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INTRODUCTION

IrviNe LANGMUIR, whose own achievements are dis-
cussed in Chapter VI, has expressed the opinion to
me that, in this twentieth century, little personal
significance ought to be attached to any scientific
discovery. He argues that so many skilled teams of
research workers are now following up every possible
line of progress so intensively, utilising each other’s
published results all the time, that it is practically a
matter of chance who will first reach that stage in the
general investigation where shadow turns to substance
and a discovery of primary importance becomes
obvious. No individual is indispensable, for in the
absence of the actual discoverer somebody else would
be certain to reach the samc conclusion a few weeks
or a few months later.

No doubt there is a great deal of truth in what
Irving Langmuir remarks, but I am still unconvinced.
The fact that, at a certain period, a discovery is (as
Kekulé said) ‘in the air’ is not, after all, a new fact in
the history of chemistry. To the many examples of
simultaneous and independent discoveries described
in this volume many more might be added, such as
the discovery of oxygen by Scheele and Priestley,
dating right back to the beginnings of our science.
Yet nobody thought of the application of nitrous

oxide to surgical operations for forty years after Davy
xi
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(see p. 18); nobody improved upon the laws of
electricity for forty years after Faraday (see p. 71).
There is no way of testing the point, of course, but
I ask quite seriously: ‘Would anyone else have
developed the principles of the gas-filled lamp until
forty years after Langmuir?’ The reader, after
studying pages 250-7, is invited to give his own
judgment.

In any case, hero-worship is certain to persist in
science, as in other fields. That such hero-worship
is, in general, amply justified will, I trust, be admitted
by all who read this volume. Chemists naturally
honour the great pioneers of chemistry, but it is really
astonishing how unfamiliar the public as a whole still
is with the names of men whose work has transformed
the world. Sir Richard Gregory has rightly said:

‘It is time to understand that no man can now be
considered to have received a liberal education unless
he has some acquaintance with the principles of science;
and that the works of Darwin and Faraday are as worthy
of national honour as those of Tennyson and Scott.
The training which ends in literary culture without
science is just as incomplete as one which promotes
scientific knowledge without the power of clear
expression.’

How much, however, does the average ‘educated
person’ of to-day know about the most eminent of all
chemists, Faraday? How little is illustrated by a
question in the English Paper of the School Leaving
Certificate Examination of the Scottish Education
Department in March 1939: ‘Discuss the historical
importance of William Faraday.’ If a scientist were
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to speak of Michael Shakespeare, what howls of
derision his literary colleagues would utter!

Until I worked up the material for these Royal
Institution Lectures in detail, I did not fully appreciate
what a predominant part young chemists have played
in the development of their science. It was with some
surprise that I finally recognised that there are, indeed,
very few significant discoveries in chemistry not due
to ‘juveniles.” If anybody doubts this, let him attempt
to outline the contents of a volume entitled Old Chemists
and Great Discoveries, taking a very liberal point of view
with regard to the first adjective. If ‘old’ means
over seventy, or even over sixty, the book would be
practically all cover; if over fifty-five, it would still be
very slim. Reduction of old age to fifty would help
somewhat, but the available material would still be
rather scrappy and second-rate. Not only have young
men and women made most discoveries in chemistry,
but those discoveries have been the greatest.

The reader may find it of interest to confirm for
himself how, in almost every instance treated in the
following pages, the creative period has been the
period of early youth. The subsequent careers of my
various youthful heroes have been described in order
to round out the story, but there is generally little to
tell. Only with a genius of the extreme classical type
(see p. 43), such as Faraday, or Pasteur, or Langmuir,
do the flowers of later development rival the first
blossoms.

To emphasise the juvenile exploits of my heroes
and heroines, I have endeavoured to select, as far as
possible, accompanying portraits of them in their
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youth. Some of the early photographs employed do
not give perfect reproduction, but I feel that—in this
volume at least—a whole gallery of greybeards would
be entirely out of place. The few later pictures that
I have been forced to include will suffice to serve as
contrast.

A list of acknowledgments to the many individuals
and companies who generously assisted me in the
organisation of these lectures follows. I should like
to express here, however, my special indebtedness
to all the officials of the Royal Institution, from
Sir William Bragg downwards, for their hearty co-
operation throughout. I also wish to record my
sincere thanks to my younger daughter, Alice Rebecca,
whose shorthand notes of my lectures helped materially
in the preparation of the final manuscript.

JAMES KENDALL
EDINBURGH, April 1939
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CHAPTER I
HUMPHRY DAVY

CHEMISTRY is essentially a youthful science and a science
for youth. It has its foundations, it must be confessed,
in the very ancient art of alchemy, but as a true science
it is only between a hundred and fifty and two hundred
years of age. One scientific historian, Adolphe Wurtz,
has made the definite statement that chemistry was
founded by Antoine Laurent Lavoisier, the leader of
the chemical revolution against the false doctrine of
phlogiston, who perished himself on the guillotine
during the French Revolution in 1794. In this country,
however, many prefer to regard as the father of modern
chemistry Joseph Black, professor at the University of
Edinburgh, who first made the subject an exact science
by his constant appeal to the balance in experimental
work. Lavoisier learned much from his correspond-
ence with Black, but did not always recognise Black’s
discoveries as independent from his own.

Two hundred years is a short span in the history of
human thought, and chemistry to-day still shows itself
to be in the adolescent stage of its development as a
science—it is still in a state of rapid growth. Advances
in chemical knowledge follow one another so quickly,
indeed, that each generation of chemists finds itself
considerably ahead of the preceding one; any school-

boy now has the opportunity of understanding much
1 1
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more chemistry than Davy or Faraday ever knew.
This, to the enthusiastic beginner, is perhaps the
greatest fascination that the science affords. No young
artist expects to rival Rembrandt, no young poet
anticipates that he will ever rank with Shakespeare;
each has to start his own work from scratch. The
young chemist, on the other hand, can begin where his
famous predecessors ended their progress into the
unknown, and himself explore some section of the
regions beyond. He is not even, as his elders are,
embarrassed with the burden of outmoded theories and
preconceived ideas; he can strike boldly forward.
Every teacher of experience in chemistry cheerfully
recognises his own inferiority to his more gifted dis-
ciples; the avthor himself is certain that many of his
students in Edinburgh are already in front of him in
the onward march of scientific research.

All through the period from Black and Lavoisier to
the present day, in point of fact, we find young chemists
in the very van of progress. The major discoveries in
chemistry have almost all been discoveries due to
youthful genius, discoveries made by young men or
women in their teens or twenties, relatively few have
been the work of those past the prime of life. The
alchemist of the fifteenth century may, perhaps, have
justified the popular conception of him as an old man,
cither excessively hairy or excessively hairless, gazing
into a crucible in quest of gold or the elixir of perpetual
youth. The leaders in chemistry in more recent times,
however, have found many elements of much greater
importance than gold and have not needed to search
for youth, they have possessed it already.




THE ALCHEMIST

This, one of the finest of alchemical pictures, is attributed to
Edmund Hellmer
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HUMPHRY DAVY 3

It is the purpose of the author, in this record of the
one hundred and thirteenth course of Christmas
lectures adapted to a juvenile auditory to be delivered
at the Royal Institution, to describe the wonderful
achievements of a number of brilliant young chemists.
Their early life and struggles will be outlined, some of
their epoch-making experiments will be repeated, the
influence of their work on the development of modern
chemistry will be indicated, and frequent illustrations
will be made of the practical application of their dis-
coveries to the benefit of the human race. The last
point is one of particular importance, since although
these youthful enthusiasts were not consciously seeking
riches for themselves in the course of their inspired
labour in the laboratory, the results of that labour have
been of inestimable value to mankind. As Huxley
remarked in 1877:

‘I weigh my words when I say that if the nation
could purchase a potential Watt, or Davy, or Faraday,
at the cost of a hundred thousand pounds down, he
would be dirt-cheap at the money. Itis a mere common-
place and everyday piece of knowledge that what these
men did has produced untold millions of wealth, in the
narrowest economical sense of the word.’

