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Introduction

The aim of this book is to make science intelligible to non-scientists.
Of course, like any anthology, it is meant to be entertaining, intriguing,
lendable-to-friends and good-to-read as well, and the first question I
asked about any piece I thought of including was, Is this so well
written that I want to read it twice? If the answer was no, it was
instantly scrapped. But alongside this question I asked, Does this
supply, as it goes along, the scientific knowledge you need to
understand it? Will it be clear to someone who is not mathematical,
and has no extensive scientific education? Even if it was admirable in
other ways, failure to qualify on these counts landed it on the reject
pile.

Scientists themselves are not always good at judging intelligibility -
and why should they be? They are specialists, paid to communicate
with fellow specialists. Of course, they have to communicate, too, with
industry, the government, grant-giving bodies and other institutions.
But they can often assume a level of expertise in these negotiations
which is well above that of the general public. Over the last five years I
have read many books and articles by scientists, ostensibly for a
popular readership, which start out intelligibly and fairly soon hit a
quagmire of equations or a thicket of fuse-blowing technicalities, from
which no non-scientist could emerge intact. Relativity: The Special and
General Theory. A Popular Exposition, by Albert Einstein, Ph.D.
(x920) is only a particularly distinguished example of a class of
‘popular expositions’, still being published, that could not conceivably
be understood by more than a tiny fraction of any populace.

Fortunately for this anthology, however, popular science has
improved immensely in the later twentieth century. Writers like Isaac
Asimov, Arthur C. Clarke, Martin Gardner, Freeman Dyson, Carl
Sagan, Richard Feynman, Stephen Jay Gould, Peter Medawar, Stephen
Hawking, Lewis Wolpert and Richard Dawkins have transformed the
genre, combining expert knowledge with an urge to be understood,
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INTRODUCTION

and bridging the intelligibility gap to delight and instruct huge
readerships. In the process, they have created a new kind of late
twentieth-century literature, which demands to be recognized as a
separate genre, distinct from the old literary forms, and conveying
pleasures and triumphs quite distinct from theirs.

True, these writers had predecessors in the nineteenth century — T.
H. Huxley, for example, or Charles Darwin himself, who also strove
to reach the general reading public. But in the mid-nineteenth century
the general reading public was a much smaller and more select thing
than it is now. The challenge for a late twentieth-century writer of
popular science is different and greater. The books that succeed
represent achievements of a remarkable and unprecedented kind. Nor
is it clear on what grounds they can be reckoned inferior to novels,
poems and other representatives of the older genres. In what respect,
for example, is a masterpiece like Richard Dawkins’s The Blind
Watchmaker imaginatively inferior to a distinguished work of fiction
such as Martin Amis’s Einstein’s Monsters (or the hundreds of lesser
novels that jam the publishers’ lists each year)? Both are clearly the
products of brilliant minds; both are highly imaginative; and Amis is
more excited by scientific ideas than most contemporary writers.
Nevertheless, the essential distinction between them seems to be that
between knowledge and ignorance. From the viewpoint of late
twentieth-century thought, Dawkins’s book represents the instructed
and Amis’s the uninstructed imagination.

Because I wanted the pieces I included to be seriously informative as
well as enjoyable, I decided not to allow in science fiction (which
would, in any case, need an anthology of its own), or those plentiful
anecdotes about scientists’ private lives which show how droll or
winning they were despite their erudition. The misty precursors of true
science — alchemy, astrology — have also been left out, partly because
they can now be classified as history not science, and partly because
they tend to encourage in the reader an amused and superior response
which is not the reaction I am looking for.

For similar reasons I decided, after some hesitation, not to include
ancient science (Aristotle, Pliny, etc.). It is true, of course, that this
sometimes foreshadows modern science. But even when it does it is
often forbiddingly technical, in a way that no amount of jazzing-up in
translation can overcome. After a good deal of searching, I concluded
that there were virtually no examples of ancient science that would
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INTRODUCTION

have anything more than curiosity value — if that — for a general reader
today. So my anthology starts with the Renaissance, at a point where
two sciences, anatomy and astronomy, take decisive steps towards the
modern age, and find exponents who can still be read with pleasure.

A final kind of writing I decided (rather quickly) to exclude was the
large body of opinionativeness that has gathered around such
questions as whether science is a Good or a Bad Thing, and whether
we would be better off if we did not know the earth went round the
sun. Ignorance and prejudice seem to be the most prolific contributors
to this branch of controversy, and I am not anxious to give either
house-room.

In the main, then, I have tried to stick to serious science, though
serious science softened up for general consumption. Scientists will
object quite rightly that I have included technology as well as science.
The pieces on the Wright brothers’ aeroplane or on Daguerre and the
first photograph, for example, would not figure in a strictly scientific
anthology. But I included them and others because, for the general
reader, science and technology are intimately connected - as, indeed,
they are for scientists. Photography and manned flight both became
possible because of scientific perceptions, and technology has
advanced scientific discovery from the time of Galileo’s telescope.

Choosing the passages to include was one thing: arranging them,
another. Should I separate out the various sciences — all the biology
pieces in one section; all the chemistry in another? Or would a roughly
chronological arrangement be better? I decided it would, because
jumping from science to science with each item makes for a livelier
read, and the chronological framework turns the book into a story - a
way of taking in the development of science over the last five centuries.
Some of this story-telling is carried on in the introductions to each
extract, and sometimes — as, for example, in the sections on Relativity
(p. 267) and the Uncertainty Principle (p. 277) — | have drawn together
material from several sources, including poets and novelists, to show
how a particular scientific discovery did, or did not, enter the blood-
stream of the culture.

Broadly speaking science-writing tends towards one of two modes,
the mind-stretching and the explanatory. In practice, of course, any
particular piece of science-writing will combine the two in various
proportions. Still, they seem to be the extremes between which science-
writing happens. The mind-stretching, also called the gee-whizz mode,
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INTRODUCTION

aims to arouse wonder, and corresponds to the Sublime in traditional
literary categories. When scientists tell us that if we could place in a
row all the capillaries in a single human body they would reach across
the Atlantic, or that the average man has 25 billion red blood
corpuscles, or that the number of nerve cells in the cerebral cortex of
the brain is twice the population of the globe, these are contributions
to the mind-stretching mode — which does not mean, of course, that
they are not serious and profound in their implications as well. A
similarly amazing example, and less flattering to our self-esteem, is the
proposition (from an essay by George Wald) that though a planet of
the earth’s size and temperature is a comparatively rare event in the
universe, it is estimated that at least 100,000 planets like the earth
exist in our galaxy alone, and since some 100 million galaxies lie
within the range of our most powerful telescopes, it follows that
throughout observable space we can count on the existence of at least
10 million million planets more or less like ours.

As readers will find, I have included some examples of this mode in
my anthology, because the peculiar thrill and spiritual charge of
science would not be fairly represented without it. But my preference
has been, and is, for the other mode, the explanatory. What I most
value in science-writing is the feeling of enlightenment that comes with
a piece of evidence being correctly interpreted, or a problem being
ingeniously solved, or a scientific principle being exposed and clarified.
There are many instances of these three processes in the anthology, but
if I had to choose one favourite example of each they would be from
Galileo, Darwin and Haldane respectively.

When Galileo looked at the moon through his telescope, he and
everyone else thought it was a perfect sphere. He was astonished, he
tells us, to see bright points within its darkened part, which gradually
increased in size and brightness till they joined up with its bright part.
It occurred to him that they were just like mountain tops on earth,
which are touched by the sun’s morning rays while the lower ground is
still in shadow. So he deduced correctly that the moon’s surface was
not smooth after all, but mountainous. To follow Galileo as he
explains his observations step by step (pp. 9-14) is to share an
experience of scientific enlightenment that fiction and poetry, for all
their powers, cannot give, since they can never be so authentically
engaged with actuality and discovery.

Darwin supplies a beautiful example of the second process, the
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INTRODUCTION

ingenious solution of a problem, when he is faced with the need to
explain how species of freshwater plants could spread to remote
oceanic islands without being separately created by God (p. 119). It
occurs to him that the seeds might be carried on the muddy feet of
wading birds that frequent the edges of ponds. But that raises the
question of whether pond mud contains seeds in sufficient quantities.
So he takes three tablespoonfuls of mud from the edge of his pond in
February — enough to fill a breakfast cup — and keeps it covered in his
study for six months, pulling up and counting each plant as it grows.
Five hundred and thirty-seven plants grow, of many different species,
so that Darwin is able to conclude that it would be an ‘inexplicable
circumstance’ if wading birds did not transport the seeds of freshwater
plants, as he had suspected. Once again, fiction could not compete
with the impact of this, since the force of Darwin’s account depends
precisely on its not being fiction but fact.

J. B. S. Haldane’s famous essay ‘On Being the Right Size’ (p. 302)
superbly exemplifies the third process — the exposition of a scientific
principle. Restricting his mathematics to simple arithmetic, and
keeping in mind the need for powerful, graphic examples, Haldane is
able to demonstrate, unforgettably, by the end of his second
paragraph, that the 6o-foot-high Giants Pope and Pagan in Bunyan’s
Pilgrim’s Progress could never have existed, because they would have
broken their thighs every time they walked. The example is, of course,
purposefully chosen, for out goes, with Bunyan, the whole world of (as
Haldane saw it) religious mumbo-jumbo that Bunyan stood for, and
the light of pure reason comes flooding in instead.

But if the explanatory mode is science-writing’s breath of life — its
armoury, palette and climate — the problem for science-writers is how
to explain. How can science be made intelligible to non-scientists? The
least hopeful answer is that it cannot. Giving an inkling of what
modern science means to readers who cannot manage higher
mathematics is, Richard Feynman has proposed, like explaining
music to the deaf. This would be a desolating conclusion if Feynman
were not himself among the most brilliant of explainers. His success
depends upon his genius for making his material human. He saturates
his writing with his individual style and personality. But, more than
that, he freely imports a kind of animism into his experimental
accounts — discussing, for example, how an individual photon ‘makes
up its mind’ which of a number of possible paths to follow.
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INTRODUCTION

mean much. Presumably he relates soul-size to imaginative power -
and obviously poets do use their imagination differently from
scientists. But there seem no grounds for deciding they use it better —
or worse.

