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NOTES AND
SOURCES

PROLOGUE

‘the Merlins of the Cold War’: M. Schrage, ‘Physicists’ Reign Is Likely
to End;, Los Angeles Times, 3 October 1991.

What followed, according to historian Steven Shapin: S. Shapin,
Never Pure: Historical Studies of Science as if It Was Produced by
People with Bodies, Situated in Time, Space, Culture, and Society, and
Struggling for Credibility and Authority (Johns Hopkins University
Press, 2010). Shapin points to Robert Merton, who has analysed this
further. ‘A passion for knowledge, idle curiosity, an altruistic concern
with the benefit to humanity, and a host of other special motives have
been attributed to the scientist, he says in The Sociology of Science:
Theoretical and Empirical Investigations (University of Chicago Press,
1973). Merton argues that these are not the natural values of the
individual scientists, but of the institutions in which they worked -
which demanded the same stance from their employees.

“The Stone Age may return on the gleaming wings of Science; warned
Winston Churchill: Speech at Fulton, Missouri, 5 March 1946,
published in Maxims and Reflections (Eyre & Spottiswoode, 1947), p.
164.

Another of Churchill’s pronouncements: Address to the Royal
College of Surgeons, 10 July 1951, collected in Stemming the Tide:
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P-4

p- 4

p- 4

Speeches 1951 and 1952 (Cassell, 1953), p. 91. It is interesting that

Churchill’s pre-war pronouncements about science come across

as much more positive. “The scientific utilisation, by liquefaction, p. 4
pulverisation and other processes, of our vast and magnificent

deposits of coal, constitutes a national object of prime importance,

he said in a Parliamentary debate in April 1928. Talking about Fritz

Haber’s invention of an ammonia synthesis method in 1918 (the

invention was crucial for the production of explosives and fertilisers),

Churchill said, ‘It is a remarkable fact, and shows on what obscure

and accidental incidents the fortunes of possibly the whole world

may turn in these days of scientific discovery’

Churchill would also have known of Allied scientists testing nerve

gas and mustard gas on their own soldiers: R. Evans, ‘Military p-5
Scientists Tested Mustard Gas on Indians, Guardian, 1 September

2007, available at http://www.guardian.co.uk/uk/2007/sep/o1/india.

military p-5
As the renowned biologist Jacob Bronowski put it just a few years

after Hiroshima: J. Bronowski, The Common Sense of Science

(Heinemann, 1951), p. 145. It is also worth noting that Bronowski

repeatedly warned his colleagues of the consequences of the public’s p-5
distrust of science. In 1956 he wrote, ‘People hate scientists ... the ,

scientist is forced, by the hatred of public opinion, to side with p.5
established authority and government. He becomes a prisoner of the

hatred of the lay public, and by that becomes the tool of authority’ (J.

Bronowski, “The Real Responsibilities of the Scientist, Bulletin of the

Atomic Scientists, January 1956, p. 10.) p-6
‘very much the image of science that the high-ups in the Royal

Society wanted to put across’: T. Boon speaking in Mad and Bad: 60

Years of Science on TV, Pioneer Productions for BBC, first broadcast

15 December 2010. Timothy Boon's book Films of Fact: A History

of Science in Documentary Films and Television (Wallflower, 2007) p.7
is a treasure trove of material on British science’s relationship with

the BBC in the post-war period. Boon cites various memos and p.7
communications where science establishment figures try to influence

broadcast subjects away from the ‘perils and dilemmas’ angle that so

obviously interested the journalists of the time: ‘Can we sometimes P-9
forget war and atomic weapons, industrial advance or productivity

... and say something more of the history and growth of science, of

the great solution wrought by the introduction of the experimental

method ... ¥’ Or, “The evil wrought by science springs, not from any
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intrinsic evil in science itself, but from its misuse by men who do not
really understand what scienceis ...

“You scientists, you kill half the world, and the other half can't live
without you’: This is from Episode 6 of A for Andromeda, which was
written by Fred Hoyle and John Elliott and first broadcast in 1962.
Hoyle was, in fact, a great scientist as well as a great science fiction
writer, but he was not one to toe the party line. That may account

for his being passed over for the 1983 Nobel Prize. As one obituarist
put it, ‘why Hoyle was not included in this award remains a mystery
hidden in the confidential documents of the Royal Swedish Academy’
(obituary available at http://www.guardian.co.uk/news/2001/aug/23/
guardianobituaries.spaceexploration).

By 1957, 96 per cent of Americans said they agreed with the
statement: Quoted in ‘Public Attitude Toward Science Is Yes, but—,
Science, vol. 215, p. 270 (1982).

According to the US Office of Technology Assessment, the average
science professor trains around twenty PhD scientists: ‘Federally
Funded Research, US Office of Technology Assessment, p. 219,
available at www.fas.org/ota/reports/9121.pdf

‘the postures we choose to be seen in’: P. Medawar, Induction and
Intuition in Scientific Thought (Methuen, 1969), p. 26.

Feyerabend published a book called Against Method: P. Feyerabend,
Against Method (New Left Books, 1975). The Stanford Encyclopedia of
Philosophy contains some entertaining anecdotes about Feyerabend:
http://plato.stanford.edu/archives/winzoo09/entries/feyerabend
Feyerabend was soon declared the ‘worst enemy of science’ T.
Theocharis and M. Psimopoulos, ‘Where Science Has Gone Wrong,
Nature, vol. 329, p. 595 (1987). This essay by two physicists was
prompted by financial strictures placed on British science; the blame
was laid at the feet of four philosophers of science.

‘nothing short of deliberate fraud’: R. Westfall, ‘Newton and the
Fudge Factor, Science, vol. 179, p. 751 (1973).

taunting his colleagues about his ‘secret knowledge’: Newton wrote
many of his papers in a code that remained undeciphered until John
Maynard Keynes worked out the cipher in the 1930s.