To fill the réle of the hero for this first lecture, no
more fitting choice could be made than that of
Humphry Davy. At the age of twenty-three, he had
already achicved such astonishing discoveries in
chemistry that he was appointed to the position of
Professor of Chemistry at this Royal Institution, and
through the charm of his lectures delivered in this same
theatre immediately became the rage of London. No
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matinee idol of the last generation, no film star of the
present day, ever created such a furore as this young
‘Pirate of Penzance’ when he first burst upon the
delighted metropolis. ‘Those eyes were made for
something more than poring into crucibles,” said the
fashionable ladies who swarmed to his lectures, and his
desk was littered with anonymous sonnets from his fair
admirers.! Davy was justly styled ‘the first philos-
opher of his age,’ but could any greater contrast from
the customary conception of a dry-as-dust and aged
recluse possibly be imagined?

The main facts regarding the life of Humphry Davy
are given in detail in his brother’s biography,? which
tells “how, from a comparatively humble origin, solely
by his own exertions and abilities, he raised himself to
distinction and acquired a name and reputation which,
from its connection with science, can hardly be less
permanent than science itself.’

He was born of old yeoman stock at Penzance, Corn-
wall, on December 17, 1778, the eldest son of a father
who was .a skilful wood-carver, ‘too fond, for the
welfare of his family, of making experiments in farm-
ing and of engaging in the hazardous concern of
mining.” His mother, an orphan child, had been

! At this point the author interpolated the remark that he had
been lecturing on chemistry for more than a quarter of a century
without receiving a single sonnet so far, but cherished the hope that
this deficiency might be remedied before the close of the current series.
The request ‘Will some young lady in the audience please write me
an anonymous sonnet?’ received, indeed, a most generous response.
Grateful recognition is here given to the unknown senders of these
beautiful poetical contributions. Not all of them were actually sonnets
—one, received after the Faraday lecture, turned out to be ‘an-ode’—
but all were deeply appreciated.

? Reference to this and to other volumes will be found at the end
of the chapter.
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generously maintained until her marriage in the home
of a doctor, John Tonkin, who had attended her dying
parents: we shall meet this same Dr. Tonkin again
later.

In the style of the old-fashioned nursery story, seven
fairies may be imagined as coming to the cradle of the
infant Humphry, each bestowing upon him her own
particular blessing. The first promised that he would
be a fine poet, the second that he would be a clever
writer of essays and novels, the third that he would be
‘the complete angler,” the fourth that he would be a
wide traveller, the fifth that he would be a man of
fashion and a society idol, the sixth that he would be
famous in the medical profession, and the seventh that
he would be the greatest chemist of his time. As years
went by, all of these blessings came—as fairy blessings
must—to fruition, but the seventh fairy was evidently
the most potent and her gift ultimately outweighed all
the rest.

As a boy at Penzance and Truro Grammar Schools,
Davy showed little promise of his later ability, in fact
‘he was more distinguished out of school and by his
comrades than by any great advance in learning.’
He himself remarked later: ‘I consider it fortunate
that I was left much to myself as a child, and put upon
no particular plan of study, and that I enjoyed much
idleness at Mr. Coryton’s school.” This idleness
frequently led to painful consequences, for Mr.
Coryton was an adept with the flat ruler and is reported
to have been in the habit of reciting the following
verses while inflicting punishment upon his lazy
scholar, ‘suiting the action to the rhythm’:
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‘Now, Master Davy,
Now, Sir, I have ’e;
No one shall save ’e,
Good Master Davy!’

Whether this played any part in fostering Humphry’s
early love of poetry is not related, although it tempts
one to speculate upon a possible connection between
the modern dearth of youthful poets and the abandon-
ment of corporal punishment. In any event, such
talents as Davy did exhibit at this period were mainly
literary. Like his contemporary Sir Walter Scott,
subsequently his close friend, he first became popular
with his comrades as a ‘tale-teller’—not, of course, in
the present significance of the word. His assistance
was often requested by boys much older than himself
in composing verse, he shone pre-eminently in writing
valentines and love-letters, and he first showed his
fondness for experimenting in making fireworks. His
taste for fishing appears to have been almost instinctive.

He left school at the age of fifteen, and seems to have
led an idle and unsettled life for a year. Then,
suddenly, he was called to face realities by his father’s
death, which left the family (a widow and five young
children) in very straitened circumstances. Under
the advice of the old friend of the family, Dr. Tonkin,
he was apprenticed in February 1795 to Mr. Bingham
Borlase, a man of talent, then practising as surgeon
and apothecary in Penzance. Dr. Tonkin, no doubt,
expected that Humphry would eventually succeed to
his own general practice in his native town. The lad
himself had higher ideas; he looked forward to
graduation at the medical school at Edinburgh and a
career as a distinguished physician. How seriously he
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realised his responsibilities may be seen from the
following ‘plan of study’ that he drew up for himself
at this period, transcribed verbatim from one of his
note-books which has been preserved.

1. Theology.
Or Religion, taught by Nature.
Ethics, or moral virtuesf ~—  |by Revelation.
2. Geography.
3. My Profession. 5. Language.
1. Botany. 1. English.
2. Pharmacy. 2. French.
3. Nosology. 3. Latin.
4. Anatomy. 4. Greek.
5. Surgery. 5. Italian.
6. Chemistry. 6. Spanish.
7. Hebrew.
4. Logic.
6. Physics.

1. The doctrines and properties of natural bodies.
2. Of the operations of nature.

3. Of the doctrines of fluids.

4. Of the properties of organised matter.

5. Of the organisation of matter.

6. Simple Astronomy.

7. Mechanics. 9. History and Chronology.
8. Rhetoric and Oratory. 10. Mathematics.

This represents, truly, an ambitious programme for
a boy of sixteen to undertake, and it may be doubted
whether much progress was made in some of the
subjects cited, such as Nosology! and Hebrew. The
doubt increases when it is discovered, from other note-
books of Davy surviving from this same year, how

! This, according to the dictionary, is ‘the science dealing with the
classification of diseases.’
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much time he devoted to one topic not specifically
mentioned on the plan at all—poetry. Here, as an
example, the last few quatrains of a long poem entitled
‘The Sons of Genius’ may be quoted :

‘Like the tumultuous billows of the sea

Succeed the generations of mankind ;

Some in oblivious silence pass away,
And leave no vestige of their lives behind.

Others, like those proud waves which beat the shore,
A loud and momentary murmur raise;

But soon their transient glories are no more,

No future ages echo with their praise.

Like yon proud rock, amidst the sea of time,
Superior, scorning all the billows’ rage,

The living Sons of Genius stand sublime,
The immortal children of another age.

For those exist whose pure ethereal minds,
Imbibing portions of celestial day,

Scorn all terrestrial cares, all mean designs,
As bright-eyed eagles scorn the lunar ray.

Theirs is the glorv of a lasting name,

The meed of Genius, and her living fire;
Theirs is the laurel of eternal fame,

And theirs the sweetness of the muse’s lyre.’

This may not be first-class poetry, but it is very
creditable versification, and it was considered meri-
torious enough by Wordsworth and Coleridge, who
became acquainted with Davy a few years later, to be
included in their Annual Anthology for 1799. Coleridge,
indeed, was wont to declare subsequently: ‘If Davy
had not been the first chemist, he would have been
the first poet of his age,’ but this statement must be
regarded as more cogent evidence of the loyalty of
his friendship than of his critical acumen. The best
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of Davy’s poetry, it must be confessed, is strongly
reminiscent of Wordsworth in his most pedestrian
moments.

Chemistry, however, soon became his supreme pre-
occupation. He did not begin to study the subject
seriously until he was just entering upon his nineteenth
year, but previous to that, when he should have been
preparing medicines in the surgery, he had formed the
habit of practising spectacular experiments in the
garret which he occupied as a bedroom in Dr. Tonkin’s
house, his sister functioning as his assistant with
occasional disasters to her dress from corrosive sub-
stances. His apparatus consisted chiefly of phials,
wine-glasses, and tea-cups, tobacco pipes and earthen
crucibles; when he needed a fire, he was obliged to
come down to the kitchen. On more than one
occasion an explosion occurred which evoked from
the worthy doctor such expressions as: ‘This boy
Humphry is incorrigible!” ‘Was there ever so idle a
dog?’ ‘He will blow us all into the air!” But ‘Sir
Humphry,” as his benefactor called him in prophetic
jest, was always indulgently allowed to continue his
‘researches.’