The difference can be seen right at the start of the modern scientific
era if we glance, for example, at the way Shakespeare and Bacon write
about clocks. For Shakespeare a clock is something that tells the time.
‘When I do count the clock that tells the time,” one of his sonnets
starts. But for Bacon a clock is a machine which, because he
understands it scientifically, he can put to various uses. Thinking
about weight and gravitation, he wondered if the weight of an object
would increase and decrease according to whether it was nearer to or
further from the centre of the earth. Obviously you cannot discover
this by weighing the object at various heights, because the weights
themselves will also have got heavier or lighter, like the object. What
you do, Bacon decides, is take two clocks, one worked by weights, the
other by a spring. You adjust them so they are running at the same
speed, then you take them up a mountain and down a mine. Up the
mountain the clock with weights will go slower, because they have
become lighter. Down the mine it will go faster.

He was almost right. The clock with weights would go slower up
the mountain. But since the earth’s weight is not concentrated at its
centre, the clock going down the mine would leave progressively more
of the earth’s mass above it, so it would go slower too. The point,
though, is not Bacon’s rightness or wrongness, but the way he thinks
about clocks compared to Shakespeare. For Shakespeare the idea of a
clock has shrunk to something that tells the time. For Bacon, the clock
is a machine, which can be engineered in various ways, and which has
an experimental potential independent of the time-telling role ordinary
language has allocated to it. It seems rather unfair to call Bacon less
imaginative than Shakespeare in this instance. The poet remains
satisfied with the conventional attributes of clocks, whereas the
scientist’s exploratory mind takes him to a wholly new function for a
clock, which reveals something unexpected about the universe.

Of course this example is grossly slanted in Bacon’s favour, and it
would be ridiculous to disparage Shakespeare on the strength of it.
Shakespeare’s sonnet is no less a great poem because it is uninterested
in gravitation. I have risked the comparison with Bacon because it
shows us already, at the start of the seventeenth century, a scientist
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INTRODUCTION

needing to rid himself of language’s normal constraints (the usual
functions language assigns to ‘clock’), in order to think. From this
historical moment on, scientists increasingly found that they had to
develop their own special language, esoteric and forbidding to
outsiders, but valuable to scientists because of its freedom from the
vast cloud of associations, nuances and ambiguities that ordinary
language carries along with it, and on which poets depend.

To poets, the new technical language seemed a sterile sea of jargon,
in which the imagination would freeze and drown. John Donne was
the first and last English poet not to feel like this about scientific
language. He was lucky, being born at just the right time (1572),
after the beginning of modern science but before its specialized
technical vocabularies had really taken off. So for him, scientific
language could still be warm, mysterious and sonorous, like poetry.
He could think of love, and the scientific methods used for
establishing latitude and longitude, as perfectly compatible and
mutually enriching subjects:

How great love is, presence best trial makes
But absence tries how long this love will be;
To take a latitude
Sun, or stars, are fitliest viewed
At their brightest, but to conclude
Of longitudes, what other way have we,
But to mark when, and where, the dark eclipses be?

Not much more than fifty years later, Milton took an altogether
different and alienated view of scientists and scientific language,
deriding astronomers who:

Gird the sphere
With centric and eccentric scribbled o’er,
Cycle and epicycle, orb in orb.

Comparing the two examples we can see science, in the space of a half-
century (the same half-century that saw the foundation of the Royal
Society), beginning to become a hated alternative to poetry, barbaric,
ugly, offensive to cultured ears. By the early twentieth century the
process had developed so far that the Spanish philosopher José Ortega
y Gasset, in The Revolt of the Masses, could select science (along with
democracy) as a key cause of modern ‘primitivism and barbarism’. He
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INTRODUCTION

regretted that ‘while there are more scientists than ever before, there
are far fewer cultured men.’

Wordsworth, roughly halfway between Donne and us, prophesied
that things would not turn out like this. He believed that science
should and would become a subject for poetry. In 1800 he wrote:

If the labours of men of science should ever create any material
revolution, direct or indirect in our condition, and in the
impressions which we habitually receive, the poet will sleep then
no more than at present, he will be ready to follow the steps of the
man of science, not only in those general indirect effects, but he
will be at his side, carrying sensation into the midst of the objects
of the science itself. The remotest discoveries of the chemist, the
botanist, or mineralogist, will be as proper objects of the poet’s
art as any upon which it can be employed.

But Wordsworth was wrong. This has not happened; or not yet.
Perhaps, as more scientists follow the trend of the writers I have
mentioned, and make science available to general readers, it will
permeate the culture and Wordsworth’s prophecy will come true. As
things are, however, modern poets avoid science, and, it seems,
because they feel inferior to it, not (like Coleridge) superior. W. H.
Auden expresses the general loss of confidence: “When I find myself in
the company of scientists, I feel like a shabby curate who has strayed
by mistake into a drawing room full of dukes.’

Resistance to science among what Ortega y Gasset calls ‘cultured
men’ has sometimes been strengthened by the objection that science is
godless and amoral. Both charges need some qualification. It is
perfectly possible for a scientist to believe in God, and even to find
scientific evidence for God’s existence. To sceptics this might suggest a
rather nutty combination of laboratory-bore and Jesus-freak. But
when a scientist of James Clerk Maxwell’s eminence uses molecular
structure as an argument for the existence of God (p.167), few will feel
qualified to laugh. Of course, atheistical scientists are plentiful too.
The zoologist Richard Dawkins has voiced the suspicion that all
religions are self-perpetuating mental viruses. But since everything
science discovers can, by sufficiently resolute believers, be claimed as
religious knowledge, because it must be part of God’s design, science
cannot be regarded as inherently anti-religious.

On the contrary, its aims seem identical with those of theology, in
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INTRODUCTION

that they both seek to discover the truth. Science seeks the truth about
the physical universe; theology, about God. But these are not
essentially distinct objectives, for theologians (or at any rate Christian
theologians) believe God created the universe, so may be contacted
through it. Admittedly, many scientists insist that science and religion
are irreconcilable. The neuropsychologist Richard Gregory has
declared: ‘The attitudes of science and religion are essentially different,
and opposed, as science questions everything rather than accepts
traditional beliefs.” This does less than justice to religion’s capacity for
change. The whole Reformation movement in Europe, for example,
was about not accepting traditional beliefs. It might be objected that
science depends on evidence, while religion depends on revealed truth,
and that this constitutes an insuperable difference. But for the
religious, revealed truth is evidence. Theology might, without any
paradox, be regarded as a science, committed to persistently question-
ing and reinterpreting the available evidence about God. True, by
calling itself ‘theology’ it appears to take it for granted that God
(theos) exists, which, scientifically speaking, is rather a careless usage.
However, there is no reason why theological research should not lead
the researcher to atheism, and no doubt it often has, just as (as we have
seen) scientific research has led some researchers to God.

The real antithesis of science seems to be not theology but politics.
Whereas science is a sphere of knowledge, politics is a sphere of
opinion. Politics is constructed out of preferences, which it strives to
elevate, by the mere multiplication of words, to the status of truths.
Politics depends on personalities and rhetoric; social class, race and
nationality are elemental to it. All of these are irrelevant to science.
Further, politics relies, for its very existence, upon conflict. It
presupposes an enemy. It is essentially oppositional, built on warring
prejudices. If this oppositional structure were to collapse, politics
could not survive. There could be no politics in a world of total
consensus. Science, by contrast, is a co-operative not an oppositional
venture. Of course, the history of science resounds with ferocious
argument and the elaboration and destruction of rival theories. But
when consensus is reached science does not collapse, it advances.
Another crucial difference is that politics aims to coerce people. It is
concerned with the exercise of power. Science has no such designs. It
seeks knowledge. The consequence of this difference is that politics can
and frequently does use violence (war, genocide, terrorism) to secure
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INTRODUCTION

its ends. Science cannot. It would be ludicrous to go to war to decide
upon the truth or otherwise of the second law of thermodynamics.

Needless to say, the ideal state I have described, in which science is
free from and antithetical to politics, is not one that survives in the real
world, where politics invades and contaminates science as it does
everything else. But the warlike and destructive uses to which science
has been put have nothing essentially to do with science: they are the
responsibility of politics. Science’s apolitical nature is worth stressing,
because it helps us to defuse the charge that it is amoral. It allows us to
see science’s amorality not as a defect but as a condition of its strength
and purity. Politics, of course, is inseparable from morality. It battens
on morality, or on moralizing, like a tapeworm on the gut.
Consequently science could not free itself from politics except by
being amoral.

Approaches to life that are, in moral terms, cold, clinical and
inhuman, are sometimes labelled ‘scientific’, but this is a misunder-
standing, arising from the simple-minded transference of scientific
method to moral attitudes. Science endorses no such transference, and
no moral attitudes, cold or otherwise. In different minds, the same set
of scientific propositions can prompt quite contrary moral responses.
Darwin’s theory of evolution, relating humans to apes, seemed - and
seems — degrading to many humans. But Bruce Frederick Cummings
(p. 262) accepts it with gusto:

As for me, I am proud of my close kinship with other animals. I
take a jealous pride in my Simian ancestry. I like to think that I
was once a magnificent hairy fellow living in the trees and that my
frame has come down through geological time via sea-jelly and
worms and Amphioxus, Fish, Dinosaurs, and Apes. Who would
exchange these for the pallid couple in the Garden of Eden?

Scientists themselves may have moral or immoral reasons for pursuing
their research. But these leave no mark on their findings, which are
right or wrong, to whatever degree, irrespective of their discoverer’s
motives. David Bodanis (p. 160) may be right to trace a link between
Pasteur’s loathing of mass humanity and his connection of disease with
bacteria. The scientific credentials of the connection are, however,
neither strengthened nor weakened by Pasteur’s misanthropy.

The last few paragraphs may prompt readers to ask why they
should bother to know about science if it cannot help to resolve moral
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Cambridge produced more than a score of graduates of quite
outstanding ability — much more brilliant, inventive, articulate
and dialectically skilful than most young scientists; right up in the
Watson class. But Watson had one towering advantage over all of
them: in addition to being extremely clever he had something
important to be clever about. This is an advantage which
scientists enjoy over most other people engaged in intellectual
pursuits, and they enjoy it at all levels of capability. To be a first-
rate scientist it is not necessary (and certainly not sufficient) to be
extremely clever, anyhow in a pyrotechnic sense. One of the great
social revolutions brought about by scientific research has been
the democratization of learning. Anyone who combines strong
common sense with an ordinary degree of imaginativeness can
become a creative scientist, and a happy one besides, in so far as
happiness depends upon being able to develop to the limit of one’s
abilities.

