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SYMPOSIUM INTRODUCTION

The first paper is by Sir John Thomas, inheritor of the
Faraday mantle at the Royal Institution. As in his similarly
titled recent book, Michael Faraday and the Royal Institution,
Michael Faraday: Chemist and Popular Lecturer
we are treated to an eloquent reminder of the inseparability of
1991 was a bicentennial year for both Michael Faraday and for
the man and the place and to the first full-length account since
Wolfgang Amadeus Mozart and at times there seemed to be
John Tyndall ofliving with the almost palpable ghost of a great
almost as many celebrations of Faraday's Jovian talents as
predecessor. Sir John's is the latest in a long line of Faraday
there were performances of the Jupiter symphony. The two
biographies going back to Tyndall and Bence Jones. L. Pearce
men are alike only in their genius and the sense that on occasion
Williams is the author of the standard "Life" and in "Faraday
both of them appeared to be taking dictation directly from God.
and his Biographers" he gives a critical assessment of the
competition. Faraday also had to live with his predecessor, the
Faraday's first biographer, Henry Bence Jones, put it more
far from ghostly Humphry Davy, and the relationship was not
reverently:
always an easy one as Usselman and Fullmer show in "Fara... his second great characteristic was his imagination. It rose at times
day's Election to the Royal Society: A Reputation in Jeopardy". Faraday's legendary skills as a lecturer are addressed in
to divination, or scientific second sight, and led him to anticipate
Geoffrey Cantor's
results that he or
"Educating the
others afterwards
Judgment: Faraproved to be true.
day as a Lecturer"
and in part in Frank
During the course
James' ''The Miliof 1991 the physitary Context of
cists celebrated
Chemistry: The
their Faraday, the
Case of Michael
electrochemists
Faraday". James'
theirs, while the
paper also illusplatinum, coltrates that the balloid and catalysis
ancing
act involvchemists also paid
ingresearch,
teachtheir respects. The
ing,
service
and
British Royal Mint
financial
security
honored Faraday
is by no means of
with a handsome
Faraday's appearance on the new £20 note.
recent
origin.
guest appearance
Herbert Pratt's "Michael Faraday's Bibles as Mirrors of
on the new £20 note in which he is depicted lecturing at the
Royal Institution. By contrast, the British Post Office dishonhis Faith" addresses Faraday's Sandemanian beliefs, a subject
treated at much greater length in Geoffrey Cantor's recently
ored him with an execrable commemorative stamp in which he
published book Michael Faraday: Sandemanian and Scie1lappears to be undergoing some kind of electrical lobotomy .
tist. Faraday was dogged by ill health for much of his life,
At the Spring meeting of the American Chemical Society
some of it no doubt brought about by his almost superhuman
in Atlanta it was the turn of the chemists, chemical educators
work habits. James O'Brien describes these problems in
and chemical historians. Faraday himself would, of course,
"Faraday's Health Problems".
have been appalled by such parochial distinctions but we seem
The paper "Faraday's 1822 'Chemical Hints' Notebook
to have lost his gift of seeing Nature whole. As the title of the
and the Semantics of Chemical Discourse" by Ryan Tweney
present symposium suggests, it was our intent to concentrate
discusses an early, unpublished manuscript in which Faraday
on Faraday-the-chemist and Faraday-the-popular-Iecturer.
meditates on his current and future chemical interests. One of
Faraday served his apprenticeship under a chemist, grew to
these interests is described in Harold Goldwhite's "Faraday's
maturity as one of the first professional chemists in England,
Search for Fluorine". Like Davy before him and many another
and held the Fullerian Professorship of Chemistry at the Royal
after him, Faraday failed in his attempt to isolate fluorine and
Institution from 1834 until his retirement in 1861. In spite of
it was not until 50 years later that Moissan was to succeed.
this his current reputation lies chiefly in what we now choose
Though not given in the present form in Atlanta, Derek
to call physics (his electrochemistry is happily ambivalent) and
Davenport's "Observations on Faraday as Organic Chemist
it is not surprising that most historical scholarship has been
Manque" takes a retrospective look at the remarkable body of
concentrated in that area. It was our hope in Atlanta to cast a
work in the emerging field of organic chemistry that Faraday
little more light in the ill-lit if not exactly dark chemical places.
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had completed by 1826.
With the exception of Chemical Manipulation, all of Faraday's books had previously appeared in the periodical literature or else were transcriptions of public lectures. Like many
another text, it arose out of a course, this one gi ven at the Royal
Institution as William Jensen describes in his "Michael Faraday and the Art and Science of Chemical Manipulation".
Faraday had plans for a new edition of Chemical Manipulation
and as a former bookbinder he prepared an interleaved copy
that he annotated with new material. This copy is now the
proud possession of Sydney Ross who describes his treasure in
"The Chemical Manipulator". Ross is also the author of
"Unpublished Letters of Faraday and Others to Edward Daniel
Clarke", interesting examples of the minutiae, then as now, of
scientific life. For chemists Faraday's crowning achievement
was the enunciation of the law(s) of electrolysis, as described
in John Stock's "The Pathway to the Laws of Electrolysis".
The final paper, "From Electrochemical Equivalency to a Mole
of Electrons: The Evolution of the Faraday" by Marcy Hamby
Towns and Derek Davenport, was first presented at a Workshop for Teachers held during the Great Lakes Regional
Meeting of the American Chemical Society in Indianapolis in
late May. It is directed more at teachers of chemistry than at
historians of chemistry but it may serve to illustrate a firmly
held belief that history is too important to be left entirely to the
historians.
Acknowledgements: Several years ago The Camille and
Henry Dreyfus Foundation, Inc., was one of the principal
donors when Faraday's basement laboratory at the Royal
Institution was converted into the wonderfully elaborative
Faraday Museum. Their fealty to Faraday was again manifested with the award in 1990 of a special grant in the chemical
sciences that helped to underwrite this symposium and to make
possible the production of this bumper issue of the Bulletin.
Thanks are also due to the Petroleum Research Foundation of
the American Chemical Society for providing travel support
for two of our visitors from England.

Derek A. Davenport, Purdue University

THE ROYAL INSTITUTION & MICHAEL
FARADAY: A PERSONAL VIEW
John Meurig Thomas, Royal Institution of Great Britain
Having lived and worked for five years in Michael Faraday's
home and laboratory, my initial interest in, and curiosity about,
the great scientist has developed into a passionate admiration
for all that he stood for and achieved (1). His scientific and
spiritual presence at the Royal Institution confers a unique aura
that pervades the whole place. One cannot escape it. Whenever! stand at the lecturer's desk, where Faraday stood on more

II

Young Michael Faraday

than a 1000 occasions, and where Davy, Dewar, Young,
Rayleigh, Rutherford, Arrhenius, Cannizarro, Mendeleev,
Hoffmann, Bridgman, Lawrence and William Bragg, and
Pauling have also stood, Wordsworth's reference to "the
spiritual presence of absent friends" comes to mind.
No chemist (organic, physical, analytical, surface or electro-) , no physicist, no engineer or materials scientist is unaware
of Faraday's towering contributions to their subject. No
experimentalist has ever bequeathed to posterity a greater body
of pure scientific achievement than Faraday and the practical
consequences of his discoveries have profoundly influenced
the very nature of civilized life. Yet he was self-taught: he left
school at the age of 12, and started his career as an errand boy,
then as a bookbinder. He rose to be one of the greatest scientists
of the age. At the same time, he remained morally incorruptible
and throughout his life retained his boyish sense of awe and
humility. In reading his work, just as in contemplating his
astonishing range of accomplishments, we are conscious of the
presence of a unique human being (2):
Nothing is too wonderful to be true, if it be consistent with the laws
of nature and, in such things as these, experiment is the best test of
such consistency.

In none of his 450 publications is there a single differential
equation, for he knew no mathematics. But, according to
Albert Einstein, Faraday was responsible, along with Clerk
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Maxwell, for the greatest change in the theoretical basis of
physics since Newton.
The story of Faraday' s life speaks to us across the years, and
its romance bears repetition to every generation. Who was this
man? What were his precise contributions? And why is it that
no name stands higher in the general esteem of scientists the
world over than that of Faraday? In the definitive biography of
Faraday by L. Pearce Williams these questionsand others are
answered in great detail (3). In a more recent, less comprehensive analysis, I have endeavoured to weave the genius of
Faraday the man with that of the place where he livedfornearly
50 years and where he worked for a somewhat longer period the Royal Institution (4). Fresh light on the private, public and
religious life, as well as the scientific work, of Faraday continues to be shed (5, 6). These complement a number of classic.
earlier studies, dating from the fascinating and elegant survey
of Faraday as a Discoverer (7) by his contemporary and successor, John Tyndall, and the Life and Letters of Michael
Faraday (8) by his friend, the eminent contemporary physician, H. Bence Jones, who was Secretary of the Royal Institution from 1860 to 1873.
It is convenient to enumerate Faraday's contributions under
two somewhat arbitrary headings: chemistry on the one hand,
and electricity and magnetism on the other (see Tables 1 and 2).
These enumerations reflect the vast extent of Faraday , s canvas
and cogently exemplify the interdisciplinary nature of his
pursuits. Little wonder that the Faraday Society (now the
Faraday Division of the Royal Society of Chemistry) was set
up to explore the territory between well-established divisions
of natural philosophy. No one has more brilliantly investigated
the interfacial regions separating existing disciplines than did
Michael Faraday.
Vast as the subject matter encompassed by Tables 1 and 2
is, it is somewhat paradoxical that the enumerations therein
tend to conceal the really major breakthroughs that Faraday
made. It has often been said that, had there been Nobel prizes

Riebau's book store where Faraday worked as an apprentice.
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Table 1. Faraday's principal contributions to chemical science.

1816
(With Davy) Evolution of miners' safety lamp.
1818-24 Preparation and properties of alloy steels (study of Indian
Wootz). Metallography.
1812-30 Analytical chemistry. Determination of purity and
composition of clays, native lime, water, gunpowder, rust,
dried fish, various gases, liquids and solids.
1820-26 Organic chemistry. Discovery of benzene, isobutene,
tetrachloroethene, hexachlorobenzene, isomers of
alkenes and of a and ~ napthalenesulphonic acids,
vulcanization of rubber. Photochemical preparations.
1825-31 Improvements in the production of optical grade glass.
1823& Liquefaction of gases (HzS, SOz and six other gases).
1845
Recognized existence of critical temperature and
established reality of continuity of state.
1833-36 Electrochemistry and the electrical properties of matter.
Laws of electrolysis. Equivalence of voltaic, static,
thermal and animal electricity. First example of thermistor
action. Fused salt electrolytes, superionic conductors.
1834
Heterogeneous catalysis. Poisoning and inhibition of
surface reactions. Selective adsorption. Wettability of
solids.
1835
"Plasma" chemistry and the magnetic properties of
matter. Magneto-optics. Faraday effect. Diamagnetism.
Para-magnetism. Anisotropy.
1857
Colloidal metals. Scattering of light. Sols and hydrogels.

in Faraday's day, he would have won at least six! The citations
could well have been for the:
* Discovery of electromagnetic induction which, along
with his earlier related work on the relationship between
electricity and magnetism, brought forth the first transformer,
dynamo and electric motor.
* Laws of electrolysis, which rank among the most accurate generalizations in science. (These led, through the subsequent work of Johnstone Stoney, Helmholtz and J. J. Thomson,
to the realization that matter is electrical in nature. They also
led to the idea of ions, electrodes, electrolytes - all terms that
Faraday, along with his polymathic Cambridge friend, Whewell, coined - and to electrodeposition, electroplating, coulometry and electrochemical analysis).
* Discovery of the magnetic properties of matter and the
foundation of magnetochemistry (the terms paramagnetism
and diamagnetism; paramagnetism of oxygen gas).
* Discovery of benzene and his analysis of its composition. (Faraday was as much the founder of the chemical certainly the dyestuffs and explosives - industry as of the
electrical power generation and electroplating industries. Table
3 summarizes the set of compounds intimately associated with
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Faraday's work as an organic chemist).
* Discovery of the Faraday effect (the rotation of the
plane of polarization oflight by a magnetic field) and for laying
the foundations of magneto-optics.
* Introduction of the notion of a field. (Unlike his contemporary scientists, Faraday refused to be guided solely by
the mathematical precision of Coulomb's law in interpreting
the forces between charges. He reflected deeply upon what
occurred in the intervening space. This led him, in turn, to
discover induction, inductive capacity and pennittivity. He

1\

Table 2. Faraday's principal contributions to physical science.

1821
1831
1832
1833
1835
1836
1845
1846
1849
1857
1862

Electromagnetic rotations.
Electromagnetic induction. Acoustic vibrations.
Identity of electricities from various sources.
Electrolytic decompositions.
Discharge of electricity through evacuated gases.
(plasma physics and chemistry.)
Electrostatics. Faraday cage.
Relationship between light, electricity and magnetism;
diamagnetism; paramagnetism.
"Thoughts on ray vibrations" .
Gravity and electricity.
Time and magnetism.
Influence of a magnetic field on the spectral lines of
sodium. Lines of force and the concept of a field. The
energy of a magnet lies outside its perimeter. The notion
that light, magnetism and electricity are interconnected.

tion. Chemists are also unaware of the role that Faraday played
in laying the foundation of the technology of the modem world.
To his numerous gifts as an experimentalist and theorist,
Faraday possessed two other talents that set him apart from
most other scientists (9). First, his published papers are
masterpieces of lucidity, self-criticism and insight, and conjure up a sense of perspective that is rather rare in the writings
of chemists and physicists. Second, he believed passionately
in the importance of conveying the essence of science to lay
audiences and to young children. A few examples will suffice.
Faraday begins his classic paper "On the Magnetization of
Light and the Illumination of Magnetic Lines of Force", which
he wrote on 5 November 1845, thus (10):
I have long held an opinion. almost amounting to conviction. in
common I believe with many other lovers of natural knowledge. that

An imaginative 19th-century reconstruction of Faraday's first
experiments with electricity while still a bookbinder's apprentice.

Table 3. The compositional and structural formulas of substances
discovered by Faraday.
SubsIance

also convinced himself that the energy of a magnet could
extend beyond the perimeter of the magnet itself).
Einstein is said to have kept a portrait of Faraday on the wall
of his study. How appropriate, for it was Faraday who served
as the pioneer and prophet of the gmnd revision that made
Einstein's work possible. Many chemists - fewer physicists!
- are unaware of the major theoretical impetus provided by
Faraday. They tend to think of him largely as the experimental genius that he undoubtedly was, a man for whom the
primacy of experiment always took precedence over specula-
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the various forms under which the forces of matter are made manifest
have one common origin; or, in other words, are so directly related and
mutually dependent, that they are convertible, as it were, one into
another, and possess equivalents of power in their action. In modern
times the proofs of their convertibility have been accumulated to a
very considerable extent, and a commencement made of the determination of their equivalent forces.

Faraday expressed the view that evening lectures, of the kind
introduced by him at the Royal Institution in 1826 - the famous
Friday Evening Discourses - should amuse and entertain as
well as educate, edify and, above all, inspire. This is the
principle that continues to inspire the Royal Institution's
numerous educational activities, especially the Christmas
Lectures, which were also introduced by Faraday in 1826, and
given by him on 19 occasions.
The most famous series of Christmas Lectures remains
A cartoon by Harry Furniss depicting some of the famous scientists
who have lectured at the Royal Institution. Faraday and John Tyndall
are in the immediate foreground while Thomas Huxley holds forth at
the lecture desk.
disappoint you in choosing this for my subject rather than any newer
topic, which could not be better, were it even so good.
And before proceeding, let me say this also - that though our
subject be so great, and our intention that of treating it honestly,
seriously, and philosophically, yet I mean to pass away from all those
who are seniors amongst us. I claim the privilege of speaking to
juveniles as a juvenile myself. I have done so on former occasions and, if you please, I shall do so again. And though I stand here with
the knowledge of having the words I utter given to the world, yet that
shall not deter me from speaking in the same familiar way to those
whom I esteem nearest to me on this occasion.
And now, my boys and girls, I must fust tell you of what candles
are made. Some are great curiosities. I have here some bits of timber,
A late 19th-century etching of the main lecture hall
at the Royal Institution.

those given by Michael Faraday on The Chemical History of a
Candle. (Japanese translations of this book have run to over 70
editions.) In his opening remarks in the first of his six lectures,
Faraday spoke to the multitude of children assembled in the
theatre of the Royal Institution in December. 1860 thus (11):
I have taken this subject on a former occasion; and were it left to my
own will. I should prefer to repeat it almost every year - so abundant
is the interest that attaches itself to the SUbject, so wonderful are the
varieties of outlet which it offers into the various departments of
philosophy. There is not a law under which any part of this universe
is governed which does not come into play, and is touched upon in the
phenomena. There is no better, there is no more open door by which
you can enter into the study of natural philosophy, than by considering
the physical phenomena of a candle. I trust, therefore, I shall not

Exterior of the Royal Institution in 1838.
(From an etching by Thomas S. Sheppard)

II
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branches of trees particularly famous for their burning. And here you
see a piece of that very curious substance takenoutofsomeofthebogs
in Ireland, called candle-wood, - a hard, strong, excellent wood,
evidently fitted for good work as a resister of force, and yet withal
burning so well that where it is found they make splinters of it, and
torches, since it burns like a candle, and gives a very good light indeed.
And in this wood we have one of the most beautiful illustrations of the
general nature of a candle that I can possibly give. The fuel provided,
the means of bringing that fuel to the place of chemical action, the
regular and gradual supply of air to that place of action - heat and light
- all produced by a little piece of wood of this kind, forming, in fact,
a natural candle.

II

licly at Discourses in the Royal Institution. They were intended to leave an indelible impression and in this he succeeded triumphantly. Last, he had the good fortune to have as
one of his interpreters one of the greatest physicists since
Newton - J. Clerk Maxwell. Maxwell selected "Faraday's
Lines of Force" as the title of his brilliant paper delivered to the
Cambridge Philosophical Society in December 1855 and
February 1856, when he was a 24-year old Fellow of Trinity
College, Cambridge (15). With that monumental work, mathematical precision and quantitative prediction were added to
Faraday's qualitative views on field theory in general and to
electromagnetism in particular. With this event a new era
dawned.

At the end of his sixth and last lecture he said (12):
References and Notes
All I can say to you at the end of these lectures (for we must come to
an end at one time or other) is to express a wish that you may, in your
generation, be fit to compare to a candle; that you may, like it, shine
as lights to those about you; that in all your actions, you ma)! justify
the beauty of the taper by making your deeds honourable and effectual
in the discharge of your duty to your fellow men.

These words, and those that follow them, along with the
elegant sequence of simple experiments described by Faraday
in the written version of his Christmas Lectures have made The
Chemical History ofa Candle a classic in the annals of science.
The Preface, composed with much felicity for a later edition by
William Crookes (1832-1919), a prominent member and active participant in the affairs of the Institution (and President of
the Chemical Society), adds to the charm (13):
From the primitive pine-torch to the paraffin candle, how wide an
interval! Between them how vast a contrast! The means adopted by
man to illuminate his home at night, stamp at once his position in the
scale of civilisation. The fluid bitumen of the far East, blazing in rude
vessels of baked earth; the Etruscan lamp, exquisite in form, yet ill
adapted to its office; the whale, seal, or bear fat, filling the hut of the
Esquimaux or Lap with odour rather than light; the huge wax candle
on the glittering altar, the range of gas lamps in our streets, - all have
their stories to tell. All, if they could speak (and, after their own
manner, they can), might warm our hearts in telling, how they have
ministered to man's comfort, love of home, toil, and devotion.

Apart from his astonishing range of discoveries, at least
four other factors have helped to make Faraday immortal.
First, he wrote and spoke about his work in memorable ways.
Second, he recorded everything that he observed experimentally at the time of the observation. (His diaries (14) reveal that
he invariably recorded the key points of each experiment; he
also had the habit of writing up his work promptly for publication. 'Work, finish, publish' was one of his mottos!) Third,
almost all the successful experiments that he carried out he
proceeded to refine, with a view to demonstrating them pub-

1. This paper is an abbreviated version of a lecture given at the
American Chemical Society "Faraday Symposium", April 1991. An
extended version of the author's views on this theme has recently been
published as reference 4. Copies may be obtained in North America
from The American Institute of Physics, c/o AIDC, 64 Depot Road,
Colchester, VT 05445, USA.
2. T. Martin, ed., Faraday's Diary, (1820-1862), 7 Vols., Bell,
London 1931-1936, Entry for 19 March 1849, Vol. 5, p. 152.
3. L. P. Williams, Michael Faraday, A Biography, Chapman
and Hall, London, 1965.
4. J. M. Thomas, Michael Faraday and The Royal Institution:
The Genius of Man and Place, Adam Hilger, Bristol, 1991.
5. G. A. Cantor,Michael Faraday: SandemanianandScientist,
Macmillan, London, 1991.
6. B. Bowers, Michael Faraday and the Modern World, EPA
Press, Saffron Walden, England, 1991.
7. J. Tyndall, Faraday as a Discoverer, Longman, Green and
Co., London, 1868.
8. H. Bence Jones, The Life and Letters of Faraday, Longmans.
Green & Co., London, 1870.
9. Though Faraday knew no mathematics, he was, according to
J. Clerk Maxwell, "in reality a mathematician of a very high orderone from whom the mathematicians of the future may derive valuable
and fertile methods".
10. M. Faraday, "On Magnetization of Light and the Illumination
of Magnetic Lines of Force", Phil. Trans. Roy. Soc.,1846,136,1-62.
11. M. Faraday, The Chemical History ofaCandle, Harper. New
York, NY,1861, pp. 9-11.
12. Ibid., p. 183.
13. Ibid., p. v. At various times. William Crookes was President
of the Chemical Society, the Institution of Electrical Engineers, the
Society of Chemical Industry, the British Association and the Royal
Society. He discovered the element thallium. and invented the
radiometer and the evacuated tubes named after him.
14. Reference 2. Faraday did not commence numbering his paragraphs until 29 August 1831. the date he discovered electromagnetic
induction. From that date to his last entry, on 12 March 1862, there
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are some 17,000 paragraphs.
15. J. Clerk Maxwell, "Faraday's Lines of Force", Proc. Camb.
Phil. Soc., 1856,10(1), 1-76.

John Meurig Thomas is Fullerian Professor of Chemistry and
formerly Director of the Royal Institution of Great Britain, 21
Albermarle St., London. WlX 4BS, England. He also serves as
Deputy Pro-Chancellor of the University of Wales and was
knighted in 1991 in recognition of his researches on catalysis
andfor his work in popularizing science. Professor Thomas is
the author of the book "Michael Faraday and the Royal
Institution: The Genius of Man and Place" and coeditor of
"Selections and Reflections: The Legacy of Sir Lawrence
Bragg".

FARADAY AND HIS BIOGRAPHERS
L. Pearce Williams, Cornell University
Before examining the biographers of Faraday, it is worth
raising the question of the value of biography where scientists
are concerned. For artists and writers, movers and shakers in
the political and military spheres, the answer is obvious.
Biography permits us to understand the motives and the
influences that shaped these people and this gives us real
insight into their works. The case with scientists would seem
to be quite different. The same nature is there for everyone and
differences of education, religion, private thoughts or what
have you cannot change it. Biographies of scientists, it would
appear, therefore, are useful only in the sense that they permit
a person's life work to be easily summarized and presented.
This was the view that prevailed until quite recently.
Biographies of scientists tended to be eulogies and, with the
truly great ones such as Isaac Newton or Charles Darwin,
hagiographies detailing and celebrating their achievements.
No one claimed that biographies of scientists could tell us
much about science and how it works, except insofar as they
focused on persistence, experimental expertise and theoretical
insights. All that has now changed. Ever since the publication
of Thomas S. Kuhn's The Structure of Scientific Revolutions,
the whole picture of the nature of science has been dramatically
altered. As is well known, Kuhn's major point was that
scientists do not "discover" nature; they "construct" it. The
raw materials are, of course, the phenomena of the natural
world but the selection of which materials to use and the
arrangement of these materials into coherent theories are the
product of the scientists, not of nature. Furthermore, which
theories survive and which die aborning is not determined.
according to Kuhn, by their "fit" with observed phenomena but

Michael Faraday
(Drawing by George Richmond)

is the result of extremely complex social negotiations that lead
to a consensus. Science, then, is as much a social product of
human beings as it is a description of some posited objective
nature. Indeed, for some of the more extreme social constructionists, nature itself places no constraints upon the construction of scientific theories. This position is occupied by
very few, yet it does serve to illustrate just how far from the old
views we (meaning historians, philosophers and sociologists
of science) have come. I would not expect that these views will
be greeted with wild enthusiasm by practicing chemists, but
you should be aware of them and, perhaps, even invest some
time in studying them.
In this new world of social construction, biography moves
to a central position. The source of original ideas and hypotheses is to be sought in the rich internal lives of creative scientists.
Or, to put it another way, new ideas can come from anywhere
- they are not, necessarily, the product of the study of nature.
So, for example, it has been demonstrated rather clearly that
Isaac Newton drew some of his most important scientific
hypotheses from his concept of the nature of God, not from the
study of the world. And, as will become evident here, the same
is true of Faraday. The only way to discover these sources is
to examine closely the Ii ves of these innovators upon whom the
life of science depends. Furthermore, the fate of what starts out
as hypotheses, if it depends upon social negotiation, can only
be understood if these negotiations are examined in detail.
Once again, the essential fulcrum for prying into historical
reality is the life of individuals. This is a very complicated
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problem for it involves the total scientific work of the person
being investigated. Faraday, for example, bewildered his
contemporaries by his ability to discover new phenomena and
new laws that eluded them. In his monumental Experimental
Researches in Electricity, he faithfully reported the experimental bases for his discoveries but kept back the theoretical
ideas that had guided him. He did this, apparently, for two
reasons: he, himself, never really trusted theory or, to put it
another way, never felt that theories were as permanent as
experimental facts. Just as important was his realization that
his own theoretical ideas were not those accepted by his
contemporaries and to put them forward would be to weaken
the force of his experimental arguments. His contemporaries
had no choice but to accept the new discoveries, since they
could replicate them, but they were puzzled by the fact that it
was Faraday and not they who had come up with them. As we
shall see, this puzzlement deeply affected the biographies that
they wrote of him.
There were three serious biographies of Faraday produced
in the 19th century. The first was a two-volume Life and
Letters published by Faraday's doctor and friend, Henry
Bence Jones, in 1869 (1). It is a typical example of Victorian
piety. It must be admitted that Michael Faraday was a perfect
subject for Victorian culture for his life illustrated all those
virtues that the Victorians held dear. Bence Jones faithfully
recorded them. Here is Michael Faraday, son of a poor and
often ill blacksmith and an uneducated but loving mother,
whose early years were spent largely on the streets of London.
His education was minimal, consisting of only the elements of
reading, writing and arithmetic. At times, he went hungry.
Life improved when he was apprenticed to a French emigre
bookbinder and bookseller. Here the wide world of books was
opened to him and his mind began its ascent to the empyrean.
I shall not continue in this Dickensian mode for I think my point
is made. Faraday was areal-life Dickensian hero. Overcoming
the obstacles of poverty and lack of formal education, he rose
by his own efforts and genius to the scientific heights.
Bence Jones did not merely narrate this life. He collected
great quantities of letters and other intimate documents which
he published, sometimes ill toto, sometimes in generous extracts. Bence Jones' major contribution to the understanding
of Faraday was these documents, for every biographer since
has used them and the published papers to draw their pictures
of Faraday. Bence Jones made no attempt to analyze or explain
Faraday's scientific work. Instead, he wrote a chronology of
Faraday's discoveries and concentrated, instead, on Faraday
the man.
What emerged was .a rather sanitized version of what
Faraday must have been like. Other commentators remarked
on the fact that Faraday had occasional bursts of temper when
he suffered or observed injustice and impropriety. Bence
Jones never mentions this. And, although Bence Jones remarks favorably on how much Faraday enjoyed life, playing
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with nieces, riding a bicycle around the outside of the lecture
theater in the Royal Institution, singing and taking 10'1g walks,
he never mentions the fact that Faraday also made his own gin
at the Royal Institution. This would have shocked the staid
Victorians!
The first serious attempt to come to grips with Faraday the
scientist came at about the same time as Bence Jones produced
his life and letters. John Tyndall was both a first-rate scientist
and a good friend of Faraday. Unlike Faraday, he had received
a formal education in science, bringing home a Ph.D. from
Germany and a firm knowledge of applied mathematics. His
Faraday as a Discoverer (1868) is a first-rate account of
Faraday's scientific career (2). Tyndall saw Faraday, quite
correctly, as a superb experimentalist. This was, no doubt,
because Faraday began his scientific life as a chemist, and a
damned good one. It was as a chemist that he sharpened his
experimental abilities but, for Tyndall, it was as a physicist that
he gained scientific immortality. As Tyndall wrote (p. 18),
"[H]e swerved incessantly from chemistry into physics." It
was this idea that Faraday was doing physics that threw
Tyndall off in his account of Faraday's work. As we shall see
in a moment, Faraday started as a chemist and ended as a
chemist. His interest in electricity came from electrochemistry
and his probing ofthe nature of electricity, magnetism, crystal-
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lization, and light were all part of his obsession with what he
called the "powers of matter". As an apprentice chemist he had
defined chemistry precisely as the study of the powers of
matter.
Tyndall was never able to appreciate this. This is what
made him puzzle over Faraday's incredible ability to discover
new phenomena that escaped the best "physical" minds of the
time. By Tyndall's day, physics was frrmly wedded to mathematics and it was almost a matter of deep faith for physicists
that mathematical illiterates, like Faraday, could not possibly
do physics. Yet here was Faraday doing it quite well. So
Tyndall's account contains a constant strain of incredulity.
How was Faraday able to do what Tyndall and his fellow
physicists could not? It was Tyndall who gave rise to a myth
about Faraday that carried the day until quite recently. For
Tyndall. Faraday' s originality arose from his meticulous use of
experiment and the constant questioning of his results until no
doubt of the effects produced was possible combined with a
superb "intuition" about Nature (p. 80). In this context. that
word "intuition" is merely a confession of ignorance. What
Tyndall meant by it was that he had no clue as to what ideas
were guiding Faraday. Thus. he could write (p. 86):
Amid much that is entangled and dark we have flashes of wondrous
insight and utterances which seem less the product of reasoning than
of revelation.

This religious metaphor will occur more than once in Faraday's biographers.
But to return to Tyndall, he was completely puzzled by
Faraday's theoretical ideas. This was not entirely Tyndall's
fault for Faraday wrote. over and over again. that theories were
always to be held tentatively whereas experiments. properly
conducted. led to undeniable truths. So. again. Tyndall could
write "His theoretic notions were fluent; and when minds less
plastic than his own attempted to render those fluxional images
rigid. he rebelled." (p. 146). Yet. as I shall try to show later.
there were certain "hypotheses" which Faraday explicitly and
publicly declared he could not do without. The problem here
was that Tyndall. the hard-headed. mathematical physicist.
could not take them seriously~ Yet Tyndall realized that
hypotheses drove Faraday' s researches. "Faraday," he wrote.
"has been called a purely inductive philosopher. A great deal
of nonsense is. I fear. uttered in this land of England about
induction and deduction" (p. 27). Later he writes (p. 94):
... I asked him what directed his attention to the magnetization oflight.
It was his theoretic notions. He had certain views regarding the unity
and convertibility of natural forces; certain ideas regarding the vibrations of light and their relations to the lines of magnetic force; these
views and ideas drove him to investigation.
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Tyndall. a friend and confidante must know them. On pages
14Off.. he discusses two lectures given by Faraday in 1844 and
1846 in which Faraday discussed them rather specifically.
What does Tyndall make of them? He simply dismisses them.
First, he argues. that they were not that important to Faraday.
a charge to which I shall return (p. 146):
It must be remembered here. that though Faraday lived amid such
speCUlations he did not rate them highly. and that he was prepared at
any moment to change them or let them go.

That this was the sensible thing for Faraday to do. Tyndall had
no doubt. for "Let it then be remembered that Faraday entertained notions regarding matter and force altogether distinct
from the view generally held by scientific men."
These passages are fundamental for an understanding of
how Faraday was regarded by his scientific contemporaries.
As we shall see. one of the fundamental criticisms of my views
of Faraday is that my reconstruction of his theoretical ideas
rests upon a very slim body of evidence from Faraday himself.
Yet. he did reveal them in the 1840s and we may probably take
Tyndall's response as being typical of his scientific colleagues.
Faraday was a brilliant experimenter with a vivid imagination.
but his ideas on the nature of matter and force were not to be
taken seriously by "real" scientists of Tyndall's ilk. And. by
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But. the reader must object. what were these views? Surely
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the 1850s Tyndall's ilk were becoming the dominant figures in
Victorian science.
Tyndall's biography of Faraday is. therefore, a rather
paradoxical one. On the one hand, Tyndall clearly loved
Faraday the man, respected Faraday's experimental ability
enormously, knew that Faraday was inspired by speculative
flights, but was convinced that these were flights of fancy.
That is, they were not the elements of good science. Yet
Faraday was a popular hero when he died, and Tyndall could
not end on such a note. So, in the end, he turned to a description
of Faraday that was both patronizing and insulting. He quotes
Faraday's preface to a collection of articles that he had written
prior to 1832 in which he had stated that (p. 44):
Some, [of the papers] I think (at this date) are good; others moderate;
and some bad. But! have put them all into the volume, because of the
utility they have been of to me - and none more than the bad - in
pointing out to me in future, rather, after times the faults it became me
to watch and to avoid.
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And later, to drive home this point (p. 91):

oftheMechanics' Magazine (4):
He was unfit to mingle in society, for conversation was a pain to him;
but let us observe the great Man-child when alone.