The ensuing investigation eventually cleared the scientists involved:
F. Pearce, ‘Climategate Inquiry: No Deceit, Too Little Cooperation,
New Scientist, 7 July 2010, available at http://www.newscientist.com/
article/dn19143-climategate-inquiry-no-deceit-too-little-cooperation.
html
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In February 2010, a poll commissioned by the BBC:
‘Climate scepticism “on the rise”, BBC poll shows, BBC
online news, 7 February 2010, available at http://news.bbc.
co.uk/1/hi/sci/tech/8500443.stm. A good source on the
issues associated with climate polls is climatesock.com:

see, for example, http://www.climatesock.com/2011/01/
what-do-we-do-when-two-good-polls-say-opposite-things/
‘People now find it conceivable that scientists cheat and

<«

manipulate’: E. Pearce, “Climategate” Was “a Game-Changer”

in Science Reporting, Say Climatologists, Guardian, 4 July 2010,
available at http://www.guardian.co.uk/environment/2010/jul/o4/
climatechange-hacked-emails-muir-russell

A study carried out in March: M. Schwartz, ‘Majority of Americans
Continue to Believe that Global Warming Is Real, available at http://
woods.stanford.edu/research/majority-believe-global-warming.html
This was confirmed in June: Cardiff University, ‘Public Perceptions
of Climate Change and Energy Futures in Britain, available at http://
www.cf.ac.uk/psych/home2/docs/UnderstandingRiskFinalReport.
pdf; Yale Project on Climate Change Communication,

‘Climate Change in the American Mind: Americans’ Global
Warming Beliefs and Attitudes in June 2010} available at
http://www.climatechangecommunication.org/images/files/
ClimateBeliefsJune2010(1).pdf; Stanford University’s ‘Global
Warming Poll’ is available at http://woods.stanford.edu/docs/surveys/
Global-Warming-Survey-Selected-Results-June2o10.pdf

February’s increase in climate scepticism had died away: J. Krosnick,
“The Climate Majority, New York Times, 8 June 2010. It's worth noting
that there was a great deal of controversy over Krosnick’s claims - see,
for example, http://pollingmatters.gallup.com/2010/06/reflections-
on-jon-krosnicks-global.html

‘the expert and the god’: J. Bronowski, The Common Sense of Science,
p. 142.

we will ’know the mind of God’: S. Hawking, A Brief History of Time
(Bantam, 1988), p. 193.

‘Nearly all scientific research leads nowhere ...: P. Medawar,
Induction and Intuition in Scientific Thought (Methuen, 1969), p. 31.
... there is nothing underneath our feet’: D. Sarewitz, Frontiers of
Illusion (Temple University Press, 1996), p. 15.
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CHAPTER 1

‘our main “discovery” was the Earth’: The quote comes from a letter
that William Anders, the photographer, wrote to New Scientist:
‘Seeing the Earthrise, New Scientist, 24 December 2005, p. 27.

still proud of this achievement: Brand tells the story in ‘Why Haven't
We Seen the Whole Earth?, Whole Earth Catalog, Fall 1969, p. 168.
‘the most influential environmental photograph ever taken’: The
quote is from wilderness photographer Galen Rowell's commentary
in 100 Photographs That Changed the World (Life Magazine, 2003).

‘... he is wondering how to conceal the fact that he has no opinion

to declare’: P. Medawar, Induction and Intuition in Scientific Thought
(Methuen, 1969), p. 11.

‘he made his profound discoveries in the manner of a mystic: H.
Ohanian, Einstein’s Mistakes (Norton, 2008), p. 3.

‘far beyond the capacity of human thinking’: Quoted in G. Holton,
The Scientific Imagination: Case Studies (Cambridge University Press,
1978), p. 7.

... only to a small degree in this manner’: A. Einstein, ‘Induction and
Deduction in Physics, Berliner Tageblatt, 25 December 1919.

“DNA chains coiled and floated’: Mullis tells the story in his

autobiography Dancing Naked in the Mind Field (Pantheon, 1998), p.
3.

‘I was down there with the molecules ...: Mulliss quote (and

the one that follows) is from the BBC Horizon documentary
Psychedelic Science. 1t is available at http://www.youtube.com/
watch?v=j2WurhYEQyY

Steve Jobs ... experience with LSD: reported in J. Markoff, What

the Dormouse Said: How the 60s Counterculture Shaped the Personal
Computer (Viking Adult, 2005), p. xix.

Crick was ‘fascinated by its effects’: M. Ridley, Francis Crick:
Discoverer of the Genetic Code (Harper Perennial, 2008), p. 156.

most of the pioneers of Silicon Valley were regular users: W. Kirn,
‘Valley of the Nerds, GQ, July 1991, p. 96. Text available at http://www.
marijuanalibrary.org/GQ_Valley_of_the_Nerds_g1.html. See also A.
Harrison, ‘LSD: The Geek’s Wonder Drug?’ at Wired online: http://
www.wired.com/science/discoveries/news/2006/01/70015

Every one of them answered yes to both: This and the following quote
are from R. Abraham, ‘Mathematics and the Psychedelic Revolution,
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p-23
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p. 23

p-23

p. 23
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p- 25

p. 26

p. 26

p. 26

p. 27

p. 29

p. 29

MAPS, Spring 2008, p. 6, available at www.maps.org/news-letters/
v18n1/v18ni1-MAPS_8-10.pdf

In April 2008, the evolutionary biologist Jonathan Eisen: http://
phylogenomics.blogspot.com/2008/04/what-is-so-bad-about-brain-
doping.html

‘If any ideas have a claim to be called creative ...: ]. Bronowski, The
Common Sense of Science (Heinemann, 1951), p. 148.

In an article entitled ‘Professor’s Little Helper’: B. Sahakian and S.
Morein-Zamir, ‘Professor’s Little Helper, Nature, vol. 450, p. 1157
(2007).

A full 20 per cent of them: B. Maher, ‘Look Who's Doping, Nature,
vol. 452, p. 674 (2008).

get scientists through writing laborious grant proposals: ‘Food for
Thought, Nature, 31 January 2008, available at http://www.nature.
com/nature/journal/v451/n7178/edsumm/eo80131-03.html

‘his pre-eminence is due to his muscles of intuition: the quote is from
a lecture delivered, after Maynard Keynes’ death, by his brother in
1942. The text of ‘Newton, the Man’ is available at http://www-history.
mcs.st-and.ac.uk/Extras/Keynes_Newton.html

... potential forms of consciousness entirely different’: W. James, The
Varieties of Religious Experience: A Study in Human Nature (1902).
The quote is on p. 283 of the 2008 Arc Manor edition, available
through Google books.

... but I was unable to decipher the scrawl: This and the quote that
follows are from O. Loewi, ‘An Autobiographical Sketch) Perspectives
in Biology and Medicine, vol. 4, p. 17 (1960).

According to Henry Dale: H. Dale, ‘Otto Loewi, Biographical
Memoirs of Fellows of the Royal Society, vol. 8, p. 80 (1962).

‘one of the most remarkable narratives of scientific discovery”: A.
Lightman, ‘Scientific moments of truth, New Scientist, 19 November
2003, p. 36.