Medawar’s remarks caused a considerable rumpus, especially his
claim that scientists had something to be clever about whereas arts
students had not. Surely, he was asked, he did not intend to imply that
Shakespeare, Tolstoy, etc. were not proper subjects for cleverness? Less
attention was paid to his claim that science could bring happiness, and
not just to geniuses but to people of ordinary ability. Yet that was
surely the vital part of his message. If young people are to be wooed
back to science, it will not be done by telling them that if they continue
to spurn it, Britain will face economic decline (true as that may be). But
if scientists demonstrate by their writing that Medawar’s promises of
pleasure and self-fulfilment are true, they will not lack recruits.

The new generation of popular science-writers, whose work I have
drawn on in this anthology, are the advance guard of that campaign. If
readers ask, as they well might, what I, a professor of literature, think I
am up to editing a science anthology, my answer is that I have done it
for pleasure, self-fulfilment and (in Coleridge’s words) ‘the gratifica-
tion of knowing’.

[ xxvii]



Prelude: The Misfit from Vinci

A left-handed, vegetarian, homosexual bastard, Leonardo da Vinci (1452~
1519) contravened most of the accepted norms of his day. Reared by his
peasant grandparents in a remote Tuscan village, he had minimal schooling.
He was apprenticed as a painter because his illegitimacy debarred him from
respectable professions. (Painting in fifteenth-century Tuscany was regarded
not as ‘creative art’ but as a lowly trade, fit for the sons of peasants and
artisans.) Lacking literary culture he was scorned in the highbrow Florence of
the Medicis. This turned him towards science and observation. ‘Anyone who
invokes authors in discussion is not using his intelligence but his memory,” he
contended.

He was insatiable for newness, both in art and science. His first known
drawing was also the first true landscape drawing in western art. He was the
first painter to omit haloes from the heads of figures from scripture and show
them in ordinary domestic settings, and he was the first to paint portraits that
showed the hands as well as the faces of sitters. His Leda (which does not
survive) was the first modern painting inspired by pagan myth. His notebooks,
of which over 5,000 pages survive, are all written backwards in mirror writing,
and are dense with intricate drawings. They record his observations on geology,
optics, acoustics, music, botany, mathematics, anatomy, engineering and
hydraulics, together with plans for many inventions, including a bicycle, a tank,
amachine gun, a folding bed, a diving suit, a parachute, contact lenses, a water-
powered alarm clock, and plastics (made of eggs, glue and vegetable dyes).

Itis true that Leonardo was not strictly a scientist, nor always as original as he
seems. His war-machines had already been designed by a German engineer,
Konrad Keyser; his ‘automobile’ by an Italian, Martini. Though he came close
to formulating some scientific laws, his insights were sporadic and untested by
experiment. He thought of looking at the moon through a telescope a century
before Galileo (see p. 8), but he did not construct one. He knew no algebra,
and made mistakes in simple arithmetic. His man-powered flying machine,
designed to flap its wings like a bird, could never have flown. Apart from
anything else, it must have weighed about 650 lbs (as against 72 lbs for
Daedalus 88, the man-powered aircraft which flew 74 miles over the Aegean in
1988).

[x]
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Despite these reservations his notebooks give an astonishing preview of the
new world science was to open. The first of the following extracts, recording
two autopsies he carried out in Florence on a very old man and a young child,
has been called the first description of arteriosclerosis in the history of medicine.
The second anticipates nineteenth-century geology (see p. 71) in deducing from
fossil remains that the earth’s present land-masses were once covered by sea.
(The ‘great horse’ Leonardo refers to in this extract was his 7-metre-high bronze
equestrian statue, planned for Lodovico Sforza in 1493, but never completed.)
The third and fourth extracts show the sympathetic observation of birds, which
inspired his interest in manned flight. The fifth illustrates Leonardo’s irreverent
humour and anatomical accuracy.

Autopsies

A few hours before his death, this old man told me that he had lived a
hundred years and that he felt no physical pain, only weakness; and
thus, seated on a bed in the hospital of Santa Maria Novella [in
Florence], without any movement or symptom of distress, he gently
passed from life into death. I carried out the autopsy to determine the
cause of such a calm death and discovered that it was the result of
weakness produced by insufficiency of blood and of the artery
supplying the heart and other lower members, which I found to be all
withered, shrunken and desiccated. The other postmortem was on a
child of two years, and here I discovered the case to be exactly
opposite to that of the old man.

Submarine Traces

Why are the bones of great fishes, and oysters and corals and various
other shells and sea-snails, found on the high tops of mountains that
border the sea, in the same way in which they are found in the depths
of the sea? In the mountains of Parma and Piacenza, multitudes of
shells and corals filled with worm-holes may be seen still adhering to
the rocks, and when I was making the great horse at Milan a large sack
of those which had been found in these parts was brought to my
workshop by some peasants. The red stone of the mountains of
Verona is found with shells all intermingled, which have become part
of this stone. And if you should say that these shells have been and still
constantly are being created in such places as these by the nature of the
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PRELUDE: THE MISFIT FROM VINCI

locality or by potency of the heavens in these spots, such an opinion
cannot exist in brains possessed of any extensive powers of reasoning.
Because the years of their growth are numbered upon the outer
coverings of their shells; and both small and large ones may be seen;
and these would not have grown without feeding, or fed without
movement, and here [embedded in rock] they would not have been
able to move . . . The peaks of the Apennines once stood up in a sea, in
the form of islands surrounded by salt water, and above the plains of
Italy where flocks of birds are flying today, fishes were once moving in
large shoals.

Birds’ Eyes

The eyes of all animals have pupils which have power to increase or
diminish of their own accord, according to the greater or lesser light of
the sun or other luminary. In birds, however, the difference is greater,
and especially with nocturnal birds of the owl species, such as the
long-eared, the white and the brown owls; for with these the pupil
increases until it almost covers the whole eye, or diminishes to the size
of a grain of millet, preserving all the time its round shape. In the
horned owl, which is the largest nocturnal bird, the power of vision is
so much increased that even in the faintest glimmer of night, which we
call darkness, it can see more distinctly than we in the radiance of
noon.

Flight

A bird is an instrument working according to a mathematical law,
which instrument it is within the capacity of man to reproduce, with
all its movements. A bird maintains itself in the air by imperceptible
balancing, when near to the mountains or lofty ocean crags. It does
this by means of the curves of the winds, which as they strike against
these projections, being forced to preserve their first impetus, bend
their straight course towards the sky, with divers revolutions, at the
beginning of which the birds come to a stop, with their wings open,
receiving underneath themselves the continual buffetings of the reflex
courses of the winds.
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The Penis

It has dealings with human intelligence and sometimes displays an
intelligence of its own; where a man may desire it to be stimulated it
remains obstinate and follows its own course; and sometimes it moves
on its own without permission or any thought by its owner. Whether
one is awake or asleep, it does what it pleases; often the man is asleep
and it is awake; often the man is awake and it is asleep; or the man
would like it to be in action but it refuses; often it desires action and
the man forbids it. That is why it seems that this creature often has a
life and intelligence separate from that of the man, and it seems that
man is wrong to be ashamed of giving it a name or showing it; that
which he seeks to cover and hide he ought to expose solemnly like a
priest at mass.

Sources: ‘Submarine Traces’, ‘Birds’ Eyes’ and ‘Flight” are from The Notebooks of Leonardo
da Vinci, Arranged, Rendered into English, and Introduced by Edward MacCurdy, 2 vols,
London, Jonathan Cape, 1938. ‘Autopsies’ and ‘The Penis’ are from Serge Bramly,
Leonardo: The Artist and the Man, translated by Sian Reynolds, London, Edward
Burlingame Books (an imprint of HarperCollins Publishers), 1991.
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GOING INSIDE THE BODY

lecture, where he pointed out that it was when the heart contracted that it
pumped blood into the pulmonary artery — so evidently the students had not
been listening.

Finally, he took a dog (which was now the fifth or perhaps the sixth
killed in our anatomy). He bound it with ropes to a small beam so that
it could not move, similarly he tied his jaws so that it could not bite.
Here, Domini, he said, you will see in this living dog the function of
the nervi reversivi, and you will hear how the dog will bark as long as
these nerves are not injured. I shall cut off one nerve, and half of the
voice will disappear, then I shall cut the other nerve, and the voice will
no longer be heard. When he had opened the dog, he quickly found the
nervi reversivi around the arteries, and all happened as he said. The
bark of the dog disappeared when he had by turn cut off the nervi
reversivi, and only the breathing remained. But, he said, it can still
quite well bite, do not let its jaws free, hold it strongly. Finally, he said,
I shall proceed to the heart, so that you shall see its movement, and feel
its warmth, and so that you shall here around the ilium feel the pulse
with one hand, and with the other the movement of the heart. And
please, tell me, what its movement is, whether the arteries are
compressed when the heart is dilated, or whether they in the same
time also have the same movement as the heart. I saw how the heart of
the dog bounded upwards, and when it no longer moved, the dog
instantly died. Those mad Italians pulled the dog at all sides so that
nobody could really feel these two movements. But some students
asked Vesalius what the true fact about these movements was, what he
himself thought, whether the arteries followed the movement of the
heart, or whether they had a movement different from that of the
heart. Vesalius answered: I do not want to give my opinion, please do
feel yourselves with your own hands and trust them. He was said
always to be so little communicative.

When seventeenth-century poets thought of the human body they still thought
of Vesalius’ anatomy pictures and executed criminals, as this extract from
Andrew Marvell’s Dialogue between the Soul and Body suggests. Like
Vesalius, Marvell considers the heart ‘double’, formed only of the two
ventricles. Vesalius regarded the right atrium as a passageway for the vena
cava, and the left as part of the pulmonary vein.
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Galileo and the Telescope

Until the sixteenth century the accepted model of the universe was that
developed by the second-century Alexandrian astrologer Ptolemy. According
to this, the sun and the planets revolved round the earth. Over the centuries,
complex adjustments were added to Ptolemy’s system to make it fit
astronomical observations.

The Pole Nicolaus Copernicus (1473-1543), a canon of the cathedral
church at Frauenberg, and an amateur astronomer, put forward the
hypothesis (in his book On the Revolutions of the Heavenly Spheres,
published in 1543) that the earth moved, and went round the sun, which
remained stationary. This contradicted several biblical texts, for example
Joshua ro: 12-13, where Joshua commands the sun to stand still, implying
that it normally moves. However the Church did not object. Copernicus
dedicated his work to Pope Paul Il and a cardinal and a bishop were among
friends who urged him to publish. His theory was regarded as a harmless
mathematical speculation. Most people did not take it seriously. Martin
Luther spoke for the general public: “This fool wishes to reverse the entire
science of astronomy, but sacred scripture tells us that Joshua commanded the
sun to stand still, and not the earth.’

