed to be obvious and settled.

Fear of traumatic change
Deciding  to  change  your  opinion  can  bring  an  element  of  shock  –  an 
embarrassment that may be avoided by postponing the decision. Visualise a 
meeting  on  a  very  hot  day  at  which  a  number  of  people  are  standing 
nervously around a swimming pool waiting for someone to dip his toe and 
announce to all  that  the  water  is  acceptably warm.  A dive into the water 
would  be  refreshing  in  the  heat,  but  the  immediate  cold  shock might  be 
undignified in front of the others – so nobody jumps in. Everybody at the 
pool sweats uncomfortably, denying themselves the refreshment of the cool 
water. They remain prisoners of their indecision, unwilling to risk the cool 
splash of change. 

It can take leadership to be the first publicly to express a change of view. 
Nevertheless, many of those previously active in campaigns against nuclear 
technology,  including leaders  of  the  Greenpeace movement,  have actually 
switched their opinion of nuclear energy [1], in particular Mark Lynas, Patrick 
Moore, Stephen Tindale, James Lovelock, Stewart Brand and others. These 
are the exceptions. But how is it then possible to go further and encourage 
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others  to  change  their  views,  many  of  whom  who  are  still  deeply 
apprehensive of nuclear technology? Evidence is needed to account for how 
received opinion has  developed since World War II,  and an exposition is 
needed of the science and medicine involved. 

 Learning from fable and science
Personal and public opinion

What each of us, personally, knows of the world we inhabit is built on our 
accumulated experiences and observations, and these we extend by thinking 
and studying, based on our own learning. Together these form the basis of our 
personal  opinions  –  meaning  that  we  are  able  to  check  and  verify  them 
relatively easily. Ideally, this would be the basis of all that we acknowledge, 
but in a practicable world, we also need to listen to the opinion of others in 
order to engage with other questions and problems encountered in life. When 
we seek advice from another in this way,  we try to choose someone with 
personal knowledge. Failing that we may have to follow a majority view. But 
this can be a bad move if everyone else does the same. We would all know 
what  everyone  else  believes,  but  what  passes  for  information  is  rootless, 
giving rise to unstable opinion and a potential for panic. To avoid this, a few 
people  at  least  should  actually  understand  a  matter  independently.  This 
should not be seen as a recipe for a class of experts or high priests who then 
become motivated by their own group agenda when giving advice. Rather we 
should call for such expertise to be filtered through the education of new and 
younger minds so that ideas can be accepted or rejected by their unbiased 
studies.

Traditionally children are brought up with fairy tales that encourage them to 
keep  their  eyes  and  ears  open  and  to  acknowledge  obvious  truths.  For 
example, they learn that old people lose their youthful looks but they must 
cope when their imagination raises a frightening question like Is the apparent  
grandmother in reality a wicked wolf? This book asks whether nuclear power 
is a similarly wicked wolf, which the popular imagination supposes with the 
help of the press. We should look at the evidence. This story is set, not in a 
dark and secret enemy research laboratory, nor in a frightening earth-bound 
forest, but in the huge natural universe – a universe that is largely benign, 
principally because we are creatures that have evolved to fit with it. Those 
who fitted less easily are the ones that already died out, according to Darwin. 
But the story continues – if we do not fit with our environment and look after 
it, we too may die out. 

Science before Earth began
Before humans, before Earth, before the matter of which Earth is composed, 
radiation completely dominated everything in the universe. As the universe 
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cooled from its creation in the Big Bang 15.8 thousand million years ago, the 
radiation subsided leaving clumps of matter to emerge as galaxies of stars. 
With the exception of hydrogen, this matter was made of nuclear waste left 
after an orgy of early-exploding stars that created all the chemical elements 
we see around us today. Earth was formed some 4.5 thousand million years 
ago, and not long after that the slow development of life began. Much later, a 
mere million or so years ago, man appeared. Then, a few hundred years ago 
man began to understand how he himself could engage the power of science, 
culminating in his ability to work with radiation and generate energy from 
nuclear matter. 