Let me suggest why Tyndall, far less of a scientist than
Faraday, adopted this tone towards someone whom he claimed
to love as a friend. I think Tyndall simply could not follow
Faraday's thoughts and ideas which, I will maintain, remained
fairly stable throughout his entire scientific career. However,
they were thoughts and ideas that the new generation of
materialist, mathematical physicists considered to be metaphysical vaporings, and so Tyndall, as a member of this
generation, could not take them seriously, in spite of Faraday 's
rather explicit statements that he himself did. So Tyndall fell
back on the concept of the innocence of the child to whom
Nature reveals her secrets through intuition. It is this picture
of Faraday that was to characterize him throughout the 19th
century.
Shortly after the appearance of Bence Jones' and Tyndall's
accounts, another friend of Faraday's, Dr. John H. Gladstone
published another biography that reflected his own relations
with Faraday (3). Much of this volume derives from both
Bence Jones and Tyndall, but Gladstone is able to add a few
more touches. It has escaped all of Faraday's biographers,
including me, I am sorry to say. that Faraday apparently served
as a kind of Ann Landers to technically-minded artisan readers

Old volumes of the Mechanic's Magazine bear testimony to the way
in which he was asked questions by people in all parts of the kingdom,
and that he was accustomed to give painstaking answers to such
letters.

Gladstone does not materially alter, however, the picture
painted by Tyndall. The Gladstonian Faraday is an experimental genius, a speculative and imaginative spirit who always
suspected his own flights of fancy and, withal, the most prolific
scientific discoverer of the first half of the 19th century. Again,
the mystery of his extraordinary creativity and again the falling
back on his childlike simplicity. Gladstone celebrates it (p.
82):
As to simplicity of character: when, in the course of writing this book,
I have spoken to his acquaintances about Faraday, the most frequent
comment has been in such words as, "Oh! he was a beautiful character,
and so simple-minded".

I shall try to deal with this "simple-mindedness" later.
In 1898, the final Victorian biography of Faraday appeared
in The Century of Science Series edited by Sir Henry Roscoe,
the famous chemical spectroscopist (5). It was written by an
electrical engineer, Silvanus P. Thompson, at precisely the
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time when Faraday's field theories conquered the world of
electrical engineering. The last decades of the 19th century
were when Oliver Heaviside put the finishing touches to his
mathematical theory of signal and electrical transmission,
summed up in his famous equations which most physicists
persist in calling Maxwell's equations.
Thompson's biography is far and away the best biography
to be produced in the 19th century in terms of his discussion of
Faraday's scientific works. He had access to papers deposited
in the Institution of Electrical Engineers of which he was a
leading member. He had, as well, Faraday's manuscript
laboratory journal. He also had a knowledge of electromagnetic laws and phenomena that was far beyond that of
Faraday's earlier biographers. In particular, he celebrated one
of Faraday's "speculative" lectures, "Thoughts on Ray Vibrations" (1846) in which Faraday suggested that light was the
vibrations oflines of force (or strains in space), rather than the
undulations of an elastic ether. This had been rejected as
heresy by Tyndall and, one suspects. by Faraday's contemporaries. It was not until James Clerk Maxwell presented his
hypothesis that light was. as Faraday had hinted, an electromagnetic disturbance that Faraday's ideas gained respectability in optics. Once again, Faraday had proved that he saw
farther than his contemporaries who could not share his vision.
As for Faraday' s personal life, Thompson relied very
heavily on Bence Jones. Tyndall and Gladstone. What was
gained was a much more detailed knowledge of how Faraday
went about his work. Thompson. however, was no more able
than Tyndall to penetrate to the why of Faraday 's experiments.
We get here, the same dichotomy between experiment and
speCUlative imagination. Thompson wrote (pp. 241-2):
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before the passage cited above, he quotes a slip of paper found
in Faraday's "research drawer" that seems to encapsulate
Faraday's views of the scientific adventure (p. 241). It is
entitled, "The Four Degrees" and is hierarchical in importance.
These degrees of scientific progression are, respectively:
The discovery of a fact
The reconciling of it to known principles
Discovery of a fact not reconcilable
He who refers all to still more general principles

Thompson, like Bence Jones, Tyndall and Gladstone, could
not find the key to Faraday's incredible scientific creativity.
And, like his predecessors, he retreated to the childlike simplicity of Faraday which made him receptive, apparently, to the
voice of Nature. This process of "intuition" is nowhere better
illustrated than in the (very bad) poem with which Thompson
prefaced his work. It is by a poet today forgotten, Cosmo
Monkhouse, and is entitled, "On a Portrait of Faraday." I give
it in its entirety and it should make the reader mildly ill:
Was ever man so simple and so sage,
So crowned and yet so careless of a prize!
Great Faraday, who made the world so wise.
And loved the labour better than the wage.
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His dogged tenacity for exact fact was accompanied by a perfect
fearlessness of speculation. He would throw overboard without
hesitation the most deeply-rooted notions if experimental evidence
pointed to newer ideas. He had learned to doubt the idea of poles; so
he outgrew the idea of atoms. which he considered an arbitrary
conception. Many who heard his bold speCUlations and his free
coinage of new terms deemed him vague and loose in thought.
Nothing could be more untrue. He let his mind play freely about the
facts; he framed thousands of hypotheses. only to let them go by if they
were not supported by facts.

HIS LIFE AND WORK

SILVANUS 1'. THOMPSON, u.:-';c., F.R.S.

This is very much like Tyndall's portrait. Speculation.
imagination, the wild inconsistencies of a child's mind that can
dare to think anything. It is not entirely false for Faraday did
remark once, with emphasis, to let the imagination soar. but
hold it in with judgment and experiment. But speculation and
imagination were, for Faraday, not just the entry to experiment.
but also the ends to which experiment should lead. There are
many examples of Faraday rejecting the results of his experiments because he was convinced that his theoretical speculations must be true. Thompson seems to miss this. Immediately
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And this you say is how he looked in age,
With that strong brow and those great humble eyes
That seem to look with reverent surprise
On all outside himself. Tum 0' er the page,
Recording Angel, it is white as snow.
Ah God, a fitting messenger was he
To show Thy mysteries to us below.
Child as he came has he returned to Thee.
Would he could come but once again to show
The wonder-deep of his simplicity.

We shall, in a moment, look at this "simplicity" that Faraday's
contemporaries all commented upon. It was not, as I shall hope
to show, something arcane and "childlike" but the clear result
of the development of his life.
After the biography by Silvanus Thompson, no new work
appeared for more than 50 years. There was a brief splash of
interest in Faraday in 1931 when the centenary of his discovery
of electromagnetic induction was celebrated. The major product of that year was the publication of Faraday's laboratory
journal in seven stout quarto volumes (6). This enables the
biographer literally to look over Faraday's shoulder and follow
almost his every move in the laboratory. After 1831, Faraday
numbered every paragraph in his laboratory notebooks, as he
did every paragraph in the magisterial series of "Experimental
Researches in Electricity". In his bound copy of the notebooks
and his papers, he cross-referenced each to the other, thus
indicating clearly the experimental foundations for his published works. Needless to say, this work and the published
papers are the fundamental documents for the understanding of
Faraday's work.
In 1957, I decided to write a biography of Faraday (7). He
had intrigued me ever since a professor in a course on physical
chemistry that I was taking remarked that Faraday did not
believe in atoms. I could not understand how he could come
up with his famous laws of electrolysis, which seemed even to
imply the atomicity of electricity, without believing in atoms
and it was in search for the solution to this puzzle that I began
my researches.
Chemists might be interested in how a historian works.
What did I look for, how did I hope to find it, and what did I do
with it? My undergraduate training was as a chemical engineer
and the engineering tradition had taken hold of me. Since a
biography is a finite subject - it begins with the birth of the
person in whom you are interested, and it ends with his death
- it is theoretically possible to do a total documentary induction. So, I set out to discover all of Faraday's manuscript
remains. There are some obvious places to start. The Royal
Institution of Great Britain and the Institution of Electrical
Engineers in London both had masses of manuscripts - letters,
commonplace books, lecture notes, diaries of trips, and so on
that were central to my work. I was, however, also interested
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in Faraday's correspondence and his letters tended to be in the
hands of the descendants of the recipients and my task was to
find them. The first thing I did when I got to London in 1959
to begin a year of research was to look in the London telephone
directory for Faradays. There were three, all of whom I
contacted and one of whom had some interesting Faraday
materials. I discovered a Faraday great grand niece in Oxford
by observing her name in the guest book of the Sheldonian
Library. In the course of the year, I found 135 relatives of
Faraday, since each always knew one or two that were unknown to the rest, and part of the fruit of my work was to reunite
the Faraday family.
I also put a request for help in all the newspapers of Great
Britain with, sometimes, bizarre results. The letter that appeared in Sporting Life, a racing sheet, drew a postcard from a
reader asking if Faraday had been a jockey!
Finally, I wrote to all of the Archives, Libraries and Museums listed in the publication The World of Learning that
mentioned a manuscript collection. Here the advantage of
doing biography over, say, the history of electromagnetism in
the 19th century was clearly revealed. Biographical materials
are catalogued under the name of the person in whom you are
interested, whereas manuscripts referring to subject are scattered in the archives and not always identified by archivists
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who are not scientists.
The result of all these efforts was a huge amount of material
in microfilm or photocopy, much of which I have passed on to
Dr. Frank James for incorporation in the Complete Correspondence ofParaday, the first volume of which has appeared in this
bicentennial year. These were the documents from which I
constructed my biography.
My approach should also be noted. Like most of my
generation of historians of science, I was heavily influenced by
the works of Alexandre Koyre, particularly his Etudes Galileennes that appeared in the late 1930s. Koyre' s portrait of Galileo
turned Galilean studies on its head. Earlier biographers and
eulogists had praised Galileo as the pioneer of experimental
science; Koyre insisted that Galileo never performed most of
the experiments that he described, and that it was Galileo's
philosophical reorientation that led to the creation of his
science. Koyre and his disciples generalized this picture and
laid out a program of research that would concentrate on the
philosophical, rather than the experimental, dimension.
As mentioned above, I was trained as a chemist and so was
Faraday, and experiment seemed to me to be the absolutely
essential element of the science. I set out, therefore, to refute
Koyre by showing that Faraday was not concerned with
general philosophical issues, but was led to his views strictly
through the chain of brilliant experiments that created field
theory. In short, I began by agreeing with Tyndall and
Thompson. Of course, Faraday had to be guided by imagination and speculation since, as Tyndall rightly pointed out, few
experiments are ever done without guiding theoretical ideas.
But, like Tyndall and Thompson, I felt that Faraday used
imagination and speculation as ad hoc hypotheses from which
a chain of experiments could develop and that he was never
committed to any philosophical or scientific overview of
Nature.
As I penetrated deeper and deeper into Faraday's mental
development, his experimental results and his guiding ideas, I
had to abandon my original goal. It would be tedious here to
repeat the rather long and intricate chain of argument I developed in my biography, but it can be summarized rather easily.
As Thompson and Tyndall pointed out, most of Faraday's
scientific contemporaries did not understand his speculations
and, like Tyndall, simply disregarded them. This, I claim, is
why Faraday remained almost completely silent about them
throughout his life. The key texts appear in his published
works when he felt it necessary to reveal his deepest theoretical
concepts in order to make his work comprehensible. I shall cite
them out of chronological order so that their logical coherence
is evident.
In 1845, Faraday announced what he called "the magnetization of light", which was the rotation of the plane of plane
polarized light in a strong magnetic field. He began his paper
with the words (8):
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I have long held an opinion, almost amounting to conviction, in
common I believe with many other lovers of natural know ledge, that
the various forms under which the forces of matter are made manifest
have one common origin; or, in other words, are so directly related and
mutually dependent, that they are convertible, as it were, one into
another, and possess equivalents of power in their action.

In 1844, he sent a letter to the editor of the London and
Edinburgh Philosophical Magazine, known today simply as
the Phil. Mag., to explain in some detail remarks that he had
made at a Friday evening Discourse at the Royal Institution.
His subject was the conduction of electricity and the nature of
matter. His lecture examined what he considered to be a
serious paradox. Nature, according to most of his contemporaries, is composed of solid, spatially defined atoms and space
empty of such matter. What he tried to prove in the letter was
that this concept led to a contradiction for it could be shown
that, under certain circumstances, space must be capable of
conducting electricity and matter must be an insulator, and
other conditions required that matter be the conductor and
space the insulator. His proposed solution was, to be sure,
hypothetical and he earlier warned in the letter that the natural
philosopher (a term Faraday much preferred to scientist)
should (9):
... be most careful for his own safe progress and that of others, to
distinguish that knowledge which consists of assumption, by which I
mean theory and hypothesis, from that which is the knowledge of facts
and laws; never raising the former to the dignity or authority of the
latter, nor confusing the latter more than is inevitable with the former.

It was to escape the contradiction that Faraday gave a very
rare account of his own theoretical ideas (10):
I am not ignorant that the mind is most powerfully drawn by the
phenomena of crystallization, chemistry and physics generally to the
acknowledgement of centres of force. I feel myself constrained, for
the present hypothetically, to admit them and cannot do without them.
'" [my emphasis]
If we must assume at all, as indeed in a branch of knowledge like
the present we can hardly help it [my emphasis], then the safest
course appears to be to assume as little as possible, and in that respect
the atoms of Boscovich appear to me to have a great advantage over
the more usual notion.

I have shown in my life of Faraday that his commitment to
the unity of force and his use of Boscovichean atoms did not
begin in the 1840s. Indeed, his whole career was spent
investigating things like crystallization, chemistry and physics
and his language seems to me here to be absolutely unequivocal. Some hypothesis is necessary to guide research and his
famous experimental caution dictated that these hypotheses be
kept as simple as possible. There is no doubt that Faraday was
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willing to abandon these ideas if they turned out to be inconsistent with his experiments and, indeed, in his later researches
on magnetism, he did abandon them to become much more of
a phenomenologist content to describe rather than to attempt to
explain magnetic results.
Where did Faraday come into contact with these ideas and
when? Both concepts show up very early in Faraday's career.
The unity of forces had probably two sources: his deep religious conviction that God was active in the world and worked
in the simplest possible way, and his contact, through his
mentor, Sir Humphry Davy, with the philosophy ofImmanuel
Kant. Scientists have a tendency to wince when Kant's name
is mentioned since they picture him as a fuzzy-minded metaphysician. It is true that Kant's works are extraordinarily
difficult, but his message was not. His whole purpose, in a
sense, was to destroy metaphysics, particularly in the sciences.
The sciences of nature had to be strictly experimental and
Kant's views are in perfect harmony with Faraday's. If one
accepts my argument that Faraday used these hypotheses to
guide him, at least in his work on electricity, then I believe I
can show that they make sense in terms of these ideas. As
Tyndall and Thompson show, I am the first biographer who can
claim this. I must leave it to readers to judge the validity of the
claim.
Where does all this leave us with the relation to Faraday's
putative "simple-mindedness"? Faraday was simple in the
social sense. He obviously felt uncomfortable in the company
of those whose manners were of a different class from his own
and that is why, one suspects, he shunned social occasions for
most of his professional life. But he was certainly not simple
in his mental operations. He had, first of all, received a firstrate education in chemistry by his close association with Sir
Humphry Davy. This. after all, is what we, today, consider to
be the best kind of education for our Ph.D. students. His mind
ranged deeply and widely, to the point of occasional mental
exhaustion. He was, in fact, more philosophically and scientifically sophisticated than many of his contemporaries who
patronized him. His work cannot simply be described as
brilliantly experimental but hopelessly speCUlative and imaginative. The two went together to produce one of the giants of
modem science. If he was simple, then he was simple in the
same way that Einstein was.
My biography of Faraday appeared in 1965. Since then, no
other full biography has emerged. Joseph Agassi, a philosopher, published a study of Faraday as a natural philosopher in
1971 that contained biographical references but made no
serious attempt to link life and work intimately (11). Agassi is
very careless with his sources and much of the work is vitiated
by profound inaccuracies. His consideration of Faraday's
science draws heavily on my work and he is one of the very rare
scholars who accepts my emphasis on point atoms. His
analysis here is well worth reading, although he tends to place
Faraday in a world that he sees as far more hostile than do I.
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Beginning in the late 1970s, David Gooding of the Uni versity of Bath has published a series of careful and probing
articles that deal with Faraday's experiments in far more detail
than I was able to do within the limits of a single volume. His
general analysis of what Faraday was up to follows mine,
usually without acknowledgment. Where he differs from me
is over Boscovich and his influence. He insists that Faraday's
results emerge solely from his experiments and, thereby,
denies Tyndall's, Thompson's and my insistence on the hypothetical dimension of Faraday's thought. He is currently
working on a biography, and I look forward eagerly to reading
it.
In 1985, Gooding and Frank James edited a volume entitled, rather hubristically, Faraday Rediscovered (12). I am
sure I was not the only scholar surprised by this title since few
of us thought Faraday had been lost. In any case, the essays do
flesh out some aspects of Faraday's life and work but there is
little in the volume that is startlingly new.
At this meeting of the American Chemical Society, Geoffrey
Cantor pulled his mint copy of his new biography of Faraday
out of his briefcase (13). I look forward eagerly to reading it,
for it promises to fill in, in rich detail, Faraday's religious life
and its influence on his science which I only mentioned in my
work. This should be a major contribution to Faraday studies,
and, as I hope this last section shows, the last word on Faraday
certainly has not been said.

II

Bull. Hist. Chern. 11 (1991)

References and Notes
1. H. Bence Jones, The Life and Letters of Faraday, 2 Vols.,
Longmans, Green & Co., London, 1869.
2. J. Tyndall, Faraday as a Discoverer, Longman, Green &
Co., London, 1868.
3. J. H. Gladstone, Michael Faraday, Macmillan, London,
1872.
4. Since I read this paper to the ACS, I have examined all the
volumes of the Mechanics Magazine and do not find the letters
Gladstone mentioned. He must have confused the magazine with
another journal that I have not discovered.
5. S. P. Thompson, Michael Faraday: His Life and Work,
Macmillan, New York, NY, 1898.
6. T. Martin, ed., Faraday's Diary (I 820- I 862), 7 Vols., Bell,
London, 1931-1936.
7. L. P. Williams, Michael Faraday, A Biography, Chapman &
Hall, London, 1965.
8. M. Faraday, ExperimentalResearches in Electricity, 3 Vols.,
Quaritch, London, 1839-1855, Vol 3, p. 1.
9. Ibid., Vol. 2, p. 286.
10. Ibid. R. J. Boscovich was an 18th-century Jesuit who was a
deep student of Newtonian physics. He puzzled over the problem of
the collision of the infinitely hard atoms that Newton had suggested
in the 31st query of his Opticks. Infinite hardness is not compatible
with elasticity, so Boscovich insisted that the reversal of motion in a
collision would have to be instantaneous, resulting in the absurd
notion that the two colliding atoms would each be going in opposite
directions at the moment of collision. To solve this problem, Boscovich posited atoms as centers of force, with no material component.
The curve below graphs the attractive and repulsive forces associated
with such an atom in terms of distance from the atomic center. Forces
above the line are repulsive; those below it are attractive. At some
distance OA, the force becomes asymptotically repulsive, preventing
two points from being in the same place, thus preserving the material
property of impenetrability. At H, the attractive force turns into the
hyperbola of universal gravitation. Points D and B are stable points
for two atoms since the forces will resist displacement; C is an

unstable point since the slightest displacement will cause the particle
either to recede from or approach O. It should be emphasized that, for
Boscovich, these atoms were fundamental particles and that chemical
atoms were compounds of these whose complex patterns of force
could be used to account for "elective affinities" and for the regularity
of crystals.
11. J. Agassi, Faraday as a Natural Philosopher, University of
Chicago, Chicago, IL, 1971.
12. D. Gooding and F. James, eds., Faraday Rediscovered,
Macmillan, London, 1985.
13. G. Cantor, Michael Faraday: Sandemanian and Scientist,
Macmillan, London, 1991.

L. Pearce Williams is John Stambaugh Professor of the
History of Science at Cornell University, Ithaca, NY 14850
and is author of "Michael Faraday, A Biography" and "The
Origins of Field Theory". He has also edited two volumes of
"The Selected Correspondence of Michael Faraday".

FARADAY'S ELECTION TO THE ROYAL
SOCIETY: A REPUTATION IN JEOPARDY
June Z. Fullmer, Ohio State University, and Melvyn C.
Usselman, University of Western Ontario

On Thursday, 8 January 1824, the meeting of the Royal Society
had, as one order of business, a ballot to elect (or not) Michael
Faraday to the Fellowship of the Society. According to
established custom, in the absence of the President, Sir Humphry
Davy, the Vice President of the Society. Sir Everard Home,
presided (1). He was flanked by the two secretaries, William
T. Brande and Taylor Combe. After opening formalities, one
of the secretaries read the names of those candidates whose
certificates for Fellowship had been newly presented. Sir
Everard then asked the Fellows if the Society wished to elect
these candidates immediately. (certain members of the nobility
and other distinguished folk were always accorded "instant"
Fellowship - for example. Prince Christian of Denmark on 6
June 1822; Robert Peel, Secretary of State, on 5 December
1822) or ballot for them after their certificates had been
displayed over a ten-meeting period. At this juncture Sir
Everard announced that the Society would be balloting on the
question of Fellowship for Michael Faraday. His certificate
had been displayed for the appropriate length of time and had
received 29 supporting signatures. After inviting comments
from the Fellows about the candidate, Sir Everard demonstrated the ballot-box to be empty before handing it to the
Assistant Secretary, John Hudson. who carried it from Fellow
to Fellow. Each Fellow registered his vote by choosing either
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a white or black marble from one of the attached bags and
dropping it into the box. This noisy, disruptive process
continued while the Secretary read to the group the learned
paper selected for presentation that day. When the ballot box
had made its rounds, Sir Everard counted the votes. Faraday's
election had been nearly unanimous, there being but a single
black ball in the "nay" drawer. Still, the business of making
Faraday a Fellow was not yet concluded, for at the next sitting
of the Society (15 January 1824), with Sir Humphry Davy,
P.R.S., in the chair, Faraday paid his admission Fee "and the
usual sum in lieu of Annual Contributions," and "signed the
Obligation in the Charter Book". Sir Humphry then shook his
hand, and Faraday officially became "F.R.S".
The election result must have been very gratifying for
Faraday, for the period preceding the election had been a
stressful one. Membership in the Royal Society meant a lot to
him, since it certified that he was an accomplished natural
philosopher whose researches merited the attention of the
world's scientific community. In 1838 when Spring-Rice,
Chancellor of the Exchequer, asked Faraday why he had
received a pension (granted in 1835) from the Crown, what
titles had he? Faraday replied: "One title namely, that of
F.R.S., was sought and paid for; all the rest [and there were
many] w{fre spontaneous offerings of kindness and goodwill
from the bodies narned" (2). Faraday's unguarded response
shows how distressing the process had been. What price had he
paid? What had his fight for recognition of his scientific
abilities cost him?
In the early stages Faraday's election had not been a
foregone conclusion. During the eight months comprising the
ten "regular" meetings of his candidacy, there had been rumors
that Faraday's scientific achievements owed much to unacknowledged contemporaries. On 30 May 1823, an angry Sir
Humphry Davy had ordered Faraday to remove his certificate.
Throughout the period the prevailing sentiment within the
Society was to reduce the number of Fellows by restricting the
intake of new members (3). Faraday,caughtonthecuspoftwo
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Michael Faraday
(After a painting by T. Phillips)

worlds, one dying, the other struggling to be born, faced
genuine threats which forced him into intensive lobbying for
votes. By the day of his election, however, his success was
assured.
Consider first the atmosphere within the Royal Society.
The death of Sir Joseph Banks in June of 1820 provided an
opportunity to institute changes within the Society (4). The
reformers aimed primarily to make the Society more scientific,
chiefly by increasing the proportion of members actively
engaged in the sciences and by achieving a stronger voice for
those members in the governance ofthe Society. Quantitative
analysis of the composition of the fellowship reveals the
magnitude of the problem. As shown in figure 1, total
membership in the Society had increased continuously from a
low of 119 in 1698 to 659 in 1830 (5). Though the majority of
the Fellows were "cultivators" of science, only about 30% of
them could be loosely termed "scientific" Fellows (figure 2)
(6). In his caustic attack on the Royal Society in 1830,
Augustus B. Granville wrote that he could find in the membership only "thirty really illustrious men of science," all the rest
being "either mere lookers on - indifferent spectators - or, at
most, cultivators of what beds of flowers they found in the rich
garden of natural knowledge when they first entered it" (7).
Furthermore, during Banks' tenure as president (1778-1820),
scientific fellows had always been in a minority on the Council,
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whose 21 members governed the Society (figure 3) (8).
William Hyde Wollaston served as temporary President for
the five months of the term which remained after Banks' death;
Sir Humphry Davy succeeded him. Davy tried to institute the
reforms most wanted by the scientific membership, the group
to which he owed the near unanimity of his election (9). The
reformers sought to decrease the influx of new members by
scrutinizing the scientific credentials of candidates more closel y
than had been done in the past. If the members were doubtful
of a candidate's worthiness, Davy encouraged them to cast
negative votes at election time. His recommendation was
initially heeded, for the number of new Fellows decreased in
1823 (10). In 1822 John Herschel wrote Charles Babbage that
(11):

FIG.3 ROYAL SOCIETY COUNCIL,MEMBERS
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Further, Davy had not hesitated to act autocratically when
he thought it necessary. After the certificate of Sir Francis
Schuckburgh was introduced in December of 1823, Davy
wrote at the top, "No qualifications mentioned" and across the
bottom, "This certificate ought not to have been presented,
there being no qualifications mentioned. H.D." (12). Davy's
demand for qualifications could explain why Faraday waited
until 1823 before he sought election, for by that time he had
published more than 37 scientific papers, three of them in the
Philosophical Transactions (13). His publication record was
explicitly noted in the statement of qualifications accompanying his certificate (14):
Mr. Michael Faraday, a gentleman eminently conversant in chemical
science, and author of several papers, which have been published in
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I think Hamilton had better not be proposed at present. I talked to
Davy about him, who of course could have no personal feeling about
it and spoke very sensibly on the subject. What he has lately said in
the Society has had its full effect ... No ballot I dare say now will pass
for a long time without a sharp contest and discussion of the merits of
candidates.
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the "Transactions" of the Royal Society, being desirous of becoming
a Fellow thereof, we, whose names are undersigned, do of our
personal knowledge recommend him as highly deserving that honour,
and likely to become a useful and valuable member.

Faraday's worthiness can be further emphasized by comparison with others elected at about the same time. The four
persons elected immediately before him were (15):
19 June 1823
20 Nov. 1823

27 Nov. 1823

Sir John Murray, military general
John Bayley, antiquary
Rev. Daniel Creswell, divine and
mathematician
A. Mervin Storey, M.A. (Oxon)

and the four immediately following were:
15 Jan. 1824
22 Jan. 1824
5 Feb. 1824
19 Feb. 1824

Charles Scudamore, physician
Thomas Amyott, antiquary
William WavelI, physician
Rev. Edward Maltby, bishop

Election of such a scientifically undistinguished group illustrated that, whatever the qualfications deemed requisite for
successful election, they had not functioned to render many
candidates ineligible. To the extent that the reformers within
the Society had an impact on the election process, in Faraday's
case their efforts would have been positive. Scientific support
alone could guarantee election since a large majority of those
who regularly attended meetings were science-minded. At
least this was true if the science supporters were not themselves
divided. Babbage, for one, pointed out how scientific bickering could harm a candidate's chances (16):

~

1860

... if [acandidatel A. B. had the good fortune to be perfectly unknown
by any literary or scientific achievement, however smaIl, he is quite
sure of being elected as a matter of course. If, on the other hand. he
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has unfortunately written on any subject connected with science. or is
supposed to be acquainted with any branch of it, the members begin
to inquire what he has done to deserve the honour; and, unless he has
powerful friends. he has a fair chance of being black-balled

There was no evidence of such a split in Faraday's scientific
backing, forthe 29 signatures on his certificate showed impressive support from natural philosophers, physicians and surgeons (17).
Special importance attached to the first few names on the
certificate because they represented Faraday' s ''proposers''
and served as an advertisement of his suitability. Richard
Phillips, who sponsored Faraday's application and arranged
for the opening signatures, wrote with delight to Faraday
shortly after the certificate was first hung: "Did it well I thinks
- Wollaston. Children. Babington. Herschel" (18). Inhisreply,
Faraday indicated his approval (19):
A thousand thanks for your kindness - I am delighted with the Names

- Mr. Brande had told me of it before I got your note and thought it
impossible to be better.

The four leading sponsors represented different constituencies
in the Royal Society: John G. Children, whose job at the
British Museum owed much to Davy's support, was Davy's
long-time friend; Dr. William Babington was a member ofthe
"old guard" of the Society who viewed reform with suspicion,
and John W. Herschel was the most highly-regarded of the
younger, reform-minded Fellows.
Wollaston's name at the head of the list served two important purposes. He had been President for a short period in 1820,
and he was widely admired among the scientific Fellows for his
support of reform, his scientific achievements, his intellect and
his independence. Nearly Davy's equal in international stature
he had. in fact. been the reformers' first choice as successor to
Banks. Wollaston championed individualism and readily
admired ability in others. His name had also been first on John
Dalton's certificate (Dalton, like Faraday a non-conformist,
had been made a Fellow in March 1822). Above all, Wollaston's prominent support laid to rest any suspicions that ill
feelings remained from the Wollaston/Faraday misunderstanding over the discovery in 1821 of electromagnetic rotation.
On the final day of his interim presidency in 1820, Wollaston had delivered the discourse which accompanied the awarding of the Society's Copley Medal to Hans C. Oersted for his
discovery of electromagnetism. In the oration. Wollaston
praised the discovery with presidential grandiloquence (20):

Extending Oersted's ideas, Wollaston concluded that the
magnetic power of an electric current acted "circumferentially
round its axis," and thus a current-carrying wire might be made
to spin about its own axis under the influence of an external
magnet (21). In April 1821 , he and Davy tried unsuccessfully
to achieve the predicted result at the Royal Institution. A few
months later, and quite independently, Faraday discovered a
way to effect electromagnetic rotation; he sent the results for
publication in October 1821 (22). Shortly thereafter, Faraday
began to hear rumours that he had failed to acknowledge
Wollaston's contributions.
The details of the drama that ensued are presented elsewhere; its denouement was important (23). Faraday had been
accused of stealing Wollaston's ideas, but Wollaston himself
believed Faraday to be innocent of any wrong-doing, for he
wrote to Faraday (24):

... by the very important researches of Professor Oersted, a very
intimate relation is established between electricity and magnetism.
Let us hope that the gleam of light which thus beams upon us may
be the dawn of a new day in which the clouds that had hitherto veiled
from our sight the hidden mysteries of light and heat, of electricity and

Sir - You seem to me to labour under some misapprehension of the
strength of my feelings upon the subject to which you allude.
As to the opinions which others may have of your conduct, that is
your concern, not mine; and if you fully acquit yourself of making any
incorrect use of the suggestions of others. it seems to me that you have

William Hyde Wollaston
magnetism, may be dispelled. that the real nature and relation of these
imponderable agents may be revealed to us, that truths most important
to the advancement of natural knowledge may burst forth in public
splendour and complete the series of wonders that we have lived to
witness.
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no occasion to concern yourself much about the matter.

Sir H. Davy angry, May 30.

Ultimately, Henry Warburton, the man chiefly responsible for
the whispering campaign against Faraday, was swayed to
make an explicit promise to repair any damage that may have
been done. A few weeks after Faraday's certificate had been
posted, Warburton wrote him (25):

Elsewhere, Faraday had been more explicit (27):

Sir, I have read the article in the "Royal Institute Journal" (vol. XV,
p. 288) on electro-magnetic rotation; and without meaning to convey
to you that I approve of it unreservedly, I beg to say that, upon the
whole, it satisfied me, as I think it will Dr. Wollaston's other friends.
Having everywhere admitted and maintained that on the score of
scientific merit you were entitled to a place in the Royal Society, I
never cared to prevent your election, nor should I have taken any pains
to form a party in private to oppose you. What I should have done
would have been to take the opportunity which the proposing to ballot
for you would have afforded me to make remarks in public on that part
of your conduct to which I objected. Of this I made no secret, having
intimated my intention to some of those from whom I knew you would
hear of it, and to the President himself.
When I meet with any of those in whose presence such conversation may have passed. I shall state that my objections to you as a
Fellow are and ought to be withdrawn. and that I now wish to forward
your election.

Warburton could easily enough change his mind, but it took
much effort to undo the damage his accusations had wrought.
We know that Davy had been moved, likely by Warburton, to
oppose Faraday's election. In notes appended to a copy of a
letter to Warburton, Faraday wrote (26):
1823. In relation to Davy's opposition to my election at the Royal
Society

1\

Sir H. Davy told me I must take down my certificate. I replied that I
had not put it up; that I could not take it down, as it was put up by my
proposers. He then said I must get my proposers to take it down. I
answered that I know they would not do so. Then he said, I as
President will take it down. I replied that! was sure Sir H. Davy would
do what he thought was for the good of the Royal Society.

Bence Jones, in his biography of Faraday, reported that (28):
Faraday also said that one of his proposers told him that Sir H. Davy
had walked for an hour round the courtyard of Somerset House,
arguing that Faraday ought not to be elected

While it is not possible to say precisely what transpired, it
is possible to determine one catalyst for Davy's anger by
examiningFaraday'sactivitiesafterthequarrel,toseewhohad
to be pacified. Since Faraday noted that Davy reproached him
on 30 May, it appears likely that Warburton had spoken to
Davy about Faraday's candidacy at the meeting of the Royal
Society on 29 May. In his letter to Faraday on 8 July,
Warburton allowed that he had read Faraday's paper. which
recounted why Faraday had not acknowledged Wollaston's
work on electromagnetic induction in his two publications of
October and December, 1821. Thus Warburton learned that in
1821 Faraday had taken his first paper on electromagnetic
induction to Wollaston, prepared to ask him for permission to
refer to his work - at the time unpublished - but had not found
Wollaston at home. For the second paper he was able to get in
touch with Wollaston, who had by then witnessed some of
Faraday's newest experiments. Faraday asked Wollaston if he
could refer to his work "in correction of the error of judgment
in not having done so before." Wollaston's view, as Faraday
recalled it, was as follows (29):
The impression that has remained on my mind ever since (one-andtwenty months). and which I have constantly expressed to everyone
when talking on the subject. is that he wished me not to do so. Dr.
Wollaston has lately told me that he cannot recollect the words he used
at the time; that as regarded himself his feelings were it should not be
done. as regarded me. that it should. but that he did not tell me so. I
can only say that my memory at this time holds most tenaciously the
following words. 'I would rather you should not; • but I must of course
have been mistaken.