With the advent of the telescope, however, observation replaced theory, and
the old map of the heavens could be shown to be false. The inventor of the
telescope is not known, but it was probably an obscure Dutch spectacle-
maker living in Middelburg, Hans Lippershey. There is a story that, around
1600, two children were playing with lenses in his shop and found that by
holding two together they could magnify the church weathervane. This led
him to construct a simple telescope. By 1609 telescopes, under the name of
‘Dutch trunks’, were being made and sold in several European cities,
including Venice, Padua, Paris and London.

Galileo Galilei (1564-1642) was a skilful instrument-maker and Professor
of Mathematics at Padua University. To eke out his meagre salary, he kept a
small shop in Padua, selling scientific instruments. About May 1609, he heard
about telescopes and began constructing them. They were regarded as chiefly
useful for observation on land or at sea. But it occurred to him to look at the
sky through one. He published the astonishing results in March 1610in a 24-
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page pamphlet called The Starry Messenger (Siderius Nuncius). It was written
in a tersely factual style no scholar had used before, and it fell like a bombshell
on the learned world.

About ten months ago a report reached my ears that a Dutchman had
constructed a telescope, by the aid of which visible objects, although at
a great distance from the eye of the observer, were seen distinctly as if
near; and some proofs of its most wonderful performances were
reported which some gave credence to, but others contradicted. A few
days after, I received confirmation of the report in a letter written from
Paris by a noble Frenchman, Jaques Badovere, which finally
determined me to give myself up first to inquire into the principle of
the telescope, and then to consider the means by which I might
compass the invention of a similar instrument, which a little while
after I succeeded in doing, through deep study of the theory of
Refraction; and I prepared a tube, at first of lead, in the ends of which I
fitted two glass lenses, both plane on one side, but on the other side
one spherically convex, and the other concave. Then bringing my eye
to the concave lens I saw objects satisfactorily large and near, for they
appeared one-third of the distance off and nine times larger than when
they are seen with the natural eye alone. I shortly afterwards
constructed another telescope with more nicety, which magnified
objects more than sixty times. At length, by sparing neither labour nor
expense, I succeeded in constructing for myself an instrument so
superior that objects seen through it appear magnified nearly a
thousand times, and more than thirty times nearer than if viewed by
the natural powers of sight alone.

It would be altogether a waste of time to enumerate the number and
importance of the benefits which this instrument may be expected to
confer, when used by land or sea. But without paying attention to its
use for terrestrial objects, I betook myself to observations of the
heavenly bodies; and first of all, I viewed the Moon as near as if it was
scarcely two semi-diameters of the Earth distant. After the Moon, I
frequently observed other heavenly bodies, both fixed stars and
planets, with incredible delight; and, when I saw their very great
number, I began to consider about a method by which I might be able
to measure their distances apart, and at length I found one . . .

Now let me review the observations made by me during the two
months just past, again inviting the attention of all who are eager for

[9]



GALILEO AND THE TELESCOPE

true philosophy to the beginnings which led to the sight of most
important phenomena.

Let me speak first of the surface of the Moon, which is turned
towards us. For the sake of being understood more easily, I distinguish
two parts in it, which I call respectively the brighter and the darker.
The brighter part seems to surround and pervade the whole hemi-
sphere; but the darker part, like a sort of cloud, discolours the Moon’s
surface and makes it appear covered with spots. Now these spots, as
they are somewhat dark and of considerable size, are plain to every
one, and every age has seen them, wherefore I shall call them great or
ancient spots, to distinguish them from other spots, smaller in size, but
so thickly scattered that they sprinkle the whole surface of the Moon,
but especially the brighter portion of it. These spots have never been
observed by any one before me; and from my observations of them,
often repeated, I have been led to that opinion which I have expressed,
namely, that I feel sure that the surface of the Moon is not perfectly
smooth, free from inequalities and exactly spherical, as a large school
of philosophers considers with regard to the Moon and the other
heavenly bodies, but that, on the contrary, it is full of inequalities,
uneven, full of hollows and protuberances, just like the surface of the
Earth itself, which is varied everywhere by lofty mountains and deep
valleys.

The appearances from which we may gather these conclusions are
of the following nature: — On the fourth or fifth day after new-moon,
when the Moon presents itself to us with bright horns, the boundary
which divides the part in shadow from the enlightened part does not
extend continuously in an ellipse, as would happen in the case of a
perfectly spherical body, but it is marked out by an irregular, uneven,
and very wavy line . . . for several bright excrescences, as they may be
called, extend beyond the boundary of light and shadow into the dark
part, and on the other hand pieces of shadow encroach upon the light:
- nay, even a great quantity of small blackish spots, altogether
separated from the dark part, sprinkle everywhere almost the whole
space which is at the time flooded with the Sun’s light, with the
exception of that part alone which is occupied by the great and ancient
spots. I have noticed that the small spots just mentioned have this
common characteristic always and in every case, that they have the
dark part towards the Sun’s position, and on the side away from the
Sun they have brighter boundaries, as if they were crowned with
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shining summits. Now we have an appearance quite similar on the
Earth about sunrise, when we behold the valleys, not yet flooded with
light, but the mountains surrounding them on the side opposite to the
Sun already ablaze with the splendour of his beams; and just as the
shadows in the hollows of the Earth diminish in size as the Sun rises
higher, so also these spots on the Moon lose their blackness as the
illuminated part grows larger and larger. Again, not only are the
boundaries of light and shadow in the Moon seen to be uneven and
sinuous, but — and this produces still greater astonishment — there
appear very many bright points within the darkened portion of the
Moon, altogether divided and broken off from the illuminated tract,
and separated from it by no inconsiderable interval, which, after a
little while, gradually increase in size and brightness, and after an hour
or two become joined on to the rest of the bright portion, now become
somewhat larger; but in the meantime others, one here and another
there, shooting up as if growing, are lighted up within the shaded
portion, increase in size, and at last are linked on to the same luminous
surface, now still more extended . .. Now, is it not the case on the
Earth before sunrise, that while the level plain is still in shadow, the
peaks of the most lofty mountains are illuminated by the Sun’s rays?
After a little while does not the light spread further, while the middle
and larger parts of those mountains are becoming illuminated; and at
length, when the Sun has risen, do not the illuminated parts of the
plains and hills join together? The grandeur, however, of such
prominences and depressions in the Moon seems to surpass both in
magnitude and extent the ruggedness of the Earth’s surface, as I shall
hereafter show. And here I cannot refrain from mentioning what a
remarkable spectacle I observed while the Moon was rapidly
approaching her first quarter . . . A protuberance of the shadow, of
great size, indented the illuminated part in the neighbourhood of the
lower cusp; and when I had observed this indentation longer, and had
seen that it was dark throughout, at length, after about two hours, a
bright peak began to arise a little below the middle of the depression;
this by degrees increased, and presented a triangular shape, but was as
yet quite detached and separated from the illuminated surface. Soon
around it three other small points began to shine, until, when the
Moon was just about to set, that triangular figure, having now
extended and widened, began to be connected with the rest of the
illuminated part, and, still girt with the three bright peaks already
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On the east side there were two stars, and a single one towards the
west. The star which was furthest towards the east, and the western
star, appeared rather larger than the third.

I scarcely troubled at all about the distance between them and
Jupiter, for, as I have already said, at first I believed them to be fixed
stars; but when on January 8th, led by some fatality, I turned again to
look at the same part of the heavens, I found a very different state of
things, for there were three little stars all west of Jupiter, and nearer
together than on the previous night, and they were separated from one
another by equal intervals.

At this point, although I had not turned my thoughts at all upon the
approximation of the stars to one another, yet my surprise began to be
excited, how Jupiter could one day be found to the east of all the
aforesaid fixed stars when the day before it had been west of two of
them; and forthwith I became afraid lest the planet might have moved
differently from the calculation of astronomers, and so had passed
those stars by its own proper motion. I therefore waited for the next
night with the most intense longing, but I was disappointed of my
hope, for the sky was covered with clouds in every direction.

But on January roth the stars appeared in the following position
with regard to Jupiter; there were two only, and both on the east side
of Jupiter, the third, as I thought, being hidden by the planet. They
were situated just as before, exactly in the same straight line with
Jupiter, and along the Zodiac.

When I had seen these phenomena, as I knew that corresponding
changes of position could not by any means belong to Jupiter, and as,
moreover, I perceived that the stars which I saw had been always the
same, for there were no others either in front or behind, within a great
distance, along the Zodiac, - at length, changing from doubt into
surprise, | discovered that the interchange of position which I saw
belonged not to Jupiter, but to the stars to which my attention had
been drawn, and I thought therefore that they ought to be observed
henceforward with more attention and precision.

Accordingly, on January r1th I saw an arrangement of the following
kind, namely, only two stars to the east of Jupiter, the nearer of which
was distant from Jupiter three times as far as from the star further to
the east; and the star furthest to the east was nearly twice as large as
the other one; whereas on the previous night they had appeared nearly
of equal magnitude. I therefore concluded, and decided unhesitatingly,
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had tactfully said little about the Copernican system in The Starry Messenger.
But he became less guarded with time, and the Church, awakening to the
danger of the new ideas, became less tolerant. In 1632, when he published his
Copernican Dialogue on the Two Chief World Systems, he was brought to
trial before the Inquisition, found guilty, and sentenced to an indefinite term of
imprisonment. Under threat of torture, he made a public abjuration.

I, Galileo, son of the late Vincenzo Galilei, Florentine, aged seventy
years, arraigned personally before this tribunal and kneeling before
you, Most Eminent and Reverend Lord Cardinals Inquisitors-General
against heretical pravity throughout the entire Christian common-
wealth, having before my eyes and touching with my hands the Holy
Gospels, swear that I have always believed, do believe, and by God’s
help will in the future believe all that is held, preached, and taught by the
Holy Catholic and Apostolic Church. But, whereas — after an injunction
had been judicially intimated to me by this Holy Office to the effect that
I must altogether abandon the false opinion that the Sun is the center of
the world and immovable and that the Earth is not the center of the
world and moves and that I must not hold, defend, or teach in any way
whatsoever, verbally or in writing, the said false doctrine, and after it
had been notified to me that the said doctrine was contrary to Holy
Scripture — I wrote and printed a book in which I discuss this new
doctrine already condemned and adduce arguments of great cogency in
its favour without presenting any solution of these, I have been
pronounced by the Holy Office to be vehemently suspected of heresy,
that is to say, of having held and believed that the Sun is the center of the
world and immovable and that the Earth is not the center and moves.