Many speak as if nuclear energy and radiation were man-made, and perhaps 
compare a decision to use it  and its powerful influence to  Adam and Eve 
deciding to eat the forbidden fruit in the Garden of Eden. But man did not 
make radiation or nuclear energy – it  was nuclear radiation in the natural 
world that was needed to make man, long before. Indeed it is the failure of so 
many to eat the fruit of this knowledge that has lead to the sorry story of 
Fukushima  Daiichi  –  a  tragedy  of  ignorance,  a  tangled  web  of 
misunderstanding and undeserved distrust of which Shakespeare would have 
been  proud.  The  story  deserves  to  be  retold  in  a  positive  and  properly 
scientific light. 

Fire in the home
Decisions about  energy affect  people's  lives and many have strongly held 
opinions. But those opinions, whether about conventional fuels or nuclear, 
have to be confronted with evidence, and the right way forward has to be 
argued out. We may imagine how mankind fared in earlier times when faced 
by another question at least  as momentous as a decision to adopt  nuclear 
energy and to phase out the burning of carbon fuels. 

Perhaps many hundred thousand years ago there was consternation among 
the more conservative environmentalists of the day when radical innovators 
started building hearths  and bringing fire  into the  home.  Obviously,  most 
people were frightened – everyone knows the dangers that come when you 
start  messing with fire – and choosing to do so at home must have seemed 
irresponsible. The readiness with which fire can catch and spread has been 
the cause of countless fatal accidents – it is a thermal chain reaction that is 
difficult to put out. Even today, in spite of regulation, instruction and ever-
ready emergency services,  fire  remains  a  threat  with  a  substantial  annual 
death toll. When animals see or sense fire, experience tells them to run away, 
and collectively they are apt to panic. Man usually does the same, but at some 
point  in  the  early  Stone  Age  –  nobody knows  quite  when  –  he  made  a 
momentous  stride  for  civilisation:  overcoming  his  natural  fear  of  fire  he 
stopped, used his brain and studied the problem. He realised that on balance 
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the benefits of  fire outweigh its  dangers,  provided personal education and 
training is given to everybody, children included. It was a turning point that 
gave humans immediate supremacy over all other beings. Civilisation could 
not  have  developed  without  fire,  and  we  would  probably have  remained 
animals  with a  limited  population and a  short  and  brutish  life  if  we  had 
heeded  the  advice  of  the  environmentalists  of  those  days  pictured  in 
Illustration 3 on page 5.

Initially, no doubt, few shared this enthusiasm, and we may imagine some 
noisy demonstrations with members of the Anti-Fire Party opposing the new 
technology because, as they said, everybody knew that fire was dangerous 
and they had tales of death and destruction to back their case. But in the end 
they were  over-ruled,  and  the  lure  of  hot  cooked  food  and  warm  dry 
accommodation  won the  day.  Perhaps it  did  not  happen quite  like  that  – 
perhaps the protesters, afflicted by poor health and inadequate diet, just died 
of cold and hunger, being uncompetitive with those who embraced the new 
technology.  Anyway,  every generation of children to this  day has to learn 
respect for fire, often through the experience of a hot stove and a few tears.
In fact, the advance was not just the introduction of fire into the home but the 
power to think and act with confidence – to study and control the use of fire 
and other sources of energy in the environment.  As man used his brain and 
learnt more, his confidence in his scientific studies grew, and cooperation and 
trust in society at large grew with it. But such trust is fragile and is easily lost 
or destroyed. 
This process of learning has continued, and in the past century there have 
been  two  important  discoveries  suggesting  that  the  decision  to  use  fire 
liberally should be re-examined.  Firstly,  fire has  consequences  even more 
dangerous than previously understood, namely the effect of its emissions on 
the global environment [see Selected References on page 279,  SR3 Chapter 
2]; secondly, there is an alternative energy source to fire that does not have 
the  same drawbacks,  neither  the  tendency to  spread and multiply nor  the 
environmental impact. In addition it has more than a million times the energy 
density of carbon-based combustion.

This alternative is nuclear technology, first made known to the public in a 
sudden  dreadful  shock  at  the  end  of  World  War  II  with  the  bombing  of 
Hiroshima  and Nagasaki.  This  negative  experience was reinforced by the 
political and military propaganda of the Cold War period. Notwithstanding 
this,  the  public  has  benefited from nuclear  technology for  over  a  century 
through its use firstly in clinical medicine to image the internal anatomy of 
the human body and its functioning, and subsequently to diagnose diseases 
and  cure  cancers  without  surgery.  Today the  question  is  whether  nuclear 
technology is  really  as  dangerous  as  the  public  has  been  encouraged  to 
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believe.  Fire  is  welcomed in  spite  of  its  obvious  dangers.  Should nuclear 
energy be rejected? Or should it be accepted as the least bad option to save 
the endangered climate? Or even,  should it  be welcomed because nuclear 
energy  is  safer  than  fire  and  only  dangerous  under  quite  exceptional 
conditions?  Whether  to  use  nuclear  technology  is  the  new Promethean 
question. It is a decision as important as the domestication of fire. 