Two friends whom he made at this time turned his
thoughts towards chemistry in real earnest. Davies
Giddy, a wealthy Cornish landowner with a keen
interest in science, is stated to have first noticed Davy
‘pulling faces’ while swinging on a gate. He asked
who that extraordinary-looking boy might be, and was
informed that it was young Davy, the wood-carver’s
son, who was said to be fond of making chemical
experiments. ‘Chemical experiments!’ exclaimed
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Mr. Giddy, with much surprise, ‘if that be the case, I
must have some conversation with him.” As a result
of this conversation, he invited Humphry to his house,
offered him the use of his library, and took him to see
the chemical laboratory at a neighbouring copper-
works. The tumultuous delight with which Davy
examined common pieces of apparatus, previously
known to him only as pictures in books, surpassed all
description. Little could anyone have suspected, at
this stage of their acquaintance, that some day the
poor wood-carver’s son would repay the wealthy
landowner for his kindness by nominating him as his
successor for the position of President of the Royal
Society of London!

Davy’s second friend was Gregory Watt, son of the
famous James Watt, who, forced to abandon his
scientific studies at the University of Glasgow through
ill-health, came to the kindlier climate of Cornwall to
recuperate, and stayed as a lodger in the house of
Mrs. Davy. The two young men soon became closely
attached to each other, Gregory’s interest being first
aroused by Humphry’s undertaking ‘to demolish the
French theory of chemistry in half an hour.” No doubt
the pair subsequently held many long discussions on
this absorbing topic.

Davy had, at this point, read only two books
on chemistry—Nicholson’s Dictionary and Lavoisier’s
Elements. Within a few months he had grown bold
enough to believe that he could amend the great
Lavoisier’s brilliant theory of combustion (that sub-
stances, when they burned, combined with the oxygen
of the air), which had recently overthrown the old
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phlogiston theory (that substances, when they burned,
lost a material of negative weight, phlogiston). Through
Mr. Giddy and Mr. Watt he entered into correspond-
ence on the subject in April 1798 with Dr. Beddoes of
Bristol, and his vivid description of the speculations
which he had made ‘On the Nature of Heat and Light’
and of the experiments which he had performed to
verify those speculations soon led Beddoes to declare his
whole-hearted conversion to Davy’s beliefs.

In all probability, Beddoes was much more directly
interested from the very start in another line of
investigation that Davy was then pursuing—the effect
of nitrous oxide on animal life. Dr. Mitchell, an
American chemist, had put forward a ‘Theory of
Contagion’ which ascribed to this gas the power of
spreading disease. Davy, in his attic bedroom, soon
disposed of this theory. Here is his own account:

‘The fallacy of this theory was soon demonstrated by

a few coarse experiments made on small quantities of

the gas, procured from zinc and diluted nitrous acid.

Wounds were exposed to its action; the bodies of

animals were immersed in it without injury, and I

breathed it, mingled in small quantities in comnon air,

without remarkable effects. An inability to procure it
in sufficient quantities prevented me at the time from

pursuing the experiments to any greater extent. I
communicated an account of them to Dr. Beddoes.’

Dr. Beddoes must have made up his mind, immedi-
ately he received this account, that the right place for
Humphry Davy to continue his chemical studies was
in the Pneumatic Institution, which he was just then
establishing at Clifton, a suburb of Bristol, for the
purpose of testing the medicinal effects of different
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gases. He accordingly offered this boy of nineteen the
position of superintendent thereof. With the help of
Mr. Giddy, suitable terms were arranged, Mr. Borlase
released Humphry from his unexpired apprenticeship,
and in October 1798 he left Penzance for Bristol. His
brother states in his biography: ‘If this situation had
been created purposely for him, it could not have been
more suitable to the bent of his genius, or better
adapted for calling into activity and developing fully
the powers of his mind.” Only one person seems to
have been opposed to the whole business, poor old Dr.
Tonkin, who was so disgusted by Humphry’s disrup-
tion of his own plans for his future that he struck the
rascal’s name out of his will.

Behold, then, the juvenile Davy transported to the
Pneumatic Institution at Clifton. He was destined to
remain there little more than two years, but how busy
he was going to be during that brief period!

First of all, while the erection of his laboratory was
being completed, he put into order for publication his
researches on heat and light. These occupied the
first 200 pages of a volume, Contributions to Physical and
Medical Knowledge, collected by Thomas Beddoes, M.D.,
printed at Bristol in January 1799. Beddoes, of course,
lauded Davy’s ideas to the skies; more important, the
venerable Priestley, still struggling to revive the phlo-
giston theory, wrote from his American exile to con-
gratulate the young author on his ‘philosophical
acumen’!; but the critics rushed at him like a pack

! Later, in 1801, Priestley wrote to Davy: ‘It gives me peculiar
satisfaction that, as I am far advanced in life, and cannot expect to do
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of wolves. It may be an exaggeration to state, as Dr.
Paris did, that the theories put forward in these essays
have scarcely a parallel in extravagance and absurdity,
but in sober truth the ‘infant speculations’ which they
contain are ninety per cent. nonsense, and it is difficult
to understand how many of the experimental results
cited in their support could actually have been obtained.
Davy, of course, was deeply chagrined; he subse-
quently declared that he would joyfully relinquish any
little glory or reputation he might have acquired by
later researches, were it possible to blot out these
essays from the records of science.

No doubt, however, the bitter experience was a
valuable lesson to him; it warned him of the dangers
of hasty hypotheses and unconfirmed conclusions. In
August of the same year he made the following remarks
in his note-book :

‘I was perhaps wrong in publishing, with such haste,
a new theory of chemistry. My mind was ardent and
enthusiastic. Since that time, my knowledge of facts
is increased; since that time I have become more
sceptical. It is more laborious to accumulate facts than
to reason concerning them; but one good experiment
is of more value than the ingenuity of a brain like
Newton’s.’

The last sentence is manifestly an over-statement, but
by that time the ‘good experiment’ had already arrived.

Meanwhile, Davy was enjoying to the full the literary
contacts afforded him in Bristol. The city was at that
time particularly favoured by young men of genius,
much more, I shall have so able a fellow-labourer in my own country.

I rejoice that you are so young a man, and perceiving the ardour with
which you begin your career, [ have no doubt of your success.’
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and Dr. Beddoes’ house was their gathering-point.
Here Davy met, among others, Southey, Wordsworth,
and Coleridge. All these ‘had very little the advantage
of him in age; they also were entering with eager
emulation on the course of glory; he formed their
acquaintance and obtained their friendship; and
though the great objects of his pursuit were of a
scientific nature, yet he found time to take a part with
them ir labours purely literary.’

So speaks his biographer-brother. Here it will be
sufficient to give a bare list of the main works upon
which his note-books of 1799 show that he was then
assiduously occupied. In the first place, no fewer than
five novels, in all of which he himself is obviously the
hero: The Child of Education, or the Narrative of W.
Morley; The Lover of Nature, or the Feelings of Eldon; The
Dreams of a Solitary; Imla, the Man of Simplicity; and
The Villager: a Tale for the Common People, to prove that
great Cities are the Abodes of Vice. Secondly, a number
of essays, among which ‘On Luxury,” ‘On Genius,’
‘On Dreaming,’ and ‘On Education’ merit special
mention, the last being a preliminary draft of a more
extended treatise to be entitled Observations on Educa-
tion and the Formation of the Human Intellect, designed for
the Use of Parents and. Instructors! And finally, an epic
poem in the style of Milton, six books in blank verse,
large fragments of which have survived, on Moses; or
the Deliverance of the Israelites from Egypt, together with a
mass of minor poetry.

All these, however, were subsidiary recreations; his
official task was to investigate the physiological effects
of the respiration of different gases for the Pneumatic
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Institution, and right manfully did he set about it.
His first experiments, naturally, were upon the use of
nitrous oxide, the gas with which he had already made
some preliminary trials in Penzance. The results that
he obtained, ‘of a very novel and wonderful kind,
contrary to all expectation, and almost exceeding
belief,” were published in 1800 in an octavo volume.
Had he never written any other work, this alone would
have immortalised his name.