“This was the origin of the “Structural Theory™: quoted in R.M.
Roberts, Serendipity: Accidental Discoveries in Science (Wiley, 1989),
p-77.

He saw himself running alongside a beam of light: A. Einstein,
Autobiographical Notes (Open Court, 1979), p. 49.

“This form of knowledge is pleasing to the erudite ...: G. Cardano,
The Book of My Life (NYRB Classics, 2002), p. 214.

The strange story of the genesis of the electric motor: Tesla tells

this story in My Inventions: The Autobiography of Nikola Tesla, first

p. 31

p. 3t

p. 32

p-33

p-33

p-33

p-35

p- 38

p- 38

p- 39
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published in 1919, and widely available in various editions and on
Google books.

‘I didn’t need any drawings; the whole plan was perfectly clear in
my head’: This quote comes from a personal interview with Snyder,
conducted by Roger Shephard and extracted in ‘Externalization

of Mental Images, a chapter from B. Randhawa, Visual Learning,
Thinking, and Communication (Academic Press, 1976).

a carbon copy of the American prototype: This is clear from the
report into Russian spying on British atomic research. See Annex

] of the Mitrokhin Inquiry Report: http://www.archive.official-
documents.co.uk/document/cm47/4764/4764-axj.htm

Fermi felt that he didn’t want to use the lead block: the story is told in
S. Chandrasekhar, Truth and Beauty in Science (University of Chicago
Press, 1987), p. 21.

‘feeling of guilt about suppressing the part chance and good fortune
played’: A. Hodgkin, ‘Chance and Design in Electrophysiology: An
Informal Account of Certain Experiments on Nerve Carried Out
Between 1934 and 1952;, Journal of Physiology, vol. 263, p. 1 (1976).
The British mathematician Paul Dirac: quoted in S. Chandrasekhar,
Truth and Beauty in Science, p. 20.

Michael Faraday apparently felt the same: sources for Faraday’s
fascinating and instructive story are G. Cantor, Michael Faraday,
Sandemanian and Scientist (Macmillan, 1991); and S. Chatterjee,
‘Michael Faraday: Discovery of Electromagnetic Induction,
Resonance, March 2002, available at http://www.ias.ac.in/resonance/
Mar2002/Mar2002p35-45.html

you can hand scientists all the evidence they need: the classic
example is B. Barber and R. Fox, ‘The Case of the Floppy-Eared
Rabbits, American Journal of Sociology, vol. 64, p. 128 (1958).
Copernicus ... referred to nature as ‘God’s Temple’: quoted in G.
Holton, The Scientific Imagination, p. xi.

‘I began to think whether there might not be a Motion ...": Harvey’s
idea is laid out in W. Harvey, On the Motion of the Heart and Blood in
Animals, translated by G. Keynes (The Classics of Medicine Library,
L.B. Adams, 1978). Available at http://www.fordham.edu/halsall/
mod/1628harvey-blood.html. There are good accounts of Harvey’s
work available on the web, e.g. http://physiologyonline.physiology.
org/content/17/5/175.full

‘How come that number isn’t zero?”: de Grasse Tyson asked this
question at ‘Beyond Belief: Science, Reason, Religion & Survival, a
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p-39

p. 40

p- 40

p- 42

p- 42

p. 42

p- 43

p- 43

P- 44

p- 44

conference that took place at the Salk Institute, La Jolla, California
on 5-7 November 2006. There is video available at http://

p. 44

thesciencenetwork.org/programs/beyond-belief-science-religion-
reason-and-survival (Session 2).
mutually ‘alien categories of knowledge: R. Highfield, ‘Disbelief

p. 46

proves to be a constant among scientists, Daily Telegraph, 3 April
1997, . 4.

Kekulé suggested to his colleagues that ... they should ‘learn to
dream!’: Kekulé was speaking at a conference (Benzolfest) in 1890;
the transcript is in Berichte der Deutschen Chemischen Gesellschaft, p-47
vol. 23, p. 1302 (1890).

“The eternal mystery of the world is its comprehensibility’: A.
Einstein, ‘Physics and Reality, Journal of the Franklin Institute, vol. p-47
221, p. 349 (March 1936).

CHAPTER 2 p- 47
The anarchists won the battle: This story was reported worldwide;
see for example the Time story at http://www.time.com/time/
world/article/0,8599,1703692,00.html. The Guardian’s account p-48
is at http://www.guardian.co.uk/world/2008/jan/16/catholicism.
internationaleducationnews

a speech delivered by the Pope back in 1990, when he was Cardinal
Ratzinger: Contained in Ratzinger, A Turning Point for Europe? The
Church in the Modern World (Ignatius Press, 1994), p. 76. A digest of
the speech is available at http://ncronline.org/node/11541

p- 48
p- 48

The sixty-seven signatories made their feelings very clear:
‘Newsmakers: On Campus, Science, vol. 319, p. 353 (2008).

... much more faithful to reason than Galileo himself’; P.
Feyerabend, Against Method (Verso, 1993), p. 125.

According to Giorgio Israel: a translation of Israel’s article is at http://
freeforumzone.leonardo.it/discussione.aspx?idd=354494&p=156

one in five of its accepted papers contained ‘questionable data’:
Editorial: ‘Beautification and Fraud, Nature Cell Biology, vol. 8, p. 101
(2006).

learned ‘not to place too much reliance on any single piece of
experimental evidence’: This quote and the one from Watson that
follows are from E. Crick, What Mad Pursuit: A Personal View of
Scientific Discovery (Weidenfeld & Nicolson, 1989), p. 59.

p. 51
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Ptolemy: in the second century Ap, he manipulated data: See R.R.
Newton, The Crime of Claudius Ptolemy (Johns Hopkins University
Press, 1977), p. 80.

a ‘useless fiction: M.A. Finocchiaro (editor and translator), The
Galileo Affair: A Documentary History (University of California Press,
1989), p. 128. The full quote refers to those who ‘resort to useless
chimeras such as motions of the Moon and other fictions, without
ever thinking about considering the different lengths and depths of
the seas’

... no one can manipulate the fudge factor quite so effectively ...":
This quote and the one in the next paragraph are from R. Westfall,
‘Newton and the Fudge Factor, Science, vol. 179, p. 751 (1973).
Ptolemy has been forgiven as ‘honestly motivated’: the quote comes
from an article ‘Science: The Ptruth About Ptolemy’ in Time, 28
November 1977, available at http://www.time.com/time/magazine/
article/0,9171,919182,00.html

No lesser a figure than Einstein has exonerated Galileo: A. Einstein,
Foreword to Galileo Galilei, Dialogue Concerning the Two Chief
World Systems - Ptolemaic & Copernican (University of California
Press, 1967).