Faraday's apparatus for demonstrating the existence of
"electromagnetic rotation".

This published acknowledgment of Wollaston's cooperation evidently mollified Warburton. It may even have caused
him to regret questioning Faraday's integrity. or at least to rue
carrying those doubts to Davy. for Davy could not help but be
offended by criticisms of his colleague. Every project on
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which Faraday had worked had Davy's blessing: at times the
two men had worked side by side; at other times Faraday
undertook experiments at Davy's behest. In addition, Davy
patently groomed Faraday for Fellowship (as he had groomed
his younger brother, Dr. John Davy, in much the same way) by
suggesting avenues for his research, by editing his papers
before they were to be read and published, and by frequently
sponsoring Faraday's attendance at Royal Society meetings.
His protege was in danger of being publicly accused of appropriating another's scientific ideas. Moreover, that accusation
would come from a man with power in the Royal Society, a
Council member who had much preferred Wollaston over
Davy as President.
Davy had wanted the Presidency as badly as Faraday had
wanted to be a Fellow . To gain that office. Davy had personally
solicited votes and had ardently promised reform of the Society
to Wollaston and his supporters. He was working very hard at
the tasks reform required, with the result that his time for
experimenting was limited. Now he was faced with the
possibility that Warburton would rise before the entire group
and in a bitter speech heap calumny on Faraday, and through
him, on Davy. The only certain way to prevent that from
happening was to insure that Faraday not come up for election.
This could be done simply by removing Faraday's certificate.
Perhaps, after Warburton had suggested that Faraday lacked
the moral character required of Royal Society candidates,
Davy's well-known temper transformed a minor irritant into
major confrontation. John Herschel, for example, had opposed
Davy's bid for the presidency of the Society in 1820 on the
basis of perceived weaknesses in Davy's character (30):
The reasons for wishing that Davy should be opposed are grounded
solely on his personal character, which is said to be arrogant in the
extreme, and impatient of opposition in his scientific views, and likely
if power were placed in his hands to opposerising merit in his own line
... [for example] Davy, in consequence of Berzelius's repugnance to
admit his views on ye simple nature of chlorine was so personally
incensed at him, as to exert all his influence (& with success) to
procure his rejection. when proposed. during his stay in England [J unNov. 1812] as an honourary Member ofye R.I.

Davy's antipathy toward Berzelius soon passed. however.
and his signature was the first on Berzelius' s certificate for
election as a Foreign Member of the Royal Society (first read
26 November 1812). It is not improbable that his opposition
to Faraday's candidacy evaporated just as quickly. After
Faraday told Davy on 17 June that Wollaston had been consulted and had not contested Faraday's priority, Davy's anger
appears to have dissipated. On 29 June, Davy, in a note to
Faraday, hoped he would have "health and success during the
summer"; he signed it, as he always had before, "very sincerely
your friend and well-wisher." On 23 July he signed another
note to Faraday, written in great haste. "your sincere friend."
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Humphry Davy

On 28 July, when he had reason to write again, he signed
himself "I am Dear Mr. Faraday/very truly your friend &/well
wisher" (31).
Perhaps Davy's anger was fueled by uncertainties he himself
held about Faraday's conduct in their complementary researches on the liquefaction of gases. In the spring of 1823,
when Davy was out of town on his annual fishing trip, Faraday
took advantage of the cold weather and some free time to work
"upon frozen chlorine," which he said represented a "favourite
object" for his research. He used as his starting material
chlorine hydrate, a substance Davy had earlier identified as a
compound. When Davy returned he asked Faraday what
laboratory work he had in hand. Upon hearing Faraday's
account, Davy suggested to him that he try heating the solid in
a closed tube. He did not tell Faraday what he expected to be
the outcome. On carrying out Davy's suggestion, Faraday,
somewhat to his amazement, found an oily yellow liquid
produced. He repeated the experiment, now using a sealed,
"bent" tube. He was able to distill the liquid to one end and
subsequently identified it as liquid chlorine. Dr. John Ayrton
Paris, present when Faraday first performed the experiment,
reported in his biography of Davy that he told Davy at dinner
that evening about the puzzling appearance of the liquid (32).
Paris' account, in addition to suggesting that Faraday left to his
own devices would have been led to make the experiment on
his own, also insinuated that Sir Humphry was a liar (33):
Upon mentioning the circumstance [the disappearance of the yellow
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Iiquidfrom the closed. bent tube wh~n it was cut open] to Sir Humphry
Davy after dinner, he appeared much surprised; and after a few
moments of apparent abstraction, he said "I shall enquire about this
experiment tomorrow".

Paris' claim that Davy "appeared much surprised" slyly misrepresented the situation since, in Davy's brief addendum to
Faraday's ftrst paper on the liquefaction of the gases, Davy had
pointed out (as had Faraday) that Faraday initially made the
experiment at his suggestion. Davy also said he had anticipated liquefaction of the chlorine as one probable result.
Faraday for his part said that he had "no doubt" that Davy had
foreseen the result
John Davy, a more reliable reporter than Paris about Sir
Humphry, but also a man of exquisite sensitivity with respect
to his brother's reputation, was triggered to rebuttal by what
Paris had written. In his biography of Sir Humphry, John Davy
declared (34):
... the account which Dr. Paris has given [of the condensation of the
gases] in his work is partial, and, as it appears to me, incorrect and
unjust, and not borne out by the published statements either of Mr.
Faraday or my brother ... Dr. Paris' s narrative imparts to the reader the
impression, that Mr. Faraday was very unjustly treated; that Sir
Humphry Davy took advantage of his situation, and endeavoured to
appropriate to himself part of the merit of a discovery to which he was
in nowise entitled ... I am surprised that Mr. Faraday has not come
forward to do him justice.

This complaint galvanized Faraday to reflect again, now
with the perspective gained by the passage of time and the
death of Sir Humphry, on all of the events surrounding his
election to Fellowship. As a result he added some details to the
written record about his relationship with Davy. The response

d

Apparatus used by Faraday in his experiments on
the liquefaction of gases.
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which he prepared for John Davy paralleled in a way his earlier
response to Warburton's charge. He frrst established a twopart "diary", the initial section of which he titled "ElectroMagnetism", the second. "Condensation of Gases". Eventually he inserted both parts into his copy of Paris' biography.
The second part read as follows (35):
Condensation of gases

Before my account of the Hydrate could be printed, the other expts
were made & Davys note to the R.S. read
Davy was Honorary Profr. until May 1824
Mar 1823 My paper on cmpd. hydrate chIn. Quar Jour xv 71
April 1823
13 Mar 1823 Mine on fluid chlorine read 13 Mar 1823 Phil
Trans 1823 p 160 Mr. Brande secy R.S.
19 Mar 1823 Davys note to my paper read 19 Mar 1823 Phil
Trans 1823 p 164
Mar 1823 Mr. Brandes note to my paper Quar Joum xv 74.
April 1823
10 Apr 1823 Mine on condensation of several gases read 10
April 1823 - Phil Trans 1823 p 189
17 Apr 1823 Davy on appl of conden gas as Mech Agnl read 17
Apr 1823 Phil Trans 1823 p 199
1 May 1823 Davy on change ofvol by heat - read 1 May 1823
Phil Tr. 1823 p 204
Deer. 1823 My Historical Statement Quar Jour xvi 229.
Jany 1824
8 Jany 1824 My Election as F.R.S. 8 Jany 1824 names to my
certificate

This list of events, a product of Faraday' s passion for accuracy
and of his habitually meticulous approach to a problem,
showed how the discovery of the liquefaction of chlorine
plunged both Davy and Faraday into feverish activity as they
sought to liquefy other gases. Faraday's second paper, "On the
Condensation of Several Gases into Liquids," read to the Royal
Society on 10 April, was supplemented by Davy with "On the
Application of Liquids Formed by the Condensation of Gases
as Mechanical Agents," read on 17 April. Davy further
presented to the Society on 1 May his "Appendix to the
Preceding Paper. On the Changes of Volume Produced in
Gases in Different States of Density by Heat" (36).
Faraday's memorandum seems to have been an outline for
a formal account he meant to write. Unquestionably it provided
part of the data for the long letter he wrote to Richard Phillips,
subsequently published in Philosophical Magazine (37).
Faraday here revealed that he understood the full force of Paris '
remarks. for he was at pains ~o show that while Sir Humphry
may have anticipated liquefaction. he had not so informed
Faraday. Faraday suggested that "[p]erhaps he left me unac-
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quainted with ... [the results anticipated] to try my ability,"
conceivably because Davy had adopted such a strategy with
him from time to time. Faraday wrote (38):
I have no doubt that he had them [expectations that chlorine would be
liquefied); and though perhaps I regretted losing my subject, I was too
much indebted to him for much previous kindness to think of saying
that that was mine which he said was his. But observe (for my sake).
that Sir H. Davy nowhere stated that he told me what he expected, or
contradicts the passages in the first paper of mine which describe the
course of my thought, and in which I claim the development of the
actual results. All this activity in the condensing of gases was
simultaneous with the electro-magnetic affair; and I had learned to be
cautious upon points of right and priority (38).

Frank and revealing as his letter was, Faraday had not
acknowledged the existence and grace of Davy's compliment.
Davy wrote that his conjecture had "been proved by experiments made [by Faraday] with ... much iridustry and ingenuity,
and which I have had the pleasure of communicating to the
Society" (39). Davy's tribute was both deserved and deliberate
- Faraday's experiments displayed to splendid advantage his
inventiveness and his extraordinary ability in chemical manipulation. In addition, by assisting his. colleague toward
Fellowship in the Royal Society, Davy also subtly enhanced
the reputation of the Royal Institution, an action which would
hardly go unnoticed. As President of the Royal Society, he
could neither initiate nor sign Faraday's certificate, but he
could aid his protege's cause by providing, shortly before the
election, a deft testimonial to Faraday's scientific ability.
Davy's addenda did more than establish priority and praise
Faraday's ability. His brief notices enlarged the conceptual
base for the phenomena Faraday had observed. In 1823
Faraday had called Davy's note "important"; in 1836 he
acknowledged Davy's contribution by admitting that he "had
not reasoned so deeply as [Davy] appears to have done", a
justifiable admission. Both of Faraday's liquefaction papers
were conceptually meagre. By initiating a discussion to account for all of the observed liquefaction phenomena, Davy
enriched Faraday' sexperiments, cementing them firmly within
accepted scientific doctrine (40).
Nonetheless, taken together, the papers still were incomplete, lacking what since has been called "der Anstand der
Frage". Faraday's "Historical Statement Respecting the Liquefaction of Gases", published just a few days before his
election, took care of the omission (41). (The appearance of the
"Historical Statement" showed that it, together with Faraday's
two papers and Davy's three supplements, comprised the
totality of their research findings. Their great haste to publish
had led to the fragmentation.) His report stood as a tacit
warning to himself, to Davy, and to all scientists - searching the
literature for prior pertinent accounts is an integral part of the
research process. Faraday found that the literature yielded
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accounts of several attempts to liquefy gases. At least one of
them, that by the poet and inventor, Thomas Northmore (17661851), in 1805 reported the successful liquefaction under
compression of both chlorine (not, of course, called by that
name) and of sulfur dioxide. Nor had Northmore placed the
report of his discovery where few would see it - Nicholson's
Journal published his results in two parts (42). Northmore's
third paragraph proffered a small surprise (42):
I communicated [my idea that "the various affmities which take place
among the gases under the common pressure of the atmosphere.
would undergo considerable alteration by the influence of condensation'1 ... to the late chemical operator in the Royal Institution, a
gentleman eminently conversant in the science, and with whom I was
then engaged in a series of experiments: he not only approved of my
design. but seemed to think it not improbable that an extensive field
might thus be opened to future discoveries.

Until some time in 1804 the title "chemical operator" at the
Royal Institution belonged to John Sadler (43). Because Davy
appeared to have been unaware of Northmore's experiments
(he had several opportunities forrecall, since he read Faraday 's
paper before it was presented to the Royal Society, he presented it, and he also corrected the proofs for Phil. Trans.) the
conclusion is forced on us that Sadler had not mentioned the
incident to him, and that either Davy had not read the papers in
Nicholson's Journal, or, if he had, he had forgotten them.
There is also the possibility that some sort of primitive recollection of Northmore' s results lingered in Davy's mind without a direct association; perhaps that slight memory trace
inspired Davy to think that chlorine could be liquefied. Still,
Davy's own conceptual base easily could have led him to the
same conclusion. In all fairness it must be recalled that
Northmore, unlike Faraday, employed fairly elaborate apparatus and that he offered little in the way of explanation of what
he had observed (44). The simplicity of Faraday's experimental approach. heating substances in closed, bent tubes. beautifully exploited Davy's and his conceptualization about the
nature and behavior of gases and liquids. Northmore's more
elaborate attempts similarly exploited a conceptualization, but
it was one derived from an intellectual base of about 1800.
somewhat different from that of Faraday and Davy in 1823.
The matter was, to all intent, closed in 1824, and Faraday
won his F.R.S. However, in 1844 Faraday returned to the
subject, presenting to the Society his observations "On the
Liquefaction and Solidification of Bodies Generally Existing
as Gases" (45). He admitted to a "constant desire on my mind
to renew the investigation", occasioned by the publication of
papers by M. Thilorier. coupled "with considerations arising
out of the apparent simplicity and unity of the molecular
constitution of all bodies when in the gaseous or vaporous state
..." Passage of 20 years had altered neither the tenor of
Faraday's papers nor the brilliance of his experimentation. but
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his conceptualizations had altered.
The events preceding Faraday's successful election must
have been an anguished time for both Davy and Faraday. The
months during which Faraday's certificate was posted saw
difficulties arise between two decent men: both were ambitious, both were proud, both were honorable, and both were
bound by codes of proper behavior. Those difficulties cast a
shadow over the balloting process of 8 January 1824. Davy
could not risk being present. should Warburton, or one of his
friends. change his mind and speak against Faraday - and
Warburton by his own admission had, on 19 May 1823, told
several people of his objection to Faraday's election. Davythe embodiment of caution - did not go to the Royal Society
meeting that day.
Who cast the black ball? We may probably never know, but
we know some of the people it cannot have been. We know it
could not have been Davy, nor could it have been Wollaston,
because both were absent for the voting. It could not have been
Warburton, since he promised Faraday his support. We know
also the names of 29 others who would not have black-balled
Faraday, those who had signed his certificate. We can say that
whoever it was may have been moved by Warburton's first
denunciation (46).
Despite the happy outcome of the election, the events of the
summer produced repercussions. Faraday, in a letter to Warburton on 29 August, in which he thanked him for his support,
described his own feelings. ''Two months ago" , Faraday wrote
(47):
I had made up my mind to be rejected by the Royal Society as a
Fellow, notwithstanding the know ledge I had that many would do me
justice: and, in the then state of my mind, rejection or reception would
have been equally indifferent to me. Now that I have experienced so
fully the kindness and liberality of Dr. Wollaston, which has been
constant throughout the whole of this affair, and that I find an
expression of good-will strong and general towards me, I am delighted by the hope I have of being honoured by Fellowship with the
Society ...

Faraday got his wish;. no one could deny his scientific credentials. But what of Davy? In 1836 Faraday recalled (48):
I was by no means in the same relation as to scientific communication
with Sir Humphry Davy after I became a fellow of the Royal Society
as before that period ...

Faraday thought Davy now behaved guardedly in his presence,
if not downright cautiously. When Faraday said he had "paid
for" his Fellowship, he meant he had written a public apology
to Wollaston, he had mollified a crusty Warburton, and he had
lost Davy's closest scientific confidences. Still, outwardly
things remained the same. Not only did Davy see and revise
Faraday's manuscripts, but they went to the Royal Society
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"through his hands", and Davy saw and revised the printer's
proofs for Phil. Trans .. Faraday saw these acts as a "great
kindness", saving him from committing "various grammatical
mistakes", as well as removing "awkward expressions ...
which might also have remained." Yet, although Faraday and
Davy continued as colleagues, to Faraday it seemed as if they
had become colleagues on a different level.
Davy's actions were predictable and complexly motivated.
He did not want to create the impression that Royal Institution
men had taken over the scientific community. Faraday's
memorandum of events showed that Davy's resignation as
Honorary Professor at the Royal Institution in May of 1824 was
part of the sequence played out over Warburton's charges.
While Davy continued as President of the Royal Society
(Brande was Secretary) he was also working for the government on naval ship corrosion, a project he could not share with
Faraday. It meant adopting a new level of behavior - Davy
could no longer afford to be Faraday's scientific intimate.
Although one would be hard-pressed to think of a candidate
more deserving of Fellowship in the Royal Society, or of one
less likely to have advanced his reputation at another's expense, Faraday's candidacy became entwined with the desire
for reform inflaming some of the Fellows. The events offer an
abrupt and unanticipated glimpse into the complex politics
operating within the Society. Whatever else might be said of
it, the Royal Society was not a placid, untroubled body solely
preoccupied with the generation and contemplation of scientific knowledge. After the death of Sir Joseph Banks, reform
became a continual irritant. Reform meant more than redressing grievances of mathematicians and astronomers; it also
meant recognition, within the Society and without, voiced or
unvoiced, that the Society existed primarily to honor those
whose main occupation was science; and that being a "scientist" (the word was not coined until 1841) meant pursuing a
"profession". Faraday belonged on the rolls of the Society
because he was an accomplished and brilliant professional.
When Davy wrote across Shuckburgh's certificate that it
was unacceptable "there being no qualifications mentioned",
he wished to establish a fundamental tenet of professionalization. One measure of "qualification" - publication - especially
publication in the pages of Philosophical Transactions, paralleled a measure used by the older, established professions.
They committed their members to the public performance of
certain rituals: administering the sacraments, for example, or
meting justice. That public performance, however, could not
occur until an aspiring professional had undergone certain rites
of passage and had met established standards for performance.
For the practicing scientist, rites of passage were not clear cut.
In 1821 British law had spoken directly to the issue, deeming
that chemists were not to be regarded as "professionals", but
were to be regarded as mechanics (49). The distinction arose
because it did not seem to the judges that chemists were privy
to a body of peculiar knowledge: some of them (Faraday had
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been a prominent witness in the widely-reported case) obviously had not attended a university; some spoke with "barbarous" accents; some maintained suspect political affiliations;
some espoused unconventional religious beliefs. Above all.
scientific knowledge appeared to accrue to anyone who took
the trouble to acquire it. frequently without guidance from
established "professionals". Yet. the Royal Society. by asking
that proposed Fellows exhibit certain "qualifications". had. in
a way. asked for the public performance of aritual- publication
of scientific work previously reviewed by ''professional" peers.
Such a requirement introduced a unique condition into the
requirements for a ''professional'' scientist Unlike the clergyman. for example. whose license to baptize. once granted.
endured. the professional natural philosopher or scientist had.
in effect. to continue to renew his license by asserting his
proficiency anew with each publication. Faraday could not be
faulted on such a score. for he had several times offered up his
"qualifications" for public scrutiny.
The professions. moreover. commonly claimed adherence
to a set of ethical or moral guidelines. When Warburton set out
to challenge Faraday's candidacy. he raised questions about
Faraday's honesty. Clearly Warburton. viewing the community of illustrious men of science from the periphery. saw it as
one whose members cleaved to a code ofethical behavior. That
he eventually publicly absolved Faraday indicated that he
thought Faraday had operated within acceptable boundaries although Warburton. a hard man to shake from an opinion.
declared that he was only marginally pleased with Faraday's
explanation and apologies. Faraday's difficulties around his
election dissolved when he showed that he had. indeed. behaved professionally and adhered to the established code of
behavior. Before the election 29 members were convinced (if
any of them ever had doubts); many more expressed their
conviction by voting for him on 8 January 1824.
The circumstances surrounding Faraday's election to the
Royal Society reveal an emerging consensus within its membership. Scientific achievement was becoming a sufficient
criterion for election. In a few more decades it would become
the only criterion. The aristocratic· Fellows lost interest in
science as it became increasingly specialized and less comprehensible to the dilettante. The power of the President passed
to the Council. which achieved a majority of scientific members within a few years of Faraday's election. The Royal
Society was on the verge. after a century and a half of existence.
of becoming a "scientific" society. and Fellowship in it was to
be reserved for scientific professionals.
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EDUCATING THE JUDGMENT: FARADAY
AS A LECTURER
Geoffrey Cantor. University of Leeds
Those who heard Faraday lecture unanimously declared
that he was a superb teacher. Moreover, they claimed that
attendance at his lectures - whether a Friday Evening Discourse, a series on a specific topic, or a set of Juvenile Lectures
- was a memorable experience. While there was consensus on
these matters, his auditors differed in their reactions to Faraday
and his style oflecturing. This diversity is worth exploring and
in the ensuing discussion I shall divide assessments into three
categories, starting with references to the specific skills he
deployed in the lecture theatre. The second group of comments
refer to the personal qualities he projected and particularly to

A late 19th-century woodcut of Faraday with scenes from his life in
the margins. Note that the bottom scene shows him lecturing. No
other scientist has so often been depicted giving popular lectures. In
addition to the three illustrations in this article and the view on the
front cover, at least two additional period woodcuts of Faraday lecturing are known to exist.

his ability to relate to his audience. Thirdly, and most importantly for the purpose of this paper, will be his appeal to ideas
and values that transcended the particular scientific topics he
discussed.
Turning first to Faraday's lecturing skills we find that many
of his auditors praised his eloquence and the clarity of his
exposition. For example, one lay member of his audience
noted that he was "Always clear in his statements and explanations" (1). Others, especially men of science, were particularly
attracted to his judicious use of illustrative experiments. Thus
the American electrician Joseph Henry was impressed by
Faraday's "inimitable tact of experimenting" while William
Crookes described Faraday's virtuosity as "a sparkling stream
of eloquence and experimental illustration" (2). Likewise the
Genevan scientist Auguste De la Rive commented on Faraday's ability to "combine animated and often eloquent lan-
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guage with a judgment and art in his experiments which added
gentleman before his audience.
to the clearness and elegance of his exposition" (3).
Several contemporaries also noted that Faraday created a
However impressive the quality of Faraday's lectures it
bond with his listeners. For example, one woman auditor felt
that "he was full of sympathy with his audience" and that his
must be remembered that he had to acquire his lecturing skills
through hard work and, moreover. his practiced verbal deliv"lectures were 'mind addressing mind'" (9). Despite his
acknowledged expertise in science, he strove to set aside social
ery and his "inimitable tact of experimenting" were developed
differences and to appeal directly to the individual. Wealsosee
over a long period of time. We can identify some of his steps
this emphasis on ad hominem communication in his juvenile
in this direction. While still an assistant in the Royal Institution's laboratory in the 1810s he reported to his friend Benlectures. At the commencement of one series he stated that "I
jamin Abbott on the strengths and weaknesses of the lecturers
will return to second childhood and become, as it were, young
again amongst the young" (10). His series on the chemical
he heard and on the responses of their auditors. He noted the
appropriate shape and illumination of the lecture theatre, the
history of a candle likewise opened with the assertion that he
claimed "the privilege of speaking to juveniles as a juvenile
best method of delivery of a lecture, its speed and duration (4).
He later trained
myself' (ll).
himself by taking
Faraday's
public persona is
elocution lessons
and by asking his
a complex subject
but suffice it to say
friend Edward
Magrath to audit his
that it was parlectures and note
tially shaped by
any faults in his
his religion which
delivery (5). Furemphasized how a
true Christian
ther evidence of his
attempts to improve
should deport
his style are the
him/herself in
public. For exmany notes in his
ample, the Sandeown hand that contain rules on how to
manians' concern
with love and feldeliver lectures lowship is a
for example, he
counterpart to
cautioned himself
Faraday's inter"Never to repeat a
personal skills
phrase" (6). He
which helped him
likewise spent
relate directly to
much time preparhis audience.
ing his experiments
The thirdreacwhich were an inteFaraday giving one of his Christmas lectures to an audience that
tion
by his congral part of his perincludes Prince Albert and his two sons.
temporaries drew
formance and he
rehearsed them carefully beforehand. Faraday was a perattention to Faraday's evocation of feelings that transcended
former of consummate skill.
the strict subject matter of science. Thus one auditor reported
The second type of response to Faraday's lectures evoked
that she found his lectures spiritually uplifting and noted that
his personal qualities. He paid great attention to his appearance
he managed to convey "the deepest sense of religion" (12).
and deportment, and his manners were correct and congenial.
Cornelia Crosse, the wife of the electrician Andrew Crosse,
Thus Richard Owen's wife, who attended a number of his
likewise considered that "No attentive listener ever came away
lectures, reported that Faraday was charming and humorous.
from one of Faraday's lectures without having the limits of his
She also commented on his tact when he rebuked some of the
spiritual vision enlarged, or without feeling that his imaginamale members of the audience who had invaded the ladies'
tion had been stimulated to something beyond the mere expogallery (7). Another female auditor was impressed by "his
sition of physical facts" (13). Auguste De laRive, who was less
great talent, great goodness, and the wonderful simplicity of
prone to hyperbole, also claimed that Faraday generally ended
his nature" (8). Despite (if not because of) his humble backhis lectures "by rising into regions far above matter, space, and
ground and his membership of a Christian sect that set him
time, [and] the emotion which he experienced did not fail to
apart from polite Victorian society, he appeared as a polished
communicate itself to those who listened to him" (14).
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From extant versions of Faraday's lectures it appears that
De la Rive was correct in claiming that Faraday often ended his
lectures on an hortatory note. For example, the six lectures on
the chemical history of a candle concluded with an appeal to
young people in the audience to "shine as lights to those about
you" and to make "your deeds honourable and [to be] effectual
in the discharge of your duty to your fellowmen" (15). In these
finales he often ruminated on the nature of science and on its
theological significance. Thus his eight-lecture series on
physico-chemical philosophy, delivered in 1847, ended with a
train of speculation about how all particles of matter work in
harmony and for a purpose. These considerations, asserted
Faraday (16):
... should lead us to think of Him who hath wrought them; for it is said
by an authority far above even that which these works present. that
"the invisible things of Him from the creation of the world are clearly
seen, being understood by the things that are made, even His eternal
power and Godhead" (Romans 1:20).

To understand Faraday the lecturer we will need to look
beyond the comments of his contemporaries since they are
limited to Faraday's performance and therefore do not adequately disclose what might be called his philosophy of education. However, we are able to pursue this topic since Faraday
recorded his views on science education in several places. The
foremost source is his famous "Observations on Mental Education" which he delivered at the Royal Institution on the
afternoon of Saturday 6 May 1854 before Prince Albert and
other dignitaries. This was the second of a series of seven
lectures which Faraday helped to organise at the Royal Institution. The series seems to have been the brainchild of Henry
Bence Jones, the Secretary of the Royal Institution and later
Faraday's biographer, who was "full of a project for getting
seven great guns to lecture on education" (17). Faraday did not
intend contributing to the series but asked the polymathic
William Whewell (Master of Trinity College, Cambridge) to
deliver a general lecture "shewing the idea of education as
needed for all classes of men & minds" (18). However,
although he did not consider himself competent to lecture on
education, he claimed that he overcame his reservations when
the Managers pressed him to speak on the subject (19).
Six of the seven lectures in the series were concerned with
the educational significance of specific subjects - the history of
science, languages, chemistry, physics. physiology and economics. Faraday chose the most general subject and, according to E. Ray Lankester, who brought out an edition in 1917,
Faraday's was the "most interesting and in many respects the
most valuable" of the series (20). The impact of the lecture is
difficult to gauge but seems to have been rather slight. While
it has been printed on six occasions (1854, 1855, 1859, 1867,
1917 and 1991). it was not reported in the contemporary press.
The Times. The Athenaeum and The Illustrated London News

A cartoon from the 14 March 1857 issue of Punch
showing Faraday charming an audience of young
ladies with one of his popular lectures.

remained silent on the subject. Moreover, as I shall argue, it
was generally ignored by Victorian educationalists.
The other main source for Faraday's educational views is
the evidence he gave in 1862 to the Royal Commission on
colleges and public schools chaired by the fourth Earl of
Clarendon (21).
Faraday's "Observations on Mental Education" was a
direct response to spiritualism, especially table-turning, which
had been imported from America in the early 1850s and had
rapidly become both popular and fashionable (22). As the
spiritualist craze spread through all classes of society Faraday's views were frequently sought by an insatiable public. As
a result of this clamour he conducted some simple experiments
in the summer of 1853 and concluded that the table's movement was due to an involuntary muscular motion by the
participants pressing down on the table. He publicised this
conclusion in both The Times and The Athenaeum but failed
both to arrest the craze and to prevent further solicitations from
proponents of table-turning. In response to the continuing
popularity of spiritualism, a recurrent theme in his "Mental
Education" lecture of 1854 was the need for the public to
become better educated in science since an adequate education
would not leave the public susceptible to the influence of the
table-turners. He considered that a properly trained mind
would have no truck with table-turning and would readily be
able to distinguish legitimate science from such imposters.
However, since most people lacked an education in science
they were easy prey to mesmerists, spiritualists and other
charlatans. As he wrote to a scientific friend in uncharacteristically vituperative style (23):
What a weak, credulous, incredulous, unbelieving, superstitious,
bold, frightened, what a ridiculous world ours is, as far as concerns the
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mind of man. How full of inconsistencies. contradictions and absurdities it is. I declare that taking the average of many minds that have
recently come before me ... I should far prefer the obedience. affections and instinct of a dog.

Although Faraday's objections to spiritualism were both religious and scientific, he limited his public opposition to the
latter and remained silent on th~ former (24).
It would be incorrect to read Faraday's "Observations on
Mental Education" solely as an attack on spiritualism since the
lecture was of far broader significance. In addressing his
audience, Faraday's primary concern was with the nature of
mind, particularly the judgmental faculty, and how it should be
educated. The centrality of this theme can be gauged from the
frequent recurrence of the noun "judgment" and its associated
verb which appeared 59 times in the lecture - an average of
more than twice a page in the printed version. Moreover, an
edition published at about the time of Faraday's death bore the
title "Observations on the Education of the Judgement", although it is not known whether Faraday approved this change
(25).
Faraday understood the judgment to be that faculty which
enables a person to discriminate between truth and error, right
from wrong, good from evil and. of course, between the valid
claims of science and the fantasies perpetrated by tableturners. As he emphatically stated near the opening of his

A

COURSE OF SIX LECTURES
Olf'1'l1&

VARIOUS FORCES OF MATTER,
THEIR RELATIONS TO EACH OTHER.

IIIICH~EL
~

FAR!DAY, D.C.L., F.R.S.,

nOJ'UBOB or oa&JIlaUT, aoTll IlfIJTl'1'1TD.Ol'I'.

Ddir1t:r«llN./on CI Jt1VmflLB AOD1TOBT at tlu ROT4I. bf8TJTUTIo1'l
0/ G .....'Z BUT.Alli during tJu Chri.tma8 BoUdayt 0/ 1s:i9-$.

EDITED BY WILLIAM CROOKES, F.C.a.

grlt~

Numnoul IlIunratlollB.

NEW YORK:
HARPER" BROTHERS. PUBLISHERS,
. . . . . &LIl( BQI1A.a ..

1860.

31

II

A

COURSE OF SIX LECTURES

.. ....

CHEMICAL HISTORY OF A CANDLE:
A LECTURE ON PLATINUM.
BY

lIIICHAEL FAUDAY, D.C.L., F.R.8.,

Ddioered N/ON "Jtmam..& AliDl'fO&1' at the ROT£!. b"8'l'1'ftJ'IIOK 0/
GUA'!' Brn.wc during the ChrlltmlJl Boliuy. qf 1860-1.

EDITED BY WILLIAJI CROOXES, F.C.S.

Wl'I'B N11KBIlOo's ILL11STIlI.T10N8.

NEW YORK:
HARPER .. BROTHERS, PUBLISHERS,
" • • • ELI. SQU • • &.