‘In April (1799),” he states, ‘I obtained nitrous
oxide in a state of purity, and ascertained many of its
chemical properties.** Reflections upon these proper-
ties, and upon my former trials, made me resolve to
endeavour to inspire it in its pure form; for I saw no
other way in which its respirability or powers could be
determined.’

This resolution, although he was well aware of the
danger of the experiment, he rapidly carried into
effect. Here is his own description of one of many
trials :

‘A thrilling, extending from the chest to the extremities,
was almost immediately produced. I felt a sense of
tangible extension highly pleasurable in every limb; my

visible impressions were dazzling, and apparently
magnified, I heard distinctly every sound in the room,

** At this point in the lecture, demonstration was made of the
preparation of nitrous oxide by cautious heating of ammonium
nitrate. Jars of the gas were collected over warm water, and it
was shown that the gas ignited a glowing splint, that phosphorus
burned brightly in it and that, while it extinguished the flame of
feebly burning sulphur, briskly burning sulphur was capable of
decomposing it into nitrogen and oxygen and thereafter blazed
more vigorously than it did in air.
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and was perfectly aware of my situation. By degrees,
as the pleasurable sensations increased, I lost all connec-
tion with external things; trains of vivid visible images
rapidly passed through my mind, and were connected
with words in such a manner, as to praduce perceptions
perfectly novel. I existed in a world of newly connected
and newly modified ideas: I theorised, I imagined that
I made discoveries. When I was awakened from this
semi-delirious trance by Dr. Kinglake, who took the
bag from my mouth, indignation and pride were the
first feelings produced by the sight of the persons about
me. My emotions were enthusiastic and sublime, and
for a minute I walked round the room perfectly regard-
less of what was said to me. As I recovered my former
state of mind I felt an inclination to communicate the
discoveries I had made during the experiment. I
endeavoured to recall the ideas: they were feeble and
indistinct; one collection of terms however presented
itself; and with a most intense belief and prophetic
manner, I exclaimed to Dr. Kinglake, ‘“Nothing exists
but thoughts! The universe is composed of impressions,
ideas, pleasures and pains!”’

Once it was ascertained that the gas could be inhaled

with safety, all of Davy’s friends were eager to assist
him by putting their experiences on record. Even the
sedate Southey, the future Poet Laureate, is reported
to have smiled while ‘under the influence.” The story
given by Coleridge is of particular interest:

“The first time I inspired the nitrous oxide, I felt a
highly pleasurable sensation of warmth over my whole
frame, resembling that which I remember once to have
experienced after returning from a walk in the snow
into a warm room. The only motion which I felt
inclined to make, was that of laughing at those who
were looking at me.

The second time I felt the same pleasurable sensation
of warmth, but not, I think, in quite so great a degree.
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I wished to know what effect it would have on my
impressions; I fixed my eye on some trees in the
distance, but I did not find any other effect except
that they became dimmer and dimmer, and looked at
last as if I had seen them through tears.’

Comparing these two accounts carefully, can we
really believe that Coleridge attended as many of
Davy’s lectures as he could in later yez's merely ‘to
increase his stock of metaphors’? The peisonal
attraction must surely have exceeded the literary.
Davy himself was anxious at this time to ascertain
whether the state of intoxication produced by inhaling
nitrous oxide would improve his poetry. He took
walks on the more sublime parts of Clifton Down,
composing verses while breathing the gas from a bag.
The effect was insignificant, as the following effusion
demonstrates :

‘Not in the ideal dreams of wild desire
Have I beheld a rapture-wakening form:
My bosom burns with no unhallow’d fire,
Yet is my cheek with rosy blushes warm;
Yet are my eyes with sparkling lustre fill'd ;
Yet is my mouth replete with murmuring sound ;
Yet are my limbs with inward transports fill’d
And clad with new-born mightiness around.’

Yet is it not possible that to this idea of Davy we
owe ‘Kubla Khan,” composed by Coleridge while he was
maxing a similar test of the influence of opium? **

** The effect of partial intoxication through inhalation of a
mixture of nitrous oxide and oxygen was exhibited by two
assistants. The characteristic effects of thickness of speech and
lack of muscular control were obtained, and the victim, Mr.
Gibbons, amused the audience by uttering on recovery the
identical words employed by Davy on p. 16.

2
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The remarkable influence of nitrous oxide on human
emotions and behaviour soon became noised abroad
beyond Bristol, and it was not long before the fame of
Davy spread not only over Great Britain, but also to
the United States, through demonstrations with the
‘pleasure-producing air,” at which the most ludicrous
results were frequently obtained.! It is asicunding,
however, that the application of Davy’s discovery by
the medical profession to the relief of human suffering
by its use in operations was delayed until long after
Davy’s death. Only in 1844 did an American dentist
hamed Horace Wells first demonstrate its value in this
connection, through the painless extraction of one of
his own upper teeth. A subsequent experiment at the
Boston Medical School failed, however, an insufficient
quantity of the gas being used, and sulphuric ether
and chloroform became the earliest popular ans-
thetics. Not until much later did ‘laughing gas’ come
into favour for employment in tooth extractions, and
it is still one of the most widely used anwsthetics in
this and certain other minor operations.**

Yet the possibilities of the use of nitrous oxide in
dentistry and surgery were clearly appreciated by
Davy himself as early as 1799. Looking back on the

** Here, in the lecture, Mr. Gibbons again inhaled a mixture
of nitrous oxide and oxygen from an ‘analgesic apparatus’ until
he was insensitive to pain. He was pinched vigorously, and pins
were stuck into him, without protest. A short film showing the
modern technique of a minor operation on a smiling child was
also shown.

1 The stories of much earlier nitrous oxide ¢ orgies’ conducted by
Davy and Borlase at Penzance are purely fictitious.
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activities of this boy of twenty—they have not yet all
been enumerated—it is evident that he must have
been leading not one double life, but several double
lives, during his residence at Clifton, and retribution
inevitably followed. While completing his observa-
tions on nitrous oxide, this venerable philosopher cut
a wisdom tooth! Perhaps he should be permitted to
describe the experience in his own words:

‘The power of the immediate operation of the gas in
removing intense physical pain, I had a very good
opportunity of ascertaining.

In cutting one of the unlucky teeth called dentes
sapientiae, 1 experienced an extensive inflammation of
the gum, accompanied with great pain, which equally
destroyed the power of repose, and of consistent action.

On the day when the inflammation was most trouble-
some, I breathed three large doses of nitrous oxide. The
pain always diminished after the first four or five inspira-
tions; the thrilling came on as usual, and uneasiness
was for a few minutes swallowed up in pleasure. As
the former state of mind however returned, the state of
organ returned with it; and I once imagined that the
pain was more severe after the experiment than before.’

A little later in his publication of 1800 he makes
the definite remark:

‘As nitrous oxide in its extensive operation appears
capable of destroying physical pain, it may probably be
used with advantage during surgical operations in which
no great effusion of blood takes place.’

What a pity it is that Davy never realised the
ambition that he cherished at this time, an ambition
that he did not definitely abandon for many years, of
completing his medical studies and becoming a practis-
ing physician! What agony might not mankind have
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been spared through his efforts! Why did he not
press his work in this direction any further?

The reason is simple—Dr. Beddoes. That gentle-
man’s lack of scientific balance had already induced
Davy to rush his researches on light and heat into
premature print, now he was again demonstrating
himself to be ‘as little fitted for a Mentor as a weather-
cock for a compass.” He envisaged the Pneumatic
Institution acquiring an international reputation
through Davy’s discoveries; nitrous oxide must prove
to be a specific for all kinds of diseases. That the
wish, with him, was indeed the father to the thought
was shown by Davy and Coleridge when they assisted
him to cure an ignorant patient of paralysis, concealing
from him the fact that the man had never been given
nitrous oxide at all! ‘It were criminal to retard the
general promulgation of so important a discovery,’
exulted Beddoes. Davy, however, not desirous of any
more discredit, and foreseeing the future collapse of the
Pneumatic Institution under such a director, confessed
his deception and turned his own investigations into
safer fields.