‘many of the risk factors for misconduct also seem to be what makes
for good science’: . Giles, ‘Breeding Cheats, Nature, vol. 445, p. 242
(2007).

‘scientists who fall deeply in love with their hypothesis ...: P.
Medawar, Advice to a Young Scientist (Harper & Row, 1979), p. 39.
Sources for the Robert Millikan section: G. Holton, The Scientific
Imagination (Cambridge University Press, 1978); T. Datta et al.,

‘A New Look at the Sub-Electron Controversy of Milikan [sic] &
Ehrenhaft, http://arxiv.org/abs/physics/0507170; Robert A. Millikan,
Oil Drop Experiment Notebooks, Archives, California Institute of
Technology, available at http://caltechln library.caltech.edu/8/; D.
Goodstein, ‘In Defense of Robert Andrews Millikan, Engineering &
Science, no. 4, p. 30 (2000), available at eands.caltech.edu/articles/
Millikan%2oFeature.pdf; K. Gottfried, M. Peltier and G. Cohen, with
a reply by R. Lewontin, ‘On Fraud in Science: An Exchange], New York
Review of Books, 10 February 2005, available at http://www.nybooks.
com/articles/archives/2005/feb/10/on-fraud-in-science-an-exchange/
‘I did not like this, but I could see no other way out ...: H. Fletcher,
‘My Work with Millikan on the Oil-Drop Experiment;, Physics Today,
June 1982, p. 43.



272 FREE RADICALS

p- 54

P54
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p- 55

p. 56

p-59

P- 59

p. 60

p. 61

p- 62

p. 62

‘I cannot interpret Millikan’ italicized statement as anything other
than a lie’: C. Whitbeck, ‘Truth and Trustworthiness in Research,
Science and Engineering Ethics, vol. 1, p. 403 (1995), available at http://
www.onlineethics.org/Topics/RespResearch/ResEssays/cw2.aspx

‘it cannot be claimed that it has been finally decided’: O. Chwolson,
quoted in G. Holton, The Scientific Imagination: Case Studies
(Cambridge University Press, 1978), p. 28.

‘The beauty here lies with the experiment not the experimenter’: G.
Johnson, The Ten Most Beautiful Experiments (Vintage, 2009), p. 155.
intuition is ‘an important, and perhaps in the end a researcher’s best,
guide ...: E Grinnell, ‘Misconduct: Acceptable Practices Differ by
Field, Nature, vol. 436, p. 776 (2005).

‘... questionable behaviour that threatens the integrity of science’: B.
Martinson, ‘Scientists Behaving Badly, Nature, vol. 435, p. 737 (2005).
Sources for the Einstein section: H. Ohanian, Einstein’s Mistakes
(Norton, 2008); A. Folsing, Einstein (Penguin, 1998); S. Weinberg,
‘Einstein’s Mistakes, Physics Today, November 2005, p. 31.

... fix your attention on their deeds’: Quoted in P. Medawar,
Induction and Intuition in Scientific Thought (Methuen, 196g), p. 10.
... one should not allow oneself to be too discouraged”:

P. Dirac, “The Evolution of the Physicist’s Picture of

Nature, Scientific American, May 1963, vol. 206, p. 53.

Available at http://www.scientificamerican.com/blog/post.
cfm?id=the-evolution-of-the-physicists--pi-2010-06-25
‘counterfeiting the coin of science’: D. Goodstein, ‘Conduct and
Misconduct in Science, available via his web page at http://www.its.
caltech.edu/~dg/conduct_art.html

... A piece of chalk was his only tool’: W. Laurence, ‘Einstein Offers
New View of Mass-Energy Theorem, New York Times, 29 December
1934, available at http://select.nytimes.com/gst/abstract.html?res
=F30A1EFA3B5D167A93CBAB1789D95F408385F9&scp=1&sq=e
instein&st=p. See also D. Topper and D. Vincent, ‘Einstein’s 1934
Two-Blackboard Derivation of Energy-Mass Equivalence, American
Journal of Physics, vol. 75, p. 978 (2007), available at muj.optol.
cz/~richterek/data/media/ref_str/topper2007.pdf

Not until 1949, when he published an autobiography: A. Einstein,
Autobiographical Notes, Open Court (1979).

Sources for the Eddington section: M. Stanley, Practical Mystic:
Religion, Science, and A.S. Eddington (University of Chicago Press,
2007); H. Collins and T. Pinch, The Golem: What You Should Know
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About Science (Cambridge University Press, 1993); W. Gratzer,
Eurekas and Euphorias (Oxford University Press, 2002); H. Ohanian,
Einstein’s Mistakes (Norton 2008).

‘Observation and theory get on best when they are mixed together
..J: Quoted in P. Wood, Science and Dissent in England, 1688-1945
(Ashgate Publishing, 2004), p. 249.

Raymond De Vries and his colleagues called their new paper ‘Normal
Misbehavior’: R. De Vries et al., ‘Normal Misbehavior,, Journal of
Empirical Research on Human Research Ethics, vol. 1, p. 43 (2006).
The introduction of ethics classes for researchers at the University of
Texas: This and the following example come from E. Marshall, ‘How
Prevalent Is Fraud?, Science, vol. 290, p. 1662 (2000).

Barbara Redman and Jon E. Merz published a rather remarkable
piece of work: B. Redman and J. Merz, ‘Do the Punishments Fit the
Crime?, Science, vol. 321, p. 775 (2008).

‘Most cases are probably not publicized ..”: R. Smith, ‘Research
Misconduct: The Poisoning of the Well, Journal of the Royal Society of
Medicine, vol. 99, p. 232 (2006).

The science writer Simon Singh: S. Singh, ‘Shadows of Days Gone
By, Times Higher Education Supplement, 6 August 1999, available at
http://www.simonsingh.net/1919_Eclipse.html

‘it is worth remembering that history has vindicated Millikan: D.
Goodstein, ‘In Defense of Robert Andrews Millikan'

Heredity pioneer Gregor Mendel’s data are suspiciously clean: M.
Franzen et al,, ‘Fraud: Causes and Culprits as Perceived by Science
and the Media, EMBO Reports, vol. 8, p. 3 (2007).

... one of the tiny handful of supreme geniuses ...: R. Westfall, Never
at Rest: A Biography of Isaac Newton (Cambridge University Press,
1980), p. ix.

If young scientists were to find out what really happened in the
history of their subject: S. Brush, ‘Should the History of Science Be
Rated X?; Science, vol. 183, p. 1164 (1974).