1861.

lecture, the major defect in the human mind can be expressed
in just "three words ... deficiency of jUdgment" (26). This
declaration established the theme for the remainder of the
lecture.
Before proceeding it will be necessary to comment briefly
on the word "jUdgment" and how it was used by earlier and
contemporary writers. A classic discussion of the judgment
occurred in John Locke's An Essay Concerning Human Understanding (1690). For Locke the judgment operates when we
lack certain knowledge but need to make a decision based on
an inductive inference from the available evidence. In making
such a judgment. Locke considered that the mind forges links
of agreement or disagreement between the idea under consideration and ideas already existing in the mind. Such comparisons are based on our experience of previously observed
conjunctions (27). According to this theory the judgment
operates by inductive reasoning and many commentators have
classified the judgment as one of the mind's reasoning faculties. In an early essay dating from 1818, Faraday adopted a
Lockean view by aligning the judgment with rational thought
(28). However, it is important to notice that he implicitly
rejected Locke's theory in 1854 since he did not conceive
judgment as a rational act. Moreover, the comparison of ideas,
which was central to Locke's account, found no place in
Faraday's discussion.
By contrast. Faraday's analysis bears a closer resemblance
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to the moral sense theories propounded in the early 18th
century by Francis Hutcheson and subsequently extended by
such writers as David Hume, Samuel Taylor Coleridge and
William Whewell. For these authors the moral sense is an
internal sense which judges between right and wrong. Indeed.
it has sometimes been related to the conscience which acts as
a touchstone when we are faced with making moral decisions.
Moreover, for many of the philosophers who supported this
theory, the judgment was not a rational faculty but operated
intuitively although its ability can be refined by our experience
(29). Faraday was closer to these authors who considered the
judgment to be an internal moral sense than to Locke and his
followers who propounded more rationalist theories.
Although Faraday oiay have been familiar with some of the
authors in this moral sense tradition, there is another and more
plausible source for Faraday's account of the judgment. The
role of judgment figures prominently in several biblical passages that were familiar to Faraday the Sandemanian. For
example, the Psalmist speaks of the king judging "thy people
with righteousness, and thy poor with jUdgment" (psalm 72:2).
Again, on gaining the throne, Solomon did not ask for riches or
honour but for "an understanding heart to judge thy people, that
I may discern between good and bad". God then expressed His
pleasure with Solomon for wisely requesting an "understanding to discern judgment" (1 Kings 3:9-11). Solomon appears
to have been Faraday's exemplar as he urged his audience to
become wise through the exercise of their judgment. Indeed,
Faraday's lecture on "Mental Education" possesses an exhortatory quality and reads like a sermon. Its style and Faraday's
rather idiosyncratic use of the term judgment indicates that he
was drawing on the Bible at least as much as, if not more than,
on contemporary moral theories.
We shall now examine his theory of judgment. One of his
basic premises was that we all possess the judgmental faculty.
However, in most people it is a crude and unrefined instrument
and therefore many of the judgments we make are incorrect
ones. An untrained judgment would not readily be able to
distinguish truth from error, or a piece of legitimate science
from a manifestly false claim about spirits moving tables.
However, just as we can train our voices by frequent practice
or learn to discriminate between different types of wine, so the
judgment can be trained. Educating the judgment is not rapidl y
achieved but "will require patience and Labour of thought"
(30). Moreover, as part of this training we must frequently and
consciously reflect on the workings of our own judgment.
In his "Mental Education" lecture Faraday offered many
general hints on how to educate the judgment. For example, he
suggested that we should take full cognizance of the information supplied by our senses but treat this data with caution since
the senses can deceive. Likewise, we should not make judgments too hastily. Instead, we should frame our ideas with
precision and clarity. Moreover, we must learn from our
errors. The judgment thus emerges as a ringmaster trying to
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A cartoon entitled "Faraday giving his card to Father Thames" which
appeared in the 21 July issue of Punch. As with his criticism of spiritualism, this was the result of a letter written by Faraday to the editor
of the Times deploring the extent of the river's pollution.

keep in check the senses, the intellect, the imagination and
language. Each has its rightful place in the ring but anyone of
them is likely to press forward, gain control and consume the
others, including the ringmaster. The judgment therefore
requires proper education in order to perform its task effectively.
In training the judgment, an education in science is particularlyuseful. "I am persuaded", wrote Faraday, "that all persons
may find in natural things an admirable school for selfinstruction and a field for the necessary mental exercises" (31).
While the judgment was to be used in all other fields (except
possibly religion), the sciences offered the best ground for
training the mind and increasing our self-awareness (32). The
several examples offered throughout Faraday's lecture were to
confirm this point. Thus a scientific training provides the
mental discipline to weigh evidence with care - this exercises
the discriminatory power of the judgment. Through the
practice of science we also become aware of our own ignorance
and the deficiency of our judgmental power. Science teaches
us not to be seduced by our pet hypotheses or by our imagination but to subject these honestly and critically to the outcome
of experiments. We must also pay due attention to the laws of
nature which cannot be suspended at our whim but provide
touchstones against which to judge facts. Furthermore, science trains us to withhold our judgment unless the evidence is
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compelling. It also teaches us to frame our ideas with precision
and to use language with clarity. Most importantly "This
education has for its first and last step humility" - a term which
was often applied to Faraday and possesses strong religious
connotations (33).
Before the Public Schools' Commission in 1862, Faraday
again stressed the importance of science education in training
the mind. He claimed that there cannot be a better school for
educating the mind than the study of natural science which
encompasses "the laws impressed on all created things by the
Creator and the wonderful unity and stability of matter and the
forces of matter" (34).
These claims about the value of a scientific education were
illustrated by several examples taken from the experience of
Faraday and his contemporaries. Thus he claimed that some of
his early hypotheses were proved wrong and had to be abandoned. In other cases. such as his theory of electrolytic
conduction, he accepted the criticisms of his fellow scientists
but, while holding his hypothesis in abeyance, became increasingly convinced of its validity (35). He also cited the example
ofD. F. J. Arago who, while describing the phenomenon which
has come to be known as Arago's disc, judiciously avoided
attributing a physical cause to the disc's rotation (36).
The correct exercise of the judgment was very important to
Faraday not only in scientific matters but in all other aspects of
life (again with the possible exception of religion). I have
argued elsewhere that in many different areas of his life
Faraday created strong demarcations between opposing concepts. Thus he sharply distinguished order from confusion.
safety from danger and good from evil. His emphasis on the
operation of the role of the judgment takes on broader significance in this psychological context. It is clear that he possessed
a powerful drive to discriminate between right and wrong,
good and evil. For example, as a Sandemanian he was
committed to live strictly according to the demanding moral
code laid down in the Bible and therefore had to decide the
correct action in any circumstance. Imbued with the sect's
stem religious values, he was conscience stricken when he
thought he had adopted the wrong course of action through the
inadequate exercise of his judgment (37).
The notion of judgment is itself one of a pair of opposites.
its contrary being prejudice which is the failure to make a
balanced jUdgment, owing to some prior conviction. Throughout his writings Faraday launched attacks on the various forms
of prejudice. For example. a scientist who became too attached
to an hypothesis would not be able to perceive the facts clearly
or be able to appreciate alternative hypotheses. Thus in his
1844 attack on atomism Faraday urged scientists to distinguish
fact from theory and he stressed that theories are only assumptions and should be treated as such. However. if scientists
"forget that it is an assumption" then the theory "becomes a
prejudice. and inevitably interferes, more or less. with a clearsighted judgment" (38). Likewise in his lecture on "Mental
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Education" Faraday noted our tendency to deceive ourselves
but he then argued that if we are aware of our prejudices we
should strive to eliminate them by the proper exercise of the
judgment (39). Prejudices also pervaded society. Thus he
identified pervasive prejudices propagated by the British school
system, and on being asked by the Commissioners why science
was so neglected in schools, he answered that "it is only a
matter of habit and of prejudice, derived from pre-existing
conditions" (40).
Faraday's discussion of the judgment was highly reflexive
since in his "Observations on Mental Education" he offered a
very personal view based on his own mental development. As
he stated in a prefatory note to the 1859 edition, his observations were "immediately connected in their nature and origin
with my own experimental life" (41). Moreover, at the end of
the lecture Faraday admitted that he had delivered "an open
declaration, almost a [personal] confession" based on his own
experience (42). What is most striking about these reflections
is that Faraday nowhere discussed the role of educational
institutions such as schools and universities - even the Royal
Institution was not mentioned. Instead he emphasized selfeducation. He was an autodidact and he referred all educational questions to the development of mind and not to institutions. He even annoyed the Royal Commissioners by failing
to respond to their questions about public schools (of which he
had no experience) and instead insisting on talking generally
about educating the mind (43). His comments about teachers
were equally robust and individualistic. When the Commissioners pressed Faraday on the question whether boys should
receive instruction in science prior to the age of 12 or 13, they
received little assistance in being told that schools should not
employ a man "who is a pedant in his science. and delights in
abstractterms ... You want men who can teach". Moreover, he
asserted that lectures "depend entirely for their value upon the
manner in which they are given. It is not the matter, it is not the
subject, so much as the man" (44). Such advice was oflittle use
to Her Majesty's Commissioners in formulating educational
policy on the amount of science to be taught and at what ages.
While Faraday acknowledged that "any useful education
must be of the self', he considered that "society, as a body,
must act powerfully in its cause" (45). Moreover, he informed
the Commissioners that the "first thing to do is to give scientific
teaching an assured and honoured place in education" (46).
There was, he asserted, plenty of scope for Britain to encourage
scientific education, which had been sorely undervalued. One
telling comparison was with France where science was better
appreciated and understood by all ranks in society.
Since education was of the self, ignorance and lack of
judgment were manifest in all classes. Faraday found not only
British workmen deficient in science but also the army officers
he taught at Woolwich and his auditors at the Royal Institution,
who were drawn principally from the higher ranks of society
(47). He was particularly critical of the prevailing emphasis on
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teaching Latin and Greek to the upper classes who were
manifestly ignorant of science. Indeed, men and women
highly educated in the classics were, he claimed, the most
ignorant in natural knowledge. They pestered him about
mesmerism and table-turning and were so convinced of the
truth of these soi-disant sciences that they could not be dissuaded by informed argument. "They are ignorant of their
ignorance at the end of all that education", Faraday noted sadly
(48).
In his scientific research Faraday employed no mathematics beyond simple ratios and was on several occasions hostile
to the increasing deployment of mathematics, especially algebra, in the inductive sciences. Not surprisingly, this opposition
to mathematics is also found in his educational views. Although he recognised that mathematics was the only branch of
science generally included in the public school curriculum, he
told the Public Schools' Commissioners that mathematics
offered only a very limited training for the mind since it dealt
with logical relationships and not with the behaviour of physical objects in the world. Hence those who were trained in
mathematics could often "make no useful judgment at the sight
of a machine". Moreover, perhaps with Augustus de Morgan
in mind, he chastised those "excellent mathematicians" who
were prejudiced in favour of table-turning and mesmerism
(49). In his opinion the study of mathematics did not significantly improve the faculty of judgment (50).
Mathematics was one of the two subjects well represented
in the curriculum of public schools. The other was classics and
the Commissioners were particularly interested whether the
scientists called to give evidence considered that science
should be taught at the expense of classics. Faraday's comments were rather equivocal since his questioners pressed him
on the educational value of classical learning - a subject outside
his experience. Yet he was clearly dubious about the role
claimed for classics in educating the mind and instead argued
for the importance of the physical sciences.
The question whether science should be taught in schools
was one of several educational issues hotly debated at the midcentury. At that time a num ber of science-related innovations
were implemented, such as the Cambridge Natural Sciences
Tripos in 1848 and the School of Natural Science at Oxford two
years later. Much controversy centered on the ancient universities and both were subjected to examination by Royal
Commission. Other major foci for science education were the
Great Exhibition and the foundation of the Government School
of Mines (1851), the Royal College of Chemistry (1853) and
the Department of Science and Art (1853). Science teaching
in schools was a politically fraught issue with arguments
raging over whether, and to what extent, it should replace
classics in the public schools, how it should be examined and
whether it should be introduced to the lower classes. Moreover
there was much debate over whether science should be taught
as a pure, morally-elevating form of knowledge or whether its
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utilitarian value should be emphasized (51).
Some of these issues were aired in the 1854 series at the
Royal Institution but were more central to the centenary
celebrations organized in the summer of the same year by the
Society of Arts. These celebrations included both a large
educational exhibition containing displays of school books
and apparatus, pupils' work, maps, scientific apparatus, etc.,
and a series of lectures which opened with William Whewell
speaking "On the Material Helps of Education" (52).
Faraday's intervention on the topic of science education
was thus part of a much broader educational debate and many
of his general comments on the importance of science should
have been welcomed by a wide range of educational reformers
including radicals and utilitarians. However, I want to end this
paper by drawing attention to two ironies implied by Faraday's
lecture on "Mental Education".
First, as I have shown, his lecture was fundamentally
concerned with moral values and with the role of the judgment;
as such, it was principally an exercise in moral philosophy. As
far as it engaged questions of education, it was about selfeducation. These subjects existed outside the main arena of
educational debate in the 1850s and 1860s. Indeed, no other
commentator engaged questions about the judgment and the
issue of self-education was very low on the educational agenda.
Similarly, Faraday paid no attention to the leading issues of
the day. For example, while he ignored the issue of social class,
the British educational debate was fundamentally concerned
with the question of determining which aspects of science
should be taught to each class. Thus all the other six lectures
delivered in the same series at the Royal Institution were
addressed specifically to the upper classes, while the series
organized by the Society of Arts was concerned with science
for lower echelons of society. Furthermore, as I have already
noted, Faraday's evidence to the Royal Commissioners did not
assist them in framing a science policy for public schools - how
much should be taught, to which age-groups, and how it should
be examined.
Although Faraday's "Mental Education" lecture was an
impressive tour de force, it was an idiosyncratic performance
and it proved largely irrelevant to the main educational concerns of the 1850s and 1860s.
The second irony connects the above with my opening
comments. Although Faraday's views on education were out
of key with those of his contemporaries, he was nevertheless
the foremost science lecturer of the day. He could excite his
audience and convey science so eloquently, yet his views on
education were idiosyncratic and found few resonances among
contemporaries. This second irony underscores Faraday's
paradoxical position in Victorian science and emphasizes the
contrast between the public Faraday and the private Faraday.
Against our image of the successful researcher and the renowned lecturer must be set the very private world of Faraday
the Sandemanian (53).
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THE MILITARY CONTEXT OF
CHEMISTRY: THE CASE OF
MICHAEL FARADAY
Frank A. J. L. James. The Royal Institution Centre for the
History of Science and Technology
There are many essential requirements for a person to become
a successful scientist. One of them is the availability of
sufficient time to perform research. Michael Faraday (17911867) was perfectly well aware of this and frequently commented that, lacking property, time was his "only estate" (1).
However, as I shall show, for various institutional and personal
reasons time for research was in short supply during the latter
part of the 1820s.
Faraday's opportunity to do original research, while he was
still Laboratory Assistant in the Royal Institution, occurred
follow,ing the discovery in 1820 of electromagnetism by the
Danish natural philosopher Hans Christian Oersted (2). Men
of science all over Europe conducted many further experiments in the subsequent months and advanced theories to
understand this phenomenon. In the summer of 1821 Richard
Phillips (3), a close friend of Faraday's, asked him to survey
this activity for the Annals ofPhilosophy which Phillips edited.
This Faraday did, writing up his conclusions in his only
anonymous paper, "Historical Sketch of Electro-magnetism"
(4). During this process he discovered electro-magnetic rotation - the principle behind the electric motor (5). He quickly
published this discovery and promptly got into a priority
dispute involving William Hyde Wollaston (6), the interregnum President of the Royal Society for a few months in 1820
between the death of Joseph Banks (7) and the election of
Humphry Davy (8), Faraday's patron at the Royal Institution.
It was claimed that Wollaston had predicted the existence of
such a phenomenon, that Faraday had known this, but had not
acknowledged it. However, Wollaston did not press the claim
and the dispute was short lived, not at that time reaching the
press (9).

Faraday in his later years.

However, it resurfaced over a more serious priority dispute
in 1823 after Faraday had liquefied chlorine. He had been
conducting an experiment suggested by Davy, the unexpected
result of which led to the liquefaction of chlorine under
pressure (10). When Davy demanded a share of the credit,
Faraday demurred. A published report claimed that Davy,
speaking from the Presidential Chair of the Royal Society, had
stated that Faraday had been following Wollaston's suggestion
when he discovered electro-magnetic rotation (11). Although
Davy quickly said he had been misreported (12), the damage
was done and Faraday was forced to declare his authorship of
the "Historical Sketch" so as to defend his priority in public
(13).
Worse was to follow. Faraday was nominated, without
Davy's prior knowledge, to be a Fellow of the Royal Society
(14). Davy opposed Faraday's election, since otherwise,
because of their close association, it might be assumed, by
members of various factions within the Royal Society, that he
had prompted it. He did not want to be seen as continuing the
Banksian tradition of supporting his friends and opposing his
enemies irrespective of their scientific merit (15). The reason
why Davy wanted to distance himself from the Banksian
tradition was his hope that a firmer relationship would develop
between the Society and Government, particularly the Admiralty. He wanted to encourage the state to ask for scientific
advice from the Society and also to provide support for science.
Davy was firmly committed to this policy and thus it was
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essential that it was seen that the misuse of patronage had
ceased to flourish in the Society. Davy, now past his prime as
a researcher, also seems to have been unable to accept the
success of his protege. As Faraday commented in 1835: "I was
by no means in the same relation as to scientific communication with Sir Humphry Davy after I became a Fellow of the
Royal Society [in January 1824] as before that period" (16).
This did not mean that their relationship had completely ended.
It is noticeable that Davy was now prepared to use Faraday's
undoubted abilities for his own purposes without worrying
about the effect these demands might have on Faraday's
career.
An example of this occurred when very shortly after Faraday's election to the Royal Society, Davy secured his services
as unpaid secretary to help form a new club which Davy and
John Wilson Croker had decided to found (17). This club,
which shortly became the Athenaeum, involved Faraday in a
large amount of correspondence and administration between
March and June 1824 to the almost complete neglect of his
research (18). When the club was able to offer a salary to its
secretary, Faraday passed the position on to his friend Edward
Magrath (19).
By the mid-1820s he was responsible for more Royal
Institution activities, particularly after he was appointed Director of the Laboratory in February 1825 (on Davy's recommendation) (20). For example he initiated the Friday Evening
Discourses, the Christmas Lectures for young people, and
generally strove to help the Royal Institution out of the difficult
fmancial position it then found itself in. Nevertheless, his
duties at the Royal Institution should in theory have allowed
him sufficient time to do research.
That there was not time forresearch in the latter 1820s was
almost entirely due to the time-consuming project to improve
optical glass. This began in April 1824 while Davy was
enjoying considerable success with the Admiralty after apparently solving the problem of preventing the corrosion of the
copper sheeting of ships' bottoms by in effect inventing what
we now call sacrificial cathodic protection (21). At the
meeting of the Board of Longitude on 1 April 1824 it was
proposed, at Davy's suggestion, that a Joint Committee of the
Royal Society and Board of Longitude be established to try to
improve optical glass (22). It was argued that this would be
valuable for improving the accuracy of navigation. Although
this was the explicit rationale, the foundation of this committee
should be understood as a defensive move to preserve the very
existence of the Board of Longitude. The Board had been
founded in 1714 with the aim of improving methods of finding
longitude at sea. This problem had been largely solved by the
1770s by the use of Tobias Mayer's method oflunar distances
(23). By the 1820s the Board, which drew its membership from
the scientific community, Parliament and the Admiralty, was
increasingly coming under threat during the government's
retrenchment program. Its major task, in the early 1820s, that
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of preparing the Nautical Almanac, could be quite easily
transferred elsewhere (24). As one of the few established
institutions to receive government funding for science through
the Admiralty, it would be embarrassing for its abolition to
occur during the term of aPresidentcommitted to increase state
support of science.
Members of The Joint Committee included Davy, Wollaston, the optician George Dollond (25), Davies Gilbert (26) (one
of Davy's early patrons) and later John Herschel (27) (sOn of
the discoverer of Uranus and a distinguished man of science in
his own right). The Joint Committee first met on 20 May 1824
(28). They appointed the glass-making frrm of Pellatt and
Green to build a furnace for the project and asked Faraday to
analyze chemically the glass produced - the kind of work that
Faraday would normally do in the course of his Royal Institution chemical consultancy work.
At its fourth meeting on 5 May 1825 the Joint Committee
appointed Faraday as a member and also appointed an experimental sub-committee comprising Herschel, Dollond. and
Faraday (29). Faraday was to supervise making the glass at
Pellatts, Dollond was to grind it and Herschel was to determine
its optical properties. Faraday's activities on this sub-committee entailed far more than his normal Royal Institution consultancy. Faraday's task was to prove difficult since Pellatts was
some three miles distant from the Royal Institution. Thus there
was a lack of proper supervision and the results were disappointing during the ensuing year (30).
Davy's health began to give way during this period; the last
time he chaired the Joint Committee was on 25 May 1826 (31).
The next two meetings were chaired by Wollaston, before
Gilbert took over (32). On 8 May 1827 the Joint Committee
met to discuss the continuingly disappointing results (33).
Because of the financial difficulties of the Royal Institution, on
which he was economically completely dependent, Faraday
was not in a position at that meeting of the Joint Committee to
refuse to take part in extending the project if it entailed support
for the Royal Institution (34). Thus he actively supported the
decision made at that meeting to approach the Royal Institution
for permission to build a glass furnace there and for Faraday to
take over personally the making of the glass. The negotiations
were duly completed by the end of May . When the furnace was
installed, in the back yard of the Royal Institution, Faraday
began what turned out to be two years of arduous work.
The story is told through the highly detailed notebooks that
Faraday kept of the project and which are now in the archives
of the Royal Society (35). Of the 731 days between 3
December 1827, when the work began in earnest, and 2
December 1829, by which time it had effectively ceased,
Faraday worked on glass on 337 days (46.1 %). If one excludes
the 104 Sundays (for Faraday was a deeply religious man (36»
and at least 104 days spent outside London (for he suffered
badly from headaches very possibly brought about by close
work with the furnace), then the number of available working
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days was 507. In other words, on 66.4% of available working
days Faraday spent some time working on glass. Of course he
did not spend every minute of these days working on glass, but
what time he did spend was taken from time he could have
devoted to research. Nor did he work unaided. He had the help
of Charles Anderson (37) (formerly a Sergeant in the Royal
Artillery), but he was little more than a pair of hands. It was
Faraday who decided where the crucibles should be placed in
the furnace, what temperature the furnace should be heated to,
for how long, what the chemical composition of the glass
should be and so on (38).
The institutional and personal contexts which had brought
this about were beginning to dissolve but had been replaced by
others. In 1827 Davy's health and thus position had been
further weakened by a stroke. He went abroad after resigning
the Presidency of the Royal Society on 6 November 1827 (to
be succeeded by Gilbert). In July 1828 the Board of Longitude
was finally abolished (39), the Nautical Almanac ultimately
being transferred to the Royal Astronomical Society in the
early 1830s (40). Instead the Admiralty appointed a resident
committee of three scientists at a salary of £100 a year each
(41). The first committee comprised Faraday, Thomas Young
(42) (former Secretary of the Board of Longitude) and Edward
Sabine (43) (a Royal Artillery Captain and a Secretary of the
Royal Society). The committee took over the supervision of
the glass project with funding directly from the Admiralty.
Evidently they still believed that improved navigational instruments would emerge from the project.
On 29 May 1829 Davy died in Geneva but his death was not
reported in the Times until 9 June (44). By the end of 1829
Faraday had effectively stopped doing any glass work. He
made his views of the project plain in a letter to Gilbert written
in May 1830 (45):
I further wish you most distinctly to understand that I regret I ever
allowed myself to be named as one of the committee. I have had in
consequence several years of hard work; all the time that I could spare
from necessary duties (and which I wished to devote to original
research) [has] been consumed in the experiments.

Since by this time the finances of the Royal Institution were on
a much better footing than in the middle ofthe 1820s (mainly
due to the success of the Friday Evening Discourses initiated
by Faraday), there were no financial worries for the Royal
Institution occasioned by Faraday's withdrawal from the glass
work (46).
This did not mean that Faraday refused to continue providing advice to the Admiralty. In his capacity as resident
scientific adviser, Faraday helped the Admiralty with many
analytical chemical problems. For example, following the
failure of Davy's method of copper protection to be uniformly
applicable, Faraday analysed copper sheets for ships' bottoms.
In 1830 nine companies sent samples of copper sheets to the
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Navy to be analysed - the company that produced the best sheet
would be awarded a large contract to supply 45 tons of copper
sheeting. Faraday's report has not survived, but from correspondence it is clear that he did not believe that analyzing the
small impurities contained in the copper sheets was sufficient
to determine whether sacrificial cathodes would protect them.
In the end the order for the copper was divided equally between
the nine companies. Faraday, unlike Davy, had a good grasp
of the limitations of science (47).
Faraday was thus happy to work for the Admiralty provided
it was on his own terms and did not take up much of the time
he could otherwise devote to research. What he wanted was to
ensure that in future he would be able to avoid burdensome
tasks such as the glass work. Before he knew of Davy's death,
Faraday was contemplating leaving the Royal Institution and
thus the glass work, while continuing to give lectures there
(48). Now that Davy was no longer alive, Faraday decided to
remain at the Royal Institution. The only way he could be sure
of having the necessary time for research in the future was by
obtaining some economic freedom from the Royal Institution
in case it again fell on hard financial times. Within a month of
Davy's death, Faraday was actively negotiating with the
Royal Military Academy in Woolwich for a position there
(49). The Academy had been founded in 1741 to train cadets
for the Army, particularly the Royal Artillery and Royal
Engineers. Its courses had a strong scientific and technical
component to allow cadets to learn how to take advantage of
the new industrial processes for warfare. Faraday negotiated
the professorship of chemistry there whilst retaining his position at the Royal Institution.
To secure sufficient economic freedom, Faraday drove a
hard bargain with the Academy. His work for the subcommittee had been done gratis and he seems never to have
drawn his salary from the Admiralty (no doubt to avoid being
under an obligation to undertake all their requests). At the end
of J one 1829 the Commandant of the Academy, Colonel Percy
Drummond, visited Faraday by prior appointment, following
which Faraday wrote to him giving his terms (50). He said that
he received the equivalent of £8-15s per lecture at the Royal
Institution and for 20 lectures - the minimum he believed
necessary for a course of chemistry - that came to £175, but as
he would be willing to give a lecture or two extra he thought a
fee of £200 a year would be sufficient (51). It seems that it was
taken for granted, or else the documentation has not survived,
that he would have an assistant, James Marsh (52), and expenses for chemicals and apparatus. On the slightly modified
terms of giving 25 lectures a year, Faraday was appointed
Professor of Chemistry at the Royal Military Academy in midDecember 1829 (53).
From the point of view of the Academy, what is particularly
interesting is that they accepted Faraday with very little alteration to his terms. That these were very favourable can be seen
when compared with the appointment of the Professor of
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French at exactly the same time. Mr. Tasche was appointed in
September at a salary of £150 per year and with the requirement that he reside in Woolwich (54). This reflects the belief
by the military establishment (both in the army and the navy)
that science had a vital role to play in the future of the armed
services and that it was pointless to employ, or continue to
employ, second-rate men. As a contemporary commented in
a letter to Drummond, "Faraday ... is not only one of the best
chemists of the day, but certainly the bestlecturer, qualities not
always combined" (55). One has to pay for the best and Tasche
was not noted for anything distinguished.
In practice what happened was that from 1830 until 1851,
when he retired, Faraday spent two days a week at Woolwich
during their terms. To many creative scientists this might have
been an onerous burden. But for Faraday, who had suffered for
two years doing glass work two out of every three days, it must
have seemed a happy release; his time devoted to utilitarian
ends had been drastically reduced, potentially to one day in six.
Faraday had now achieved the economic security and the
time, albeit still under several constraints, to pursue his own
researches. As it turned out, the Royal Institution remained in
a reasonable financial position for the remainder of his career
and no project, like the glass making, ever got beyond the
proposal stage. He never seems to have contemplated leaving
the Royal Institution again.
To conclude, it is not a coincidence that Faraday made his
discovery of electromagnetic induction shortly after he dropped
the glass work. As David Gooding and his students have
shown, it took considerable time to build the induction ring
(56). Such investment of time was impossible for Faraday
while he was working on glass. This is a social contingent
argument. We cannot explain from this analysis what prompted
Faraday to undertake this 1831 work. But it does tell us how
Faraday negotiated the time to undertake this work.
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MICHAEL FARADAY'S BIBLES AS
MIRRORS OF HIS FAITH
Herbert T. Pratt. New Castle, Delaware
A devout Christian's Bible is a cherished and very personal
possession. Although after long usage its spine hinges crack,
its covers loosen and its pages become dog-eared, the owner
will not lightly put it aside for a newer one because it has
become a familiar old friend. Part of its attraction is likely to
be the markings, underlinings, and notes that have accumulated around passages which strike a familiar chord, support a
cherished belief, note a fact to be recalled, or that are simply
inspirational. I believe that to a great extent such marginalia
mirror what the Bible owner holds relevant to his faith.
Two well-worn Bibles that belonged to Michael Faraday
(1791-1867) are now in the archives of the Royal Institution in
London. Both are heavily marked in pencil. Both are the King
James version of 1611. One was published in 1776 and the
other in 1817, but there are no handwritten dates or other direct
clues to indicate when the bibles were used, or whether they
were used consecutively or simultaneously. Although they
were subsequently presented by Mrs. Faraday to relatives,
there is nothing to indicate they were ever used by anyone other
than Faraday (1).
In July 1990, I copied all of the markings in these Bibles
into two new Bibles so as to duplicate, as nearly as possible,
every mark, word change, underscore, marginal note, etc.,
given in the originals. Study of these copies provided the
foundation for this paper, the purpose of which is to determine
if the markings shed any light on what religious beliefs Faraday
held near and dear.
In July 1821, Faraday, at age 30, made a profession offaith
in the Church of Christ, popularly known as the Sandemanians
and fully committed his life to the cause of Jesus Christ, a
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commitment from which he never wavered (2). The Sandemanians were a small, virtually unheard of religious sect,
having no more than a few hundred members in all of Great
Britain. Faraday came by his choice naturally. His father
James(1761-181O) had been a Sandemanian, as had his mother,
an aunt and an uncle. Like himself, his wife, Sarah Barnard,
whom he married on 12 June 1821, had been reared as a
Sandemanian, and his father-in-law was an elder in the London
congregation (3).
Sandemanianism, a name drawn from that of Robert Sandeman (1718-1771) (4), the sect's leading thinker, was an
uncompromising, totally demanding, but unemotional religion
(5). Of Sandemanian beliefs, the most important to this study
are their beliefs about the Bible. They held the Bible to be the
Word of God, turned to it for every item of faith and practice,
and took what they found there at face value. Faith, to them,
was simply an intellectual assent to the facts in the Bible. They
needed no proof of the Bible's validity, never considered for a
moment the possibility of human flaws in its translation and
never desired to know how it compared with the oldest manuscripts. Fully believing the Bible to be its own best interpreter,
Sandemanians supported the meaning of one scripture verse by
Robert Sandeman

Michael and Sarah (nee Barnard) Faraday

citing another (6). As God's Word, the Bible was a living
document through which God spoke directly to the hearts and
minds of individual readers. Sermons. or exhortations as they
were called, given by the elders as part of public worship,
carried the full authority of God himself.
From what is known about Faraday, it is reasonable to infer
that he read these Bibles for knowledge, inspiration, and
encouragement, in family devotions, in front of his congregation as an elder and as a participant in public worship, in
preparing sermons delivered to his and other congregations, in
following sermons and devotionals given by others. and in
ministering to the needs of members of his congregation (7).
Faraday used at least 11 types of markings in his Bibles
(Table I). the most prevalent, by far, being one or more vertical
lines beside a verse or group of verses. The basic assumption
of this paper is that the greater the number of vertical lines, the
greater the importance Faraday attached to the passage. To
quantify his ideas of importance, the total number of verses
marked by one or more vertical lines was tablulated for each
Bible and the percentage of marked verses calculated for each
chapter and book. Also, the number of verses marked with
seven or more vertical lines was tabulated for each chapter and
book. Commentary in this paper will be confined to the vertical
lines, primarily those from the New Testament of the 1776
Bible. A detailed study and analysis of all markings is in
preparation.
Of the 31,483 verses in the bible. Faraday placed vertical
marks by more than 4300 in the 1776 printing. or about 14%

/1

(Table 2). He marked 10% of the verses in the Old Testament
and 25% in the New Testament. The percentages of verses
marked in the various books varies from zero to 53%. Only
about half as many verses are marked in the 1817 Bible, which
suggests that either it was not used for as many years or was
used only on special occasions. The character or nature of the
verses marked is relatively consistent between the two Bibles.
Faraday lived by the precepts and examples of the New
Testament. Therefore, it is here that one would expect to find
the key to his beliefs. Markings in the various books (Table 3)
show that he was most interested in the stories of Jesus' life and
Paul's letters to churches and least interested in the apocalyptic
book of Revelation. Subject matter of marked verses indicates
that Faraday was more concerned with the practical aspects of
religion than with the theoretical. For example, he marked two
thirds of all the verses in Chapters 5, 6, and 7 of the Gospel of
Matthew, the so-called Sermon on the Mount, which contain
the very essence of Jesus' teachings.
Faraday's New Testament markings can be broadly classed
as scriptures relating to God, scriptures relating to Jesus, and
scriptures relating to the Christian life. Sandemanians did not
believe in creeds, and Faraday would have been aghast at the
idea of writing one. However, statements of his beliefs, when
strung together from passages he marked in his Bibles, certainly have a creed-like qUality. In the discussion that follows,
subscript numbers following passages cited indicate the number of vertical marks.
God existed from the beginning (John 1:1\), is Spirit (John
4:24\), and only He can be called good (Mark 10:186), With
God nothing is impossible (Luke 1:374), He sent Jesus as a
Light into the world (John 1:5-7\; 2 Cor. 4:6\) to deliver man
from the power of sin and darkness (Col. 1: 137), This is God's
Table 1. Types of markings and marginalia in Faraday's Bibles.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
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One or more straight vertical marks beside a verse or
verses
Keyed vertical marks to identify passages of scripture
used by others (1776 Bible only)
Short horizontal lines that set off a group of verses
(1817 Bible only)
Wavy vertical lines beside a verse or verses
Notes, comments and word changes
Corrections of printer's errors in the text
Cross-references
Underscored words
Question marks, asterisks, and check marks by verses
or words
Consecutive numbers denoting lists or series
Accent-like marks in the margin at the frrst and last
lines of verses

II

Table 2. Bible verses having vertical marks.
Data

Total no. books
Total no. verses
Verses marked
Verses marked, %
Range among books, %
Key verses *