About this time, in fact, he was forced to go home
for a month’s holiday, so seriously had he injured his
health through experiments on a number of other
gases, the effects of which he wished to compare with
those of nitrous oxide. An attempt to breathe nitric
oxide proved painful enough, but his most appalling
experience resulted from inhalation of ‘hydro-
carbonate’ or ‘water gas’—a fifty-fifty mixture of
carbon monoxide and hydrogen. That he did not
kill himself with this was a sheer miracle. After taking
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three deep breaths, he just managed to drop the
mouthpiece from his lips before sinking into annihila-
tion. On recovering consciousness, he articulated
faintly: ‘I don’t think I shall die,” and proceeded to
note with meticulous accuracy all the symptoms
accompanying his agonising progress back to life, even
remembering to ask for a dose of nitrous oxide in order
to test its cffect under such circumstances. Nothing
daunted by this escape, he tried only a week later to
respire pure carbon dioxide, but his epiglottis rebelled.
Not without justice has this series of experiments been
entitled ‘one of the boldest ever undertaken by man.’
A safer field of investigation was indeed necessary for
the survival of the young investigator.

The study of ‘galvanic phenomena’ had already
begun to attract him. Scarcely had Nicholson and
Carlisle announced their accidental discovery, on
April 30, 1800, that water could be decomposed by
the voltaic pile (or by an electric current, as we should
say nowadays) into its constituent gases, hydrogen and
oxygen, before Davy was hard on their heels, and by
January of the following year he had published no less
than six papers on the chemical changes accompanying
electrolysis. Discussion of this work will be deferred
for the moment, however, for February saw Davy
released from Dr. Beddoes and installed in another
position—Director of the Laboratory and Assistant
Lecturer in Chemistry at the Royal Institution in
London.

Bidding farewell to his friends in Bristol before pro-
ceeding to the ‘Abode of Vice,” Davy nourished no
qualms regarding his prospects in his new responsi-
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bilities. A few months earlier, Coleridge had visited
the metropolis and had been asked on his return:
‘You must have met some clever men in London;
how do they compare with Davy?’ ‘Clever men?’
Coleridge replied, ‘our Humphry could eat them all!’
He not only could; he did.

The Royal Institution had been founded in 1799 by
Count Rumford, himself a scientist of the first distinc-
tion, ‘with the intent of diffusing a knowledge of
science and of its applications to the common purposes
of life, and of exciting a taste for science amongst the
higher ranks.” The first professor of chemistry, how-
ever, Dr. Garnett of Glasgow, had not proved a
success; he sank into melancholia after the death of
his wife and attendance at his lectures languished.
Seeking to revive the drooping fortunes of the Institu-
tion, Rumford had his attention drawn to Davy, whose
engagement was made on the understanding that he
should step into Garnett’s shoes on his retiral, which
actually came into effect within a year.

In spite of the high recommendations that Davy
received, Count Rumford was evidently uncertain for
a time as to the ability of this uncouth country lad to
measure up to the duties of his position. It is to be
suspected, in fact, that Davy and his ‘laughing gas’
were designed, originally, mainly to act as comic
relief to the lugubrious Garnett. Look at the picture
facing this page, which portrays a ‘Séance’ held at the
Royal Institution in 1801! Rumford himself is stand-
ing on the right, Garnett is administering the nitrous
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oxide, and Davy is assisting with the bellows.! That
Rumford had some regrets in regard to his precipitancy
in engaging Davy is revealed by the fact that he would
not at first allow him to lecture in the main theatre of
the Royal Institution. After he had heard him speak
once in the smaller lecture-room, however, all his
doubts were removed and he exclaimed: ‘Let him
command any arrangements which the Institution can
afford.” Thenceforth Davy was not to function as
comic relief, he was promoted to the réle of juvenile
lead.

His popularity was immediate and prodigious, and
the Royal Institution boomed. Regarding his very
first lecture, on Galvanic Phenomena, delivered in April
1801, the Philosophical Magazine reported as follows:

‘The audience were highly gratified, and testified
their satisfaction by general applause. Mr. Davy, who
appears to be very young, acquitted himself admirably
well; from the sparkling intelligence of his eye, his
animated manner, and the tout ensemble, we have no
doubt of his attaining a distinguished eminence.’

One of his earliest friends, Mr. Parkes, wrote after
his death:

‘The sensation created by his first course of Lectures
at the Institution, and the enthusiastic admiration which
they obtained, is at this period scarcely to be imagined.
Men of the first rank and talent,—the literary and the
scientific, the practical and the theoretical, blue-
stockmgs and women of fashion, the old and the young,
all crowded—eagerly crowded the lecture-room. His
youth, his simplicity, his natural eloquence, his chemical
knowledge, his happy illustrations and well-conducted

1 Part of the cartoon on the left has been suppressed, it may be noted,
as too crude for modern standards.
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experiments, excited universal attention and unbounded
applause. . . . Compliments, invitations, and presents
were showered upon him in abundance from all quarters;
his society was courted by all, and all appeared proud
of his acquaintance.’

And Dr. Paris, not always a sympathetic biographer,
states :

‘At length, so popular did he become, under the
auspices of the Duchess of Gordon and other leaders of
high fashion, that even their soirées were considered in-
complete without his presence; and yet these fascina-
tions, strong as they must have been, never tempted him
from his allegiance to Science: never did the charms
of the saloon allure him from the duties of the laboratory,
or distract him from the duties of the lecture-room.
The crowds that repaired to the Institution in the
morning were, day after day, gratified by newly devised
and highly illustrative experiments, conducted with the
utmost address, and explained in language at once
perspicuous and eloquent.

He brought down Science from those heights which
were before accessible only to a few, and placed her
within the reach of all; he divested the goddess of all
sgverity of aspect, and represented her as attired by the

races.’

Envious voices, of course, were not entirely silent,
and even some of his old friends felt alarm for his
future. Coleridge, for instance, wrote :

‘I see two Serpents at the cradle of his genius: Dissipa-
tion with a perpetual increase of acquaintances, and the
constant presence of Inferiors and Devotees, with that

too great facility of attaining admiration, which degrades
Ambition into Vanity.’

Such solicitude was unnecessary; Davy could keep
his head for the present. His exterior, indeed, might
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adjust itself to his new environment—contrast the
unkempt yokel on page 22, the tidier, but still
unsophisticated, youth on page 3, and the Beau
Brummel on page 8o!—but chemical research re-
mained his ruling passion despite all other distractions.
For some years, it is true, the variety of his duties at
the Royal Institution—he was called upon to deliver
successive series of lectures on tanning, on mineralogy
and metallurgy, and on agriculture—prevented him
from continuing his electrochemical investigations as
actively as he desired, but he was elected to the Royal
Society in 1803 and when, in 1806, he was invited by
that society to deliver its Bakerian Lecture, he estab-
lished undubitably his place as ‘the first chemist of his
time.’

Dr. Thomas Thomson considered this paper to be
the finest and completest specimen of inductive reason-
ing to appear during the age in which he lived;
Berzelius, the ‘Dictator’ of European chemistry, spoke
of it as one of the most remarkable memoirs that had
ever enriched the theory of the science. Still more
significant, although Great Britain and France were
then at war, a committee of the French Institute
awarded Davy the prize of 3000 francs which had been
established by Napoleon himself ‘for the best experi-
ment on the galvanic fluid.” Some people said that
Davy ought not to accept this prize, but he remarked:
‘If the two countries or governments are at war, the
men of science are not. That would, indeed, be a
civil war of the worst description.” It is sad to reflect
that such sentiments are much less tenable to-day
than in 1806.
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Many of the ideas expressed in Davy’s first Bakerian
Lecture, however, almost appear to belong to the
twentieth, rather than to the nineteenth, century. It
is impossible to express them adequately in brief
space, let it suffice to indicate that the whole lecture
constitutes a remarkable anticipation of modern electro-
chemical developments.