 Nuclear safety misjudged
The news from Fukushima Daiichi 

The accident  at  Fukushima  has  shown the  answer  rather  clearly:  nuclear 
power is  safe  to  use.  But  this  has  not  been appreciated.  Furthermore,  the 
relevant public education and training has not been given, and the guidance 
given by the authorities, both national and international, has been based on 
seriously mistaken science. As a result  the costs of nuclear energy and its 
safety have been completely misrepresented. 

Later chapters provide discussion and the evidence that nuclear power is safe. 
Based on this evidence, the authorities from the United Nations down should 
be urged to reconsider their advice, so that the wider public can make up their 
own  minds.  In  democracies  at  least,  politicians  are  likely  to  continue  to 
appease  the  fear  of  radiation  and  make  decisions  that  lead  to  a  lack  of 
economic competitiveness and environmental damage, locally and globally. 
However, once public opinion is better informed, leaders will see that there 
are votes in pursuing the course for the common good. 

The press saw the accident of March 2011 as the start of a new era. For the 
first time since the man-made nuclear age began, the media were ready and 
present at  the scene of a nuclear accident  with their cameras running and 
ready  to  stream  24-hour  news.  They  captured  pictures  of  chemical 
explosions; they speculated about the significance of leaks of gases and water 
carrying radioactive waste material; making little comment on the deaths of 
more than 18,800 people  from the tsunami,  they preferred to  keep media 
attention focussed exclusively on the big story – and they believed that was 
the nuclear one. Every day for weeks, then months and years, they described 
radiation escapes and radiation doses said to be high. But nothing happened – 
nobody was hurt by radiation or radioactivity. Unable to accept or appreciate 
that the script was not developing as they had expected, the journalists and 
reporters  continued  to  rephrase  the  stories  of  high  radiation  readings  and 
escaping radioactivity without being able to show why this mattered, except 
that it frightened people around the world who then bought their news stories.

On previous occasions when the press had reported from the scene  for the 
first  time,  the  consequences  were  far  reaching.  For  instance,  the  open 
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reporting of the Vietnam War with its dramatic pictures and true accounts 
showed it to be genuinely shocking, and this contributed to turning public 
opinion against the war,  at  home in the United States and elsewhere.  But 
never before Fukushima had the story been nuclear. Media interest in getting 
real  nuclear  pictures  had  never  been  satisfied  in  the  65  years  since  the 
bombing of Hiroshima and Nagasaki. The 1957  Windscale Fire was much 
smaller than Fukushima and not openly reported at the time; the Three Mile 
Island accident was contained and produced neither pictures nor casualties; 
Chernobyl was  inaccessible,  hidden  behind  the  Soviet  veil  that  crumbled 
shortly thereafter. So for the first few days at Fukushima, media reports felt 
able to indulge in nuclear superlatives, for the first time after many years of 
waiting. But apart from the fear maintained by the reports themselves, it was 
not like that. Lacking a ready script, the media started to scratch around for a 
story.  Popular  reports  urged  the  public  to  blame  the  operating  company, 
TEPCO (Tokyo Electric Power Company), and the Japanese government for 
lying,  secrecy and  bad  management  –  they could  hardly blame  them for 
injury and manslaughter because there had been none. Few, it seemed, looked 
at what had really happened, or rather had not happened. Around the world 
the initial collective panic spread, unrestrained, in an atmosphere of global 
ignorance.  Politicians and others drew up instant national  policy reactions 
without  fundamental  reappraisal,  and  this  was  reflected  too  in  official 
international  reports,  although  these  took  many  months,  even  years,  to 
appear. But did anyone dare to ask the big question? Was anyone in danger 
from the radioactivity and its radiation?