1776 Bible

1817 Bible

OT

NT

OT

NT

39
23,561
2354
10
0-23
39

27
7922
1978
25
0-53
49

39
23,561
1721
7
0-19
6

27
7922
460
6
1-23
2

* Defined as those have seven or more vertical marks
free gift to mankind (Eph. 2:84), God's Word was also in the
beginning (John 1:1\). It is quick and powerful, sharper than
a two-edged sword, and is a discerner of the thoughts and
intents of man's heart (Heb. 5: 122), The Word is the helmet of
salvation and the sword of the Spirit (Eph. 6: 17J
God is to be worshipped in spirit and in truth (John 4:24\),
is to be praised (Acts 2:476), and is to be accorded blessing,
glory, wisdom, honor, power, and might forever (Rev. 7:127),
By either command or example, the Bible tells exactly how
God is to be worshipped. Man's ideas about worship are not
to be followed, for the Lord had said, "But in vain they do
worship me, teaching for doctrine the commandments of men"
(Matt. 15:94),
Jesus of Nazareth was Son of God (John 1:342), was
pleasing to God (Matt. 3:176 , Mark 14:61-627), and came into
the world to take away man's sin (Mark 10:452, John 1:247 ,
John 3:16-172,1 Cor. 15:3\).
Although Jesus lived the perfect life, he was arrested by the
Roman authorities, tried on trumped up charges (Mark 14:557),
and executed as a common criminal after being accused of
being King of the Jews (Matt. 27:377), Even though he was
tortured and demeaned, Jesus did not lash out at his captors
(Mark 14:618),
God raised Jesus from the dead, a fact that became the
cornerstone of the preaching in the early church (Acts 2:3031 s' 13:334 , 17:31-324 , Romans 11:99 , 1 Cor. 15:4\,Co1.2:124).
By his death, Jesus purged our sins (Heb. 1:34) and was raised
for our justification (Rom. 4:25 4 ),
After his resurrection, Jesus returned to the Father (John
16:288), where he sits at the right hand of God (Heb. 1:34 ),
Although he was dead, he is now living with God (John 16:288)
and holds the keys of hell and death (Rev. 1: 18s)' He will come
to earth again (1 Thes. 4:13-18\), but no one knows when
(Mark 13:26J Meanwhile, his followers are to be prepared
and to watch and wait (Mark 13:37s)']
The end result of sin is death, but man can escape both sin
and death by becoming a follower of Jesus (Rom. 6:33\0>. To

II
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become a Christian, one must tum away from sin (Matt.4: 173 ),
believe that Jesus is the Son of God through faith in the
testimony of the word (2 John 5:53 , Acts 16:30-31 4), believe
that God raised Jesus from the dead, and say so in public (Rom.
10:97), and, fmally, be baptized (Mark 16: 167). Through faith
one is buried with Jesus in baptism and raised with him as anew
person, and thus saved (1 Peter 3:214 ), not because of anything
he has done, but because God is merciful (Col. 2:124 , Titus
3:54 ). Upon baptism, the Spirit of God comes into the believer's life and the Lord adds him to his church (Acts 2:47J.
Bodies once dead because of sin are now alive because of
righteousness (Rom. 8:9-104 ). And those led by the Spirit of
God are the sons of God (Romans 8: 144 ).
The Christian is to live so that his life glorifies God (Matt.
5:164 ), and to find God's will for his life through study of the
Word (2 Tim. 2: 157). Christians are to be the best persons they
can be (Matt. 5:485 ), realizing that God provides strength to do
all things (Phil. 4: 13 5).
Some attributes of the Christian are humility (Acts 20: 196),
love of right living, mercy, ability to withstand ridicule for
one's beliefs (Matt. 5:3, 6, 8, 10, 11\), steadfastness (Reb.
3:147), and never tiring of doing good (Gal. 6:94).
Christians are to forgive completely those who wrong them
(Matt. 18:357), are not to take note of other people's faults, but
to be introspective of their own (Matt. 7:1-5\). They are to
work for a living, not to be busy bodies or disorderly (1 Thess.
3:11-127), and avoid senseless arguments, particularly those
over religion (1 Tim. 6:207).
Not only should they not kill people, which is forbidden by
the law, but they should not even get angry or call people
names. Rather, they should do their utmost to reconcile
Table 3. Verses marked in New Testament grouped according to
subject matter of books.
Nature of Book Percent Verses Marked

Key Verses*

1776

1817

1776 1817

24
27

3

6

24
2

28
15
27
17
12

11

16

7
2
12
4

2

Gospels
Historical
Letters of Paul:
To churches
To persons
Letter to Hebrews
Catholic Letters
Apocalyptic
Total

II

differences (Matt. 5:24\).
Christians should not be caught up in the race to acquire
things, but should be content with what they have (Reb. 13:54).
Living for wealth as an end unto itself is of no value in God's
sight (Matt. 6: 19-20\). One is to ask God for daily needs (Matt.
6:25-34\) fully trusting and believing that Re will supply them
(Matt. 7:7-86).
Others are to be served with humility (John 13: 15s) without
affectation (Matt. 6: 12). Likewise, prayers are to be simple and
not showy (Matt. 6:5-82 ).
In no case is a woman to be regarded as only an object for
sexual gratification (Matt. 5:28\0). In the family, husbands are
to love their wives (Col. 3: 191)" Parents are to be held in honor
(Eph. 6:26); children are to obey parents (Col. 3:201)' and
servants, their masters (Col. 3:221). Parents are not to provoke
their children to anger (Col. 3:24\). Christians are to comfort
one another, edify one another (1 Thess. 5:11 4), be at peace
with one another, and hold the elders of their congregation in
high regard (1 Thess. 5: 13 6). They are to beware of heretical
teaching (2 John 2:78) and be wary lest they accept man-made
philosophies as truth (Col. 2:86).
In summary, Christians are to focus their hearts and minds
on those things that are true, honest, just, pure, lovely, virtuous,
praiseworthy, and of good report (phil. 4:8\).
The essence of Faraday's deeply entrenched commitment
to Christianity can be distilled into three words: faith, hope,
and love. In faith, he believed that the Bible, as God's word,
was true in all respects. Through its pages, he was convinced
that his life would not end with the grave, but that God had
promised something beyond. Because of that hope, he believed that he could best show his love to God by loving and
honoring other people.
As already mentioned, Sandemanians held that faith was
simply intellectual assent to the facts in the Bible about God
and Christ. The just, namely, those who have been rightly
treated by God, shall live by faith (Rom. 3:285, Gal. 3: 115).
Great works will not save a person, but only God's grace
working through faith (Eph. 2:84 ):
... without faith it is impossible to please him; for he that cometh to
God must believe that he is, and that he is the rewarder of them that
diligently seek him (Reb. 11:68 ).

1
2
2

0
0
0
0
0

49

2

* Defined as those have seven or more vertical marks. All counts are
averages.

Faraday's treatment of passages relating to miracles performed by Jesus are indirectly a commentary on faith. Of the
33 miracles, Faraday marked one or more verses in 13 (39%)
in the 1776 Bible and 8 (24%) in the 1817 Bible. Three
miracles are marked in both Bibles: dumb son healed (Matthew 9:14-27\), finding a school offish (Luke 5:1-11 2) , and
healing of lepers (Luke 5:12-131).
Among the 15 miracles not having at least one verse
marked in either Bible are some of the best known: Jesus'
turning water into wine at the wedding feast (John 2: 1-11), his
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walking on water (Matt. 14:25-26, Mark 6:48-51, John 6:1921), healing of a demoniac (Mark 1:23-26, Luke4:33-35),and
feeding of 5000 people with five loaves and two fish (Matt.
14:19-20, Mark 6:35-44, Luke 9:12-17, John 6:5-13).
One common thread running through 14 of the 15 miracles
that Faraday did not mark is that Jesus acted voluntarily on his
own because he saw a need. By contrast, of all the miracles that
Faraday marked, the recipient of Jesus' action, or someone
acting for the recipient, first believed that Jesus could do
something or intervene in the course of events. The one
miracle that Faraday marked that did not require such personal
belief was his withering of a fruitless fig tree by cursing it
(Matt. 21: 18-22). But belief was involved indirectly since he
said he did it to teach his disciples that by simple trust in God's
power, they could do as much or more, even move mountains
into the sea.
In opening a lecture on education at the Royal Institution in
May 1854, Faraday sharply distinguished between ordinary
and religious beliefs, between scientific truth, which man can
learn by applying one's mind, and truth about a future life
which he said, "cannot be brought to his knowledge by any
exertion of mental powers, ... [but] is received through simple
belief in testimony given". The means of educating oneself
about science, he said, were not applicable to educating oneself
about "the hope set before us, as if men by reasoning could find
out God". Then, quoting part of verse 20 from chapter one of
the Apostle Paul's letter to the church in Rome, he continued,
that in earthly matters he believed that "the invisible things of
him from the creation of the world are clearly seen, being
understood by the things that are made. even His eternal power
and Godhead" [Romans 1:20] (8).
On the surface. the quotation suggests that Faraday drew
spiritual strength from natural theology, namely, that God can
be found through the study of nature; that an intricate design
demands a designer (9). No doubt, his use of Romans 1:20 was
more than an offhand comment, since he also had used it in the
same way in a lecture in 1847 (10).
Faraday's usage of Romans 1:20 takes on new meaning
when it is looked at in the context of other verses he marked in
the first chapter. The content of the chapter runs like this - After
a lengthy salutation (verses 1-14), the Apostle says (verses 1015) that he hopes to find a way to visit Rome so that he can
strengthen the church's faith. In verse 16 he testifies to the
power of the gospel, and in verse 17, he argues that the
righteousness of God is revealed in the Gospel and that the just
shall live by faith. Then, starting at verse 18 through the end
of the chapter, he berates unbelievers for their unbelief, concluding (verse 32) that the ungodly and sinners are worthy of
death.
In his 1776 Bible, Faraday marked verse 16 on the power
of God, apparently on two different occasions (figure 1), and
verse 17 on faith, he emphasized with a seven marking. But
verse 20, which implies that anyone could know that God

II

II

11. For 1 long ID see you, Ibat 1 may impart unID you some spiritual 1/
gifl. ID the end ye may be established;
1111
12. That is, Ibat 1 may be comfoned IDgelher willi you by lIIe mutual
failll bolll of you and me.
13. Now 1 would not have you ignoranl. brelhren, lIIat oftentimes I
purposed ID come unto you, (but was let hillier ID,) Ibat 1 might have some
fruit among you also, even as among other Gentiles.
14. 1 am deblDr boIh ID the Greek.s, and ID lIIe Barbarians; boIh ID lIIe
wise, and ID Ihe unwise.
IS. So, as much as in me is, 1 am ready ID JlR'8Ch Ihe gospel ID you Ibat
are at Rome also.
-HI 16. For 1 am not ashamed of Ihe gospel of Christ: for it is the power of 1111
God unID salvation ID everyone Ibat believelll; ID Ihe Jew fll'St, and also ID Ihe
Greek.
11. For lherein is Ihe righteousness of god revealed from failll 10 failh:
111"11
II as it is written, The just shall live by failll.
18. For lIIe wrath of God is revealed fromheaven against all ungodliness
and unrighreousness of men, who hold lIIe truIh in unrighreousness;
19. Because dlat which may be known of God is manifest in lIIem; for
God halll shewed it unID lIIem.
20. For Ihe invisible lIIings of him from lIIe creation of lIIe world are
clearly seen, being underslDod by lIIe lIIings dlat are made, even his eternal
power and Godhead; so Ibat they are willlout excuse:
21. Because 11181, when lIIey knew God, lIIey glorified him not as God,
neilller were thankful; but became vain in lIIeir imaginations, and lheir foolish

II

III

III

I
I

I

heart was darkened.

22. Professing lIIemselves ID be wise, lIIey became fools,
23. And changed lIIe glory of lIIe uncorruptible God inID an image made

II

like ID corruptible man, and ID birds, and four-footed beasts and creeping

lIIings.

Figure 1. The marking of Romans 1:11-23 in Faraday's Bibles
(1776 Bible left, 1817 Bible right).

exists by looking at his creation, is not marked at all! Note that
in quoting verse 20 in the lecture, Faraday omitted the last
phrase, "so they [e.g. the ungodly and unrighteous from verse
18] are without excuse," thus removing the verse from its
context. This pattern of marking in the 1776 Bible is essentially repeated in the 1817 Bible. except that verse 20 is marked
(11),
From this evidence, it seems that Faraday's interest in
Romans I was not so much in what it said about creation, but
what it said about faith. His reference in the lecture to "simple
belief in testimony given" is virtually the Sandemanian understanding of the meaning of the word faith, and, as he used the
phrase, refers not to testimony about God as seen in the
creation, but to that testimony about God found in the Bible.
Does that mean that those who don't believe the Bible have an
excuse for their ignorance of God? No, he says, because they
could know about God simply by studying the order of the
world around them. Thus, Faraday was using verse 20 not as
evidence of his reasons for believing in God, but, as had the
Apostle Paul, was directing unbelievers to examine the evidence for God in the creation all about them. Sandemanians
generally believed that only they were true Christians. If
Faraday also held to this narrow view, and there is some
evidence that he did not, then verse 20 was not a statement of
his own beliefs, but rather was directed at his audience of
unbelievers (12).
Further evidence of Faraday's lack of interest in natural
theology is his failure to mark in either Bible any verse about

II
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the creation in Genesis 1 and 2, or other well-known passages,
such as Psalm 19:1:
The heavens declare the glory of God; and the fIrmament sheweth his
handiwork.

To Faraday, God was not an unknown but a given. He knew
that God existed and had created the earth. His Bible, the Word
of God, told him so, as he had marked in the Gospel of John
(1:1-3\):
In the beginning was the Word, and the Word was with God, and
the Word was God. The same was in the beginning with God. All
things were made by him, and without him was not anything made
that was made ...

With such assurance from scripture, Faraday did not need to
look for evidence of God in nature; he had no need for natural
theology.
Of all the passages which Faraday marked in his Bibles, one
of the most intriguing is in the Old Testament and concerns
King David's plans to build the temple, ca. WOO B.C. It is
found in 1 Chronicles 28:9-19, is marked in both the 1776 and
1817 Bibles, and raises a profound question about how Faraday perceived his mission in life.