An important section of the paper examines in detail
the fact that, when an electric current is passed through
the solution of a salt in water, acid collects around the
positive and alkali around the negative pole. The
formation of the two products of electrolysis at a
distance from each other had always intrigued Davy;
back in Bristol he had shown that hydrogen and oxygen
bubbled off at the two electrodes in the proportions
required to give water even when the human body
intervened to form part of the circuit. Now he found
that acid and alkali were similarly produced quite
separately, and forecast the utilisation of electrolysis
for the large-scale manufacture of acids and alkalies.
To-day hundreds of thousands of tons of caustic soda,
for example, are obtained annually from common salt
for use in the soap industry by this very method.**

** At this point in the lecture, Davy’s ‘human body experi-
ment’ was reproduced, using his own original glass cups and
electrodes. The two vessels were filled with a solution of
sodium sulphate, to which a few drops of a sensitive modern
‘indicator,” m-cresol purple, had been added. The lecturer
introduced the fingers of his right hand into one cup, and the
fingers of his left hand into the other; then the current (25 volts)
was applied. After two rather painful minutes, during which
the assistant was exhorted to switch off the current as soon as
he could distinguish the smell of burning flesh, the indicator,
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Still more astonishing was Davy’s suggestion that
electrolysis should lead to the discovery of the true
elements of compound bodies, yet before a year had
elapsed he himself had fulfilled his own prophecy. If
his first Bakerian Lecture was a masterpiece, his second,
delivered in November 1807, was a veritable triumph.

Fic. 1. The ‘human body’ experiment

Two new elements—potassium and sodium—were
exhibited to an awestruck audience; metals such as
mankind had never seen before, metals which swam
on water, decomposing that liquid with a beautiful
glow.**

When Davy, passing an electric current through
fused caustic potash in the laboratory of the Royal
Institution on October 6, 1807, saw the first tiny
globules of molten potassium, bright as quicksilver,

initially neutral in tint in both vessels, had turned bright yellow
in one and bright purple in the other, demonstrating the formation
of acid and of alkali respectively.

** Picces of potassium and of sodium were here thrown into
Jjars of water and the escaping hyirogen ignited to show a lilac
and a golden light respectively. A lump of potassium was also
placed inside a hollowed block of ice, producing a rich rosy glow
before the final explosion.
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break through the surface and take fire, he was as
excited as a child. According to his cousin, Edmund
Davy, who was acting as his assistant at the time, he
actually danced about the room in ecstasy, and it was
some time before he became sufficiently composed to
continue his work. ‘Capital experiment!’ he wrote
in his note-book, and a capital experiment indeed it
was.** A few days later he obtained sodium in a
similar manner from caustic soda, and before the
middle of November he had determined the main
physical and chemical properties of both metals.

The whole work was carried out under conditions
of wild mental agitation; few discoveries of such
magnitude have been made and perfected so rapidly.
He composed his lecture in a state of fever, after its
delivery he collapsed and lay for weeks at the point of
death. The doors of the Royal Institution were
besieged by anxious enquirers, but his understudies
could not tempt them inside as far as the lecture-room.
Bulletins were issued daily, and a public subscription
was raised to provide him with bigger and better
batteries with which to carry his investigations further
on his recovery. He might have been a prince of the
blood, so great was the general concern.

During Davy’s illness, Berzelius and other chemists
on the Continent had anticipated him, to some extent,
by preparing metallic calcium and barium from lime
and baryta by modifications of his methods. He
immediately countered by the isolation of three more

** This ‘capital experiment’ was also repeated at this point
in the lecture.
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elements—strontium, magnesium, and boron. What
a man!

His next work of note was to prove the elementary
nature of chlorine. This gas had been discovered by
Scheele in 1774, in the days of the old phlogiston
theory, and christened ‘dephlogisticated marine air.’
Lavoisier considered it to be a compound of oxygen
and muriatic acid (what we now call hydrochloric
acid), and termed it ‘oxymuriatic acid’ accordingly.
Davy, by a series of the most brilliant experiments,
showed that oxygen was entirely absent from chlorine.
The film of moisture obtained when a mixture of
hydrogen and chlorine combines ** was demonstrated
to be due merely to insufficient drying of the gases
beforechand. Tremendous controversy ensued before
Davy’s conclusions were universally accepted, but even
Berzelius, the protagonist of the doctrine of Lavoisier,
finally gave way and enjoined his cook-assistant in his
kitchen laboratory in Stockholm to speak no longer
of oxymuriatic acid: ‘Thou must call it chlorine, Anna;
that is better.’

Incidentally, Davy was the first to discover, in the
course of his experiments on chlorine, that the dry gas
is incapable of bleaching vegetable colours, the
presence of a trace of water being necessary in all
industrial bleaching operations in which chlorine is

** At this stage of the lecture, a thin glass bulb, filled with a
mixture of hydrogen and chlorine, was unwrapped from the piece
of black cloth in which it had been kept and an arc light was
focussed upon it by means of a lens. A sharp explosion followed,
and the bulb was shattered to fragments. Under lower illumina-
tion, combination can be made to proceed quietly and safely.
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employed. He also isolated many new compounds of
chlorine, too numerous to mention in detail here.

Davy was now in the prime of life, at the height of
fame and happiness. His popularity had spread from
London to the whole United Kingdom; when he was
invited to speak in Dublin in 1810 and 1811 the
laboratory of the Dublin Society, which had been
enlarged to hold 550 people, would not accommodate
half the persons who desired to attend his lectures, and
from ten to twenty guineas were offered for a ticket.
He was evidently feeling the strain of continuous work,
however, and was glad to break away to Connemara
to fish: he was always ‘a little mad’ about fishing.
At this period he was being pestered, also, by some of
his influential friends to enter the Church, while he
himself had serious thoughts of resuming his medical
studies, with the view of practising as a physician.
He actually entered his name at Cambridge and kept
some terms there for that purpose.

At this point of his career, moreover, he showed that
he was not free from human weakness, after all, by
falling in love, and in April 1812 he was married to
Mrs. Apreece, a rich widow from Antigua and a
‘far-away cousin’ of Sir Walter Scott. It was not her
wealth that attracted him—Davy had not the slightest
interest in money matters, and never sought to
commercialise his many inventions—it was a true
love-match, on Davy’s side at least. One of his
friends celebrated the occasion with the following
verse:
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‘Too many men have often seen
Their talents underrated ;

But Davy owns that his have been
Duly Apreeciated.

The wedding, however, was not a success. Sir
Humphry married—he had been knighted a few days
before his wedding—was not such an attraction to
fashionable ladies as plain Humphry single; Lady
Davy also was no longer the lioness that she had
proved to be while unattached. The social ambitions
of the young couple were doomed to failure, and mutual
disillusionment soon followed.

On his marriage, Sir Humphry resigned his official
duties at the Royal Institution, but retained the title
of Honorary Professor in order to be free to devote
more time to original research. While delivering his
last series of lectures there, during the winter of 1812,
he made what ultimately proved to be the greatest of
all his discoveries—the discovery of Michael Faraday.
The story of this discovery will be given in full in the
following chapter.

In October 1813, Great Britain and France being
still at war, Sir Humphry obtained special permission
from Napoleon to make an extended scientific tour of
the Continent, and proceeded to Paris with Faraday,
whom he had engaged as an assistant, and a small
‘travelling laboratory.” He was received with the
greatest cordiality by all the prominent French
chemists of that period, and within a few weeks he
solved for them the mystery of a ‘violet vapour,’
produced by the action of sulphuric acid on the ash
of seaweed, that had been occupying their attention
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for the last two years. Davy showed that this sub-
stance, which condenses on cooling to lustrous black
crystals, was an element with similar chemical pro-
perties to chlorine, and called it ‘iodine.’ ** His
French colleagues were overwhelmed by his ingenuity,
but did not altogether relish his rapidity of thought.
His insular arrogance is reported to have caused
frequent offence, and it could not have been pleasant
for them to learn that Napoleon had heard that the
young English chemist had a poor opinion of them all.

Davy, it is to be feared, soon outwore his welcome in
Paris, and Lady Davy, who accompanied the party,
proved to be a constant source of trouble, as will appear
in the next chapter. On one occasion she ventured
to take a walk in the Tuileries wearing a cockle-shell
hat, such as was fashionable just then in London.
Parisian style, however, demanded at that time a
bonnet of most voluminous dimensions, and such a
crowd assembled around the ‘unknown exotic’ that
she finally had to quit the gardens surrounded by a
military guard with fixed bayonets!