Therefore, desiring to remove from the minds of your Eminences,
and of all faithful Christians, this vehement suspicion justly conceived
against me, with sincere heart and unfeigned faith I abjure, curse, and
detest the aforesaid errors and heresies and generally every other error,
heresy, and sect whatsoever contrary to the Holy Church, and I swear
that in future I will never again say or assert, verbally or in writing,
anything that might furnish occasion for a similar suspicion regarding
me; but, should I know any heretic or person suspected of heresy, I will
denounce him to this Holy Office.

Confined in a secluded house at Arcetri, near Florence, the old and now blind
Galileo was visited, two years before his death, by the young English poet,
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John Milton, who recalled the meeting in his classic defence of press freedom
Areopagitica (1644): ‘There it was that I found and visited the famous
Galileo, grown old, a prisoner of the Inquisition, for thinking in Astronomy
otherwise than the Franciscan and Dominican licensers thought.’ In Paradise
Lost Milton compares the fallen Satan’s huge shield, dimly seen amid the
murk of Hell, to the strange giant moon that Galileo (‘the Tuscan artist’) first
saw through his telescope from the hills of Fiesole (‘Fesole’) or from the valley
of the Arno (“Valdarno’) where Florence stands:

the broad circumference
Hung on his shoulders like the moon, whose orb
Through optic glass the Tuscan artist views
At evening from the top of Fesole,
Or in Valdarno, to descry new lands,
Rivers or mountains in her spotty globe.

However, the universe in Milton’s epic is the old earth-centred one, and when
Adam asks a visiting angel for an astronomy lesson he is told that God has
deliberately put such matters as whether the earth moves round the sun
beyond men’s grasp:

He his fabric of the heavens
Hath left to their disputes, perhaps to move
His laughter at their quaint opinions wide.

Sources: The Sidereal Messenger of Galileo Galilei, ed. and trans. Edward Strafford Carlos,
London, Rivingtons, 1880, and The Life and Letters of Sir Henry Wotton, ed. Logan
Pearsall Smith, Oxford, Clarendon Press, 1907.
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William Harvey and the Witches

In 1612 the poet John Donne wrote:

Knows’t thou how blood, which to the heart doth flow,
Doth from one ventricle to the other go?

This was a rhetorical question - for no one did know. A common idea was
that the central division of the heart (the septum) had holes through which the
blood passed — though Vesalius had shown it had not. William Harvey (1578-
1657), who probably knew Donne, solved this mystery with his discovery of
the circulation of the blood. He was already lecturing about this at the College
of Physicians in London in 1615, though he did not publish it until 1628.
Even then, he records, many medical experts thought his great discovery
‘crack-brained’, and some, like René Descartes, stuck to the idea that the heart
was a kind of furnace rather than, as Harvey had shown, a pump made of
muscle.

As private physician to Charles I, Harvey looked after the two royal princes
at the Battle of Edgehill, during which he sat under a hedge reading a book.
His royal appointment also involved him in the affair of the Lancashire
witches, recounted here by his biographer Geoffrey Keynes, which illustrates
the gradual advance of science over superstition in the seventeenth century.

It was in 163 3 that the events took place in Pendle Forest near Burnley
in Lancashire that led to Harvey’s being called as a witness in the
following year. This remote area in the north-west had been for some
years agitated by a series of crimes attributed to witches, gossip
leading to fanciful accusations conceived in the fertile brains of
imaginative children or even taught them by their elders. The
particular story that ultimately concerned Harvey began on 10
February 1633. A boy of 11 named Edmund Robinson made an
elaborate deposition before two Justices of the Peace, Richard
Shutleworth and John Starkey, at Padiham, alleging that on All Saints
Day last (1 November 1632) he was gathering wild plums in Wheatley
Lane, when he saw two greyhounds, one brown the other black,
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running in his direction over the next field. Each dog, he noticed, had a
collar which ‘did shine like gold’, but though each had a string
attached there was no one with them. At the same moment he saw a
hare, and, thinking to set the dogs off after it, cried ‘Loo, loo, loo’, but
they would not run. This angered him, and tying them by their strings
to a bush, he beat them with a stick. Thereupon the black dog stood up
in the person of the wife of one Dickenson, and the brown dog as a
small boy he did not know. In his fright Robinson made to run away,
but was stopped by the woman, who, producing a silver coin from her
pocket, offered to give it to him if he would hold his tongue. This he
refused, saying, ‘Nay, thou art a witch’. She then pulled from her
pocket a sort of bridle that jingled, put it on the head of the boy that
had been a dog, who then turned into a white horse. Seizing young
Robinson, the woman mounted him on the horse in front of her and
rode with him to a house called Hoarstones, a locality well known as a
gathering place for witches. Many other people then came riding up
on horses of various colours to the number of about threescore, and
meat was roasted. A young woman tried to make him eat some of this
and to drink something out of a glass, but he refused after the first
taste of it. He then saw various people go into a neighbouring barn,
where six of them kneeled and pulled on ropes fastened to the roof.
This brought down smoking flesh, lumps of butter, and milk, which
they caught in basins. Then six more people repeated the process,
making such fearful faces that he stole out in terror and ran home,
where he told his father that he had also seen the woman pricking
pictures with thorns. When it was noticed that the boy had escaped, a
party of people, several of whom he named, started in pursuit and had
nearly caught up with him at a place called Boggard-hole, when two
horsemen came up and rescued him. On the same evening Robinson’s
father sent him to tie up two cows in their stalls, and on the way, in a
field called the Ellers, he met another boy who picked a quarrel and
made him fight until his ears were made very bloody. Looking down
he saw that the aggressor had a cloven foot, which aroused fresh fears.
He ran on to find the cows and saw the light of a lantern; thinking it
was carried by friends he ran towards it only to find a woman on a
bridge, whom he recognized, and turned back to meet again the boy
with the cloven foot, who gave him a blow on the back and made him
cry. The boy’s father in confirmation of the story said he had gone to
look for him and found him in a state of terror and crying pitifully, so
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knowledge of witchcraft, but the third, Margaret Johnson, declared
herself to have been a witch for six years. She had stated on 9 March
1633 before the same Justices who had examined Edmund Robinson,
that in a fit of anger and discontent a devil had appeared to her in the
form of a man ‘apparrelled in a suite of blake, tied about with silk
pointes, whoe offered her, if shee would give him her soule, hee would
supply all her wantes, and at her appointment would helpe her to kill
and revenge her either of men or beeste, or what she desired’. To this
she agreed and the devil bade her call him Memillion, and when she
called he would be ready to do her will. She denied being at the
meeting at Hoarstones on the particular day described by Robinson,
but admitted being there on the next Sunday, when various evil plans
were concerted. She further declared ‘that such witches as have sharpe
boanes are generally for the devil to prick them with which have no
papps nor duggs, but raiseth blood from the place pricked with the
boane, which witches are more greater and grand witches then they
which have papps or duggs’. After further boastings she said that since
‘this trouble befell her, her Spiritt hath left her, and shee never saw him
since’.

After his examination the Bishop reported the affair to the Secretary
of State, Sir John Coke, and so it came to the ears of King Charles. The
King was a less credulous man than his father, and he ordered the Lord
Privy Seal, Henry Montagu, Earl of Manchester, to write to the Court
doctors as follows:

To Alexander Baker Esq., and Sergiant Clowes his Majesty’s
Chirurgions.

These shalbe to will and reqire you forth with to make choise of
such Midwives as you shall thinke fitt to inspect and search the
Boddies of those women that were lately brought by the Sheriff of
the Countie of Lancaster indited for witchcraft and to report unto
you whether they finde about them any such markes as are
pretended; wherein the said midwives are to receave instructions
from Mr Dr Harvey his Majesty’s Physician and yourselves;

Dated at Whytehall the 29th of June 1634.

H. Manchester

The four prisoners, including Jennet Hargreaves, who had now
recovered, had been brought to London and were held at the Ship
Tavern in Greenwich. They were now examined by the prescribed jury
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confessed to being an impostor. His father, he said, and some others
had taught him what he was to say with a view to making some money
out of the story; in fact at the time of the supposed meeting at
Hoarstones he was some distance away gathering plums in another
man’s orchard.

Source: Geoffrey Keynes, The Life of William Harvey, London, Oxford University Press,
1966.
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The Hunting Spider

Robert Hooke (163 5-1703) was curator of experiments at the Royal Society.
An astronomer, physicist and naturalist, he assisted Robert Boyle in
constructing the first air pump. His Micrographia (1665) contains the earliest
illustrations of objects enlarged under the microscope - the crystal structure of
snowflakes, a louse, a flea, a weevil, etc. It also contains the first scientific use
of the word ‘cell’, to describe the microscopic honeycomb cavities in cork.

Only about half the world’s spiders spread webs to catch prey. The rest hunt
or ambush. Hooke’s description reflects his close observation of the natural
world.

The hunting spider is a small grey spider, prettily bespecked with
black spots all over its body, which the microscope discovers to be a
kind of feathers, like those on butterflies’ wings or the body of the
white moth. Its gait is very nimble, by fits, sometimes running and
sometimes leaping, like a grasshopper almost, then standing still and
setting itself on its hinder legs. It will very nimbly turn its body and
look round itself every way. It has six very conspicuous eyes, two
looking directly forwards, placed just before; two other, on either side
of those, looking forward and sideways; and two other about the
middle of the top of its back or head, which look backwards and
sidewards. These seemed to be the biggest. The surface of them all
was very black, spherical, purely polished, reflecting a very clear and
distinct image of all the ambient objects, such as a window, a man’s
hand, a white paper, or the like.

Hooke discussed hunting spiders with his friend, the English traveller,
virtuoso and diarist John Evelyn (1620-1706) who sent him the following
description of their behaviour in Italy. Evelyn’s brown spider is evidently a
different species from Hooke’s (which is grey). He identifies it as one of the
wolf spiders (Lupi). These belong to the family Lycosidae (the family to which
the Tarantula and the common wolf spider Pardosa amentata, which can
often be seen in English gardens sunbathing on rockeries, both belong). They
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get their name because they chase after their prey like wolves, and there are
over 2,500 known species.

Of all the sorts of insects, there is none has afforded me more
divertisements than the Venatores, which are a sort of Lupi, that have
their dens in the rugged walls and crevices of our houses; a small,
brown and delicately spotted kind of spiders, whose hinder legs are
longer than the rest.