CHAPTER 3

‘... stealing our faeces from the latrines to perform sorcery?’: S.
Lindenbaum, Kuru Sorcery: Disease and Danger in the New Guinea
Highlands (McGraw-Hill, 1978), p. 101.
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... several years before his mother developed kuru herself’: You

can see the photos in Gajdusek’s Nobel Lecture, ‘Unconventional
Viruses and the Origin and Disappearance of Kuru’ (13 December
1976), available at http://nobelprize.org/nobel_prizes/medicine/
laureates/1976/gajdusek-lecture.html

‘Patients know they are to die’: D. Gajdusek, ‘Kuru: Clinical,
Pathological and Epidemiological Study of an Acute Progressive
Degenerative Disease of the Central Nervous System Among Natives
of the Eastern Highlands of New Guinea, American Journal of
Medicine, vol. 26, p. 442 (1959).

‘[TThey know damn well that we do nothing for the disease ...: The
letters are quoted in C. Spark, ‘Learning from the Locals: Gajdusek,
Kuru and Cross-Cultural Interaction in Papua New Guinea, Health
and History, vol. 7, p. 80 (2005).

Gajdusek’s breakthrough paper was published in 1966: D. Gajdusek
et al., ‘Experimental Transmission of a Kuru-like Syndrome in
Chimpanzees, Nature, vol. 209, p. 794 (1966).

That result was published in 1968: C.J. Gibbs et al., ‘Creutzfeldt-Jakob
Disease (Subacute Spongiform Encephalopathy): Transmission to the
Chimpanzee, Science, vo. 161, p. 388 (1968).

one of his patients was suffering a slow and agonising death: Prusiner
describes his entrance into the field in S. Prusiner, “The Prion
Diseases, Scientific American, vol. 272, p. 48 (1995), available at www.
mad-cow.org/~tom/prionSPhtml

he came across what he later called an ‘astonishing’ report: T. Alper
et al,, ‘Does the Agent of Scrapie Replicate Without Nucleic Acid?,
Nature, vol. 214, p. 764 (1967).

The English mathematician John Stanley Griffith had come up with
an answer: J. Griffith, ‘Self-Replication and Scrapie, Nature, vol. 215,
p- 1043 (1967).

Equipped with what he terms ‘the optimism of youth’ and a ‘cocky’
nature: Prusiner describes his young self as ‘cocky’ in G. Taubes,
‘Nobel Gas: Sure, Stanley Prusiner Deserves a Prize - for His
Persistence, Not for His Prions, Slate, 11 October 1997, available at
http://www.slate.com/id/2096/

Prusiner made the claim in a paper published in the journal Science:
S. Prusiner, ‘Novel Proteinaceous Infectious Particles Cause Scrapie,
Science, vol. 216, p. 136 (1982).
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‘three decades of investigation have yielded no direct experimental
proof’: S. Supattapone, ‘What Makes a Prion Infectious?;, Science, vol.
327, p. 1091 (2010).

‘At every crossroads on the road that leads to the future ...: the quote
is borrowed from Belgian playwright Maurice Maeterlinck.
represents ‘a triumph of the scientific process over prejudice’: S.
Prusiner, Prion Biology and Diseases (Cold Spring Harbor Laboratory
Press, 1999), p. 126.

they ‘wanted to stick close to the evidence’: Interview by Carol
Reeves, in “I Knew There Was Something Wrong with That Paper™:
Scientific Rhetorical Styles and Scientific Misunderstandings,
Technical Communication Quarterly, vol. 14(3), p. 267 (2005). This is
an extraordinary paper, well worth reading, and is studied in more
depth later in this chapter. It is available at sullivanfiles.net/science_
rhetoric/style/reeves_something wrong.pdf

Richard Kimberlin of the Animal Research Centre in Edinburgh
countered it in Nature: R. Kimberlin, ‘Scrapie Agent: Prions or
Virinos?’ Nature, vol. 297, p. 107 (1982).

‘From our point of view, there is no doubt’: L. Altman, ‘U.S. Scientist
Wins Nobel for Controversial Work, New York Times, 7 October 1997.
the result could be ‘tragic’: Chesebro’s press release is reported in

R. Rhodes, ‘Pathological Science, New Yorker, 1 December 1997,
available at http://www.vanderbilt.edu/AnS/physics/brau/Retirement/
Prusiner%zoreading/Pathologicalscience.pdf

Laura Manuelidis made a similar point: G. Kolata, ‘Eye on the Nobel;
They Should Give a Prize for Ambition, New York Times, 12 October
1997. The ‘cold fusion of infectious diseases’” quote is from the same
source.

‘Clearly, we are in the very early stages of exploration ...: B.
Chesebro, ‘BSE and Prions: Uncertainties About the Agent;, Science,
vol. 279, p. 42 (1998).

‘set off a firestorm’ and unleashed a ‘torrent of criticism'’: Prusiner’s
autobiography is available at http://nobelprize.org/nobel_prizes/
medicine/laureates/1997/prusiner-autobio.html

‘And by then, Petterson told Reuters, ‘it was too late’: B. Goldsmith,
‘Nobel Winner Could Have Prevented “Mad Cow”, Reuters World
Report, 6 October 1997, text available at http://www.mad-cow.org/
Nobel.html#winner

“They are always vulgar, and often convincing’: L. Manuelidis, A

25 nm Virion Is the Likely Cause of Transmissible Spongiform
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Encephalopathies;, Journal of Cellular Biochemistry, vol. 100, p. 897
(2007).

“The story, to me, is a hideous replay of the tobacco mosaic virus
claim of 1936”: Laura Manuelidis, personal communication.
Wendell Meredith Stanley returned to the United States and settled
in New Jersey: Stanley’s story is told in L. Kay, ‘W. M. Stanley’s
Crystallization of the Tobacco Mosaic Virus, Isis, vol. 77, p. 450
(1986).

In 1935 he published a landmark paper: W. Stanley, ‘Isolation of a
Crystalline Protein Possessing the Properties of Tobacco-Mosaic
Virus, Science, vol. 81, p. 644 (1935).

Bawden and Pirie published their findings in Nature: E. Bawden et al.,
‘Liquid Crystalline Substances from Virus-infected Plants, Nature,
vol. 138, p. 1051 (1936).

explicitly states that the prize was for demonstrating that a virus
‘actually is a protein: http://nobelprize.org/nobel_prizes/chemistry/
laureates/1946/press.html

James Watson mentions Bawden and Piri€’s gift explicitly: J. Watson,
The Double Helix (Weidenfeld & Nicolson, 1968), p. 119.