Altogether, the trip was far from an ideal honey-
moon, and Davy’s later tours on the Continent were
mostly made alone. After eighteen months had been
spent wandering all over France, Italy, Switzerland,
and Germany, meeting the most famous scientists of
all these countries, the party was glad to return to
England in April 1815. Davy had written a great
deal of poetry during his travels, but it is noteworthy
that none of it treats of love.

** The production of a beautiful violet vapour through
heating crystals of iodine in a large flask was here demonstrated.
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Now came Davy’s last great achievement in
chemistry, by virtue of which his name is still most
widely revered, the invention of the miner’s safety-
lamp. A recent successian of disastrous explosions in
the coal mines had led to the formation of a society to
investigate the whole situation and to seek for remedies.
When this society sought Davy’s assistance, he replied
in August 1815 as follows:

‘It will give me great satisfaction if my chemical
knowledge can be of any use in an enquiry so interesting
to humanity, and I beg you will assure the committee of
my readiness to co-operate with them in any experiments
or investigations on the subject.

If you think my visiting the mines can be of any use,
I will cheerfully do so.’

After examining the danger from fire-damp in a
number of collieries, he was able to report two months
later:

‘My experiments are going on successfully and I hope
in a few days to send you an account of them; I am
going to be fortunate far beyond my expectations.’

By November, he was ready to announce the funda-
mental principle of the safety-lamp to the Royal
Society, and in January 1816 models of his design were
tested in two of the most dangerous mines near
Newcastle with perfect success. Here is a record by
Mr. Buddle, manager of the Wallsend, Colliery :

‘I first tried it in an explosive mixture on the surface;
and then took it into a mine; it is impossible for me to
express my feelings at the time when I first suspended
the lamp in the mine and saw it red hot. I said to those
around me ““We have at last subdued this monster.”’

An early form of the Davy safety-lamp, together
3
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with a more modern variety, is shown in the dia-
gram below. Starting with the discovery that gaseous
explosions would not pass through narrow tubes, par-
ticularly if these were imade of metal, Davy reasoned
that this stoppage must depend upon the cooling effect

Glass
Cylinder.

F16. 2. Safety-lamps, old and new

of the surface of the tubes. ‘Metal is a better con-
ductor of heat than glass; and it has been already
shown that fire-damp requires a very strong heat for
its inflammation.’

This cooling effect was next found to be equally
efficient in preventing the passage of an explosion when
the narrow tubes were replaced by a mesh of wire
gauze. The gauze presents, essentially, a multitude of
very short fine tubes through which the gas must pass,
and it cools an inflammable mixture down so quickly
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that, normally, no flame can travel through it. A

miner carrying a lighted Davy lamp knows immediately

when he has entered a dangerous area underground,

since the inflammable mixture outside readily passes
A

Fic. 3. The principle of the Davy lamp
through the meshes of the gauze and burns within it,
filling the cylinder with a bright flame. No explosion
will pass outwards, however, even although the gauze
becomes heated to redness.**
Davy’s invention, intended primarily solely to save
human lives, has meant millions of pounds annually to

** At this point of the lecture, the following experiment
was performed to illustrate the principle of the Davy lamp. A
wide glass tube, about five feet long, was clamped in a slanting
position. A shorter and narrower tube, passing through a cork,
was fixed at its upper end. The whole apparatus was filled
with ordinary coal-gas through an unlighted burner at the lower
end, the issuing gas was lit at the top, and the burner removed.
After a time, as the gas supply for the flame dwindled, the flame
was seen to run backwards down the narrow tube, causing a
sharp explosion as it entered the mixture of gas and air which
now filled the wider one. When the experiment was repeated
with a small cup of wire gauze clipped on to the lower end of
the narrow tube (as shown in the accompanying diagram),
however, the descending flame merely hit the gauze with a sharp
click, and nothing further happened.
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the mining industry during the last century, since it
enabled larger and deeper (also more dangerous) pits
to be worked. Our modern Aladdin, however, dis-
dained to become rich himself by taking out a patent
for his invention, he gave it freely to the benefit of the
world in general. In September 1817, it is true, he
was presented with a magnificent service of plate,
valued at £2500, by a grateful committee of colliery
proprietors, but even this, as directed in his will, passed
eventually, after the death of Lady Davy and his
brother, to the Royal Society ‘to found a medal to be
given annually for the most important discovery in
chemistry anywhere made in Europe or Anglo-America.’
An unfortunate controversy took place about this time
owing to claims made by the friends of George
Stephenson, then an obscure wheelwright, later the
famous railway engineer, for his priority in the inven-
tion of the safety-lamp, but there is no doubt that,
while Stephenson was independently groping towards
the method of protecting the flame, Davy had already
leaped at the right answer. His promotion to the rank
of baronet in October 1818 was felt by the whole
nation to be richly deserved.

The remainder of Davy’s life calls for only brief
comment. Honours were still heaped upon him—he
became President of the Royal Society, for example,
in 1820—but he did little more scientific work of lasting
value. He spent a great deal of energy in investigating
for the Admiralty a method for preserving the copper
sheathing of ships from corrosion, but his suggested
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solution, the insertion of protecting bars of a more
electropositive metal such as iron or zinc, while per-
fectly sound in theory, failed completely in practice,
since the uncorroded copper quickly became so foul
by adhesion of barnacles and seaweed as to impede
the progress of the vessel. The various official trials
that were made took him on wide journeys over the
North Sea, and afforded him some good fishing in
Scandinavia, but the final abandonment of the project
mortified him bitterly, as may be seen from the follow-
ing letter to his old friend, Mr. Children:

‘A mind of much sensibility might be disgusted, and
one might be induced to say why should I labour for
public objects, merely to meet abuse?—I am irritated
by them more than I ought to be; but I am getting
wiser every day—recollecting Galileo, and the times

when philosophers and public benefactors were burnt
for their services.’

As time went on, and as his health deteriorated, he
became fonder than ever of social relaxations, foreign
travel and—above all—his old recreations of writing
and angling. Sir Walter Scott, who had first met him
in 1805 in the Lake District when, in company with
Wordsworth, they ‘climbed the great brow of the
mighty Helvellyn,” frequently entertained him at
Abbotsford, and here is Lockhart’s account of one
particular house-party there:

‘But the most picturesque figure was the illustrious
inventor of the safety-lamp. He had come for his
favourite sport of angling . . . and his fisherman’s
costume—a brown hat with flexible brims, surrounded
with line upon line, and innumerable fly-hooks; jack-
boots worthy of a Dutch smuggler, and a fustian surtout
dabbled with the blood of salmon—made a fine contrast
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to the smart jackets, white-cord breeches, and well-
polished jockey-boots of the less distinguished cavaliers
about him. I have seen Sir Humphry in many places,
and in company of many different descriptions; but
never to such advantage as at Abbotsford. His host
and he delighted in each other, and the modesty of
their mutual admiration was a memorable spectacle.
Davy was by nature a poet—and Scott, though anything
but a philosopher in the modern sense of that term,
might, I think it very likely, have pursued the study of
physical science with zeal and success, had he happened
to fall in with such an instructor as Sir Humphry would
have been to him, in his early life. Each strove to make
the other talk—and they did so in turn more charmingly
than I have ever heard either on any other occasion
whatsoever. Scott in his romantic narratives touched a
deeper chord of feeling than usual, when he had such
a listener as Davy; and Davy, when induced to open his
views upon any questions of scientific interest in Scott’s
presence, did sowith a degree of clear energetic eloquence,
and with a flow of imagery and illustration, of which
neither his habitual tone of table-talk (least of all in
London), nor any of his prose writings (except, indeed,
the posthumous Consolations of Travel) could suggest
an adequate notion. I remember William Laidlaw
whispering to me, one night, when their “wrapt talk”
had kept the circle round the fire until long after the
usual bed-time of Abbotsford—“Gud preserve us!
This is a very superior occasion! Eh, sirs!” he added,
cocking his eye like a bird, ‘I wonder if Shakespeare and
Bacon ever met to screw ilk other up?’*’

The last two books that he wrote were Salmonia, or
Days of Fly-fishing, and Consolations in Travel, or the Last
Days of a Philosopher. He died in Geneva on May 29,
1829, before he had completed his fifty-first year.