Such I did frequently observe at Rome, which espying a fly at three
or four yards distance, upon the balcony (where I stood) would not
make directly to her, but crawl under the rail, till being arrived to the
Antipodes, it would steal up, seldom missing its aim; but if it chanced
to want anything of being perfectly opposite, would at first peep
immediately slide down again, till, taking better notice, it would come
the next time exactly upon the fly’s back. But if this happened not to be
within a competent leap, then would this insect move so softly, as the
very shadow of the gnomon [the upright arm of a sundial] seemed not
to be more imperceptible, unless the fly moved; and then would the
spider move also in the same proportion, keeping that just time with
her motion, as if the same soul had animated both those little bodies;
and whether it were forwards, backwards, or to either side, without at
all turning her body, like a well managed horse: But if the capricious
fly took wing, and pitched upon another place behind our huntress,
then would the spider whirl its body so nimbly about, as nothing could
be imagined more swift; by which means she always kept the head
towards her prey, though to appearance as immovable as if it had been
a nail driven into the wood, till by that indiscernible progress (being
arrived within the sphere of her reach) she made a fatal leap (swift as
lightning) upon the fly, catching him in the pole [head], where she
never quitted hold till her belly was full, and then carried the
remainder home. I have beheld them instructing their young ones
how to hunt, which they would sometimes discipline for not well
observing. But when any of the old ones did (as sometimes) miss a
leap, they would run out of the field, and hide them in their crannies,
as ashamed, and haply not be seen abroad for four or five hours after.

Source: Robert Hooke, Micrographia (1665).
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Early Blood Transfusion

The belief that imbibing blood from another person can restore youth and
vigour is very ancient, and there were many early attempts to put it into
practice. In 1492 Pope Innocent VIII, when weak and in a coma, was given
the blood of three young men, all of whom died. How the blood was
administered is not known: probably by mouth.

After Harvey’s discovery of the circulation of the blood (see p. 17) the
possibility of transferring blood directly from the arteries of the donor to the
veins of the recipient through a tube was investigated both in France and in
England. On 14 November 1666 the minutes of the Royal Society record that:

The experiment of transfusing the blood of one dog into another was
made before the Society by Mr King and Mr Thomas Coxe, upon a little
mastiff and a spaniel, with very good success, the former bleeding to
death, and the latter receiving the blood of the other, and emitting so
much of his own as to make him capable of receiving the other.

Samuel Pepys, a member of the Society, missed this experiment, but heard
about it, and followed the fortunes of the surviving dog, reporting in his diary
on 28 November that it was still ‘in perfect good health’. The experiment had
been masterminded by Robert Boyle, who explored the possible psychological
effects of transfusion in a series of questions to the Society — whether a fierce
dog could be tamed by receiving blood from a cowardly dog; whether a
transfused dog would recognize its master, etc.

The first English blood transfusion into a human being took place on 23
November 1667. The Royal Society tried to procure ‘some mad person in the
hospital of Bedlam’ for the purpose, but the Keeper of Bedlam declined, so the
choice fell on Arthur Coga, a ‘very freakish and extravagant’ Bachelor of
Divinity from Cambridge who, being ‘indigent’, was persuaded by a fee of one
guinea to volunteer. The Society’s secretary, Henry Oldenburg, recorded the
result in a letter to Boyle.

On Thursday next, God willing, a report will be made of the good
success of the first trial of transfusion practised on a man, which was
by order of the Society, and the approbation of a number of
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Once more, he survived apparently unharmed. However, a patient of the
French pioneer of blood transfusion Jean Denis, who taught medicine at
Montpellier, died following a transfusion in 1668, and this put a stop to
transfusion into humans until the discovery of blood-group antigens and
antibodies in 1900 made the practice safer. Blood transfusion was first
practised on a large scale in the First World War.

The courtiers and literati persistently ridiculed the Society’s experiments,
headed by Charles II who ‘mightily laughed’ (Pepys relates) to hear that the
scientists were ‘spending time only in weighing of air’. (Boyle’s epoch-making
experiments on the pressure and volume of gases seem to be what excited the
royal mirth on this occasion.) Thomas Shadwell’s play The Virtuoso, first
performed in 1676, presents Sir Nicholas Gimcrack boasting of his exploits in
blood transfusion:

I assure you I have transfus’d into a human vein 64 ounces,
avoirdupois weight, from one sheep. The emittent sheep died under
the operation, but the recipient madman is still alive. He suffer’d some
disorder at first, the sheep’s blood being heterogeneous, but in a short
time it became homogeneous with his own . . . The patient from being
maniacal or raging mad became wholly ovine or sheepish: he bleated
perpetually and chew’d the cud; he had wool growing on him in great
quantities; and a Northamptonshire sheep’s tail did soon emerge or
arise from his anus or human fundament.

Sources: From Pepys’s Diary and the Proceedings of the Royal Society via Marjorie Hope
Nicolson, Pepys’s Diary and the New Science, Charlottesville, University of Virginia Press,
1965.
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LITTLE ANIMALS IN WATER

globules joined together: and there were very many small green
globules as well. Among these there were, besides, very many little
animalcules, whereof some were roundish, while others, a bit bigger,
consisted of an oval. On these last I saw two little legs near the head,
and two little fins at the hindmost end of the body. Others were
somewhat longer than an oval, and these were very slow a-moving,
and few in number. These animalcules had divers colours, some being
whitish and transparent; others with green and very glittering little
scales; others again were green in the middle, and before and behind
white; others yet were ashen grey. And the motion of most of these
animalcules in the water was so swift, and so various upwards,
downwards, and round about, that ’twas wonderful to see: and I judge
that some of these little creatures were above a thousand times smaller
than the smallest ones I have ever yet seen, upon the rind of cheese, in
wheaten flour, mould, and the like.

Source: Antony van Leeuwenhoek and His “Little Animals’, ed. trans. and introduced by
Clifford Dobell, New York, Russell & Russell Inc., 1958.
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An Apple and Colours

Sir Isaac Newton (1642-1727), ‘one of the tiny handful of supreme geniuses
who have shaped the categories of the human intellect’ (in the words of his
biographer, Richard S. Westfall), was born into an entirely undistinguished,
semi-literate sheep-farming family in rural Lincolnshire. His youthful
encounter with an apple is the best known of all scientific stories, and,
surprisingly, seems to be true. Dr William Stukeley, who knew Newton well in
his old age, records:

On 15 April 1726 I paid a visit to Sir Isaac at his lodgings in Orbels
Buildings in Kensington, dined with him, and spent the whole day with
him, alone . . .

After dinner, the weather being warm, we went into the garden and
drank tea, under the shade of some apple trees, only he and myself.
Amidst other discourse, he told me he was just in the same situation as
when, formerly, the notion of gravitation came into his mind. It was
occasioned by the fall of an apple, as he sat in a contemplative mood.
Why should that apple always descend perpendicularly to the ground,
thought he to himself? Why should it not go sideways or upwards, but
constantly to the earth’s centre? Assuredly, the reason is, that the earth
draws it. There must be a drawing power in matter: and the sum of the
drawing power in the matter of the earth must be in the earth’s centre,
not in any side of the earth. Therefore does this apple fall
perpendicularly, or towards the centre. If matter thus draws matter, it
must be in proportion of its quantity. Therefore the apple draws the
earth, as well as the earth draws the apple. That there is a power, like
that we here call gravity, which extends itself through the universe.

And thus by degrees he began to apply this property of gravitation
to the motion of the earth and of the heavenly bodies, to consider their
distances, their magnitudes and their periodical revolutions; to find
out that this property, conjointly with a progressive motion impressed
on them at the beginning, perfectly solved their circular courses; kept
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the planets from falling upon one another, or dropping all together
into one centre; and thus he unfolded the universe. This was the birth
of those amazing discoveries, whereby he built philosophy on a solid
foundation, to the astonishment of all Europe.

Asked at an earlier stage in his life how he had discovered the law of universal
gravitation, Newton had replied ‘By thinking on it continually’ — a remark
that supplements, but does not contradict, Stukeley’s apple story.

Newton’s law, set out in the Principia (1687), states that every particle of
matter in the universe attracts every other particle with a force that varies
according to its mass and to the inverse square of the distance between them.
This remained the accepted explanation of gravity until it was superseded by
Einstein’s theory of general relativity in 1915 (see p. 267, below).

Newton’s other great scientific work was the Optics, not published till
1704, but based on experiments he made as a young man at Cambridge to
discover the nature of light:

In a very dark chamber, at a round hole, about one third part of an
inch broad, made in the shut [shutter] of a window, I placed a glass
prism, whereby the beam of the sun’s light, which came in at that hole,
might be refracted upwards towards the opposite wall of the chamber,
and there form a coloured image of the sun . . .

So began Newton’s account of his experiments with prisms, which led him to
the discovery that ordinary white light is really a mixture of rays of every
variety of colour. He found, too, that the ray of each colour bends at a certain
definite angle on passing through the prism — red being the least bendable,
followed by ‘orange, yellow, green, blue, indigo, deep violet’. The richness of
his response to colour is evident in his experimental accounts, as here where
he is explaining that a ray of a single (or ‘homogeneal’) colour, shining upon
objects, makes them all appear of that colour:

All white, grey, red, yellow, green, blue, violet bodies, as paper, ashes,
red lead, orpiment, indigo bice [dark blue], gold, silver, copper, grass,
blue flowers, violets, bubbles of water tinged with various colours,
peacock’s feathers, the tincture of lignum nephriticum [a wood
imported from Spain, the blue infusions of which were used for
kidney-disease], and suchlike, in red homogeneal light appeared
totally red, in blue light totally blue, in green light totally green, and
so of other colours. In the homogeneal light of any colour they all
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appeared totally of that same colour, with this only difference, that
some of them reflected that light more strongly, others more faintly. I
never yet found any body, which by reflecting homogeneal light could
sensibly change its colour.

From all which it is manifest that if the sun’s light consisted of but
one sort of rays, there would be but one colour in the whole world.

Newton’s friend Edmond Halley (observer of ‘Halley’s Comet’) had engaged
in underwater operations off the Sussex coast in a diving bell, and
conversation with him enables Newton to draw imaginative conclusions
about underwater colours:

Mr Halley, . . . in diving deep into the sea in a diving vessel, found in a
clear sunshine day that, when he was sunk many fathoms deep into the
water, the upper part of his hand, on which the sun shone directly
through the water and through a small glass window in the vessel,
appeared of a red colour, like that of a damask rose, and the water
below and the under part of his hand, illuminated by light reflected
from the water below, looked green. For thence it may be gathered
that the sea-water reflects back the violet and blue-making rays most
easily, and lets the red-making rays pass most freely and copiously to
great depths. For thereby the sun’s direct light at all great depths, by
reason of the predominating red-making rays, must appear red.