They defined a virus as a piece of nucleic acid that carried genetic
information: F. Crick and J. Watson, ‘Structure of Small Viruses,
Nature, vol. 177, p. 4506 (1956).

The paper is called “The “Undiscovered” Discovery’: W. Stanley, “The
“Undiscovered” Discovery, Archives of Environmental Health, vol. 21,
p. 256 (1970).

Prusiner has been unwilling to talk to journalists since 1986: Rhodes
mentions this in his ‘Pathological Science’ article in New Yorker.
Prusiner has talked to a few journalists here and there, but is still
reluctant. He declined to be interviewed for the purposes of this book.
Discover published an article that was highly critical of his
methodology: G. Taubes, “The Game of the Name is Fame. But is

it Science?’, Discover, vol. 7(12), p. 28 (December 1986), available at
http://www.slate.com/id/2096/sidebar/ 42786/

Physics Letters published a paper by Murray Gell-Mann: M. Gell-
Mann, ‘A Schematic Model of Baryons and Mesons, Physics Letters,
vol. 8, p. 214 (1964).

Gell-Mann managed to distance himself from any accountability for
their existence: M. Gell-Mann, ‘Current Algebra: Quarks and What
Else?’, in Proceedings of the XVI International Conference on High
Energy Physics, vol. 4, p. 135 (1972).
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The particle physicist John Polkinghorne caricatured Gell-Mann's
equivocation: J. Polkinghorne, Rochester Roundabout: The Story of
High Energy Physics (Longman, 1989), p. 110. Before the words I've
quoted here, Polkinghorne says, ‘For many years it was [Gell-Mann’s]
habit to refer to the “presumably mathematical” quark. I always
considered that to be a coded message’

Carol Reeves ... has carried out a study of Prusiner’s rhetorical style:
As well as drawing on the T Knew There Was Something Wrong with
That Paper’ paper mentioned above, this section also draws on the
fascinating analysis in C. Reeves, An Orthodox Heresy: Scientific
Rhetoric and the Science of Prions, Science Communication, vol. 24,
p. 98 (2002).

before they can be ‘firmly classified as prions’: S. Prusiner, ‘Prions:
Novel Infectious Pathogens, Advances in Virus Research, vol. 29, p. 1
(1984).

virologist Richard Carp wrote in 1985: R.I. Carp et al., ‘Nature of the
Scrapie Agent: Current Status of Facts and Hypotheses, Journal of
General Virology, vol. 66, p. 1357 (1985).

Carp says that the prion idea is so firmly established: Telephone
interview with Reeves, cited in ‘An Orthodox Heresy’

Scientists are highly resistant to new scientific ideas: Numerous
historical examples can be found in B. Barber, ‘Resistance by
Scientists to Scientific Discovery, Science, vol. 134, p. 596 (1961).
‘New ideas need the more time for gaining general assent ... H.
Helmholtz, “The Modern Development of Faraday’s Conception

of Electricity, Faraday Lecture, delivered before the Fellows of the
Chemical Society, London, 5 April 1881. Text available at http://www.
chemteam.info/Chem-History/Helmholtz-1881.html

‘none of my professors ... had any understanding for its contents’:
M. Planck, Scientific Autobiography, translated by E. Gaynor
(Philosophical Library, 1968), p. 19.

kept science in China and the Far East from leading the world: M.
Brooks, “The Spark Rises in the East, New Statesman, 16 August
2010, available at http://www.newstatesman.com/asia/2010/08/
china-research-chinese-science

Today, an estimated 35 million people worldwide have dementia:
figures available at http://www.alz.co.uk/media/nri00921.html
knock out the ability of mice to make prion proteins: C. Le Pichon,
‘Olfactory Behavior and Physiology Are Disrupted in Prion Protein
Knockout Mice, Nature Neuroscience, vol. 12, p. 60 (2008).
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may not generate new neurons at quite the normal rate: C.C. Zhang
et al., ‘Prion Protein Is Expressed on Long-Term Repopulating
Hematopoietic Stem Cells and Is Important for Their Self-Renewal,
Proceedings of the National Academy of Sciences, vol. 103, p. 2184
(2006).

the absence of prion proteins seems to make long-term memory
more robust: E. Parkin et al., ‘Cellular Prion Protein Regulates
B-Secretase Cleavage of the Alzheimer’s Amyloid Precursor
Protein, Proceedings of the National Academy of Sciences, vol.

104, p. 11062 (2007). It is worth noting that this paper was edited

by Stanley Prusiner prior to publication: http://www.pnas.org/
content/104/26/11062. The questionable scientific ethics behind some
papers in the Proceedings are briefly discussed in Chapter 6.

When Alois Alzheimer first presented his new disease: N. Zilka and
M. Novak, ‘The Tangled Story of Alois Alzheimer, Bratisl Lek Listy,
vol. 107, p. 343 (2006), available at http://www.bmj.sk/2006/107910-
o2.pdf

In 2009, researchers were excited to discover: H. Ledford,
“Harmless” Prion Protein Linked to Alzheimer’s Disease,

Nature News Service, 25 February 2009, http://www.nature.com/
news/2009/090225/full/news.2009.121.html

human brain cells engineered to make more prion proteins: E. Parkin
et al., ‘Cellular Prion Protein Regulates B-Secretase Cleavage of the
Alzheimer’s Amyloid Precursor Protein’

Misfolding is not uncommon in proteins: For a useful essay on
protein folding, see W.A. Thomasson, ‘Unraveling the Mystery of
Protein Folding) http://iop.vast.ac.vn/theor/conferences/smp/1st/
kaminuma/UnravelingtheMysteryofProteinFolding/protein.html
they involve prion proteins that have somehow folded up differently

to normal: A. Aguzzi, ‘Beyond the Prion Principle, Nature, vol. 459, p.

924 (2009).

Normal mice remained perfectly healthy: This experiment is
discussed in J. Collinge, ‘A General Model of Prion Strains and Their
Pathogenicity, Science, vol. 318, p. 930 (2007).

There is certainly still room for the involvement of a nucleic acid
element: For a contrarian view on Prusiner, see L. Maneulidis,
“Transmissible Encephalopathy Agents: Virulence, Geography and
Clockwork, Virulence, vol. 1, p. 1 (2010).
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eight young men who had each been paid £2,330: there were global
press reports at the time. For a later analysis, see e.g. D. Leppard,
‘Elephant Man Drug Victims Told to Expect Early Death, Times, 30
July 2006, available at http://www.timesonline.co.uk/tol/news/uk/
article694634.ece; and S. Hattenstone, “Everybody Thought We Were
Toxic Waste”, Guardian, 17 February 2007, available at http://www.
guardian.co.uk/society/2007/feb/17/health lifeandhealth. A digest is
available at http://www.i-sis.org.uk/LDTC.php

things ‘could have been done better’: M. Goodyear, ‘Further Lessons
from the TGN1412 Tragedy, British Medical Journal, vol. 333, p. 270
(2006).