I

InIIII
III

I

IIII

9. And lhou, Solomon my son, know lhou the God of lhy falher. and
serve him wilh a pencct hean and wilh a willing mind: for lhe Lord searchest
all hearts. and understandelh alllhe imaginations of lhe thoughlS: if lhou seek
~~~~ will be found of lhoo; but if lhou forsalce him. he will cast lhoo off
10. Talce heed now: for the Lord hath chosen thee to build a house for
the sanctuary: be strong, and do it.
II. Then David gave to Solomon his son the pattern of the porch. and
of the houses thereof. and of the treasuries thereof. and of the upper chambers
thereof. and of lhe inner parlours thereof. and of the place of the mercy seat.
12. And the pattern of all that he had by the spirit, of the COurlS of the
house of the Lord. and of all the chambers round about. of the treasuries of the
house of God, and of the treasuries of the dedicated things:
13. Also for the courses of the prieslS and the Levites. and for all the
work of the service of the house of the Lord. and for all the vessels of service
in the house of the Lord.
14. He gave of gold by weight for things of gold. for all instrmenlS of
all manner of service; silver also for all instrumenlS of silver by weight, for
all insttumenlS of every lcind of service:
15. Even the weight for the candlesticks of gold. and for their lamps of
gold. by weight for every candlestick. and for the lamps thereof: and for the
candlesticks of silver by weight, both for the candlestick. and also for the
lamps thereof. according to the use of every candlesticle.
16. And by weight he gave gold for the tables of shewbread. for every
table; and likewise silver for the tables of silver:
17. Also pure gold for the Ilesbhooks, and the bowls, and the cups: and
for the golden basons he gave gold by weight for every bason; and likewise
silver by weight for every basan of silver:
18. And for the altar of incense refined gold by weigh~ and gold for the
panem of the chariot of the cherubim. that spread out their wings. and covered
the ark of the covenant of the Lord.
19. All this. said David. the Lord made me understand in writing by his
hand upon me. even all the works of this pattern.

III1

I

Figure 2. The marking of I Chronicles 28:9-19 in Faraday's Bibles
(1776 Bible left, 1817 Bible right).
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In a rousing speech before the nation's most important
citizens, David tells about how he had planned to build a temple
for the Lord God, but had been stopped because the Lord had
condemned him as a man of war. Nevertheless, the temple will
be built, he says, because the Lord has found favor with
Solomon, David's son, and has chosen him to carry out the
work. Then, charging Solomon to serve God "with a perfect
heart and a willing mind" (28:9), David turns over to him a
complete set of blueprints for the new building, or, as verse 12
says:
... the pattern of all that he [David] had by the spirit, of the courts of
the house of the Lord, and of the chambers round about and of the
treasures of the house of God and of the treasury of dedicated things.

Verses 13 through 18 continue with specifications for the
temple's candlesticks, figurines, and other furnishings, and the
story climaxes at verse 19 with:
All this, said David, the Lord made me understand in writing by his
hand upon me, even the works of his pattern.

As Faraday was reading, he was also marking the verses
(figure 2): five lines by verse 9; three by the first line of verse
12, a long sweep past 13 through 19, then a second line beside
15 through 19, a third by 17 through 19, and fmally, as the full
meaning of what he was reading hit him, a burst of five more
lines beside verse 19! The blueprints and specifications were
not the product of David's "own" genius; rather, they were
drawn by the "Spirit of the Lord" working through David!
The question is this - Did Faraday, as he was reading, suddenly sense that the same hand of God which had worked
through David to draw the blueprints of the temple was also
working through Michael Faraday to reveal the unknown laws
of God's creation? If so, it provided him with a driving force
and sense of purpose, which, in the privacy of his faith and in
his humility, he would have never shared with another living
soul.
Faraday fully believed in, and looked forward to, a future
life - a life after death. As Romans 8:24 put it, "We are saved
by hope". He knew that, as Jesus had been raised from the
dead, so will those be who have faith in him (1 Cor. 15: 16-172)'
Death will be destroyed (1 Cor. 15:26-282) and Jesus' followers will take on a new body (1 Cor. 15:49-532), Death will lose
its sting because the grave cannot hold them (1 Cor. 15:554 ),
All men must appear before the judgment seat of Christ and
answer for the way they have spent their lives, whether it be
good or evil (2 Cor. 5:102), To his niece. Faraday wrote in 1859
(13):
Though death be repugnant to the flesh, yet where the spirit is given,
to die is gain. What a wonderful transition it is! ... Though the fear of
death be a great thought., the hope of eternal life is far greater ...

II
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Three days before his 70th birthday, he wrote to his old
friend August de la Rive (1801-1873) that, although he had no
science to write about, he could write of a stronger bond (14):

II

binding on Christians today as when written, so that such scriptures
as the following were continually on his mind:
Ifye love me, keep my commandments - [John 14:15]

The future life that lies before us. I am, I hope, very thankful that in
the withdrawal of powers and things of this life, - the good hope is left
with me, which makes the contemplation of death a comfort - not a
fear.

Several months before his death, on being asked how he was,
he replied, "Just waiting" (15).
In 1 Corinthians 13, the so-called "love chapter", Faraday
marked ten (77%) of the chapter's 13 verses. It is here that the
Apostle Paul defines a loving person as one who is long
suffering, kind, does not put self first, is not easily provoked,
does not think evil, finds no joy in sin, rejoices over finding
truth, bears all burdens, and never fails others. That definition
certainly is in accord with everything Faraday's contemporaries said about the kind of person he was.
Throughout the Bible, Faraday marked passages containing the word love more intensely than those on any other
subject. Of 21 chosen at random from the New Testament, he
marked ten in his 1776 Bible, three of which follow:
Ye have heard that it hath been said, Thou shalt love thy neighbor, and
hate thine enemy. But I say unto you, Love your enemies, bless them
that curse you, do good to them that hate you, and pray for them which
despitefully use you, and persecute you; That ye may be the children
of your Father which is in heaven: for he maketh his sun to rise on the
evil and on the good, andsendeth rain on the just and the unjust (Matt.
5:43-4\).
A new commandment I give unto you, That ye love one another;
as I have loved you, that ye also love one another. By this all men
know that ye are my disciples, ifye love one another (John 13:34-357 ),
[There is one God] and to love him with all the heart, and with all
the understanding, and with all the soul, and with all the strength, and
to love his neighbor as himself is more than all burnt offerings and
sacrifices (Mark 12:335 ),

First Corinthians 13 ends with the thought that of the great
concepts of the Christian life - faith, hope, and love - the
greatest is love. And so it seems to have been in Faraday's life.
Following Faraday's death, Dr. Bence Jones, Faraday's
first biographer, wrote to Mrs. Faraday wishing to know more
about her husband's religious beliefs. She replied that she felt
inadequate to speak for Faraday, but remembering how he
often said that we should be "always ready to give a reason for
the hope that is within us with meekness and fear" [1 Peter
3:15], she wished that Jones had asked him. She continued
(16):
... I only point to the New Testament as being his guide and rule; for
he considered it as the Word of God (as you know) and equally

Whosoever shall confess me before men, him I confess also before my
father who is in heaven - [Matt. 10:32]
Do unto others as you would they should do unto you - [Matt. 7:12,
Luke 6:31]

Perhaps Faraday's personal values are best summed up in
a letter written in 1860 to his friend of many years, German
chemist Christian Schonbein (1799-1868). Faraday's memory
was failing and he confessed that he could not remember the
contents of SchOnbein's previous letter, but added (17):
Though your science is much to me, we are not friends for science sake
only but for something better in a man, something more important in
his nature, affection, kindness, good feeling, moral worth; and so, in
remembrance of these, I now write to place myself in your presence

So as we honor Faraday in this 200th anniversary year of his
birth, let us believe that those qualities of affection, kindness,
good feeling, and moral worth that placed him in the presence
of his friend Schonbein so long ago, also place him in our
presence today.
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FARADAY'S HEALTH PROBLEMS
James F. O'Brien, Southwest Missouri State University
In 1926 the German chemist Alfred Stock published a very
interesting article in the Zeitschrift fur angewandte Chemie
(1). The title of the article was ''The Danger of Quicksilver
Vapor". Quicksilver is, of course, the common name for
metallic mercury. In it Stock described his own experiences
with mercury poisoning and suggested that Michael Faraday
suffered the same affliction. Stock had very good credentials
for making such a diagnosis about Faraday, who died in 1867.
Alfred Stock (1876-1946) is remembered for the Stock
system of naming inorganic compounds. He invented the glass
vacuum line to handle the very reactive silicon and boron
compounds in which he was interested (2). He then proceeded
to work for an extended period of time, over 25 years, with
devices containing mercury: manometers, pumps, valves, etc.
Eventually Stock began to experience a series of health
problems, including headaches, dizzy spells, and memory loss
(3). For several years his problems were diagnosed as nasal in
origin. He underwent treatment for ten years, including
cauterization, electrolysis, and surgery. By 1924 his memory
had gotten so bad that he could not deliver a lecture without an
extensive set of notes. He found himself forgetting telephone
numbers between looking them up in the directory and reaching the phone.
Stock began his 1926 article by describing his own ordeal
with mercury (I):
For almost 25 years I suffered from maladies which were at first weak
and appeared only occasionally, but became gradually worse and
worse, until they became finally almost unbearable, so that I doubted
whether I would be able to continue my scientific work.

When an assistant, Wolfhart Siecke, developed similar
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symptoms, which were diagnosed as due to mercury poisoning, Stock considered the possibility that his health problems
may also have been due to exposure to mercury. He had his
laboratory outfitted with seamless floors so that droplets of
mercury from spills could not collect in cracks. He greatly
increased the ventilation in his lab. Gradually, he began to
recover and was able to report (1):
All symptoms have, if not completely disappeared, at least more or
less subsided since I began two years ago, without other treaJmenJ, to
protect myself from inhalation of mercury vapor (emphasis added).

In this way Alfred Stock demonstrated that his many health
problems were due to exposure to mercury vapor. What were
these health problems? In the 1926 article Stock lists over 20
symptoms which he experienced. We shall see that Michael
Faraday had many of the same symptoms as Alfred Stock.
At the conclusion of the article in the Zeitschrift fur angewandte Chemie, Stock proposed that Michael Faraday (and
Blaise Pascal as well) also suffered from mercury poisoning.
A number of the same symptoms that afflicted Alfred Stock at
age 48 and Michael Faraday at age 49 were also experienced
by Isaac Newton at age 49. Stock says nothing about Newton.
Yet the possibility that Newton suffered from mercury poisoning has received more attention recently than has the Faraday
hypothesis. One reason for this, perhaps, is the relatively
recent publication of Newton's correspondence (4) and the
subsequent mercury analyses done on his hair (5).
Is there any basis to the suggestion that Michael Faraday
had mercury poisoning? At this point the claim rests on
circumstantial evidence of two types. First, Michael Faraday
did have health problems corresponding to those well documented by Stock as being due to mercury poisoning. Second,
Faraday was exposed to mercury vapor on a long term basis.
Both his exposure and his health symptoms are heavily documented in Faraday's own writings.
In 1840, at age 49. Faraday's health was bad enough that he
had to stop his scientific efforts and take an extended vacation.
Professor L. Pearce Williams has referred to this period as a
"breakdown" (6). Faraday and wife Sarah went to the continent where she reported that he took very long walks, up to 30
or even 45 miles in a day (7). Gradually he regained his health;
though as Professor Williams points out, he never fully recovered (8).
Another Faraday scholar. Geoffrey Cantor. has suggested
that there were three distinct periods of crisis in Faraday's life
when his mental faculties were not capable of coping with the
pressures upon him. These incidents occurred in 1840, 1850.
and 1864 (9). The 1840 episode is reminiscent of the breakdown mentioned by all Newton biographers and recently
attributed to mercury poisoning (5).
Michael Faraday was exposed to mercury constantly for
many years. This is very well documented in his own writings.

Alfred Stock

In his book, Chemical Manipulation. there are several passages that reveal Faraday's exposure to mercury vapor. First,
a description of the mercurial trough then used to collect gases
that are soluble in water (10):
Newman also has a much smaller trough for the use, though in a
confined manner, of jars 1.5 inches in diameter and six inches in
length; it has only 30 square inches of shelf room. It requires 20 lbs.
of mercury to fill it ... A mercurial trough should always stand in a
tray, and likewise have a cover to keep out dust and dirt when not in
use. Its place ... should be upon the table grooved round the edge, that
waste mercury may be avoided as much as possible. When the metal
is spilled it is best collected by being swept together and then gathered
up by a card.

A second example from Chemical Manipulation is Faraday's suggestion on how to fill a capped jar with liquid mercury (11):
When a capped jar is to be filled with mercury, by the assistance of the
mouth, the jar should be inclined as much as possible to diminish the
height of the column of air within it, as well a~ the labor attending the
operation; then by applying the mouth to the stopcock and using it to
exhaust in a manner almost the reverse of that described for blow pipe
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practice. the air may be withdrawn and the mercury gradually raised
until it fills the jar.

Faraday was also familiar with the use of mercury as a fluid
for the attainment of high temperatures in baths (12):
To achieve bath temperatures above 212°F one can use liquid mercury
as the fluid. If the experiments be made altogether in tubes. a
temperature of 600°F may easily be communicated by means of it;
but if the bath be an open vessel. a dish or a crucible for instance.
then temperatures higher than 450"F should not be given to it; for
the metal soon rises in vapor ...

A final example from Chemical Manipulation deals with
electrical discharge machines. which were used to inflame
mixtures of gases (13):
It is often advantageous, especially when the machine is required in
haste. to hold a piece of silk with some amalgam upon it against the
plate or cylinder. whilst it is turned. and also to rub up the surface of
the amalgam upon the rubber with the same amalgamated silk.

These quotes show that Faraday used mercury in a great
variety of ways: and that he was by no means afraid of or even
careful about exposure to the fumes. Additional evidence of
exposure to mercury comes from his diary.
1
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Faraday near the end of his life.
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Symptoms of mercury poisoning.

Intermittent slight headaches
Continuous tormenting headaches
Difficulty in thinking
Receding of the gums
Loosening of the teeth
Trembling
Blurred vision
Dizziness; Giddiness
Frequent sore throats
Inflammation of the eyes

That Michael Faraday dealt with mercury right from the
start of his scientific career is made clear in his laboratory
diary. There we find the first reference to mercury on page 28
of volume 1 of the seven-volume set (14). One of his main uses
for mercury was as an electrical contact. For this purpose he
employed cups of mercury. The first reference to such a cup
is found in his diary for the date 1 November 1832 (15). The
last reference to a cup of mercury is in volume 7 for the date
15 May 1858 (16). Thus we see that he employed these cups
of mercury for at least a period of 25 years. Were they
constantly about, or did he take the time each day to empty the
cups and cap the mercury? Given his willingness. as shown by
the quotes from Chemical Manipulation. to be exposed to mercury, it is conceivable that the electrical contacts he needed so
frequently were merely covered and not capped. Another
factor relative to the cups of mercury, related by several
physicists, is that insertion of electrical leads very likely would
cause sparks and increased evaporation (17). Michael Faraday
very probably was exposed to mercury vapor every day for
over 25 years.
Faraday's writings document not only exposure to mercury, but also the presence of symptoms consistent with
mercury poisoning. Table 1 lists symptoms from which Stock
recovered and which Faraday mentions in his writings.
In his correspondence Faraday refers to headaches a number of times over a period of years. In 1840 he wrote to Charles
Babbage telling him of vacation plans where he hoped" ... to
get rid of a headache there which as some people say I have
enjoyed for the last four months" (18). Years later, in 1856, we
find him complaining to Liebig that, "when I sit too, to think,
I become headachy and giddy and think to no purpose" (19).
Of course his problems with receding of the gums, loosening of the teeth, and frequent sore throats could very easily have
been mercury related (20). In 1849-50 Faraday hada persistent
sore throat. Removal of five teeth in the summer of 1850
stopped the sore throats.
Faraday's struggle with memory problems are heavily
documented in both his diary and correspondence. In volume
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3 of the diary he discussed retaining some notes (21):
I do not know if they are offurther use, but because of my bad memory
would rather keep them together here, lest I may want them.

Still later in 1852, he wrote (22):
... but I want more and more distinct results, and only reason thus to
preserve under the disadvantage of a sadly failing memory, the ideas
that I may want to reconsider hereafter.

In 1849 Faraday wrote to Carlo Matteucci telling about
redoing experiments because he had forgotten that he had
already done them. In a letter to Christian Schonbein Faraday
wrote, "When I try to write of Science, it comes back in
confusion" (23), and in his last letter to Schonbein we read the
very sad (24):
Again and again I tear up my letters, for I write nonsense. I cannot
spell or write a line continuously ... I will not write anymore.

There is ample documentation in Faraday's own writings
of exposure to mercury vapor and of symptoms consistent with
mercury poisoning. The sources cited here are only a few of
many. But is there proof? From a modem medical perspective
four points can be made (25, 26):
* Headaches and memory loss are caused by too many things
to be considered diagnostic for mercury poisoning. They are
consistent with mercury poisoning.
* Detection of kidney problems in the 1800s was extremely
difficult. The only way to detect such problems was by the
appearance of blood in the urine. So the absence of a kidney
diagnosis by no means rules out mercury poisoning. Today's
blood serum test was not available.
* Cardiovascular insufficiency, which has been suggested as
the cause of Michael Faraday's health problems, would have
led to isolated strokes and Faraday would have been incapacitated for a period of time (and not gone off on 30 mile walks).
* Heavy metal poisoning would have resulted in tremors.
At this point the case for a mercury poisoning diagnosis is
inconclusive. If Michael Faraday was coping with mercury
problems, his already admirable achievements become even
more remarkable. Perhaps some workers, motivated by Frank
James efforts in compiling the complete correspondence, will
seek to examine Faraday's hair so that, as with Newton, some
direct chemical evidence can be had (27).
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FARADA V'S 1822 "CHEMICAL HINTS"
NOTEBOOK AND THE SEMANTICS OF
CHEMICAL DISCOURSE

1\

out for praise a book which he clearly abandoned (as we know
from the many blank spaces left unused)? The puzzle is even
greater when one realizes that the notebook was of a type that
played only a transient role in the long development of his
active organization of records and notes. falling roughly halfRyan D. Tweney, Bowling Green State University
way between his earliest efforts, the 1809-10 Common-Place
Book (3), and the emergence of his full-blown, numbered
To examine the notebook of a famous scientist is a special
Diary, after 1832 (4). What's so special about this transient,
experience. One feels privileged, blessed with a chance to see
into the inner workings of genius. Butcoming to grips with that
short effort?
To answer the question requires a closer look at the content
genius is a subtler and more difficult process than one might at
ofthe notebook. I' dlike to do this in two stages, describing frrst
first imagine, not least because, amid all of the awe and
a relatively conventional view, one that singles out the 1822
reverence appropriate to the occasion, one can't sometimes
avoid a contrary feeling, that the notebook in hand is really a
notebook because it provides tantalizing anticipations of some
sparse thing, ephemeral stuff hardly worthy of serious attenof his famous later discoveries. Secondly, I'd like to take a
tion except, perhaps, for
deeper view, discussing some of the semanreasons of sentiment.
tic principles that
Michael Faraday's
emerge when we look
1822 notebook, which
~~'"-< , . : . . / m,~.
closely at the contexhe titled Chemical
tual meanings of the
Notes. Hints. Sugges~~ £~ _I)
/.-~r·
tions. and Objects of
terms used by Faraday
in the notebook. It's
Pursuit, must have
this second view that
struck many of its examiners over the years
"opens" the notebook
in something of this
for a modem reader in
fashion (1). A brief
a way which is more
glance reveals only a
valid historically, more
modest volume, far
accurate cognitively,
shorter than the celeand more interesting.
brated multi-volumed
Along the way, there
Diary (2). By contrast,
might be a lesson or
two about the nature of
the Chemical Notes
seems a group of jotscientific thought;
insights into the mystings, characterized by
large runs of blank
terious workings of
Handwritten title page of the "Chemical Hints" notebook.
pages (especially at the
genius.
end) and by seemingly disjointed lists of topics. substances.
The notebook is a small volume, 6 1/2" by 8" and about 3/
and unsolved problems. It lacks the chronological flow of the
4" thick. It is bound in paper-covered boards with a sewn
great Diary and does not reward the reader with detailed
leather spine which is quite worn. Faraday was a skilled
accounts of great discoveries. Many must, over the years, have
bookbinder by training and apparently bound the notebook
glanced once or twice at it and returned to the safer, richer
himself (5). The notebook is written on paper watermarked
haven of the laboratory records, seemingly fitter tributes to one
"H. Smith & Son 1821"; thus 1821 is the earliest date that
of the greatest scientists of the 19th century.
Faraday could have written the notebook, especially since the
Yet Faraday himselffelt differently. On the title page of the
clustering of watermarks suggests that the notebook was never
1822 notebook. he placed the following initialed and dated
dis bound. Some of the entries could, of course, have been
(1822) note (1):
recopied from earlier notes, though this seems unlikely. The
volume bears the marks of frequent use. showing that it was not
I already owe much to these notes and think such a collection worth
a static repository, to be ignored after entries were made. Many
the making by every scientific man. I am sure none would think the
leaves in the book are blank, indicating that Faraday bound and
trouble lost after a year's experience.
numbered the notebook pages expecting to make later entries
under the topics listed in the contents.
What led him to make such a strong claim, the like of which
The dated comment on the title page, and the watermarks,
appears in none of his other notebooks? Why would he single
make it clear that he bound the book no later than 1822. It is
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also clear that he used it after 1822, because of the dated

comments on some entries and the dated deletion of others.
Exactly when Faraday composed and wrote the entries is
important. If we can determine something of the chronology of
the entries, then the notebook can serve as a clue to his working
methods. For example, if we were to conclude that it was
written primarily between 1821 and 1822, then we would have
to conclude further that the notebook is a remarkable prevision
of a lifetime's worth of research - that Faraday had anticipated
himself in 1822. This is too extreme, however, since there is
clear evidence that Faraday made entries after 1822. For
example, Bradley has noted that the rotating copper plates
sketched by Faraday on pages 72 and 73 are remarkably like
those used by Arago in the 1825 discovery now known as
" Arago' s Effect", (the tendency of a copper plate mounted on
an axis to turn along with a magnet which is rotating nearby)
(6). IfFaraday ,s sketch was inspired by Arago, then clearly he
was still making entries in this notebook as late as 1825, by
which date he was clearly keeping other notebooks as well.
There is further evidence that Faraday was using the notebook
after 1822. For example, there are a number of crossed out
passages, some of which are dated, the latest of which is 3
November 1824. Such crossed out entries represent experiments or suggestions which he later conducted, updating his
earlier entries in the 1822 book.
A quick browse through the notebook turns up many
examples of the prescient character of the 1822 notebook. On
page 73 is an entry and a sketch that suggests his later muchheralded discovery of electromagnetic induction in 1831. The
description of "magnets in copper coils connected with other
coils and galvanometer," and the accompanying sketch (figure
1), are uncannily like the apparatus used to fIrst identify the
occurrence of induction. In fact, this apparatus could have
served for the discovery, provided that the magnet was moved.
Why did Faraday not make the discovery in 1822, or, allowing
for the possibility of a later entry, in 1825? The answer is
complex and must rely on the fact that it was not until 1831 that
he realized the importance of looking for a "transient" induction effect rather than a continuous one (7). What is clear is that
he had most of the essential components of a successful
experiment in the 1820s.
It is interesting to note that the entry occurs in the context
of the section on "Heat & Light". This is not so puzzling as it
may seem at fIrst sight, since for Faraday, as for most other
scientists at that time, heat and light were regarded as "imponderable matter". which, together with Davy's then-recent ar-

Figure 1. Sketch from the notebook suggesting an anticipation of
Faraday's later work on electromagnetic induction.
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Figure 2. A sketch from the notebook outlining an experiment to
detect a possible relationship
between gravity and electromagnetism. This search for a
unification of the various forces
of nature was one of Faraday's
life-long preoccupations.
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guments for the centrality of electricity in the constitution of
matter, made the topics of electricity, magnetism, heat, and
light closely associated problems. In the 1820s there was no
way to rule out (or rule in, of course) the possibility that
electricity and magnetism were entities of a basically similar
sort as heat and light.
Many of the other research programs that Faraday carried
out in later years are foreshadowed in the 1822 notebook. His
1831 researches on vibrating plates, for example, are prefIgured on page 93, where he devotes an entire page to the
"Motions of fine particles on elastic plates" (8). Here we have
what is apparently a late entry, done not too long in advance of
the research itself (which is in the Diary for 1831), since he
refers to issues that were only raised in Savart's 1827 research
on such plates. Savart thought he had found a place of
secondary vibration, in addition to the already-known places of
nodal vibration familiar from Chladni's research. In 1831,
Faraday showed that Savart was wrong, that some of the
peculiarities of particle motion on the surface of vibrating
plates could be attributed to air currents. In the notebook, we
can see that this idea had already occurred, since he refers to
"Currents of smoke on plates in still air" and to "Currents under
water - shown by dropping coloured particles on to different
parts of the plates".
Faraday's life-long preoccupation with the possible relation of gravity and electricity appears on page 10 ( figure 2),
where he also suggests that magnetism might be relevant.
Faraday's predilection for a "unified force" view ofthe world
is reflected here as well. He failed, of course, but not for want
of trying. Over the years he repeatedly returned to the possible
relation of gravity and electricity or magnetism, but, like
Einstein, he never found his unified field theory!
Some discoveries show up after-the-fact, for example, his
discovery of benzene ("Bi Carburet of Hydrogen") in 1825
appears in the section on "Sulphur", where he suggests "Bi car
hydrogen & sulphur in bottom of a flask - heat" as a possible
experiment, and, a few lines further on, to the possibility of a
reaction with sulphurets of lead or antimony. Clearly this is a

II

Bull. Hist Chern. 11 (1991)

late entry (and it does occur at the end of a section, followed by
a page and a half left blank), but it illustrates the fertility of his
questioning approach - a newly discovered substance is no
excuse for sitting back! Reacting benzene with sulphur or a
sulphur compound makes sense here, since, in the original
report, he paid special attention to the reaction of sulphuric acid
and benzene (9).
Perhaps the most interesting aspect of the 1822 Notebook
requires another level of reading. When, for example, Faraday
heads a section "Heat & Light", we think we know what he
means. The terms are familiar ones, and we fmd ourselves a bit
surprised when he includes material on electricity and magnetism. As we have seen, the inclusion of these seemingly
disparate topics is quite understandable once we have looked
a bit deeper into the concepts of heat and of light as they were
understood by Faraday. In fact, we must be careful to do this
for all of his terminology - the language of chemistry has
changed a great deal since 1822!
This problem was brought home to me in the course of
editing the 1822 notebook for publication (10). My co-editor,
David Gooding, and I wanted to include a glossary in the book,
thinking particularly of those users who might find themselves
puzzled by the many terms that are no longer in current use.
"Iodide of zinc" should cause no problems, but what about
"liquopodium" or "tutenage"? At ftrst this seemed a straightforward editing task - just find some old dictionaries and look
up the terms. This worked for"liquopodium" (a dry, powdered
moss) and for "tutenage" (a zinc alloy). But then the problems
began to mount. Should we state the modern equivalents and
leave it atthat? Such a strategy would workfor the well-known
"bi carburet of hydrogen" (now known as benzene), but it was
going to be quite a task to correctly identify all of Faraday's
terminology in this fashion! Furthermore, the strategy wouldn't
work at all in those cases where the modern term and Faraday's term were the same, but had different meanings (as for
"heat").
We ended up with a different sort of glossary than we had
envisioned at the start. The best way out of the dilemma, it
seemed to us, was to base all of the entries on sources as close
to 1822 as we could find and to define all the terms, common
and uncommon, familiar and unfamiliar, using quoted definitions appropriate to the times. This meant a very much longer
glossary than first planned; in fact, the glossary is longer than
the notebook itself. Since we couldn't always find definitions
as such, we frequently had to quote passages from nondictionary sources in the form of passages that revealed the
meaning of the term. In effect, the glossary became almost
entirely a list of quotations. As work progressed. the temptation to include interesting other bits of information (in the
form, again, of contemporaneous quotes) was overwhelming.
For example, the following entry for "hydriodic acid" includes
information about its composition, its preparation, and its
discovery (10):
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Hydriodic Acid. "A gaseous compound of hydrogen and iodine,
obtained by the mutual decomposition of iodide of phosphorous and
water. It is composed of 126 iodine + 1 water" (Brande,1845, p. 576).
"First examined by Davy and Gay-Lussac ... 1814" (Brande, 1836, p.
367).

Much insight into the notebook is possible in this way. First,
note that hydriodic acid was a "new" substance, having been
discovered only eight years before Faraday began the notebook. Second, note that it was a "local" discovery - Faraday's
mentor Humphry Davy shared in the discovery. Since Faraday
and Davy were in Europe together in 1814, Faraday himself
probably was a participant in the discovery. Note also that the
composition is given in terms of the parts of water included.
Obviously, the choice of sources was important for this
strategy to work. William Brande's two books (11, 12) were
especially nice sources because Brande was Faraday's associate at the Royal Institution. having become Professor of
Chemistry in 1813, the same year Faraday arrived as Davy's
assistant. Another good source was the manuscript of Faraday's lectures on chemistry delivered before the City Philosophical Society from 1816 to 1818 (13). These were especially revealing for the basic terms (10):
Light. "Imponderable matter produces its most important effects and
is best known to us when it is in a state of motion, or radient [sic];
hence it is called Radient [sic] Matter" (Faraday, 1816-18, p. 113).

Sometimes an entire program of research becomes meaningful when we see Faraday's starting point (10):
Gold. " ... When beaten out and laid upon glass forms a screen of much
transparency ... It has been said that this is occasioned by the existence
of small holes in the leaves, which permit the light to pass ... supposing
it to be true, the light which passes should be white, whereas it is
coloured, and the colour is found to depend on the metal ... Pure gold
appears by transmitted light of a purplish colour, gold with a little
silver bluish with a little copper green ... and these changes of colour
prove that light does not pass through such small accidental holes, but
actually through the pores of the metal" (Faraday, 1816-18, pp. 118119).

Here we get a sense of how certain topics and problems cluster
together for Faraday. Consider, for example, Faraday's juxtaposition of queries about gold foil and electrical experiments
on page 72 of the 1822 notebook. The topics move from the
transparency and color of foil to the remarkably prescient
"magnet in a good helix" comment. These seem unrelated.
until one realizes that for Faraday a "unity of force" view of the
world means that light and its interactions with material
substances is a central topic. From the standpoint of the
corpuscular theory of light, such interaction, in the absence of
chemical change, is puzzling. But if the elementary forces of
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electricity and magnetism are indeed involved in the construction of matter, it is not so surprising. Gold foil is clearly a good
place to look because gold foil changes color (from gold to
green) when one changes from reflected light to transmitted
light. Something is going on that could be relevant and so one
naturally is lead to the possibility that a "Magnet behind gold
leaves" will show something new. In later years, Faraday
would spend a good deal of time on the investigation of gold
by its optical effects on light (14). Thus, placed in its proper
context, the juxtaposition is not so surprising ruld is certainly
far from arbitrary!
Even such commonly used terms as "chlorine" reflect the
very different context of Faraday's use of this term - for him it
was a new word, reflecting its newly discovered elemental
status - not a familiar element surrounded only by a technical
definition. Similarly, the definitions given in the glossary are
much closer to the everyday context of life in the early 19th
century than the comparable terms would be today. Definitions are not given in terms of, say, atomic number (an
unknown concept in 1822) but in terms of a substance's
sensory attributes. its production, its use in commerce. its
standing within someone's theory, etc. In general the definitions are closer to what Roberts calls the "sensuous" character
of 18th century chemistry than to the 20th century abstractions
of elements and compounds (15).
The notebook is a product of a specific context, a time and
place which can be detected on every page. For example, it
opens a window into one of the main centers of resistance to the
new Daltonian atomic theory. Humphry Davy and W. T.
Brande, and their protege, Michael Faraday, did not believe
Dalton's hypothesis that chemical phenomena could be explained by positing different. indivisible constituent atoms for
each chemical element. To them. Dalton's views smacked of
a static. mechanistic system that simply could not explain the
active, dynamic universe. They saw this dynamism - not the
mechanical interaction of inert corpuscles - as Newton's true
legacy (16). Davy. in particular, was heavily influenced by
Boscovich, for whom matter was constituted. not of hard
material "stuff', but of active. immaterial, centers of force
extending out to infinity. For Davy such views were closer to
the nature of reality and the only ones capable of explaining his
discoveries in electrochemistry. The elementary parts of a
chemical substance had to be active. changeable things. capable of at least interacting with forces in a way that Dalton's
"little circles" could not do (17, 18).
Faraday's 1822 notebook reflects similarconcems. Chemical questions appear to predominate. yet it includes queries and
suggestions about electricity, heat, light, and many other
topics that betray the force-centered chemistry of the antiDalton school. It should be remembered, too, that for Faraday
(as for Davy), the electric current was a new and powerful
research tool, to be used alongside more traditional analytical
techniques (19). Although Faraday does use chemical equiva-
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lents, he avoids atomistic explanations and uses the more
neutral term "particles" rather than the term "atom". Even as
early as 1822, the notebook shows that Faraday was trying to
link together the forces of nature as they were manifested to
chemical philosophers through the chemical transformations
familiar in the laboratory, in commerce, and in everyday life.
In this sense, the notebook prefigures his 1832 discovery of
"Faraday's Law of Electrolysis", perhaps the greatest triumph
of this view (20).
Sometimes the most consequential evidence in historical
study is derived from the smallest of details. This case is no
exception. For the historian, it is perhaps an old lesson to say
that one must understand the documents of the past in the terms
that were relevant in that past - something akin to "translation"
is central to all historical scholarship. But the point extends far
beyond the literal meanings of terms for a very basic reason
having to do with the organization of human memory. We do
not construe meaning as simply a one-to-one identification of
one term with its corresponding defining proposition. Instead,
meaning arises out of networks of associated items. Until we
penetrate the web of associations that constitute such networks, we cannot hope to penetrate the thoughts of those
figures, like Faraday, that we hope to understand.
Glossaries of the type described help in this endeavor, but
only to the extent that the user participates in them to a degree
that allows an approximation to the original network. Simply
looking up the term "Bi Carburet of Hydrogen" and translating
it into "Benzene" does not help with such insight and can. to the
extent that a modem network is invoked by the modem term,
actually hinder a reading that approximates Faraday's understanding. Just as we learn more about his achievements by a
close understanding of his laboratory apparatus. so too do we
benefit by a close understanding of his linguistic tools. In this
respect, each reader needs to be something of a cognitive
scientist, constructing a model of Faraday's cognition that
approximates as closely as possible the context of his own
thought. To do that is to approach the mind of the master
himself, to begin to appreciate the richness of Faraday's
achievements and to feel a hint of the excitement that must
have been his.
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FARADAY'S SEARCH FOR FLUORINE
Harold Goldwhite, California State University - Los
Angeles
In a relatively concentrated and intense period of experimentation. from January 1834 to December 1835. Michael Faraday
attempted to prepare elemental fluorine. He was not successful
in those attempts. This article presents the background to
Faraday's work. the status of fluorine in 1834. the details of
Faraday's experimentation. and an assessment of the chemistry involved. It also speculates on Faraday's motivation in
undertaking this endeavor.
In 1771 Carl Scheele. repeating and reinterpreting an
experiment first reported by Marggraff in 1764. demonstrated
that reaction between fluorspar (calcium fluoride) and sulfuric
acid liberated a peculiar acid which was combined with lime in
the fluorspar (1). This "flussaiire" was always accompanied by
deposits of silica in the receiver. for Scheele used glass retorts
for his experiments. and he opined that flussaiire might contain
silica. In 1781 it was shown that the source of the silica in
Scheele's experiments was the glass vessels (2). When Lavoisier advanced his new system in the TraUe elementaire in
1789. he described Scheele' s acid as "I'acide fluorique" and,
following his oxygen system of acids, asserted that it contained
oxygen combined with an as yet unknown radical. "fluoricum"
(3).
While Humphry Davy was engaged in clarifying the ele-
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mentary nature of chlorine (4), the French physicist A. Ampere
drew his attention, in two letters sent in late 1810 and in 1812,
to the many similarities between hydrochloric and hydrofluoric acids. A passage from Ampere's ftrst letter to the
master electrochemist makes some striking points (5):
It remains to be seen whether electricity would not decompose liquid
hydrofluoric acid if water were rempved as far as possible, hydrogen
going to one side and oxyfluoric acid to the other, just as when water
and hydromuriatic acid are decomposed by the same agent The only
difficulty to be feared is the combination of the oxyfluoric acid set free
with the conductor with which it would be brought into contact in the
nascent state. Perhaps there is no metal with which it would not
combine, but supposing thatoxyfluoric acid should, like oxymuriatic
acid. be incapable of combining with carbon, this latter body might be
a sufficiently good conductor for it to be used with success as such in
this experiment
Humphry Davy

In the second letter to Davy, Ampere proposed the name "Ie
fluor", or fluorine, for the new radical by analogy with the
recently adopted name of chlorine for oxymuriatic acid.
During 1813 and 1814 Davy pursued fluorine but with no
success (6):
I undertook the experiment of electrizing pure liquid fluoric acid with
considerable interest, as it seemed to offer the most probable method
of ascertaining its real nature, but considerable difficulties occurred
in executing the process. The liquid fluoric acid immediately destroys
glass and all animal and vegetable substances, it acts on all bodies
containing metallic oxides, and I know of no substances which are not
rapidly dissolved or decomposed by it, except metals, charcoal,
phosphorus, sulfur, and certain combinations of chlorine. I attempted
to make tubes of sulfur, of muriates of lead, and of copper containing
metallic wires, by which it might be electrized, but without success.

I succeeded, however, in boring a piece of hom silver [i.e., native
silver chloride] in such a manner that I was able to cement a platina
wire into it, by means of a spirit lamp, and by inverting this in a tray
of platina filled with liquid fluoric acid I contrived to submit the fluid
to the agency of electricity in such a manner that in successive
experiments it was possible to collect any elastic fluid that might be
produced.

But to no avail. Davy's hydrofluoric acid was not anhydrous,
and the only decomposition products collected were hydrogen
and oxygen from the water it contained. Davy's attempts to
prepare fluorine chemically, by treating heated metal fluorides
with a stream of chlorine gas, were equally unproductive (7).
This was the situation in the 18208 and early 1830s.
One of the leading chemical characteristics of chlorine,
noted by all early workers, was its ability to function as a
supporter of combustion, in some respects analogous to oxygen. The story of Davy's tour of Europe, accompanied by the
young Faraday, from 1813 to 1815 is a familiar one, and so is
that of Davy's brilliant series of investigations made with his
portable laboratory during that tour, which indicated the elementary nature of Courtois' dark crystals, more or less simultaneously with Gay Lussac, and the similarity between this
novel iodine and chlorine. The excitement of these discoveries by his mentor made a strong impression on the young
Faraday. We find him writing to Benjamin Abbott, his closest
friend, from Geneva in July 1814 (8):
Before I leave iodine I must ask you & also desire you to inform me
of the state of your sentiments respecting chlorine whether you class
that substance & fluorine with oxygene ...

Andre-Marie Ampere

After Davy and Faraday returned to England in 1815
Faraday began to broaden his horizons, and undertook in 1816
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a course of lectures on chemistry to· the City Philosophical
Society, a group of young men bent on self-improvement. In
his fifth lecture, on the supporters of combustion, he suggested
that "It is probable that none of these bodies, oxygen, chlorine,
iodine & fluorine, are really simple in their nature" (9). Here
we see Faraday following Davy in his rejection of Dalton's
chemical atomism. Incidentally, Faraday was steadfast in this
opposition and we find him writing to Charles Babbage in
April 1837 that (10):
The simple substances known are fifty three to which if you add
fluorine or the X which must stand in its place the number will be 54.
I hope the progress of discovery will be rather to diminish than