Davy has never lacked detractors, either during his
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lifetime or since his death. Every truly great man
must submit himself to the sneers of envious inferiors,
and Davy never made the slightest attempt to
evade criticism. He was always vain of his accom-
plishments, but had he not the best reason to be?
Only in more mature years did that vanity gradu-
ally harden to arrogance, as in his treatment of the
French chemists and, as will be seen in the next
chapter, in his later dealings with Faraday.

It may be admitted that it was hardly tactful for
‘the first chemist of his age’ always to act openly on
that assumption, but his nature was such that he could
not behave otherwise. Similarly, on a fishing expedi-
tion, he must always be the best angler of the party,
and at a fashionable gathering he must always be the
centre of attraction. It is to be doubted, however,
whether many of those who have accused Davy so
vehemently of snobbery would have acted much
differently if they had been placed in his position, and
certainly very few, if any, would have carried it off
with his success.

The most eminent among his contemporaries never
joined in the chorus of censure and abuse. That dour
old Quaker John Dalton, for instance, who toiled until
the twilight of his life teaching little children the
rudiments of arithmetic and whose genius was not
recognised by the Royal Society until he was fifty-six,
what does he, who might justly have grudged his
Jjunior colleague his easy ascent to the top of the ladder
of fame, say about Davy, who never believed in
‘ultimate particles or atoms’? This is what he wrote
after visiting him in London:
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‘He is a very agreeable and intelligent young man, and
we have interesting conversations in an evening. The
principal failing in his character is that he does not smoke.’

If any man had reason to resent Davy’s behaviour
towards him, that man was Michael Faraday. Yet
the great French chemist J. B. Dumas records Faraday’s
attitude in the following anecdote:

‘Faraday never forgot what he owed to Davy. Visit-
ing him at the family lunch, twenty years after the death
of the latter, he noticed evidently that I responded with
some coolness to the praises which the recollection of
Davy’s great discoveries had evoked from him. He
made no comment. But, after the meal, he simply
took me down to the library of the Royal Institution,
and stopping before the portrait of Davy, he said: ‘“He
was a great man, wasn’t he?” Then, turning round, he
added, ““It was here that he spoke to me for the first
time.”” I bowed. We went to the laboratory. Faraday
took out a note-book, opened it and pointed out with
his finger the words written by Davy, at the very moment
when by means of the battery he had just decomposed
potash, and had seen the first globule of potassium ever
1solated by the hand of man. Davy had traced with a
feverish hand a circle which separates them from the
rest of the page: the words, ‘“Capital Experiment,”
which he wrote below, cannot be read without emotion
by any true chemist. I confessed myself conquered,
and this time, without hesitating longer, I joined in the
admiration of my good friend.’

Another friend of Faraday, Lady Pollock, has
reported in similar terms:

‘On one occasion, when some allusion to his early
life from a friend brought on the mention of a painful
passage between himself and Sir Humphry Davy, he
rose abruptly from his seat and said: “Talk of something
else, and never let me speak of this again, I wish to
remember nothing but Davy’s kindness.”’
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What wonderful tributes these are to the greatness
of Davy, but how much more wonderful testimony to
the nobility of Faraday! Truly, as Thorpe has said,
it is not necessary to belittle one in order to eulogise
the other. With typical French conciseness, Dumas
has summed up the difference between the two men
in a single phrase, written in relation to their visit to
Paris in 1813: ‘We admired Davy, we loved Faraday.’

The foregoing pages, it is hoped, have demonstrated
that Davy was indeed admirable. The ensuing
chapter will attempt to show that Faraday was not
only admirable but also lovable.

BIBLIOGRAPHY

Memotirs of the Life of Sir Humphry Davy. John Davy, 1836.

The Life of Sir Humphry Dayy. John Ayrton Paris, 1831.

Collected Works. Edited by John Davy, 1839—40.

Humphry Davy; Poet and Philosopher. 'T. E. Thorpe, 1896.

The Scientific Achievements of Sir Humphry Davy. Joshua C.
Gregory, 1930.

British Scientists of the Nineteeath Century. J. G. Crowther,
1935.



CHAPTER 1II
MICHAEL FARADAY

THE great German scientist Wilhelm Ostwald, whose
laboratory at Leipzig was the Mecca of all good
physical chemists in the last years of the nineteenth
century, relates that one of his research students, a
Japanese, once put to him a very queer question:
‘How can men of future genius be recognised in
earliest youth?” When asked why this should be done,
the Oriental went on to explain that then it would be
possible for the government to make the development
of children of genius, particularly in the case of the
poorer classes, its special charge, being recompensed
subsequently a thousandfold by their services to the
State.

Ostwald became intrigued in the subject, and
investigated his departmental records to see if he could
discover an answer. He soon found that it was not
those students who were particularly distinguished in
their class work that later became famous; the men
of future worth were those who had not been satisfied
with what they were given in their regular scheme of
instruction. Originality was the first, and the supreme,
indication of genius. Any teacher of experience, on
reflection, will confirm this finding, and frequent ex-
amples of its validity will appear in the course of this
volume.

Looking into the early lives of great scientists,

42



MICHAEL FARADAY 43

however, with genuine Teutonic thoroughness, Ostwald
discovered another very interesting fact, that men of
genius from their earliest years fall into two types—
the romantic and the classical. These types exhibit
entirely distinct characteristics throughout their careers,
and Ostwald finally wrote a thick book—Great Men—
in which this whole topic is examined in minute
detail.

His perfect example of the romantic type is
Humphry Davy. Davy’s genius appears to have
been essentially intuitive, he worked rapidly and
casily, great discoveries dropped into his hands almost
of their own accord, true gifts from the gods. But his
genius was also erratic, he was a will-o’-the wisp, here
one minute and gone another; nobody could tell what
he was going to do next.

Michael Faraday, on the other hand, is an ideal
instance of the classical type. His was the kind of genius
that Carlyle defined as a ‘transcendent capacity of
taking trouble.” Fortune did not smile upon him as
upon Davy, everything that he accomplished was the
result of hard work. That work, moreover, was
always severely logical and systematic. Davy’s genius
might, at times, flicker more brightly, but Faraday’s
shone with a steadier ray.

The good fairies that clustered round Faraday’s
cradle brought him, as will be seen, gifts as desirable,
though not so varied, as those for Davy, but another
visitor was also in evidence on this occasion—the
Demon King! He ordained that every time Faraday’s
labours led him to great achievement or high honour,
something would happen that would spoil his enjoyment
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thereof. Davy had been Fortune’s favourite, Faraday
was to be her football.

Michael Faraday’s origin was even humbler than
that of Davy. His father, a blacksmith, and his
mother, a farmer’s daughter, had left their native
village of Clapham on the lonely Yorkshire moors for
London just before his birth, and it was in an outlying
Surrey suburb, Newington Butts, long since swallowed
up in the maw of the metropolis, that Michael was
born on September 22, 1791. His parents were poor,
and he received very little schooling. Yet his home
life and early associations must have been happy, for
in later years, on countiy vacations, he would stand a
long time under the spreading chestnut-tree to watch
the sparks fly at a local forge, and he was never ashamed
of having been ‘born and bred in a smithy.’

At the age of thirteen he entered the employment of
Mr. Riebau, a bookseller and stationer, as an errand-
boy. His duties were to dust the place, black boots,
take round newspapers, and make himself useful
generally. On Sunday mornings he had to get up
particularly early to complete his tasks, for his parents
belonged to the Sandemanians—a small but very
serious religious body—and attendance at worship was
strictly enforced.

This bright-eyed boy, who ‘slid along the London
pavements with a load of brown curls upon his head
and a packet of newspapers under his arm,” evidently
gave his master satisfaction, for in October 1805 he was
formally apprenticed for seven years to learn the arts
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of bookbinder, stationer, and bookseller, and, in con-
sideration of his faithful service, no premium was
demanded. Faraday soon became an expert book-
binder; even when he was world-famous, indeed, he

Fic. 4. Riebau’s bookshop

continued to bind his own note-books. It is also inter-
esting to note his remark to one of his nicces many years
later, on passing a newspaper boy in the street: ‘I
always feel a tenderness for those boys, because I once
carried newspapers myself.’

Young Michael did not restrict his attention, how-
ever, to the outside of books. Here is what he himself
says:
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