Newton’s theory that white light was not pure but a medley of different
colours met with strong opposition. It seemed counter to common sense,
which had long associated whiteness with purity and simplicity. Poets,
however, responded to the new colour-theory excitedly. The influence of the
Optics flooded eighteenth-century poetry with colour. Alexander Pope’s
‘sylphs’ — fairy creatures who flit around a young lady’s dressing-table in his
poem The Rape of the Lock — show clear evidence of Newton’s prismatic
discoveries:

Transparent forms, too fine for mortal sight,

Their fluid bodies half-dissolved in light.

Loose to the wind their airy garments flew,

Thin glittering textures of the filmy dew;

Dipped in the richest tincture of the skies,

Where light disports in ever-mingling dyes,

While every beam new transient colours flings,
Colours that change whene’er they wave their wings
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I don’t know what I may seem to the world, but, as to myself, I seem to
have been only like a boy playing on the sea shore, and diverting
myself in now and then finding a smoother pebble or a prettier shell
than ordinary, whilst the great ocean of truth lay all undiscovered
before me.

Sources: William Stukeley, Memoirs of Sir Isaac Newton’s Life, 1752. Sir Isaac Newton,
Optics, 1704. A. N. Whitehead, Science and the Modern World, Cambridge, Cambridge
University Press, 1926.
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ball with her young, which moreover would be daily increasing in
bulk. This wonderful procreant cradle, an elegant instance of the
efforts of instinct, was found in a wheat-field, suspended in the head of
a thistle . . .

January 22, 1768

As to the small mice, I have farther to remark, that though they hang
their nests for breeding up amidst the straws of the standing corn,
above the ground; yet I find that, in the winter, they burrow deep in the
earth, and make warm beds of grass: but their grand rendezvous seems
to be in corn-ricks, into which they are carried at harvest. A neighbour
housed an oat-rick lately, under the thatch of which were assembled
near an hundred, most of which were taken; and some I saw. I
measured them; and found that, from nose to tail, they were just two
inches and a quarter, and their tails just two inches long. Two of them,
in a scale, weighed down just one copper halfpenny, which is about a
third of an ounce avoirdupois: so that I suppose they are the smallest
quadrupeds in this island. A full-grown mus medius domesticus
weighs, I find, one ounce, lumping weight, which is more than six
times as much as the mouse above; and measures from nose to rump
four inches and a quarter, and the same in its tail.

Selbourne, Sept. 2, 1774

... As my neighbour was housing a rick he observed that his dogs
devoured all the little red mice that they could catch, but rejected the
common mice: and that his cats ate the common mice, refusing the

red . ..

There is a steep abrupt pasture field interspersed with furze close to the
back of this village, well known by the name of the Short Lithe,
consisting of a rocky dry soil, and inclining to the afternoon sun. This
spot abounds with the gryllus campestris, or field-cricket; which,
though frequent in these parts, is by no means a common insect in
many other counties.

As their cheerful summer cry cannot but draw the attention of a
naturalist, I have often gone down to examine the ceconomy of these
grylli, and study their mode of life: but they are so shy and cautious
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that it is no easy matter to get a sight of them; for, feeling a person’s
footsteps as he advances, they stop short in the midst of their song, and
retire backward nimbly into their burrows, where they lurk till all
suspicion of danger is over.

At first we attempted to dig them out with a spade, but without any
great success; for either we could not get to the bottom of the hole,
which often terminated under a great stone; or else, in breaking up the
ground, we inadvertently squeezed the poor insect to death. Out of
one so bruised we took a multitude of eggs, which were long and
narrow, of a yellow colour, and covered with a very tough skin. By this
accident we learned to distinguish the male from the female; the
former of which is shining black, with a golden stripe across his
shoulders; the latter is more dusky, more capacious about the
abdomen, and carries a long sword-shaped weapon at her tail, which
probably is the instrument with which she deposits her eggs in crannies
and safe receptacles.

Where violent methods will not avail, more gentle means will often
succeed; and so it proved in the present case; for, though a spade be
too boisterous and rough an implement, a pliant stalk of grass, gently
insinuated into the caverns, will probe their windings to the bottom,
and quickly bring out the inhabitant; and thus the humane inquirer
may gratify his curiosity without injuring the object of it. It is
remarkable that, though these insects are furnished with long legs
behind, and brawny thighs for leaping, like grasshoppers; yet when
driven from their holes they show no activity, but crawl along in a
shiftless manner, so as easily to be taken: and again, though provided
with a curious apparatus of wings, yet they never exert them when
there seems to be the greatest occasion. The males only make that
shrilling noise perhaps out of rivalry and emulation, as is the case with
many animals which exert some sprightly note during their breeding
time: it is raised by a brisk friction of one wing against the other. They
are solitary beings, living singly male or female, each as it may happen:
but there must be a time when the sexes have some intercourse, and
then the wings may be useful perhaps during the hours of night. When
the males meet they will fight fiercely, as I found by some which I put
into the crevices of a dry stone wall, where I should have been glad to
have made them settle. For though they seemed distressed by being
taken out of their knowledge, yet the first that got possession of the
chinks would seize upon any that were obtruded upon them with a
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vast row of serrated fangs. With their strong jaws, toothed like the
shears of a lobster’s claws, they perforate and round their curious
regular cells, having no fore-claws to dig, like the mole-cricket. When
taken in hand I could not but wonder that they never offered to defend
themselves, though armed with such formidable weapons. Of such
herbs as grow before the mouths of their burrows they eat
indiscriminately; and on a little platform, which they make just by,
they drop their dung; and never, in the day-time, seem to stir more
than two or three inches from home. Sitting in the entrance of their
caverns they chirp all night as well as day from the middle of the
month of May to the middle of July; and in hot weather, when they are
most vigorous, they make the hills echo; and, in the stiller hours of
darkness, may be heard to a considerable distance. In the beginning of
the season, their notes are more faint and inward; but become louder
as the summer advances, and so die away again by degrees.

Sounds do not always give us pleasure according to their sweetness
and melody; nor do harsh sounds always displease. We are more apt to
be captivated or disgusted with the associations which they promote,
than with the notes themselves. Thus the shrilling of the field-cricket,
though sharp and stridulous, yet marvellously delights some hearers,
filling their minds with a train of summer ideas of everything that is
rural, verdurous, and joyous.

About the tenth of March the crickets appear at the mouths of their
cells, which they then open and bore, and shape very elegantly. All that
ever | have seen at that season were in their pupa state, and had only
the rudiments of wings, lying under a skin or coat, which must be cast
before the insect can arrive at its perfect state (We have observed that
they cast these skins in April, which are then seen lying at the mouths
of their holes.) From whence I should suppose that the old ones of last
year do not always survive the winter. In August their holes begin to be
obliterated, and the insects are seen no more till spring.

Not many summers ago I endeavoured to transplant a colony to the
terrace in my garden, by boring deep holes in the sloping turf. The new
inhabitants stayed some time, and fed and sung; but wandered away
by degrees, and were heard at a farther distance every morning; so that
it appears that on this emergency they made use of their wings in
attempting to return to the spot from which they were taken.

One of these crickets, when confined in a paper cage and set in the
sun, and supplied with plants moistened with water, will feed and
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thrive, and become so merry and loud as to be irksome in the same
room where a person is sitting: if the plants are not wetted it will die.

White is still quoted as an authority on the field cricket in some twentieth-
century works on entomology. During the Second World War, as a prisoner of
war in Bavaria, R. D. Purchon made a study of the field cricker which
confirmed White’s observations. Purchon found that the adult crickets die in
August, and the young ones continue active until late autumn, when they
hibernate in their pupa state.

Source: Gilbert White, The Natural History of Selbourne, 1788.
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philosophical writings, and which can hardly be too often repeated, as
it tends greatly to encourage philosophical investigations viz. that
more is owing to what we call chance, that is, philosophically
speaking, to the observation of events arising from unknown causes,
then to any proper design, or pre-conceived theory in this business.

For my own part, I will frankly acknowledge, that, at the
commencement of the experiments recited in this section, I was so far
from having formed any hypothesis that led to the discoveries I made
in pursuing them, that they would have appeared very improbable to
me had I been told of them; and when the decisive facts did at length
obtrude themselves upon my notice, it was very slowly, and with great
hesitation, that I yielded to the evidence of my senses . . . [Priestley
then recounts the construction of the mercury-trough apparatus
described above.]

With this apparatus, after a variety of other experiments, an account
of which will be found in its proper place, on the 1st of August, 1774, [
endeavoured to extract air from mercurius calcinatus per se; and 1
presently found that, by means of the lens, air was expelled from it
very readily. Having got about three or four times as much as the bulk
of my materials, I admitted water to it, and found that it was not
imbibed by it. But what surprised me more than I can well express,
was, that a candle burned in this air with a remarkably vigorous
flame . . .

I cannot, at this distance of time, recollect what it was that I had in
view in making this experiment: but I know I had no expectation of
the real issue of it. Having acquired a considerable degree of readiness
in making experiments of this kind, a very slight and evanescent
motive would be sufficient to induce me to do it. If, however, I had not
happened, for some other purpose, to have had a lighted candle before
me, I should probably never have made the trial; and the whole train
of my future experiments relating to this kind of air might have been
prevented . . .

In this case, also, though I did not give sufficient attention to the
circumstance at that time, the flame of the candle, besides being larger,
burned with more splendour and heat . . . and a piece of red-hot wood
sparkled in it, exactly like paper dipped in a solution of nitre, and it
consumed very fast . . .

On the 8th of this month [March, 1775] I procured a mouse, and
put it into a glass vessel, containing two one-ounce measures of the air
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be so proper for us in the usual healthy state of the body: for, as a
candle burns out much faster in dephlogisticated than in common air,
so we might, as may be said, live out too fast, and the animal powers
be too soon exhausted in this pure kind of air. A moralist, at least, may
say, that the air which nature has provided for us is as good as we
deserve.