increase the number.

Faraday's interest in the halogens, stimulated by his early
contact with Davy's work on chlorine and iodine, showed up
in a number of his early chemical investigations. In his first
contribution to Philosophical Transactions, in 1821, he described the first reported binary compounds of chlorine and
carbon, which he obtained in the course of his investigations of
the reactions between olefmnt gas (ethylene) and chlorine. He
isolated and characterized two new compounds, the crystalline
perchloride of carbon (hexachloroethane) and the liquid protochloride of carbon (tetrachloroethylene) (11). In 1822 he
worked with the crystalline hydrates of chlorine and observed
liquid chlorine in the same year (12). The progression from
chlorine to fluorine may have been an attractive one to him.
Faraday's diary allows us to follow the course of his
experimental attempts to prepare fluorine (13). Amongst the
wide range of his exploratory electrochemical investigations
in mid-January 1834, he tried the electrolysis of aqueous
solutions of potassium fluoride, both without and with the
addition of sulfuric acid. In the latter case he noted the action
of hydrogen fluoride on the glass of his apparatus and also ( 14):
UN electrode 0.67 c:i: this hydrogen ... P Electrode only 0.20 c:i:,
which was oxygen. Still the Platina Electrode was not apparently
acted upon and the glass in the neighborhood was. From which, and
from the small quantity of oxygen, I conclude that Fluorine had been
evolved at the Electrode and dissolved in the water without decomposing it, but something in the manner of chlorine and iodine. If not so,
then the platina ought to have been corroded or else the full equivalent
of oxygen set free.

A week later a similar experiment in platinum apparatus gave
him a solution which bleached a solution of indigo, and he took
this for "additional proof of the production of an aqueous
solution of fluorine ... in its bleaching power of analogy with
chlorine" (15).
Chemical attempts toprepare fluorine followed (16). By
analogy with Scheele's original preparation of chlorine, Faraday mixed "Fluor Spar and Ox. Manganese well powdered" in

Michael Faraday

a platinum crucible with sulfuric acid, but only hydrofluoric
acid was evolved. Potassium fluoride substituted for the fluor
spar gave similar results, but when "Fluate Potassa, Red lead
and Oil Vitriol" were heated in the same crucible the fumes
smelt "as if a little Euchlorine with it". However, red lead and
oil of vitriol with no added fluoride seemed to give a similar
smell. Nevertheless, the slight possibility that the lead compound might be producing a little fluorine induced Faraday to
continue working with lead salts. He prepared lead fluoride by
reaction between potassium fluoride and lead nitrate. and
noted that it fuses unchanged at red heat in platinum. Preliminary attempts to make silver fluoride led Faraday to conclude
that it must be soluble in water (as indeed it is) and he did not
initially isolate it. Lead fluoride became the focus of Faraday ,s
subsequent electrolytic experiments.
In platinum apparatus that would be dubbed microscale
today, Faraday electrolyzed fused lead fluoride (m.p. 822°C)
and observed (17):
Much good action at N. foil; lead reduced and Platina alloyed and
fuzed. At P. Electrode effervescence much; vapours transparent,
pungent etc.

When he used a plumbago (graphite) positive electrode there
was evolution of a pungent gas or vapor, but no action on the
plumbago (17). An elegant new apparatus allowed Faraday to
observe the vapor more carefully (18):
Although the gas or vapor at the P. electrode came off irregularly and
soon mixed with air in and about the tube, I was able to make the
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following observations. It must I think have been fluorine. It was
colorless and transparent. It did not produce fumes in the air like
hydro fluoric acid, but when an open glass was held over the end, thus.
fumes at the aperture above were produced ..• The transparent fluorine
vapors pungent to the mouth and nostrils. They reddened litmus paper
but did not bleach it ... A little copper leaf tarnished in the fumes.
Silver leaf also tarnished ... but I could dissolve no fluate off from it.

The experiments continued for a month. Faraday isolated
silver(l) fluoride. butit did not break down thermally. as he had
hoped. to give fluorine. He observed decomposition but
concluded that it was due to the presence of water in the silver
fluoride. a salt that is hard to dehydrate fully. Electrolysis of
molten lead fluoride in another new apparatus confirmed his
earlier observations. and his opinion that he had prepared
fluorine. but added nothing new to his observations (19). The
topic was put aside for a time in mid-February 1834.
Faraday came back to it in January 1835. He essayed new
ways of making lead fluoride. and noted that lead chloride and
lead fluoride. when fused together. apparently form a mixed
compound - "probably a useful mixture in voltaic decompositions for fluorine". After a month·s work on the chemistry of
lead and silver fluorides. and after preparing a large batch of
lead fluoride that was probably purer than his earlier samples.
he was ready to resume electrolyses. His Diary entry of 19
February 1835 is confidently headed "Fluorine" (20). Another
new electrolysis vessel was devised. but this time (21):
... there were very little signs of any gaseous or vaporous matter being
produced in the retort ... By far the greatest portion of the electricity
passes as through an undecomposable conductor. a metal for instance;
but there appears to be a little action. for lead is rendered at the cathode
and the platina wire is corroded at the anode. In this state this body
[fused lead(I1) fluoride] presents an extraordinary case between
ordinary electrolytes and ordinary good conductors ... I must look out
for a fluoride not having the peculiar properties this possesses. Try
several.

His passing comment on the intermediate conductivity of lead
fluoride represents one of the first recorded observations of the

Faraday's apparatus for reacting lead fluoride and graphite in an
attempt to prepare "fluo-carbon" (32).
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The evolution of Faraday's vessels for electrolysis of fused lead
fluoride: 20 Jan. 1834 (top I). 29 Jan. 1834 (top r). 10 Feb. 1834
(bottom I). and 19 Feb. 1835 (bottom r) (31).

phenomenon of semiconductors.
Fluorine from lead fluoride was proving elusive. and Faraday was quick to suggest what had been the problems in his
earlier experiments (22):
As the fIrst fluoride of lead [January-February 1834] gave gas at P.
Electrode when electrolyzed, suspected now this was from nitrate or
oxide present left in from nitrate when washed. Added a little pure
oxide of lead to this pure fluoride of lead. and now gas was evolved at
the Anode. But this probably oxygen from the oxide. This confIrms
my view.

He continued to explore the chemistry of fused lead fluoride.
noting that it apparently reacted with charcoal. and possibly
even with diamond. On minimal evidence he suggested that a
"fluo-carbon had been formed. analogous to fluo-silicon and
acting in the same manner on water". He repeated the experiment with lead fluoride and plumbago on a larger scale. but the
results were inconclusive (23).
In October 1835 Faraday was still looking for suitable
fluorine precursors. He examined routes to platinum fluorides
and gold fluorides. but found nothing encouraging (24). Then
in November 1835. he started his last concentrated attack on
the problem (25):
I required a solution equivalent to hydro fluoric acid in which I might
render platina. Gold. etc. positive by the Voltaic battery: for this
purpose I added strong sulphuric acid to the strong solution of fluoride
Pm. [potassium] ... No fumes ofH. f. acid were produced (unless large
quantities were used). nor did the solution taste as sour as I expected.
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Many different metals were tried as electrodes in this solution:
platinum, gold, palladium, silver, iron, tin, antimony, copper,
and zinc. No fluorine was obtained, but Faraday was led to
speculate on the properties of his unobtained element (25):
Supposing fluorine obtained and held in platina vessels. Would it not
abstract hydrogen from water at common temperatures? Would it not
inflame in hot steam? Would not a mixture of fluorine and steam burn
spontaneously or be ignited by a flame or an electric spark? Would
not fluorine serve as an abstractor of hydrogen, and so be opposed to
bodies generally as abstractors of oxygen.

By the end of 1835 Faraday had apparently decided to move to
more promising areas: "I cannot go on at present with the
fluorine experiments". When he reprinted his earlier publications on electrochemistry in the first volume of his Experimental Researches in Electricity in 1839 he quoted (26):
Hydrofluoric acid andfluorides. Solution of hydrofluoric acid did not
appear to be decomposed under the influence of the electric current:
it was the water which gave way apparently. The fused fluorides were
electrolysed; but having during these actions obtained fluorine in the
separate state, I think it better to refer to a future series of these
researches, in which I purpose giving a fuller account of the results
than would be consistent with propriety here.

but he added, in December 1838, for the reprint, the following
significant footnote:
I have not obtained fluorine: my expectations, amounting to conviction, passed away one by one when subjected to rigorous examination;
some very singular results were obtained.

Faraday himself pointed to some of his earlier spurious
sightings of "fluorine" as probably due to oxygen from traces
of oxide or nitrate in his samples. That may have been part of
the problem, but the earliest lead fluoride electrolyses he
conducted were in equipment open to the air. Lead(II) fluoride
has a substantial vapor pressure at its melting point of 822°C;
its vapor is readily hydrolyzed to produce lead oxide and
hydrogen fluoride (27). Consequently the vapors above Faraday's molten lead fluoride in equipment open to the air reddened litmus and inevitably produced oxide, a source of
oxygen in the electrolysis. It is significant that in his final
experiments, in closed apparatus, there was very little gas
evolution. The electrochemistry of pure molten lead fluoride
in vacuo does not appear to have been explored. Since lead(IV)
fluoride exists. as do well-characterized hexafluoroplum bates(IV) (28). it seems possible that the redox process in
molten lead(Il) fluoride might give elemental lead and lead(IV)
fluoride which. in lead(II) fluoride, might be present as
Pb2+PbFt (equivalent stoichiometrically to a novel lead
trifluoride).
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The episode with fluorine demonstrates many of Faraday ,s
skills as an experimenter: the visualization of an important
problem; the breadth of the attack on it; the range of ingenious
equipment and experiments devised for that attack; the repetition to check on reliability and reproducibility; the rapid grasp
of anomaly, and the suggestions of reasons for it; and the
decision to abandon an unprofitable area when the returns were
not up to his expectations. It sounds like (and is) a check-list
for any aspiring scientist. Faraday's early views on "philosophical deduction", enunciated in his final lecture to the City
Philosophical Society, stood him in good stead (29):
The man who is certain he is right is almost sure to be wrong; and he
has the additional misfortune of inevitably remaining so. All our
theories are fixed upon uncertain data, and all of them want alteration
and support. All I wish to point out is ... the continual guard against
philosophical prejudices which should be preserved in the mind. The
man who wishes to advance in knowledge should never of himself fix
obstacles in the way.

Let me close with a speculation. Among all Faraday's
electrochemical experiments, the attempt to prepare fluorine is
in some ways an oddity. Faraday did, of course, carry out many
other qualitative experiments to determine products of electrolyses, and was certainly a pioneer in fused salt electrolysis.
but the attack on the fluorine problem was unusually sustained,
and Faraday seems to have been uncharacteristically optimistic in his view of his early results. It seems to me that he wanted
to believe he had prepared fluorine, and I am drawn to speculate on why this was so. One reason may have been the
significance of the result. During most of the 19th century, the
isolation of elemental fluorine was a, or perhaps the, major
challenge to inorganic chemists. Moissan' s eventual success
in 1886 gained him international recognition. Faraday was
aware of the recognition that discovery of new elements
(through the application of electrochemistry) could bring to an
investigator, for he had Davy's example before him. I believe
Faraday would not have been indifferent to the acclaim that
would have greeted him as the discoverer of fluorine.
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OBSERVATIONS ON FARADAY AS
ORGANIC CHEMIST MANQUE
Derek A. Davenport, Purdue University
Faraday's work in pme chemistry has been treated somewhat
condescendingly by commentators. Partington dismisses it in
less than a page and Williams' rather fuller treatment is
consigned to an omnibus chapter titled ''The Fallow Years" (l,
2). There is perhaps some justice in this. If we exclude the
work on liquefaction of gases as being sui generis nonchemical and if we yield that on "Relations of Gold and Other
Metals to Light" to the uncoagulated and as yet unnamed
colloid chemists (3), we are forced to concede that even those
chemical papers Faraday chose to reprint in Experimental
Researches in Chemistry and Physics (4) are, for the most part,
minor work. Faraday's touching footnote to the first of these,
"Analysis of Native Caustic Lime", could with equal humility
have been appended to several others (5):
I reprint this paper at full length. It was the beginning of my
communications to the public, and in its results very important to me.
Sir Humphry Davy gave me the analysis to make as a first attempt in
chemistry at a time when my fear was greater than my confidence, and
both far greater than my knowledge; at a time also when I had no
thought of ever writing an original paper on science. The addition of
his own comments and the publication of the paper encouraged me to
go on making. from time to time, other slight communications, some
of which appear in this volume. Their transference from the "Quarterly" into other Journals increased my boldness; and now that forty
years have elapsed and I can look back on what the successive
communications have led to, I still hope, much as their character has
changed, that I have not, either now or forty years ago, been too bold.

There are six papers, however, that taken together provide
a striking exception to this generalization: ''Two New Compounds of Chlorine and Carbon, etc."; "New Compound of
Chlorine and Carbon"; "Hydriodide of Carbon"; "New Compounds of Carbon and Hydrogen"; "Pure Caoutchouc"; and
"Mutual Action of Sulphuric Acid and Naphthaline". These
reveal that in the years between 1820 and 1826, Faraday had
mastered those arts - synthesis, separation, purification, characterization, analysis - necessary to the emerging subdiscipline of organic chemistry. Indeed, it is doubtful that any of his
contemporaries could claim greater achievement in that area.
Even so he abandoned the subject in 1826, never to return, and
if we are to judge by his letters to Liebig and Dumas. among
others, he subsequently evinced little interest in the extraordinary efflorescence of organic chemistry that took place during
the rest of his life.
"On Two New Compounds of Chlorine and Carbon, and on
a New Compound of Iodine, Carbon, and Hydrogen" (6)
describes the preparation and characterization of perchloride
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of carbon (C2CI6) and protochloride of carbon (C2CI4) while
"On aNew Compound of Chlorine and Carbon" (7) deals with
what the Merck Index rather quaintly identifies as hexachlorobenzene or "Anticarie; Bunt-cure; Bunt-no-more; Julin's
carbon chloride" (C6CI6 ) (8). Both early (9) and late (10)
Faraday had a particular fondness for the element chlorine, a
fondness no doubt devolving from his admiration of Davy. In
the published version of the paper on the perchloride and
protochloride of carbon he justifies at considerable length the
reasons for his investigations. Not so in the Diary entry for
September 1820, which peremptorily begins (11):
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EXPERIMENTAL RESEARCHES
.N

CHEMISTRY AND PHYSICS.

MICHAEL FARADAY, D.C.I.., F.R.S.,

Chlorine and olefiant oil exposed in a retort to sun light soon act; the
vessel becomes misty, the colour of the chlorine disappears, a little
heat is extricated and the bulk of the gas perhaps from that cause
appears increased. The gas contains much M.A. [muriatic acid gas,
HCI] and there is a smell as of Phosgene gas. (Query oxygen present?)
Dendritical crystals gradually form; these may be washed in
water, dissolved in Alcohol and crystallized.
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Three months of intense experimentation (involving at
least 20 separate runs and multicomponent analyses) were
necessary before Faraday felt confident enough to claim (12):
Other experiments gave very nearly the same results; and I have
deduced from them, that one volume of olefiant gas requires five
volumes of chlorine for its conversion into muriatic acid and chloride
of carbon; that four volumes of muriatic acid gas are formed; that three
volumes of chlorine combine with the two volumes of carbon in the
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1859.

olefiant gas to form the solid crystalline chloride; and that, when
chlorine acts on the fluid compound of chlorine and olefiant gas, for
every volume of chlorine that combines, an equal volume ofhydrogen
is separated.

Faraday not only measured in terms of volumes he also
reasoned in terms of them. Nonetheless his results translate
unambiguously into the modern representation:

He noted that "no muriatic acid gas formed unless chlorine in
excess of olefiant gas":

and that this was followed by:

Michael Faraday (Etching by McGuire)

He verified these volumetric arguments by gravimetric determination of the composition of the binary compound: first by
converting the carbon to carbon dioxide by heating with

/1
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"peroxide of copper" or lime and second by converting the
chlorine to silver chloride. In the published paper he cites only
"two results from a number of experiments agreeing well with
each other". Faraday then gives an indirectly calculated value
for the carbon content of the perchloride corresponding to
10.19% (modem value 10.15) and a direct value for the ratio of
silver chloride produced to that of perchloride reacted of 3.54
(modem value 3.63). The former agreement may be partly
coincidental. Not only did Faraday have to make do with the
best available value for the carbon content of his measured
volume of carbon dioxide, the Diary also reveals much variability with such comments as "Irregular Results do not promise much", "Pretty good but repeat", "Very good expt.", "Too
little carbon, too much chloride". The last comment suggests
that Faraday, as Kohlrauch was later to remark, "smelt the
truth" and thus felt confident in stating that "Three proportions
of chlorine 100.5 and Two proportions of carbon 11.4" represented the composition of the perchloride of carbon (13).
Allowance must be made for the fact that Faraday's interpretation of his data involved what was tantamount to an atomic
weight of approximately six for carbon. It would appear that
he rested more confidence in the volumetric than in the
gravimetric determination of composition.
The liquid protochloride of carbon was made by passing the
perchloride through a hot tube. The reaction was shown to be
reversible in sunlight:

Separation was achieved by bulb-to-bulb distillation. Similar
experiments to those used to establish the composition of the
perchloride enabled Faraday to conclude "the composition of
the fluid chloride of carbon to be one proportion of chlorine and
one of carbon, or 33.5 of the former, and 5.7 of the latter" (14).
Again the Diary reveals considerable variability but once
again Faraday's "nose" stood him in good stead.
Given the armamentarium of the time, the investigation of
chemical and physical properties of the two binary chlorides
was wide-ranging: their high temperature interactions with
metals, non-metals, and metal oxides; their unreactivity towards acids, bases and, at less than red-heat, oxygen. Apropos
of the last-mentioned, Faraday notes that when heated with
oxygen over mercury "there was no decomposition, or action,
until so much mercury had risen in vapour as to aid the oxygen
by a kind of double affinity in decomposing the chloride of
carbon" (15).
Faraday also reports the addition of iodine to olefiant gas to
give a solid, white crystalline body, "having a sweet taste and
aromatic smell ... The alcoholic solution is of a very sweet
taste, but leaves a peculiarly sharp biting taste on the tongue"
(16). The analysis, described in a later note "On Hydriodide of
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Carbon" is exemplary (17):
Four grains were passed in vapour over heated copper, in a green glass
tube; iodide of copper was formed. and pure olefiant gas evolved.
which amounted to 1.37 cubic inch. As 100 cubic inches of olefiant
gas weigh about 30.15 grs., so 1.37 cubic inch will weigh 0.413 gr.
Now 4 grains minus 0.413 leaves 3.587 iodine, and 3.587 : 0.413 ::
117.75 : 13.55 nearly. Now 13.55 is so nearly the number of two
proportions of olefiant gas, that the substance may be considered as
composed of
1 proportion of Iodine. . . . . . .. 117.75
2 proportions of Olefiant gas. .. 13.4
and is therefore analogous in its constitution to the compound of
chlorine and olefiant gas, sometimes called chloric ether.

Faraday found 89.7% of iodine in the compound as compared
with the modem value of 90.0% for ethylene di-iodide. In this
case exposure of the di-iodide to sunlight caused no further
reaction in the presence of excess iodine.
Faraday had established the existence of two chlorocarbons
of carbon: the perchloride with three proportions of chlorine
and two of carbon and the protochloride with one proportion of
chlorine and one of carbon. With impressive pre-homologous
logic, he speculated that there should be a third compound
containing "two proportions of chlorine and one of carbon"
(18). In modem terms, this is carbon tetrachloride, a substance
not isolated until 1839 (19).
Chance, however, quickly placed a third perchlorocarbon
in Faraday's hands. One "M. Julin, of Abo in Finland", had
unaccountably obtained a white solid, seemingly containing
only carbon and chlorine, from a process in which "nitric acid
is prepared by distilling calcined sulphate of iron with crude
nitre in iron retorts". In "On aNew Compound of Chlorine and
Carbon" (20), Faraday and Phillips establish that this solid
contains "one portion of chlorine and two portions of carbon"
(21). In 1869 Muller showed it to be hexachlorobenzene.
The most celebrated of Faraday's achievements in organic
chemistry is his isolation ofbicarburet of hydrogen or benzene.
This is described, along with the isolation of isobutylene, in
"On New Compounds of Carbon and Hydrogen, and On
Certain Other Products Obtained During the Decomposition of
Oil by Heat" (22). The work started on 26 April 1825 and was
pursued with mounting intensity through May and into early
June. The "liquor from condensed Oil gas sent to me by Mr.
Gordon" was a fiendishly complicated mixture and Faraday
spent most of May trying to resolve it into demonstrably pure
components. By dint of repeated fractional distillation followed by selective fractional freezing, each stage monitored by
analysis, a fairly pure sample of what proved to be bicarburet
of hydrogen was obtained. On 25 May, Faraday's Diary
reports a carbon/hydrogen weight ratio of 11.305. On 4 June,
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he finds 11.44, 12.4, and 11.16. Of the second value he notes
in the Diary: "Must be some mistake here: weight of products
surpass original weight." Even so in the published paper he
includes this value in calculating a mean value of 11.576. With
characteristic intuition Faraday explains away the somewhat
low mean value (23):
Now considering that the substance must, according to the manner in
which it was prepared, still retain a portion of the body boiling at 186 0 ,
but remaining fluid at 0 0 , and which substance I find, as will be seen
hereafter, to contain less carbon than the crystalline compound (only
about 8.25 to 1 of hydrogen), it may be admitted, I think:, that the
constant though small deficit of carbon found in the experiments is
due to the portion so retained; and that the crystalline compound
would, if pure, yield 12 of carbon for each 1 of hydrogen, or two
proportions of the former element and one of the latter.
2 proportionals Carbon
1 proportionals Hydrogen

12
1 } 13 bicarburet of hydrogen

He finds confirmation for his rationale in a vapor density of 40
(H = 1) and in his experimental demonstration of the gaseous
volume-ratios corresponding to the modem representation:

It is easy to describe such results but hard to do justice to the
experimental skill and perseverance necessary at a time when
the classical method of organic analysis was still evolving (24
- 26). In one of the few treatments of "Faraday as a Chemist",
William Jackson Pope comes close (27):
He determined the composition of the hydrocarbon by a method so
ingenious that it might well tax the skill of the modem worker. He
evaporated the hydrocarbon into a known volume of oxygen, noted
the increase in gaseous volume, exploded the mixture in the eudiometer and noted the diminution in volume, then treated with caustic
potash solution and observed the further diminution in volume due to
the removal of the carbon dioxide. The data thus obtained gave the
proportion of carbon to hydrogen, and also the density of benzene
vapour as compared with hydrogen as the standard; Faraday hence
calculated the vapour density as 39, which is the correct value.

Faraday also investigated the chemical properties of "bicarburet of hydrogen" noting its reaction with nitric acid (here
Faraday's real nose misled him into suspecting the formation
of hydrogen cyanide rather than nitrobenzene). Reaction with
sulfuric acid was studied in detail and Fantday was particularly
impressed that "no sulphurous acid was formed" as a result of
reaction. He was unable to isolate pure benzene sulfonic acid
though later he was successful in obtaining barium salts of both
the (l- and ~-isomers of naphthalene sulfonic acid (28). Bicarburet of hydrogen and chlorine gas did not react in the dark but
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did so in the presence of sunlight. A solid with "an odour
something resembling perchloride of carbon but more resembling artificial camphor" (no doubt p-dichlorobenzene) and an
unresolved liquid residue (probably largely a-dichlorobenzene) resulted (28). A rich and, as it proved, vastly important
chemistry was opening up.
From the same oil-gas source Faraday also managed to
isolate and largely to purify the most volatile component.
Analysis showed that "four volumes or proportionals of hydrogen =4, are combined with four proportionals of carbon = 24,
to form one volume of the vapour, the specific gravity of which
would therefore be 28" (29). As Faraday was quick to note "the
proportions of the elements in this vapour appear to be the same
as in olefiant gas" with its specific gravity of 14 (H = I).
Faraday concluded: "This is a remarkable circumstance, and
assists in showing that though the elements are the same, and
in the same proportions as in olefiant gas, they are in a very
different state of combination" (30). It would be many years
before Faraday's discovery could be fully explained. In 1819
Berzelius had called Davy to task for delegating critical analyses to an assistant, in this case the young Michael Faraday (31):
If M. Davy would be so kind as to take the pains of repeating these
experiments himself he should be convinced of the fact that when it
comes to exact analyses, one should never entrust them into the care
of another person; and this is above all a necessary rule to observe
when it comes to refuting the works of other chemists who have not
shown themselves ignorant of the art of making exact experiments.

Faraday had clearly learned both his lesson and his trade and
he must have taken particular pleasure in Berzelius' encomium
(32):
One of the most important chemical investigations which has enriched chemistry during 1825 is without doubt that of Faraday on the
oily compounds of carbon and hydrogen obtained by compressing the
gases obtained by the decomposition of fatty oils.

The paper "On the Mutual Action of Sulphuric Acid and
Naphthaline" calls for little further comment (28). From the
reaction mixture two new organic acids were isolated in the
form of their barium salts. One Faraday dubbed the "flaming
salt", the other the "glowing salt". Using "Dr. Prout's newly
perfected mercurial trough", Faraday obtained the following
remarkable analyses (28):

Baryta
Sulphuric Acid
Carbon
Hydrogen

Flaming Salt

Glowing Salt

27.570r78
30.17 or 85.35
41.90 or 118.54
2.877 or 8.13
102.517

28.03 or 78
29.13 or 81.41
42.40 or 118
2.66 or 7.4
102.22

II

Bull. Hist Chern. 11 (1991)

64

The second and fourth columns "do not differ far from the
following theoretical statement" (33):
Baryta
Sulphuric Acid
Carbon
Hydrogen

1
2
20

8

proportional
proportionals
proportionals
proportionals

78
80
120

8

Nowadays we do not write BaO·(S03MC1A)2 for the barium
salt of naphthalene sulfonic acid, but once again Faraday's
almost unerring nose for the truth is in evidence. Faraday ends
his paper with characteristically pragmatic circumspection
(34):
As the appropriation of a name to this acid will much facilitate future
reference and description. I may perhaps be allowed to suggest that of
sulplwnaphthalic acid. which sufficiently indicates its source and
nature without the inconvenience of involving theoretical views.

The last of Faraday's organic researches "On Pure Caoutchouc, and the Substances by which it is Accompanied in the
State of Sap or Juice" also had its beginnings in a commercial
analysis (35). The fluid provided by a Mr. Hancock was a "pale
yellow. thick. creamy looking substance" possessed of a
"disagreeable acescent odour, something resembling that of
putrescent milk". Bulk analysis yielded (35):
Caoutchouc

317.0

Albuminous precipitate
Peculiar bitter colouring matter.
a highly azotated substance
Wax
Substance soluble in water.
not in alcohol
Water, acid, etc.

19.0

}

71.3

29.0
563.7
1000.0

Of more interest (though not perhaps to Mr. Hancock) was the
carbon to hydrogen ratio found for pure caoutchouc. The
Diary reveals four values: 6.875.6.582. 7.8(04),and6.98. The
published paper uses the "mean of three best" or 6.812 to 1.000
and concludes that caoutchouc contains "8 proportionals nearly
of carbon and 7 of hydrogen". The discarded ratio, 7.8. is in
fact closest to that of polyisoprene (7.45). Even Faraday
couldn't win them all!
By early 1826 Faraday had completed his researches in
organic chemistry and Liebig was in process of setting up shop
in Giessen. Faraday's manifest destiny lay elsewhere.
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MICHAEL FARADAY AND THE ART AND
SCIENCE OF CHEMICAL MANIPULATION
William B . Jensen. University of Cincinnati

Though a vast secondary literature now exists chronicling the
life and achievements of Michael Faraday (figure 1), virtually
none of it deals with his only full-length book, Chemical
Manipulation, first published in 1827 (1). His numerous
biographers mention only the fact of its publication, but tell us
nothing of its contents and little of the circumstances surrounding its writing. Given the vast amount of important scientific
work done by Faraday, this oversight is perhaps understandable. Unlike his famous Diary (2), the three volumes of his
Experimental Researches in Electricity (3), and the companion
volume of ExperimentalResearches in Chemistry and Physics
(4), Chemical Manipulation records no significant scientific
discovery. Unlike his famous juvenile lectures on the Various
Forces ofMatter (5) and the Chemical Historyofa Candle (6),
or the lesser known Lectures on the Non-metallic Elements (7),
it lacks accessibility and popular appeal. Yet, as already
mentioned, it was the only book explicitly written by Faraday
(Table 1) - the volumes of Experimental Researches were
actually reprints of previously published scientific papers and
all three of the juvenile lecture series were transcribed from
stenographic notes and edited by others - Forces ofMatter and
the Chemical History ofa Candle by William Crookes and the
Non-metallic Elements by John Scoffem.
Nevertheless, it can be argued that Chemical Manipulation
does merit closer examination, if for no other reason than it
gives us valuable insight into the extent of Faraday's training
Table 1. Faraday's books.

Chemical Manipulation, 1827
Six Lectures on the Nonmetallic Elements, 1853
Experimental Researches in Electricity, 3 vols., 1839-1855
Experimental Researches in Chemistry and Physics, 1859
Six Lectures on the Various Forces of Matter, 1860
Six Lectures on the Chemical History of a Candle, 1861

Figure 1. Michael Faraday

as a chemist and the minutiae of the laboratory environment in
which he worked on a daily basis. I would like to approach this
examination in four stages, starting with an analysis of the
origins of the book and the laboratory milieu in which Faraday
worked at the Royal Institution, followed by a brief survey of
some of the book's predecessors, followed by a survey of its
contents, and finally, by a brief look at some of its successors.
Faraday first entered the laboratory of the Royal Institution
in the spring of 1813, atage21,as Humphry Davy's laboratory
assistant. After a 19-month leave of absence (October 1813April 1815) to accompany Davy and his wife on a continential
tour, he returned to the Royal Institiution as an assistant to
William Brande, who had succeeded Davy as Professor of .
Chemistry after the latter's resignation in 1813. In 1821
Faraday was appointed, at age 29, as "Superintendent of the
House and Laboratory" - a promotion which allowed him to
marry Sarah Barnard - and in 1825 he became "Director of the
Laboratory". It was only in 1834, at age 42, that he was finally
appointed Fullerian Professor of Chemistry (8).
The institution in which Faraday found himself had been
organized in 1799, largely at the instigation of the American
expatriat, Count Rumford, and was located in a remodeled
house at 21 Albermarle Street, London (the current front of the
building with its stucco pillars was not added until 1838, see
page 7 of this issue). As was typical of most laboratory design
of the period, the architect in charge of the remodeling placed
the chemical laboratory in the basement, where it occupied a
position roughly corresponding to that of the original out-
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lectures on chemistry and physics (largely to local medical
students) and was removed after Brande's retirement in 1852.
It should not be confused with the large lecture hall on the
ground floor (still extant) which is pictured in most representations of lectures at the Royal Institution, including the
famous one of Faraday lecturing in front of the Prince Consort
and his son, the Prince of Wales (see page 29 of this issue).
The third important component of the basement laboratory
complex was also documented by Harriet Moore in another
water color done in 1852 (figure 6). This was the store room
located in the fonner servant's quarters and entered through a
door located under the back basement steps. By the time Moore
did her painting, it had been converted into Faraday's magnet
room. The entrance to this room is also clearly visible in the
background in two of the views of the main laboratory (figures
3 and 4). For further details on the history of the laboratory,
the reader should consult the superb study by Chilton and
Coley (9).
This then was the environment in which Faraday received
AUlEMARLE SllIEET
his training as a chemist and which he encapsulated in his
volume on Chemical Manipulation in 1827, the year he turned
Figure 2. Floor plans of the basement of 23 Albemarle Street
36. However, the precise reasons for writing the book are more
before and after being remodeled in 1799 (from reference 9).
difficult to come by. Agassi claims that it was based on lectures
on practical laboratory technique which Faraday was required
houses (figures 2).
to give, in keeping with the Royal Institution's original educaWe have a rather good idea of what this original laboratory
tional mission, as part of his assigned duties as Superintendent
looked like, as William Brande included a view ofitin the 1819
of the Laboratory (10). These lectures were held in the small
edition of his textbook, A Manual of Chemistry (figure 3), and
basement lecture hall adjacent to the laboratory to facilitate the
Harriet Moore painted two water colors of it in 1852 - one
presentation of practical demonstrations. Likewise, Bence
showing Faraday at work by the large sandbath (figure 4) and
Jones mentions a similar series of 12 lectures on laboratory
the other showing Charles Anderson, a fonner Sergeant in the
technique that Faraday gave at the London Institution in
Royal Artillery, who
Finsbury Circus (not to
had become Faraday's
be confused with the
assistant in 1827 (figRoyal Institution) in
ure 5) (8). The first of
1827, the year the book
these water colors was
appeared (11), and Syllater reproduced in the
vanus Thompson menfonn of an etching as
tions a series of eight
the frontispiece for the
lectures on the same
first volume of Bence
subject which Faraday
Jones' 1869 biography
gave at the Royal Instiof Faraday.
tution in 1828 (12).
As can be seen in
Based on this evithese views. one wall
dence, we may surmise
of the laboratory was
that, whatever the exopen to a small lecture
act details, the book was
hall, roughly located on
largely the product of
the site of the original
Faraday's assigned
kitchens and capable of
teaching duties at the
accommodating about
Royal Institution and
120 persons. This was
not necessarily a labor
Figure 3. View of the chemical laboratory at the Royal Institution
used by Brande to give
of love. This supposifrom the 1819 edition of William Brande's Manual of Chemistry.
his annual course of
tionisfurthersupported
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by Faraday's own
testimony. Thus
we know that he
did not like lecturing on this
subject, since he
was later quite
critical of the
lecture series
mentioned by
Thompson (13):

II

The completed
volume (figure 7),
published by William Phillips, the
brother of Faraday's close friend,
Richard Phillips,
ran to 656 pages
and, despite his
apparent dislike for
the subject, Faraday
consented to produce a second ediThe 8 lectures on
tion three years
the operations of the
laboratory at the
later (15). This
Royal Institution,
entailed a fair
April 1828, were
number of addinot to my mind.
tions and deletions
There does not apwhich, by balancpear to be that oping one another,
portunity of fixing
kept
the overall size
Figure
4.
Faraday
at
work
in
the
chemical
laboratory
of
the
Royal
the attention of the
Institution.
This
etching
is
based
on
the
1852
water
color
by
of
the
book fairly
audience by a single
Harriet
Moore.
Note
the
lecture
hall
just
visible
through
constant
(646 pages
clear,consistentand
the arch to the right
versus the original
connected chain of
656). A third edireasoning which
occurs when a principle or one particular application is made. I do not
tion was issued in 1842 but this was merely a reprint of the
think the operations of the laboratory can be rendered useful and
second edition with minor corrections (16). Though urged to
popular in lectures.
do so, Faraday refused to produce further revisions (Table 2).
The first edition was also rapidly translated into French,
We also know that he did not particularly enjoy writing the
appearing as a two-volume set in 1827 (17). This was followed
book. At least this seems to be implied in a letter written to his
by a Gennan translation in 1828 (18) and a second Gennan
friend, Edward Magrath, in July of 1826 (14):
edition in 1832 (19). In 1831, the American physician and
chemist, John Kearsley Mitchell, brought out an American
I am writing away here & get on pretty well but it will be a more
edition of the second British edition. This contained a number
laborious job than I expected. I tire of writing day after day but have
stuck to it pretty well this far.

Figure 6. Harriet Moore's water color of Faraday's magnet room,
formerly the storeroom. The entrance to this room is visible in
both figure 3 and figure 4.

Figure 5. A second view by Harriet Moore of the chemical
laboratory at the Royal Institution showing Faraday's assistant,
Charles Anderson.
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Table 2.

II

Editions of Chemical Manipulation.

First British, London, 1827
First French, 2 vols., Paris, 1827
First Gennan, Weimar, 1828
Second British, London, 1830
First American, Philadelphia. 1831
Second German, Weimar, 1832
Third British, London, 1842

CHEMICAL

MANIPULATION;

--

INSTRUCTIONS
~O

STUDENTS IN CHEMISTRY,
OR

ftn IIftJIODI

of additions by Mitchell emphasizing American contributions
(particularly those of Robert Hare) which Mitchell felt had
been slighted by Faraday (20).
Chemical Manipulation was hardly the first book to deal
with the subject of chemical apparatus and laboratory operations. Descriptions of equipment and common laboratory
procedures, such as distillation, sublimation, ftltration and
digestion, had been an integral part of most chemical textbooks
since the early 17th century. The prototype ofthis tradition was
the famous Alchymia of Andreas Libavius, published in 1597
(21). Generally considered by historians to be the first explicitly didactic treatment of chemistry (actually of alchemy), the
book contained more than 191 woodcuts (figure 8) devoted to
the description of laboratory apparatus and laboratory design
(22). The opinions ofLibavius on the latter subject are perhaps
best personified by his insistence that his plan for the ideal
"Chemical Institute" include not only a chemical laboratory
and library but a wine cellar.
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Figure 7. Title page of the first edition of Chemical Manipulation.

Figure 8. Typical late 16th-century chemical apparatus from
Libavius' Alchymia of 1597.

An overview of typical chemical apparatus in the late 17th
century can be had from the plate in figure 9, which is taken
from Johann Becher's Tripus hermeticus of 1680 (23). Most
modem chemists are rather surprised at how many items in this
plate are still to be found in today's laboratory, including the
lab coat and apron depicted in boxes 62 and 63.
Moving to the end of the 18th century, we encounter yet
another famous example of this textbook tradition in the form
of Lavoisier's TraUe eiementaire de chimie of 1789 (24),
Though generally ignored by historians, the last third of this
book, covering roughly 176 pages in the English translation of
1790, was devoted to chemical apparatus and operations.
Indeed, the famous plates at the end of the book, based on
Madame Lavoisier's original sketches, largely refer to this
final section (figure 10). Lavoisier organized this part of his
text around different classes of operations, such as grinding,
manipulation of gases, distillation, etc. - an approach, as we
will see, identical to that taken by Faraday in his own book 38
years later.
By the 18th century, not only textbooks, but entire monographs were devoted to the subject of chemical apparatus and
laboratory operations. Some representative 18th and early
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19th-century examples,
draws on his personal
extracted from Bolton's
experienceanddesacibes
massive Bibliography of
short cuts he has discovChemistry, are given in
ered, pitfalls he has
Table 3 (25). Several of
learned to avoid, or inthese appear to have been
expensive pieces of
organized along the lines
homemade apparatus he
of dictionaries or encyclohas devised. The book is
pedias, whereas others are
illustrated by small line
probably thinly disguised
drawings, apparently
catalogs for apparatus
done by Faraday himself,
dealers (unhappily Bolton
as they are identical in
doesn't provide enough
style to those appearing
information to make this
in his research papers.
distinction).
These are integrated
As shown in Table 4,
within the printed text,
Faraday divided his own
rather than appearing as
book into 24 sections
the beautifully etched
(rather than chapters or
plates typical of many of
lectures), organized, like
the book's predecessors.
Lavoisier's, around genIt would be tedious
Figure 9. A plate of typical late 17th-century chemical apparatus
eral classes of operations.
and unnecessary to sumfrom the 1680 edition of Becher's Tripus hermeticus.
As might be inferred from
marize each ofFaraday's
its length, the book is meticulous in its detail, often to the point
24 topics, so I propose instead to single out a few instances
of being tedious, but is redeemed by the fact that Faraday often
where Faraday either described an interesting innovation or
provided some insight into his personal philosophy of laboratory work, though it must be confessed that the latter instances
Table 3. Some predecessors of Chemical Manipulation.
merely reinforce what historians have already inferred from
the study of his diary and published research papers.
Year
Author
Title
The first topic of interest in this regard is Section 4 which
deals with "Sources and Management of Heat". 17th- and
Lexicon medio-chymicum ...
18th-century laboratory equipment was often quite bulky,
1711
Hellwig
being adapted from pharmaceutical apparatus designed to
Hauboldus De usu instrumentorum physico1771
manufacture marketable quantities of products. Heating usumathematicorum recte aestimando ...
ally involved large brick ovens or smaller charcoal braziers. In
De chemicorum instrumentis
1783
Israel
fact, furnaces and ovens seemed to hold a particular fascination
mechanicis, errorum et dissensus
for earlier writers on chemical apparatus and Libavius devoted
fontibus ...
1792

Geissler

1821

Accum

1824

Anon.

1825

Anon.

Beschreibung und Geschichte der
neuesten und vorziiglichte Instrumente
A Dictionary of the Apparatus and
Instruments Employed in Operative and
Experimental Chemistry, Exhibiting
their Construction and the Method of
Using Them to Greatest Advantage
An Explanatory Dictionary of the
Apparatus and Instruments Employed in
Various Operations of Philosophical and
Experimental Chemistry
Eine Sammlung von Abbildungen und
Beschreibungen der besten und neuesten
Apparate zum Behuf der practischen und
physikalischen Chemie

Figure 10. A plate of typical late 18th-century chemical apparatus
from the 1789 edition of Lavoisier's Traite elementaire de chimie.
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Table 4.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

The contents of Chemical Manipulation.

The Laboratory
Balance; Weighing
Measures; Measuring
Sources and Management of Heat
Comminution, Trituration, Mortars, Granulation
Solution, Infusion, Digestion
Distillation, Sublimation
Precipitation
Filtration, Decantation, Washing
Crystallization
Evaporation, Desiccation
Coloured Tests, Neutralization
Crucible Operations, Fusion, Reduction
Furnace Tube Operations
Pneumatic Manipulation or Management of Gases
Tube Chemistry
Electricity
Lutes; Cements
Bending, Blowing and Cutting of Glass
Cleanliness and Cleansing
General Rules for Young Experimenters
Uses of Equivalents - Wollaston's Scale
Miscellanea
A Course of Inductive and Instructive Practices

II

The "character" to which Faraday was referring was the scale
of the apparatus, which was becoming smaller. Indeed, as will
become increasingly apparent. Faraday was strongly attracted
to semi-microscale laboratory techniques and his favorite heat