All the nuclear power plants in Japan were shut down and put into stand-by. 
This  resulted  in  electricity  shortages  and  then  massive  economic  and 
environmental costs, as substitute fossil fuel was imported and burnt. Over 
100,000  people  were  evacuated  from  the  region  and  many  more  left 
voluntarily. Food was condemned by regulation and more rejected by market 
forces, this in a relatively poor agricultural region where farming businesses 
were quite fragile anyway. Children were encouraged not to play outside, old 
people  were  moved from their  sheltered  accommodation,  often  with  fatal 
results. The population showed all the symptoms of extreme  social stress – 
bed-wetting, suicides, family break-up, alcohol dependence. No explanation 
was  given  to  the  local  people  of  what  was  happening  to  them.  Local 
discussion  degenerated  into  arguments  about  blame  and  compensation. 
Inevitably those who moved away from the region were the more affluent, 
leaving an immobile residual population without the youth and ability needed 
for a viable community. At great expense, work began to remove topsoil, said 
to be significantly contaminated, from fields in the evacuated regions. But 
this policy was not thought through and had negative consequences:

• Topsoil removal was found to reduce the radioactivity of the fields by 
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50% at most. 
• Fields lost much of their fertility without their topsoil.
• The forests and steeper rocky regions above the fields could not be 

included in  the  work,  but  these  covered  a  wide area,  seen in  the 
background in Illustration 11 on page 12.

It is difficult to see how this expensive work makes any sense. Later chapters 
will show why radioactivity in the region, as shown in Illustration 13 on page 
44, is far from dangerous, so that a 50% reduction does not make a cost-
effective difference. Teaching the local population about radiation and why 
they should genuinely have no worries would be a better  investment,  but 
obviously  that  would  take  longer.  But  for  a  start  they  would  get  some 
immediate  hope and encouragement from viewing the professional  videos 
showing wildlife thriving at Chernobyl today [SR7]. 

Around the world many other nations also panicked. Some withdrew their 
nationals from Tokyo, even from Japan, and introduced plans to shut down 
their nuclear plants and rely on renewables, which in practice increased their 
consumption of carbon. Eminent international bodies met and responded to 
popular  demands  for  increased  nuclear  safety.  Mandatory  standards  were 
raised, large numbers of people eagerly accepted new jobs in nuclear safety, 
and the quoted capital cost of nuclear power stations and the electricity they 
produce rose as a result. These funds and jobs became available as a result of 
the ballyhoo, but few analysed what had actually happened and whether it 
warranted such a reaction. 

In later chapters we explore the worldwide cultural misunderstanding, with 
its roots going back 70 years, that lies behind this reaction to the accident, 
why it  happened and  what  should  now be  done  about  it.  Science  policy 
blunders  have  been  made  before,  but  this  one  has  wider  consequences 
because it threatens both the world economy and, at the same time, the best 
prospect of stabilising the planet's environment for the benefit of all. 

Matching evidence and expectations
What  happened  at  Fukushima  Daiichi  was  not  what  was  expected.  The 
supposed terrible tragedy seemed not to match the evidence. There are only 
two possibilities:  either it  was simply wrong to expect  that such radiation 
would cause physical harm to the population; or the effects of the radiation 
will  turn  out  to  be  much  worse  in  the  end  than  the  results  have  so  far 
suggested. These possibilities are investigated here.

For  any  experience  that  complies  with  common  sense  our  expectations 
beforehand should match what happens. If this is so, our confidence builds. 
Otherwise  we  must  admit  that  we  have got  something wrong and it  is  a 
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matter of back to the drawing board to understand how we were wrong. That 
is  the  scientific  method.  We  could  get  mathematical  at  this  point  by 
expressing confidence as betting odds and  work out what how expectations 
should change in the light of new information. Fortunately this can usually be 
avoided  because  the  conclusion  is  plain  to  see.  In  particular, if  the  new 
information  completely disagrees  with  the  prior  expectation,  mathematics 
should not be used to hide the blatant inconsistency. 

So we need to examine our expectations. If something is obviously at odds, 
we  should  not  accept  that  some  sophisticated  statistical  analysis  or 
pronouncement from an eminent committee can avoid it. Such a situation is 
described  in  the  story  of  the  Emperor's  New  Clothes by  Hans  Christian 
Andersen. If the Emperor is wearing no clothes, then no pronouncement from 
his officially appointed international tailors carries any weight, and common 
sense  is  sufficient  to  see  that.  The  radiation  dangers  experienced  by  the 
people of Fukushima are like the Emperor's clothes – they are not there! The 
situation must be reviewed and resolved.