My reader will not wonder, that, after having ascertained the
superior goodness of dephlogisticated air by mice living in it, and the
other tests above mentioned, I should have the curiosity to taste it
myself. 1 have gratified that curiosity, by breathing it, drawing it
through a glass-syphon, and, by this means, I reduced a large jar full of
it to the standard of common air. The feeling of it to my lungs was not
sensibly different from that of common air; but I fancied that my
breast felt peculiarly light and easy for some time afterwards. Who can
tell but that, in time, this pure air may become a fashionable article in
luxury. Hitherto only two mice and myself have had the privilege of
breathing it . . .

Being at Paris in the October following, and knowing that there
were several very eminent chemists in that place ... I frequently
mentioned my surprise at the kind of air which I had got from this
preparation to Mr Lavoisier, Mr le Roy, and several other philoso-
phers, who honoured me with their notice in that city; and who, I
daresay, cannot fail to recollect the circumstance.

The eminent French chemist Antoin-Laurent Lavoisier (1743-94), to whom
Priestley divulged his discovery, understood the theoretical implications of it,
as Priestley did not. Lavoisier had already announced, in 1772, that he was
‘destined to bring about a revolution in physics and chemistry’. Unlike the
older scientists he realized that atmospheric air was not an ‘element’ but a
compound of gases, and he identified Priestley’s discovery as the active
component of air for which he had been searching. He called it ‘oxygen’
(Greek: ‘acid former’), in the belief that all acids contained it. In 1783 he made
public his complete renovation of chemical theory, and Mme Lavoisier
ceremonially burned the books of the phlogiston theorists to mark the new
era. Unfortunately Lavoisier, who had been a tax-collector under the ancien
régime, was guillotined at the time of the French Revolution.

Source: Joseph Priestley, Experiments and Observations on Different Kinds of Air, London,
1775-
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Discovering Uranus

The planet Uranus was discovered by the German-born British astronomer
William Herschel (1738-1822). The son of an army musician, Herschel came
to England in 1757 to follow a musical career, as teacher, composer and
performer, and became organist of a fashionable chapel in Bath. An amateur
astronomer, he constructed new and powerful telescopes, grinding the mirrors
himself, and it was through one of those that, in 1781, he saw Uranus, the first
planet to be discovered since prehistoric times. Fame, and a £200-per-year
pension from George III, quickly followed, and Herschel gave up music for
full-time astronomy. He developed a theory of the evolution of stars, and was
the first to hypothesize that nebulae (misty white patches among the stars,
visible through a telescope) were clouds of individual stars, forming separate
galaxies.

Uranus takes 84.01 years to orbit the sun. It is an extremely cold planet,
and is thought to consist of a rocky core and an ice mantle 8,000 kilometres
thick. Nine of its twenty rings were discovered in 1977; the rest were
photographed by the Voyager 2 probe in 1986.

Though not a very good poet, Alfred Noyes (1880-1958) was singular in
that he wrote a modern epic poem about the progress of science, The Torch-
Bearers. In the following extract (heavily indebted to Robert Browning’s
dramatic monologues), Noyes imagines Herschel’s thoughts while conducting
a concert in Bath.

My periwig’s askew, my ruffle stained
With grease from my new telescope!
Ach, to-morrow
How Caroline will be vexed, although she grows
Almost as bad as I, who cannot leave
My workshop for one evening.
I must give
One last recital at St Margaret’s,
And then - farewell to music.
Who can lead
Two lives at once?
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DISCOVERING URANUS

Yet — it has taught me much,
Thrown curious lights upon our world, to pass
From one life to another. Much that I took
For substance turns to shadow. I shall see
No throngs like this again; wring no more praise
Out of their hearts; forego that instant joy
— Let those who have not known it count it vain —
When human souls at once respond to yours.
Here, on the brink of fortune and of fame,
As men account these things, the moment comes
When I must choose between them and the stars;
And I have chosen.

Handel, good old friend,

We part to-night. Hereafter, I must watch
That other wand, to which the worlds keep time.

What has decided me? That marvellous night
When — ah, how difficult it will be to guide,
With all these wonders whirling through my brain! -
After a Pump-room concert I came home
Hot-foot, out of the fluttering sea of fans,
Coquelicot-ribboned belles and periwigged beaux,
To my Newtonian telescope.

The design
Was his; but more than half the joy my own,
Because it was the work of my own hand,
A new one, with an eye six inches wide,
Better than even the best that Newton made
Then, as I turned it on the Gemini,
And the deep stillness of those constant lights,
Castor and Pollux, lucid pilot-stars,
Began to calm the fever of my blood,
I saw, O, first of all mankind I saw
The disk of my new planet gliding there
Beyond our tumults, in that realm of peace.

What will they christen it? Ach — not Herschel, no!
Not Georgium Sidus, as I once proposed;
Although he scarce could lose it, as he lost

That world in ’seventy-six.
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DISCOVERING URANUS

Indeed, so far
From trying to tax it, he has granted me
How much? — two hundred golden pounds a year,
In the great name of science, - half the cost
Of one state-coach, with all those worlds to win! . . .

To-night,

— The music carries me back to it again! -
I see beyond this island universe,
Beyond our sun, and all those other suns
That throng the Milky Way, far, far beyond,
A thousand little wisps, faint nebulae,
Luminous fans and milky streaks of fire;
Some like soft brushes of electric mist
Streaming from one bright point; others that spread
And branch, like growing systems; others discrete,
Keen, ripe, with stars in clusters; others drawn back
By central forces into one dense death,
Thence to be kindled into fire, reborn,
And scattered abroad once more in a delicate spray
Faint as the mist by one bright dewdrop breathed
At dawn, and yet a universe like our own;
Each wisp a universe, a vast galaxy
Wide as our night of stars.

The Milky Way
In which our sun is drowned, to these would seem
Less than to us their faintest drift of haze;
Yet we, who are borne on one dark grain of dust
Around one indistinguishable spark
Of star-mist, lost in one lost feather of light,
Can by the strength of our own thought, ascend
Through universe after universe; trace their growth
Through boundless time, their glory, their decay;
And, on the invisible road of law, more firm
Than granite, range through all their length and breadth,
Their height and depth, past, present, and to come.

Alfred Noyes, The Torch-Bearers, London, Sheed & Ward, 1937.
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THE BIG BANG AND VEGETABLE LOVE

One of the ‘second planets’ to ‘issue from the first’ in Erasmus’s account is the
moon, which separates from the earth leaving a hole now occupied by the
South Pacific. The Goddess of Botany, accompanied by various Gnomes,
Sylphs and Nymphs, is a witness of these cosmic disturbances, and she
reminds the Gnomes of the alarm they felt at the moon’s emergence:

Gnomes! how you shrieked! when through the troubled air
Roared the fierce din of elemental war;

When rose the continents, and sunk the main,

And Earth’s huge sphere exploding burst in twain.
Gnomes! how you gazed! when from her wounded side,
Where now the South Sea heaves its waste of tide,

Rose on swift wheels the Moon’s refulgent car,

Circling the solar orb, a sister star,

Dimpled with vales, with shining hills embossed,

And rolled round Earth her airless realms of frost.

The notion that the moon originated by fission from the earth, which has
found some supporters in the twentieth century, became known as the
‘Darwinian theory’, not because of Erasmus but because of his great-grandson
Sir George Darwin, who worked out a mathematical basis for the idea.

The second part of Erasmus’s poem, The Loves of the Plants (1789),
ministered to the craze for botany in the 1770s and 1780s. Captain Cook’s
famous voyage in the Endeavour had brought back to England, via Botany
Bay, 1,300 hitherto unknown species of plants, thanks to the labours of young
Joseph Banks, the botanist who accompanied Cook. The founding of the
Royal Botanical Gardens at Kew, celebrated in Erasmus’s poem, was a
monument to this new enthusiasm for greenery. The great Swedish botanist
Carl Linnaeus (1707-78) had introduced the system of modern plant
classification in the middle years of the eighteenth century, and Erasmus
translated some of his works. The Loves of the Plants personifies go different
species, and recounts their sex-lives, paying strict attention to Linnaeus’s
botanical descriptions:

Sweet blooms Genista in the myrtle shade,

And ten fond brothers woo the haughty maid.
Two knights before thy fragrant altar bend,
Adored Melissa! and two squires attend.
Meadia’s soft chains five suppliant beaux confess,
And hand in hand the laughing belle address;
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THE BIG BANG AND VEGETABLE LOVE

Buoyed with pure air shall endless tracks pursue,
And Priestley’s hand the vital flood renew.

Rather surprisingly, Erasmus was an extremely popular and influential poet.
Young Wordsworth imitated him. Coleridge called him ‘the first literary
character in Europe’, and his great fantasy-poems, Kubla Khan and The
Ancient Mariner, borrow scenes and phrases from Erasmus. Shelley, his
keenest disciple, took from him the idea of combining science and poetry in
famous lyrics like “The Cloud’ and ‘The Sensitive Plant’, and followed his
lead in attacking superstition, tyrants, slavery, war and alcohol.

Source: Erasmus Darwin, The Botanic Garden, 1789-91.
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Taming the Speckled Monster

Smallpox is a killer disease that has been compared in virulence to the Black
Death. Until the eighteenth century epidemics were frequent. Survivors were
often blinded or disfigured. A mode of partial immunization common in
China, India and the near East was to inject some of the pus from a smallpox
vesicle into the body of a healthy person. The English bluestocking Lady
Mary Wortley Montagu (who had herself been scarred by a smallpox attack
two years earlier) discovered this in 1717 while resident in Adrianople, where
her husband was British ambassador, and wrote to her friend Sarah Chiswell
with the news.

A propos of Distempers, I am going to tell you a thing that I am sure
will make you wish your selfe here. The Small Pox so fatal and so
general amongst us is here entirely harmless by the invention of
engrafting (which is the term they gave it). There is a set of old Women
who make it their business to perform the Operation. Every Autumn
in the month of September, when the great Heat is abated, people send
to one another to know if any of their family has a mind to have the
small pox. They make partys for this purpose, and when they are met
(commonly 15 or 16 together) the old Woman comes with a nutshell
full of the matter of the best sort of small-pox and asks what veins you
please to have open’d. She immediately rips open that you offer to her
with a large needle (which gives you no more pain than a common
scratch) and puts into the vein as much venom as can lye upon the
head of her needle, and after binds up the little wound with a hollow
bit of shell, and in this manner opens 4 or 5 veins. The Grecians have
commonly the superstition of opening one in the Middle of the
forehead, in each arm and on the breast to mark the sign of the cross,
but this has a very ill Effect, all these wounds leaving little Scars, and is
not done by those that are not superstitious, who chuse to have them
in the legs or that part of the arm that is conceal’d. The children or
young patients play together all the rest of the day and are in perfect
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