In 2005, ethicists Patricia Keith-Spiegel and Gerald Koocher
published a rather enlightening paper: P. Keith-Spiegel and G.
Koocher, “The IRB Paradox: Could the Protectors Also Encourage
Deceit?, Ethics and Behavior, vol. 15, p. 339 (2005), available at www.
ethicsresearch.com/images/IRB_Paradox_EandB.pdf. See also J.
Giles, ‘Researchers Break the Rules in Frustration at Review Boards,
Nature, vol. 438, p. 136 (2005); A. Dove, ‘Further Concern over Rules
That Impede Research, Nature Medicine, vol. 8, p. 5 (2002).

‘Who knows how many beneficial drugs are being withheld from the
public’: Altman raises the question in L. Altman, Who Goes First?
The Story of Self-Experimentation in Medicine (Random House 1986).
Altman is the best source for many of the stories in this chapter, in
particular the story of Werner Forssmann.

The picture was published in Forssmannn’s breakthrough paper:

W. Forssmann, ‘Die Sondierung des rechten Herzens, Klinische
Wochenschrift, vol. 45, p. 2085 (1929).

eventually became Hitler’s Surgeon General to the Army: Marc
Dewey and colleagues suggest that Sauerbruch was not all bad:

he ‘supported victims of Nazi persecution, attempted to use his
influence to put a stop to the “Euthanasia Program T4, and in private
expressed his criticism of National Socialists. M. Dewey et al., ‘Ernst
Ferdinand Sauerbruch and His Ambiguous Role in the Period of
National Socialism, Annals of Surgery, vol. 244, p. 315 (2006).

the Allies had experimented on their own citizens and

soldiers: See, for example, P. Cockburn, ‘US Navy Tested

Mustard Gas on Its Own Sailors), Independent, 14 March 1993,
available at http://www.independent.co.uk/news/world/
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us-navy-tested-mustard-gas-on-its-own-sailors-in-1943-the-
americans-used-humans-in-secret-experiments-patrick-
cockburn-in-washington-reports-on-the-survivors-who-bear-the-
scars-1497508.html; and R. Evans, ‘Military Scientists Tested Mustard
Gas on Indians, Guardian, 1 September 2007, available at http://www.
guardian.co.uk/uk/2007/sep/o1/india.military

And so arose the defining ethical guidelines in medical science: The
Nuremberg Code can be viewed at http://ohsr.od.nih.gov/guidelines/
nuremberg.html

Not that all wartime science was mired in dark deeds: Haldane’s
exploits are detailed in R. Clark, J. B. S.: The Life and Work of J.

B. S. Haldane (Quality Book Club, 1968), available at http://www.
gyanpedia.in/Portals/o/Toys%20from%20Trash/Resources/books/
haldanebio.pdf

the three surgeons were jointly presented with the Nobel Prize

in Physiology or Medicine: http://nobelprize.org/nobel_prizes/
medicine/laureates/1956/forssmann-bio.html

a moment of eye-watering recklessness: Newton's illustrated account
of his experiment is available at http://www.newtonproject.sussex.
ac.uk/view/extract/normalized/NATPoooo4/start=par62&end=par64
The nineteenth-century pioneers of anaesthesia: Altman’s Who Goes
First is detailed on the history of anaesthesia, but you could also visit
http://www.general-anaesthesia.com/#historical

He was, in his own words, ‘a little scientist guy’: The quotes come
from a fascinating and provocative TED (Technology, Entertainment,
Design) talk available at http://www.ted.com/index.php/talks/
kary_mullis_on_what_scientists_do.html

Sources for Barry Marshall’s story: ‘Helicobacter Connections, Nobel
Lecture, 8 December 2005, available at http://nobelprize.org/nobel
prizes/medicine/laureates/2005/marshall-lecture.html; B. Marshall
(editor), Helicobacter Pioneers: Firsthand Accounts from the Scientists
Who Discovered Helicobacters 1892-1982 (Blackwell, 2002).

Warren actually has no memory of the incident: Robin Warren,
personal communication.

Daniel Boorstin: “The greatest obstacle to knowledge is not ignorance;
it is the illusion of knowledge: This quote comes from an interview
with Boorstin: C. Krucoff, “The 6 O’Clock Scholar, Washington Post,
29 January 1984, p. K1

the first line of attack for doctors presented with a peptic ulcer: http://
consensus.nih.gov/1994/1994HelicobacterPyloriUlcerog4html.htm
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Major Walter Reed, left Cuba and headed back to Washington:

An interesting, up-to-date take on the incident can be found in

A. Mehra, ‘Politics of Participation: Walter Reed’s Yellow-Fever
Experiments,, Virtual Mentor, vol. 11, p. 326 (April 2009), available at
http://virtualmentor.ama-assn.org/2009/04/mhsti-0904.html

the shameful US Public Health Service project known as the
Tuskegee syphilis study: There are many books on this episode, e.g.

S. Reverby, Examining Tuskegee: The Infamous Syphilis Study and Its
Legacy (University of North Carolina Press, 2009), but there are also
a host of online resources about it, e.g. the website of the US Centers
for Disease Control and Prevention, http://www.cdc.gov/tuskegee/
index.html

An equally shameful but more recent example of scientific
recklessness: The best commentary and rundown of the Wakefield
scandal is at the website of Sunday Times journalist Brian Deer:
http://briandeer.com/mmr-lancet.htm

‘a callous disregard’ for the suffering of children: The GMC statement,
issued on 24 May 2010, is available at www.gmc-uk.org/Wakefield
SPM_and_SANCTION.pdf_32595267.pdf

Measles has again emerged as a killer disease: There is a salutary
warning of Wakefield’s impact in the UK Health Protection Agency’s
graph of notifications and confirmed cases at http://www.hpa.org.uk/
web/HPAweb&HPAwebStandard/HPAweb_C/1195733808276