Pseudo-sciences and wishful thinking
By examining other major nuclear accidents, particularly Chernobyl and the 
one at Goiania, it  becomes clear  that no incidence of late cancer or  other 
mortality should be expected at  Fukushima.  So the predictions of  disaster 
were simply wrong. We will need to examine where these came from. The 
story will go back many decades to the birth of a pseudo-science called the 
Linear No-Threshold Hypothesis (LNT). It is described as a pseudo-science 
because it is not based on observation but on a history of ideas, fears and 
human emotions, quite real in their own terms but not scientific. LNT joins 
other  pseudo-sciences,  such  as  alchemy  and  astrology,  that  seemed 
interesting  in  their  day  but  were  finally  brought  down  by  conflicting 
evidence.  How do pseudo-sciences  come  to  be  accepted  in  spite  of  their 
erroneous  basis?  How  did  alchemy  and  astrology  get  their  limited 
acceptance, and did LNT become accepted by authority following a similar 
route?

Science requires care and attention to detail if wrong turns are to be avoided. 
Navigation offers a practical example. A boat that sails from A to B on a map 
on a steady course will arrive happily if the voyage is less than a few hundred 
miles – that is called plane sailing, as it would seem no different if the Earth 
were a flat plane [2]. However if the voyage is longer, plane sailing does not 
offer the most direct route because of the curvature of the Earth: for this, the 
boat should steer on a great circle with a slowly changing course relative to 
the points of the compass. That may not be clear to the non scientist, but it 
shows how a proper understanding of the problem is needed if mistakes are 
not to be made. Likewise, on the safety of radiation, having found that we 
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were wrong, we should develop a deeper understanding so that we can make 
better decisions.

Astronomy impressed everyone in the ancient world, as it does also today. It 
began by describing events of exceptional regularity: the rising of stars, Sun 
and Moon; their links to tides and seasons; astronomical measurements for 
navigation with ever greater accuracy; the movement of the planets; finally 
the prediction of eclipses. The authorities of the ancient world were naturally 
in awe of the astronomer. No doubt they took the priest of this power into 
their confidence and asked his advice. The astronomer would be pressed on 
many urgent questions about which he was certain and others about which he 
was quite ignorant. But could he refuse the offer of research facilities and 
substantial  grants? Perhaps he only had to guess whether the King would 
have a son. It is not surprising if at an incautious moment he accepted the 
research grant money on offer and agreed to use his astronomical powers to 
study the  probability of  the  birth  of  a male  heir.  If  he  got  the  prediction 
wrong,  the  result  might  be  fatal  for  him,  but  think  of  the  grant  and  the 
studentships he said to himself. In this way the pseudo-science of astrology 
was born.

Predicting the weather was uphill work in ancient times, and it still is today. 
At that time, everyone's lives depended on what they could grow, given the 
weather, and what they could make with their tools of wood, stone and metal. 
The  contribution  of  metalwork  to  the  economic  competitiveness  of  early 
civilisations was crucial, and the ability of their geologists and chemists to 
extract metal by heating and treating rocks was simply magic to the majority 
of the population. While they learnt how to produce base metals from raw 
minerals,  everyone  dreamt  of  producing  precious  silver  and  gold  by 
extending  the  magic.  Good  research  money was  always  on  offer  to  any 
charlatan or fool unwise enough to offer to transmute base metals into gold. 
The  pseudo-science  of  alchemy  was  driven  by  greed  and  ambition,  and 
frustrated by true science. But that did not stop people indulging, and many 
legends recount the fate of those who used fair means and foul in their pursuit 
of  riches  in  this  way.  Alchemy's  credibility  depends  on  gullibility  and 
ignorance, but, like astrology, its faulty appeal is exposed by education.