Hwang is not guilt-free: See, for example, ‘S Korea cloning pioneer
disgraced; 24 November 2005, http://news.bbc.co.uk/1/hi/world/asia-
pacific/4465552.stm; D. Cyranoski, ‘Clone Star Admits Lies over Eggs,
Nature, vol. 438, p. 536 (2005); ‘10 Questions For Dr. Hwang Woo
Suk; http://www.time.com/time/magazine/article/0,9171,1137709,00.
html; ‘Cloning Pioneer Admits Ethical Violations and Quits; http://
www.newscientist.com/article/dn8367

There are plenty more examples of questionable practices: See e.g. J.
Minkel, ‘Self-Experimenters Step Up for Science, scientificamerican.
com, 10 March 2008, available at http://www.scientificamerican.com/
article.cfm?id=self-experimenters

As Rebecca Skloot observes: R. Skloot, The Immortal Life of Henrietta
Lacks (Macmillan, 2010), p. 315.

the ‘indescribable’ feeling of having worms burrow through his

skin: E. Svoboda, “The Worms Crawl in), New York Times, 1 July

2008, available at http://www.nytimes.com/2008/07/01/health/
research/o1prof html
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an unlikely sentence in The Biochemist: D. Pritchard, ‘Can Parasites
Be Good for You?, The Biochemist, vol. 31(4), p. 28 (2009).

‘I would have died in the service of science ...: from E.E. Hume,
Max von Pettenkofer: His Theory of the Etiology of Cholera, Typhoid
Fever, and Other Intestinal Diseases. A Review of His Arguments and
Evidence (Hoeber, 1927), p. 456.

CHAPTER 5

Landrum Shettles was hurrying towards his laboratory: The

story is told in PBS’s American Experience programme Test

Tube Babies. There is a transcript at http://www.pbs.org/wgbh/
americanexperience/features/transcript/babies-transcript/

the EAB finally issued their report on the prospects for human

IVEF: For a discussion of the report and its context, see http://www.
nap.edu/openbook.php?record_id=11278&page=23. This is part

of Guidelines for Human Embryonic Stem Cell Research (National
Academies Press, 2005). See also this useful timeline on the history
and politics of embryo and stem cell research in the United States:
http://www.nature.com/gt/journal/vg/n11/full/3301744a.html
Americans now favoured the use of IVF: For the polling history, see
H. Mason Kiefer, ‘Gallup Brain: The Birth of In Vitro Fertilization, 5
August 2003, available at http://www.gallup.com/poll/8983/gallup-
brain-birth-vitro-fertilization.aspx

‘What used to be something that most of our ancestors thought

...: The quote comes from commentaries accompanying the
American Experience Test Tube Babies documentary, available at
http://www.pbs.org/wgbh/americanexperience/features/interview/
ethical-questions/

Robert Edwards and his wife had made friends with a couple who
were childless: R. Edwards, A Matter of Life (Morrow, 1980), p. 38.
Human Reproduction published an extraordinary article: M. Johnson
et al., ‘Why the Medical Research Council Refused Robert Edwards
and Patrick Steptoe Support for Research on Human Conception in
1971, Human Reproduction, vol. 25, p. 2157 (2010).

Around four million people have been conceived through IVE: C.
Russell, ‘Four Million Test-Tube Babies and Counting), The Atlantic,
7 October 2010, available at http://www.theatlantic.com/technology/
archive/2010/10/four-million-test-tube-babies-and-counting/6 4198/
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When Edwards won his Nobel Prize: http://nobelprize.org/nobel
prizes/medicine/laureates/2010/press.html

‘In retrospect, it is fortunate that Edwards and Steptoe pressed

on’: ] Biggers, ‘Editorial, Human Reproduction, vol. 25, p. 2156
(2010), available at http://humrep.oxfordjournals.org/content/
early/2010/07/22/humrep.deqis56.full. pdf

it takes forty days for an embryo to form in the mother’s womb: E.N.
Dorff, ‘Catholics, Jews and Petri Dishes, Forward, 13 October 2010,
http://www.forward.com/articles/132119/

‘If the embryo is still unformed ...: The quote comes from
Augustine’s On Exodus, 21.80. It is quoted in B. Rowland, Medieval
Woman's Guide to Health: The First English Gynecological Handbook
(Kent State University Press, 1981), p. 36.

anyone associated with the process of abortion: See http://faculty.cua.
edu/Pennington/Law111/CatholicHistory.htm

the process had become routinely successful in dogs, horses, foxes
and rabbits: R. Foote, “The History of Artificial Insemination:
Selected Notes and Notables, Journal of Animal Science, vol. 80, p. 1
(2002), available at www.asas.org/symposia/esupp2/Footehist.pdf
there is an ‘inseparable connection ...: Pope Paul VT's

encyclical Humanae Vitae is available at http://www.
vatican.va/holy_father/paul_vi/encyclicals/documents/
hf_p-vi_enc_25071968_humanae-vitae_en.html

It has since banned its members from using IVF: Catechism 2377
says: “Techniques involving only the married couple (homologous
artificial insemination and fertilization) are perhaps less
reprehensible, yet remain morally unacceptable. See http://www.
vatican.va/archive/ccc_css/archive/catechism/p3s2c2a6.htm

‘an infinitely precious human service’: P. Lewis, ‘Catholic Hospitals
in Europe Defy Vatican on In-Vitro Fertilization, New York Times, 18
March 198, available at http://www.nytimes.com/1987/03/18/world/
catholic-hospitals-in-europe-defy-vatican-on-in-vitro-fertilization.
html

no one paid such pronouncements any attention: N.D. Kristof,
‘Australians Cool to Vatican Paper, New York Times, 19 March 1987,
available at http://www.nytimes.com/1987/03/19/world/australians-
cool-to-vatican-paper.html?src=pm

68 per cent of American Catholics approved of artificial
contraception: A.L. Greil, “The Relhgious Response to Reproductive
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Technology, Christian Century, 4 January 1989, available at http://
www.religion-online.org/showarticle.asp?title=807

Catholics also strongly support IVF: P. Lauritzen, ‘Catholics &

IVF: The Next Big Battleground?’, Commonweal, 12 August 2005,
available at http://findarticles.com/p/articles/mi_mi252/is_14_132/
ai_n27859685/

‘no one can be the arbiter of life except God himself’: This quote is
actually from Pope John Paul II, who was in turn quoting from Pope
Paul VT's 1968 Humanae Vitae and Pope John XXIIT's 1961 encyclical
Mater et Magistra.

in his autobiography, A Life Decoded: ]. Venter, A Life Decoded: My
Genome: My Life (Allen Lane, 2007). This is the main source for this
section and its quotes.

in James Shreeve’s The Genome War: J. Shreeve, The Genome War
(Fawcett Books, 2005).
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