Does  LNT provide  another  example  of  such  a  pseudo-science,  this  time 
drawn from the  mid  twentieth  century instead  of  the  Middle  Ages?  LNT 
seemingly justifies  a  fear  of  radiation,  or  radiophobia.  This  fear  may  be 
genuine, but that does not mean that radiation is actually unsafe for low or 
moderate exposures, and of course fear should not be seen as a sufficient 
reason for proscriptive regulation. Those with a fear of the dark or of heights 
(like the author) may be really frightened, but such phobias are not built on 
science.  It  is  dangerous  and  irresponsible  to  inflict  on  others  the  false 
rationalisation  of  such  subjective  phobias,  however  unbearable  they  may 
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seem personally. Forbidding anyone from going out in the dark or climbing 
ladders would be wrong, unless there were solid statistical accident data to 
justify  it.  Any  such  restriction  would  reduce  productivity  and 
competitiveness. More generally, our practical superiority over other animals 
depends on an ability to face any apparent dangers objectively.

 Fear of nuclear energy
A zeitgeist reconsidered

Every age has its cultural spirit or zeitgeist. Some are beneficial while others 
are injurious. Religious ones may hold sway in a region, sometimes for many 
centuries. Secular ones can be geographical too, but seldom last so long. To 
adherents,  the  ideas  may  seem self  evident,  that  is  until  they  are  found 
wanting  and  the  false  confidence they offer  implodes.  The persistence of 
some is stabilised for a time by hate or fear that suppresses study and open 
discussion.  In  this  way  deep  examination  is  effectively  prevented  for 
everybody in society, except for a few technical priests. Ideas may appear to 
be  isolated by education if  people  are  made  to  feel  that  understanding is 
beyond them. Similarly the power  of voodoo or the curse of a witch doctor 
may sustain a  primitive  belief  by a collective  intimidation that  allows no 
questions.

In  modern  times,  general  improvements  in  education  have  prevented  or 
suppressed many instances of false or malignant fashions. Among those that 
have persisted, few have exerted a widespread inhibiting influence as strong 
as radiation phobia – the reaction to matters invoking the words nuclear and 
radiation. In  the  wake  of  news  of  the  nuclear  bombs  of  1945  came  a 
prescribed litany of nuclear awe to which all assented, and still do. But in the 
twenty-first  century  the  impact  of  carbon  fuels  on  the  environment  has 
brought a fresh need to exorcise public fears of nuclear technology. A simple 
transparent appreciation of radiation is required to replace the rationalisation 
based on flawed science that has been used in the past to underscore radiation 
phobia. 

The supply of  energy and  the  ability to  use  it  have been  responsible  for 
maintaining life on Earth from its beginning well over 3,000 million years 
ago. In the modern human era this has lead to large populations living under 
improving  conditions.  Until  recent  centuries  change  was  dictated  through 
natural  selection,  a  gentle-sounding  description  of  death,  but  which 
frequently occurred on a large scale. Today the ability of humans to study and 
plan provides a more welcome way to bring about change, although to be 
effective this depends on the education and understanding of decision makers 
–  in  a  democracy,  the  electorate  and  the  politicians  answerable  to  them. 
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Popular opinion about energy is still heavily influenced by fear of nuclear 
energy. This threatens to restrict not only the supply of energy, but also stable 
economic growth, food and clean water for a population living in a fragile 
climate. The remarkable accident at Fukushima challenges this fear and calls 
for a re-examination of nuclear technology using a coherent modern scientific 
understanding of the physical, biological, medical, and social issues involved, 
expressed in a form understandable to a broad readership. 

Trust in science is properly established by successful numerical prediction 
and measurement. Its explanation can be supported by pictorial diagrams and 
graphical descriptions that help make the truth intuitively obvious. The ability 
to draw or visualise a scientific result is as important to creating confidence 
for the scientist  as it  is for everybody else. So the following chapters use 
common sense, diagrams and pictures as well as a few numbers to help in 
reaching conclusions. Sometimes those numbers may be accurate and carry 
only a small uncertainty. Just as often the uncertainty may be quite large, but 
the conclusion will still be unavoidable if the alternative differs by a factor of 
hundreds or thousands. However, if all numerical comparisons are ignored, 
any discussions may degenerate into heated debate between parties unable to 
express their conclusions in clear numerical terms, as is often to be found in 
the media.

Notes on Chapter 2 

1 Statements of environmental and other academic support for German nuclear 
power (2014) http://maxatomstrom.de/umweltschuetzer-und-wissenschaftler/ 

2 This is often described as plain sailing, a spelling that suggests a 
misunderstanding. The Oxford English Dictionary accepts both spellings. 

http://maxatomstrom.de/umweltschuetzer-und-wissenschaftler/