source was the spirit or alcohol lamp.
However, a second change in laboratory heat sources was
also occurring about this time and is also prefigured in Faraday's book - the use of gas burners. In the first edition of
Chemical Manipulation Faraday actually described his own
experimental laboratory gas burner, consisting ofan adjustable
metal cone placed over the tip of a gas jet (figure 12). He
further observed that (27):
The erection of gas works for public service is now so general in most
large towns and in numerous private establishments, that the chemical
gas lamp, which was a few years ago a mere curiosity, is now
becoming a valuable and economical auxiliary to the establishment of
the chemist.

These remarks, coupled with Faraday's description of his
prototype burner, gave rise to a minor debate in the 1950s over
the origins of the modern Bunsen burner. In his autobiography,
the English chemist, Henry Roscoe, claimed that Bunsen was

114 of the 191 woodcuts in his 1597 treatise to this subject.
Faraday, by contrast, described only six kinds of furnace,
including the famous sandbath (figure 11) mentioned earlier.
The reason for this, Faraday noted, was that (26):
... the character of chemical operations has changed so much as to
render many of these contrivances useless, or of little importance '"

Figure 11. The large sandbath at the Royal Institution. This is
visible in both figures 3 (right side) and figure 4 (left side).

Figure 12. Two designs for laboratory gas burners proposed by
Faraday in the first edition of Chemical Manipulation.

stimulated to develop his burner as a result of his attempts to
improve a laboratory gas burner that Roscoe had brought with
him to Heidelberg in 1853 and which was in common use in the
chemical laboratories of London at the time (28). Many years
later, Bunsen's biographer, Georg Lockemann, connecting
Roscoe's comment with Faraday's description of his burner,
concluded that the burner that Roscoe had brought from
London was in fact Faraday's burner (29). However, in a
detailed analysis published in 1955, Paul Dolch showed that
the burner referred to by Roscoe was probably a "gauze
burner" (figure 13) similar to the kind used by A. W. Hofmann
and his students at the Royal College of Chemistry in the 1850s
(30).
The term "gauze" referred to the fact that the gas-air
mixture in these burners issued through a wire gauze before
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description of laboratory stands for supporting apparatus during the heating process. The most common commercial form
at the time was the so-called "retort stand", consisting of rod
with a circular base that was heavily weighted with iron or lead
(figure 14). However, this had a tendency to tip over so it was
occasionally necessary to use two stands (31):
... on opposite sides, the ring of one being placed under the other, and
the flask or basin on the upper most ... [or] it may now and then be
necessary to put on a second ring in an opposite direction to the fIrst,
and to add weights for the purpose of equipoising the whole.

To remedy this defect. Faraday suggested an alternative (figure
15) (32):

Figure 13. Gauze burners: left - Marcus (1855),
right - Abel and Bloxam (1854) (46).

being lit, in order to prevent (in keeping with the principles of
Davy's safety lamp) the danger of a flashback. Unfortunately,
the resulting flame was very diffuse, not very hot (due to the
large air to gas ratio used), and difficult to control. In addition,
the gauze made the flame of the burner very uneven. Bunsen's
innovation was to use gas under pressure which drew the air
along with it so as to minimize the volume of the unlit gas-air
mixture and thus minimize the danger of flashback while
simultaneously giving an even, controllable flame that could
be concentrated at a fixed point. In Faraday's design the gas
and air mixed in the large volume under the metal cone and then
issued from the opening at the top by virtue of their own
"levity". No protective screen was used to prevent flashback.
Though Faraday characterized his device as "promising" in the
first edition of his book, he removed the description of his
burner from the later editions, probably because he had discovered that it was dangerous.
A second item of interest in this section is Faraday's

Figure 14. Drawing from Chemical Manipulation of
a typical retort stand.

It is much better to make the foot [of the stand] of stout board, about
twelve inches in length. six inches in width. and an inch thick. The
upright rod should be fixed about one inch and a half from one end of

Figure 15. A drawing from
Chemical Manipulation of
Faraday's homemade ring
stand. The object sitting on
the base is a homemade
charcoal furnace constructed from a "blue pot".

it, the lamp or furnace should be placed upon it, and the ring of course
in a corresponding direction. Such an arrangement is perfectly steady.
and cannot be overset by any weight which it is strong enough to bear.

What Faraday is describing in this passage is. of course. our
modem day ring stand. However, since Faraday did not
reference all of the details of his book. we cannot say with
certainty that he was the first to suggest this solution. Nevertheless. his instructions for making the stand strongly imply
that it was not commercially available at the time and that we
are witnessing the approximate date of its birth. It is also
interesting to note that, despite its apparent advantages. a fair
amount of time was to pass before the ring stand completely
displaced the older retort stand from the chemist's repertoire,
and drawings of the undergraduate chemistry laboratory at the
University of Cincinnati show that the students were still using
the circular-based retort stands as late as 1890.
Perhaps the most innovative topic in Chemical Manipulation, for those interested in the evolution of laboratory equip-
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Figure 16. Examples of Faraday's tube apparatus for
microscale laboratory work.

ment, is found in Section 16, which deals with what Faraday
called "tube chemistry". In this section, Faraday's fascination
with the miniaturization of chemical apparatus reveals itself in
an elaborate array of devices - all of which are made from bent
glass tubes - for heating, distilling, subliming and extracting
small quantities of materials. Most of Faraday's drawings of
these devices are collected together in figure 16. His use of
sealed bent-glass tubes in the liquefaction of chlorine also falls
into this category as does his suggestion that common test
reactions using liquid solutions could be conveniently done in
small glass tubes (33):
... closed at one end. of all diameters and lengths from one inch to five
or six ... These tubes answer all the purposes of test-glasses. and in the
small way precipitates are made. preserved. and washed very conveniently in them ... Those who frequently use them will find a tube-rack
very convenient. It may be formed of two boards. one supported two

1/

or three inches above the other. and the upper pierced with holes to
admit the tubes. Or a very simple one may be made of a board a foot
in length and six inches in width. having a piece of coarse wire trellis
about three inches above it, supported at the comers by upright pieces
of strong wire. The apertures in the trellis serve to receive and retain
the tubes.

Since one conducted qualitative "tests" in these tubes using
characteristic color or precipitation reactions, they eventually
became known as "test tubes" and Faraday' s tube rack became
the "test tube rack". On the other hand, as suggested by its
shape (figure 17), the larger "test glass" mentioned by Faraday
probably evolved from the wine glass. This is certainly implied
by my study of the evolution of the chemistry set as I have
found that the manuals to 18th-century chemistry sets make no
mention of test tubes but invariably recommend that the owner
use wine glasses to conduct test reactions which required no
heating (34). As with the ring stand, we cannot definitely assert
that Faraday was the inventor of the test tube and the test tube
rack. but again the tenor of his descriptions strongly suggests
that neither was commercially available at time and that one
is witnessing the incipient stages of their introduction.
Faraday was not alone in his interest in semi-micro laboratory techniques. His fascination was shared by his older
contemporary, William Hyde Wollaston. and in the latter's
case was the subject of a famous anecdote (35). It is reported
that on one occasion Wollaston was inopportuned by an
overzealous visitor wishing to see the famous laboratory in
which Wollaston had made so many important discoveries. At
frrst Wollaston demurred but, when pressed by the visitor.
fmally ordered his footman to bring the laboratory out on a
serving tray. Some additional predecessors and successors in
this tradition, again extracted from Bolton, include a 1735
monograph by Shaw and Hauksbee entited An Essay for
Introducing a Portable Laboratory and a 1830 volume by
Schuster on Kleiner chemise her Apparat.
As John Stock's account in this issue shows, many of Faraday's qualitative experiments in electrochemistry were also
carried out on a semi-micro scale using strips of paper impregnated with chemicals or small amounts of salts fused on pieces
of glass or platinum by means of an alcohol lamp (36).
Insights into Faraday's philosophy of laboratory work may

Figure 17. Test glasses.
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be found in Section 20 on "Cleanliness and Cleansing", and
especially in Section 21 on "Rules for Young Experimenters".
In the latter section he emphasizes the necessity of making
detailed notes in a timely fashion, a habit well documented in
his diaries and other laboratory notebooks (37):
The laboratory note book. intended to receive the account of the
results of experiments, should always be at hand, as should also pen
and ink. All the results worthy of record should be entered at the time
the experiments are made, whilst the things themselves are under the
eye, and can be re-examined if doubt or difficulty arise. The practice
of delaying to note until the end of a train of experiments or to the
conclusion of the day, is a bad one, as it then becomes difficult to
accurately remember the succession of events. There is a probability
also that some important point which may suggest itself during the
writing, cannot then be ascertained by reference to experiment,
because of its occurrence to the mind at too late a period.

Faraday also comments on the virtues of a laboratory
storage area (38):
Besides the working place another unconnected with the busy part of
the laboratory, should be appointed, from which nothing is to be
moved without the experimenter's direction. There are many occasions on which experiments or solutions are to be placed aside for a
week or two, to be again resumed. These should be labelled, and put
into a place which, from previous appointment, is considered as
containing nothing that may be disturbed. In this way the experimenter will often avoid the disagreeable circumstance, of finding that
what he intended to reserve for future examination, has been dismissed to the sink or the dust-hole.

and he records an even more important consequence of this
long-term storage policy in the form of a quote from the 18thcentury French chemist, Pierre Macquer (39):
When new researches and enquiries are made, the mixtures, results,
and products of all the operations ought to be kept a long time well
ticketed and noted. It frequently happens that at the end of some time
these things present very singUlar phenomena, which would never
have been suspected. There are many beautiful discoveries in
chemistry which were made in this manner, and certainly a much
greater number which have been lost because the products have been
thrown away too hastily, or because they could not be recognized after
the changes which happened to them.

On the other hand, the spirit of Section 20 is best conveyed
by the title of one of the subsections, "The Sink and Its
Accompaniments". In short, this section suggests a kind of
prissy obsessiveness on Faraday's part that seems to be modeled more on the personality of Wollaston than of Davy.
Indeed, the latter's rather slapdash laboratory technique may
well have served as a compelling negative example for Faraday, who summarized his own philosophy on this subject at
the end of Section 21 by again quoting Macquer (40):
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Table 5. Some successors to Chemical Manipulation.
Title

Date

Author

1831

Chemische Operationen und
Geriitschaften
Robierre
Traite des manipulations chimique
Williams
Handbook of Chemical
ManipUlation
Morfit & Morfit Chemical and Pharmaceutical
Manipulations
Riviere & Riviere Traite de manipulations de chimie
Weyde
Anleitung zur Herstellung von
physikalischen und chemischen
Apparaten
Chemical Manipulations
Wisser
de Walque
Manuel de manipulations chimique
ou de chimie operatoire

1844

1857
1857
1882
1882

1883
1885

Berzelius

These employments [i.e. maintaining laboratory cleanliness] are
capable of cooling and retarding the progress of genius, and are
tedious and disgusting; but they are nevertheless necessary ... We
cannot depend too much on ourselves in these matters, however
minute, on account of their consequences.

By contrast, one suspects that Davy was never one to patiently
tolerate such impediments to the "progress of genius".
The concluding section of Chemical Manipulation outlines
a course of practical laboratory exercises based on the book's
contents and presumably gives us some of the flavor of the
course taught by Faraday at the Royal Institution which had
given rise to the book in the ftrst place.
Just as Faraday's book was not the first to deal with the
subject of chemical manipulation, so it wasn't the last. The
titles of some of its successors, again extracted largely from
Bolton, are listed in Table 5. The absence of later German,
French and American editions of Faraday's book strongly
suggests that it was rapidly displaced by these successors.
Though the book received favorable reviews when it first
appeared, most of these, as Ross has shown (41), were written
by Faraday's close friends and one gets the impression that,
while the book was respected (in large part because of Faraday's reputation as a research scientist), it was not as popular
as some of its successors, many of which were lavishly illustrated (figure 18). This supposition is further supported by the
fact that few if any tributes to the book are to be found in the
autobiographical writings of chemists who received their
education during this period. Indeed, the only mention I have
been able to locate occurs in the autobiography of Sir Oliver
Lodge, who was a physicist rather than a chemist, and by the
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time Lodge stumbled on the book. as a young boy in the 1860s.
much of it was rather outdated (42):
... at some stage I studied his [Faraday's] book on Chemical Manipulation, admiring the deftness with which he evidently manipulated his
apparatus, and the ingenuity which he showed in constructing all
manner oflittle appliances that then had to be made on the spot, though
now they can bought in a shop. Even such a thing as india-rubber
tubing for joining quilled glass together was not then available, or was
only then beginning. Faraday had to wrap his junction-pieces around
the tubes and tie them with tread. When I tried to do chemical
manipulations at home at odd times, Faraday's example represented
an ideal which I never even approached.

By the 1830s the tradition of single-volume speciality
books on chemical manipUlation had largely displaced the less
detailed accounts of chemical apparatus and operations typical
of 17th and 18th-century textbooks and, as can be seen from the
absence of later dates in Table 5, this tradition, in turn. began
to decline in the 1880s. The speciality volume on chemical
manipulation had originally been designed to train chemical
amateurs in a period when fonnal university-level laboratory
training was largely nonexistent, and in Faraday's case there is
a certain element of the Samuel Smiles' "Self-Help" mentality
which reflects Faraday's own route into science. By the 1880s,
however, the situation had changed. Laboratory training was
now part of an integrated course of instruction and the contents
of the average manipulation book were now spread throughout
the curriculum, from the introductory Freshman laboratory
course, on the one hand, to advanced laboratory courses in
organic and physical chemistry, on the other, though the
Gennans continued to generate multi-volume "Handbuch der
Arbeitsmethoden" in advanced areas such as organic (43),
inorganic (44) and biochemistry (45) well into the second
decade of this century. With this change, the tradition of the
single-volume introductory chemical manipulation book splintered into a profusion of laboratory manuals.
Our present day knowledge of the pervasive impact of
Faraday's scientific legacy makes it very difficult to assess
objectively the true significance of Chemical Manipulation.
There is a tendency to hero worship in science as in other areas
of human culture, and the compulsion to retrospectively clothe
every aspect of a famous scientist's activities with the gloss of
genius is a strong one. There is no doubt that Chemical
Manipulation is a useful book that gives us valuable insight
into the details of chemical laboratory practice in the early 19th
century. But it is also certain that, however unbounded our
admiration for Faraday, Chemical Manipulation is not, and
was never intended to be. a classic of Western scientific
thought.
References and Notes
1.

M. Faraday. Chemical Manipulation; Being Instructions to

Figure 18. A typical plate from the 1882 edition of Riviere and
Riviere's Traite de manipulations de chimie.

Students in Chemistry on the Methods of Performing Experiments of
Demonstration or of Research with Accuracy and Success, W. Phillips, London, 1827. An earlier discussion of this book has been given
by F. Bei, "II Chemical Manipulation nell'opera di Michael Faraday", in F. Calascibetta and E. Torracca, eds .. Atti del II Convegno
Nazionale di Storia e Fondamenti della Chimica, Accademia Nazonale delle Scienze, Rome, 1988, pp. 215-223.
2. T. Martin, ed., Faraday's Diary, 7 Vols. + Index, Bell,
London, 1932-1934.
3. M. Faraday, ExperimentalResearches in Electricity, 3 Vols.,
Quaritch, London, 1839-1855
4. M. Faraday, Experimental Researches in Chemistry and
Physics, Taylor and Francis, London, 1859.
5. M. Faraday, A Course of Six Lectures on the Forces of
Matter and their Relation to Each Other, Harper, New York, NY,
1860, edited by W. Crookes.
6. M. Faraday, A Course of Six Lectures on the Chemical

II

Bull. Hist Chern. 11 (1991)

History of a Candle, Harper, New York, NY, 1861, edited by W.
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THE CHEMICAL MANIPULATOR
Sydney Ross. Rensselaer Polytechnic Institute
Faraday's Chemical Manipulation was published in 1827 (1).
lt was Faraday's first book; no doubt after the tedious work of
its preparation he was proud to see it in print. He took a copy,
divided it into three parts, placed a large (quarto) sheet of
writing paper between each page, and rebound it into three
volumes.
The binding was examined by Mrs. Fiona Anderson, bookbinder, who furnished me with the following technical description (2):
This quarto book has been made up from an octavo. The original book
has been split into single sheets and these are tipped in between blank
sheets. The blank sheets are made up from folio sheets of laid paper
folded down the middle to form quarto sheets. The sections are made
up from four folio sheets (making a quarto gathering of eight) and four
printed pages. B = blank; P = printed. B/P/BB/P/BB/P/BB/P/B. The
binding is 3/4 roan with green French shell marbled sides. Headbands
are flat-silk over parchment strips. The sewing is on six sawn-in
cords.

The three quarto volumes of Faraday's interleaved copy of
Chemical Manipulation were part of the Honeyman collection
of early works of science, which was sold at auction by Sotheby
on 1983, when I acquired it. Sir George Porter (now Lord
Porter), at that time the Director of the Royal Institution, told
me that the Royal Institition was the runner-up at the bidding,
and that my final bid was successful only because it exceeded
the limit he had assigned for the purchase. "But", he said. "I
don't mind too much for after all we have the whole of
Faraday's original manuscript of the book, so perhaps we can
do without his later emendations." With such a wealth of
Faraday material in its archives, the Royal Institution should
not grudge a few crumbs to private collectors.
Clearly Faraday's intention was to use the interleaves as the
repository of additional material. although most of it never
appeared in any later edition. As it turned out his interest in the
subject was destined to make way for more pressing concerns
after his discovery of electromagnetic induction in 1831, when
he became preoccupied with his experimental researches in
electricity. So the ambitious provision of so many blank pages,

Faraday in later life.

if intended for the revision of Chemical Manipulation, had
only limited fulfillment. A second and revised edition was
published in 1830, but it contained only a few of the revisions
included in Faraday's interleaved copy. Most of these notes
are references to periodicals containing information on topics
already discussed in the printed text, which often lacked
acknowledgments to the source of the information. or they are
references to articles that brought that information up to a later
date.
Obviously such an undertaking is open-ended and once
commenced has to be kept up until the time when a new edition
is in active preparation. After a promising start in which he
probably copied his outstanding notes on to the interleaves. he
seems to have abandoned the project (ifhe ever entertained it)
of providing his readers with a complete set of references. for
only a few of those written on his interleaves were included in
later editions. The interleaves contain some 575 references.
Far from including this large store of references in a later
edition. Faraday actually reduced the number originally present from 78 foot-noted references in the first edition to 57 in
the third. In the introduction, Faraday declared that his book
was principally for beginners, and that he disclaimed any
scientific character for it. He may well have thought that it was
inappropriate to load it with references. In that case, the
collection on the interleaves would have been entirely for his
own private purposes. in a convenient form and location.
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perhaps in case he was ever challenged to back up a statement
in his text with an external authority.
Faraday's intention to create a bibliography of articles on
the various topics of chemical manipulation may well have
been inspired by the example of Thomas Young, who in his
Lectures on Natural Philosophy (1807) included a comprehensive bibliography of every topic treated in his lectures (3).
These lectures had been delivered as a course at the Royal
Institution, and so created a precedent that Faraday, who as a
serious student appreciated such helps to self-study, would
have considered worth emulating.
At the end of his book Faraday listed the reviews that it had
received in various periodicals. Before giving examples of his
other annotations on the interleaves, it will help to appreciate
the character of Chemical Manipulation to cite some of these
reviews. They were generally favorable. but that is not
altogether surprising since. although published anonymously
as was then the practice. internal evidence shows that they were
written by personal friends of the author.
The Philosophical Magazine devoted eight pages to a
review of Chemical Manipulation. but a large part was taken
up by a long extract from the book itself. dealing with what
Faraday called "tube chemistry," that is. the carrying out of
chemical and physical operations in apparatus formed partl y or
altogether of glass tubing of about half an inch or less in
diameter (4). Chemical operations can thus be carried out with
great economy of materials; and indeed Faraday's tube chemistry is much like the microchemistry taught in our academic
laboratories today. For physical operations. such as successive
distillations orrectifications. a tube with several bends allows
the volatile liquid to be evaporated in one U-bend by the
application of heat. and condensed in the adjoining U-bend by
the application of cold; and then by repeating the evaporations
and condensations to drive each succeeding distillate to the
next U-bend and finally to its last receiver. This and other
physical operations in tubes of appropriate design are recounted in meticulous detail and with the utmost clarity by
Faraday.
The anonymous reviewer was evidently himself a chemist.
He wrote (5):
In p. 172 excellent directions are given on the very simple subject of
glass stirrers. to which however we would add one hint more; - they
are extremely apt to roll from the experiment-table. Now this is easily
prevented by softening them near the centre in the spirit-lamp, and
then very slightly bending them.

Faraday included this useful tip in his second edition, and in
so doing acknowledged his indebtedness to Mr. Phillips. thus
incidentally identifying the reviewer as Richard Phillips (17781851), an old friend of Faraday and one of the editors of the
Philosophical Magazine. Richard Phillips and Faraday had
been members of an association of young men who sought
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mutual self-improvement by composing and reading essays to
one another and then submitting to group criticism. Faraday
was always grateful for and heedful of such criticism, which he
deemed to be beneficial; but the practice of extending criticism
to others on their invitation to do so tends to breed nit-picking
and pedantry. Some trace of this disposition is apparent in
Phillips' next remarks (6):
There are however. two passages which contain (as we think) a figure
of speech which we will not name, but which the author will probably
guess at. and in a future edition alter.

The phrasing ofthis sentence suggests that Phillips had already
conversed with Faraday and had rallied him in a friendly way
on his stylistic misdemeanors. Phillips continued (7):
,The fIrst [of these] occurs in the Introduction. p. iii. "There are also
two parts in an experiment; fIrst, it has to be devised" &c. Now as a
thing does not exist until it is devised. we do not see how the devising
of it is a "part" of it. In p. 174 we are informed that "the simplest step
in the application of heat is to obtain a solution saturated when cold."
To us it appears on the contrary that the obtaining of a cold solution
is no step at all in the application of heat. - We observe also that the
author uses the term "lute" in two and very different senses: fIrst, in
its proper sense. that of stopping the orifice between a retort and
receiver; and secondly. in that of coating. Now luting a retort and
coating one are two different operations.

Phillips goes on to take Faraday to task for crediting
Lavoisier with the first use of oxygen as a means of increasing
heat. whereas. as he shows by citing Priestley. the credit really
belongs to the latter. But despite these strictures. Phillips
concludes (8):
Mter a careful perusal of the work, we strenuously recommend it, as
containing the most complete and excellent instructions for conducting chemical experiments: there are few persons, however great their
experience. who may not gain information in many importantparticulars; and. for ourselves. we beg. most unequivocally to acknowledge
that we have acquired many useful and important hints. on subjects
even of every-day occurrence.

The anonymous reviewer's praise of Chemical Manipulation had every appearance of a disinterested judgment. especially because of his previous rebukes of minor stylistic errors.
But this was a skillful ruse to simulate impartiality: actually
Richard Phillips was not entirely indifferent to the success of
the book for, besides his close friendship with the author. he
was also the younger brother of the publisher. William Phillips
(1775-1828). When William Phillips died about a year later.
the remaining unsold sheets were acquired by the publisher.
John Murray. who issued them with a new title page. Murray
also published Faraday's revised second and third editions.
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Another review of Chemical Manipulation appeared in
the London Literary Gazette and Journal of the Belles Lettres.
Arts. Sciences. &c (9). The reviewer made a point of "calling
the attention of our juvenile readers to the very valuable worlc
before us". He pointed to the rapid advances being made in
Britain in the physical sciences and the incalculable advantages that must result; but the sole advantage that he chose to
mention was from "the avenues to science being thrown open
to men in the ordinary and lower ranks of life". This comment
is rather surprising since there are many other more obvious
advantages of the rapid progress of science; but taken in
conjunction with our knowledge of Faraday's humble social
origins, it suggests that the reviewer was equally well aware of
them, and therefore was either a personal friend or an acquaintance of Faraday. The reviewer returns to the same theme
further on. That man may be said to confer a benefit on his
country, he wrote, who places the various manipulations of
chemical research "within the grasp of the middling (and may
we add, the most industrious) classes of society". Promoting
the same theme is the reviewer's commendation of Faraday for
furnishing the chemical laboratory on the most economical
scale. At the time great efforts were afoot to extend education
beyond the privileged classes, as witness the various kinds of
Mechanics' Magazines of the 1820s, the Society for the Dissemination of Useful Knowledge, the Penny Cyclopaedia, the
journal The Mechanic and Chemist (1836-1842), the founding
of the University of London, and of Mechanics' Institutes
throughout the kingdom. While this movement almost certainly gave some occasion for the reviewer's remarks, yet his
Table 1. Faraday's annotations for Section XVll: Electricity,
§2. Voltaic Pile.

Pepys Galvanometer
Pepys Voltaic apparatus
Hare's Voltaic trough
Nobili's Galvanometer
Wollaston's Elementary
galvanic battery
Power of Electrical batteries
Hare's deflagrator
Gold leaf test of Electro
magnetism
Poggendorffs galvanometer
Marsh's apparatus
Sturgeon's apparatus
Wilkinson's Galvanic trough
Children's voltaic pile
Improved galvanic trough
Children's voltaic battery
Pepys voltaic conductor

Phil Mag
Quar Journ
Quar Journ
Quar Journ

X.38. XV. 94
I. 193
XVII. 378
XX. 170

Thorn Annals
Nich Journ 4to
Phillips Annals

VI. 209
II. 527
V.129

Phillips Annals
Edin Phil Journ
Trans Soc Arts
Trans Soc Arts
Phil Mag
Phil Mag
Phil Mag
Phil Trans
Phil Mag

VIII. 321
V.122
XLI. 47
XLIII. 37
XXIX. 243
XXXIV. 26
XLIV. 15
CV.363
XLI. 15

II

Table 2. Faraday's annotations for Section XVIII: Lutes - Cements.

Saussure Essais sur l'Hygrometrie
Lute
QuarJour
Good paste
Nich Jour 4to
Cement
Edin Phil Jour
Cement
Tech Rep
Cement
UreDict
Cement
Cement
Phil Mag
Phil Mag
Cement for iron vessels
Trans Soc Arts
Cement to exclude damp
UreDicty
Coating or luting
Henry Chern
Lutes
Tech Rep
Lutes
UreDict
Lutes
Nich Jour
Lutes
or Phil Mag
Lavoisier
Lutes
Thenard Chern
Lutes
Aikins Dicty
Lutes and Cements
Phillips Annals
Preservation of bladder

§83
XV. 141
I. 355
XIll.199
I. 373. 412
311
XIV. 117
IV. 216
XXIV. 81
345
I. 9
ll. 18
567
VI. 140
XVI. 236
468
IV. 294
I. 273
I. 426

pointed use of Faraday's book to make mention of the opportunity for self-advancement provided by learning chemical
manipulations suggests rather strongly that the example of its
author was also in the reviewer's mind.
A third review of Chemical Manipulation appeared in the
Quarterly Journal of the Arts and Sciences (10). This periodical was in effect the house organ of the Royal Institution, and
was edited by William Brande with the assistance of Faraday.
The review was long and laudatory, which was only to be
expected. The reviewer was probably William Brande himself.
Let us return now to the contents of Faraday's interleaved
copy of Chemical Manipulation. Tables 1 and 2 give some
sample pages that show the range of topics that were included
in the book. As can be seen, the references in the interleaved
copy are grouped according to each Section of the text of
Chemical Manipulation. Many of them refer to the statements
in the text that lacked reference; others would have extended
the information included in each Section. In the revised second
and third editions, however, Faraday was at some pains to keep
the book to a moderate size. In the Preface to the second
edition, he wrote:
I found it impossible to introduce any additional matter without
displacing that which was more important; nor do I anticipate that I
shall incur blame by withholding that which has not been tried, and,
in my own jUdgment., is ofless moment than that which experience has
proved to be useful and desirable.
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In consequence of this decision, many of the references in the
interleaved copy bear no correspondence to anything in the text
of the revised editions.
Yet Faraday continued to add references between the dates
of the second and third editions, that is, between 1830 and
1842. One of these is in Section XIX, "Bending, Bowing and
Cutting of Glass", which begins on page 522. It is listed as
"Grinding of Glass" and refers to Silliman's Journal, XVll,
page 345. The reference is to a paper by Elisha Mitchell,
Professor of Chemistry, Mineralogy, &c. at the University of
Carolina, entitled "On a Substitute for Welther's Tube of
Safety, with Notices of Other Subjects" (11). This paper is
interesting as it contains a reference to Chemical Manipulation
and a practical suggestion on how to cut glass with a hot iron
(11):

Mr. Faraday has devoted four pages of his recent work on chemical
manipUlation, to an account of the methods of cutting glass with a hot
iron. His directions are valuable to the young chemist, because they
are drawn out into that minuteness of detail, which alone can make
them of any use; and yet he has omitted one precaution, which I have
found important in cutting large tubes, vials, etc. - that of not making
the iron too hot. It should be heated to a redness barely visible in
daylight. If in this state, it be caused to vibrate a few times around the
tube, along the track where the division is to be made, and a drop of
water put upon the spot, a simple fracture, without side flaws, will be
obtained.

Faraday did not, however, include this tip in the third edition.
Another of these later references occurs in Section XIII,
"Crucible Operations - Fusion - Reduction", which begins on
page 281. The reference is to a paper entitled "On the Existence
of Titanic Acid in Hessian Crucibles", by R. H. Brett and
Golding Bird, published in The Philosophical Magazine in
1835 (12). Faraday noted on his interleaf:
Dr. Wollaston told me in 1827-28 that Hessian crucibles contained
Titanate and also that Cornish crucibles resembled them in that
respect.

Again, Faraday did not carry this defense of Wollaston's
priority into his third edition, although the fact that he entered
it in an appropriate place in his interleaved copy of the text,
indicates that at one time he had meant to do so.
One change, however, he deemed important for the third
edition. It consisted of introducing the lenns of his own
coinage, "electrolyte" and "electrodes", into the section on
voltaic electricity, instead of the tenns he had used originally,
namely, "imperfectly conducting matter" and "poles".
It may seem surprising that so creati ve a worker as Faraday
should have employed himself in so routine task as combing
the printed literature for references with the diligence that these
annotations display. Nevertheless, a copy of the cumulative
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index to volumes 1-20, 1816-26, of the Quarterly Journal of
Science and the Arts, published in 1826, in the possession of
the Royal Institution, has added in manuscript on its title-page
"Made by M. Faraday". Since the cumulative index was
largely drawn from the separate indexes of each volume, it is
likely that the recurrent task of making those was also undertaken by Faraday. If such were indeed the case, he would have
had considerable experience in that kind of harmless drudgery,
dating from the days when his position at the Royal Institution
was still that of an assistant to William Brande.
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UNPUBLISHED LETTERS OF F ARADA Y
AND OTHERS TO EDWARD DANIEL
CLARKE
Sydney Ross, Rensselaer Polytechnic Institute

The letters printed here are part of a collection of autograph
letters made by Edward Daniel Clarke (1769-1822) based on
his own private correspondence. His biographer, William
Otter, wrote 0):
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Of his friends and correspondents it may be said without the slightest
exaggeration, that they formed no inconsiderable portion of the
persons whose learning and genius have shed a lustre upon their
country during the last twenty years, and this, not in one department
only, but in several; and if he had shewn as much regard for his own
letters, by taking copies of them, as he did for those of others, by
preserving them, they would have constituted together a body of
correspondence as interesting and instructive as any which has been
presented to the public in our memory ... Besides the eminent names
ofPorson, Parr, and Burney, with Dr. Maltby and Dr. Butler, already
mentioned, there appear in the departments of classical and philological literature, Mr. Payne Knight, Dr. Raine, Dr. Bloomfield, Professors Monk and Dobree, Dr. Kaye (Bishop of Bristol), Mr. Matthias,
Mr. Weston, Archdeacon Wrangham, &c.; amongst persons distinguished by travel, or in the fine arts, Mr. John Hawkins, Mr. Malthus,
Lord Byron, Mr. Walpole, Lord Aberdeen, Mr. Squire, Lord Valentia,
Mr. Wilkins, Mr. Hobhouse, Mr. Banks, Mr. Burckhardt, Dr. Heber,
Sir W. Gell, Mr. Hamilton, Major Renne!, Mr. Pennant, &c.; in
chemistry, mineralogy, and natural history, Dr. Wollaston, whose
letters are particularly kind and instructive, Mr. Tennant, Sir H. Davy,
Mr. Wavel, Dr. Thomson, the mineralogical Professor at Aberdeen,
Mr. Hailstone, Dr. Milner, Dean of Carlisle, Professor Kidd of
Oxford, Mr. Holme, Mr. Lunn, Mr. Leslie, Dr. Brewster, Mr. Jameson,
Sir W. Smith, Mr. Lambert, &c.; to these may be added, Mr. Edgeworth, Mr. Wilberforce, Dr. Nicholls, Arabic Professor at Oxford;
amongst foreigners, Chevalier, Pallas, Haiiy, Noezen, &c.

Many of these letters were sold at auction on 27 May 1842
but at least one substantial block of material was not sold at that
time. The late Louis F. Gilbert of University College, London,
owned a large collection of letters addressed to Clarke, which
he had purchased from Thomas Thorp, bookseller. These are
the letters mentioned by Otter as pertaining to chemistry,
mineralogy, and natural history. They are bound into two large
volumes, which were consigned to the auction room by Gilbert' s
widow and sold as lot 462 at Sotheby' s on 19 July 1960, when
they came into my possession.
We owe the preservation of these early letters of Faraday to
Clarke's habit of retaining, as a part of his autograph collection,
all letters addressed to him, which he then had bound together
in chronological order, so that through the decades none
became detached and separated. Few letters of Faraday are
extant from this period, before his name was well known and
even before the cult of collecting autographs had reached its
later growth (2).
Edward Daniel Clarke, Faraday's correspondent in 1816, is
well introduced in the following words of William Whewell
(3):
When I was an undergraduate at Cambridge about 1813, I attended the
mineralogical lectures of the celebrated Edward Daniel Clarke, then
just returned from his travels which had extended from the Baltic to
the Crimea and the Mediterranean. Certainly Clarke was one of the
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Edward Daniel Clarke
(From an engraving by H. Meyer)
most striking characters belonging to the Cambridge life of that my
early time. He was very eloquent: - I should say the most naturally
eloquent man I have heard: that is, he gave to what he said all the
charm that fluency, earnestness, and fine delivery could give, independent of its meaning and purport, which often could not bear a close
examination. He was not an exact or profound man of science, but he
had a good knowledge of what was doing in the world of science, and
undaunted courage in endeavouring to take his share in it. He very
nearly blew himself to pieces once or twice in his experiments with his
oxyhydrogen blowpipe. He, on returning to the University after his
travels, began to deliver a course of lectures on Mineralogy, which
were very attractive, for in them he introduced stories and discussions
about all that he had seen and heard of in the course of his travels.
Among other things he spoke of meteoric stones. The celebrated mass
of meteoric iron which Pallas had seen in Siberia and had described
in his Travels, had thenrecently drawn general attention to the subject.
Clarke had of course a theory on the subject of these stones. I do not
know if anyone now maintains that theory. He held that as all
substances can exist in a gaseous state, the components of these stones
might occur, in a gaseous state, in the higher regions of the earth's
atmosphere; might there, owing to some natural event or other,
combine; of course with explosive violence, noise and fire, and might
then fall to earth. I do not know if this theory made many converts;
some of us certainly laughed at it; and one of my friends said that it
seemed to him just as likely that the air should drop biscuits from time
to time in the neighbourhood of a flour mill.
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Another of Clarke's undergraduate auditors was Adam
Sedgwick, who testified that "he kept us awake", high praise
indeed for any lecturer (4). Henry Gunning of Christ's College
described him as one who "often suffered his imagination to
run away with his judgment" and related several instances,
among which is an anecdote of how Clarke, spying a picture,
covered with dirt, in a shoemaker's shop, persuaded himself
that it was a portrait of Shakespeare (5). He put it into a
magnificent frame and exhibited it in the University library.
On the first day it was exhibited upwards of 3000 persons came
to see it and Clarke wrote a small pamphlet proving it to be an
original Shakespeare. Later, however, he changed his mind
and made a present of it to the shoemaker from whom he had
purchased it. On another occasion he was greatly excited to
discover a model of the Flight into Egypt, which he declared,
after removing the dirt with which it was encrusted, to be
covered in precious stones, especially the reins of the bridle,
and to be very valuable. The stones were judged later to be of
no value. Evidently Clarke imbued all his experiences with
romantic qualities.
Clarke's results with the oxyhydrogen blowpipe led him to
theorize that volcanic eruptions arise from the decomposition
of water by geothermal heat and the subsequent pressurizing
and recombination of its gaseous elements. Lord Spencer,
expressing surprise at the noise and heat of the oxyhydrogen
flame, remarked "It is like Etna." "Like Etna, m'Lord!" Clarke
replied, "Why it is Etna itself!"
Clarke sent a written account of his first experiments with
the oxyhydrogen blowpipe to a journal newly established at the
Royal Institution, of which William Thomas Brande (17881866) was the editor and Faraday, as Brande's assistant, was
factotum, or general dogsbody. Faraday wrote that (6):
When Mr. Brande left London in August [1816], he gave the Quar-

The Newman-Brooke oxyhydrogen blowpipe.
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Clarke's modification of the Newman-Brooke oxyhydrogen
blowpipe, including a safety shield for protection
from explosions (13).
terly Journal in charge to me; it has had very much of my time and
care, and writing through it has been more abundant with me. It has,
however, also been the means of giving me earlier information on
some new objects of science.

Among the early information received by Faraday was
Clarke's report of his experiments (7), but many of his conclusions were received with reservation, especially his claims to
have reduced barium oxide by heat alone to elemental barium,
which had a vitreous rather than a metallic appearance; and to
have obtained a metal "of a greater degree of metallic lustre
and whiteness than the purest silver" [the italics are Clarke's]
from silica. This latter metal, he admited, "I have not been able
yet to re-produce in a manner altogether satisfactory." Particularly offensive, however, to Davy and his circle of admirers at
the Royal Institution must have been Clarke's presumption, or
perhaps only naivete, in naming the metal from silicasilicium,
thus implying that Davy's silicon was not elemental but a suboxide of Clarke's silicium, and his renaming Davy's barium as
plutonium "because we owe it entirely to the dominion offire:
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according to Cicero there was a temple of this name. dedicated
to the God of Fire. in Lydia" (7). The selection of the same
name for element 94 has a different history. One of Seaborg' s
original team, Dr. Nicholas Kemmer. suggested that the use of
planetary names, started by Klaproth with "uranium"(element
92), named in honor of the then newly discovered planet
Uranus, should be continued. Outward from Uranus is Neptune, so element 93 should be named "neptunium". The next
planet is Pluto, and so element 94 should be named "plutonium". That Pluto is the god of fire is a pleasing coincidence.
but not the reason for the name chosen for element 94 (8).
The following letters from Faraday to Clarke have to do
with the printing of Clarke's paper in The Quart erly Journal of
Literature. Science and the Arts. The paper is entitled "Account of Some Experiments Made with Newman's Blow-pipe.
by Inflaming a Highly Condensed Mixture of the Gaseous
Constituents of Water". To Faraday was delegated the task of
seeing this paper through the press but, as we see from his
letters. he undertook. with all due respect, to engage the author
in questions of chemistry. So well did he do this that Clarke
came to consider him an authority and evidently addressed
various queries to him, to which Faraday' s fifth letter is a reply.
Faraday used little punctuation in his handwritten letters to reproduce them in their original form in print would distract
a reader and give a false impression of incoherence - for the
purpose of this publication, therefore. occasional punctuation
has been inserted:
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William Thomas Brande
(From an engraving by L. Wyon)
FARADAY TO E. D. CLARKE
Royal Institution August 8th 1816

FARADA Y TO E. D. CLARKE
Royal Institution August 6th 1816
Sir - Mr. Brande is at present on the Continent but left directions with
me before his departure for the management of the Journal.
The results obtained from the earths Barytes & Strontia independent of electrical powers must be interesting. From conversation with
Mr. Newman I have presumed that the experiments are in extension
of that first made by Sir H. Davy in which Oxygene & Hydrogen were
burned from the new blowpipe.
I venture to return thanks on the part of Mr. Brande for any paper
you may contribute to the Journal & promise that due attention shall
be given to it.
I am Sir. With great respect, Your humble Srvt
M. Faraday.

John Newman (fl. 1816-1838) was an instrument maker
with a shop at 7/8 Lisle Street. Leicester Square. London. He
was the maker of the compressed-gas blowpipe. which he coinvented with Henry James Brooke (1771-1857) (12). The use
of a mixture of hydrogen and oxygen. in a ratio of two to one
by volume. as the combustible gas was Clarke's idea, though
Faraday was soon to inform him that he was not the first to have
tried it.

Sir - I have been to the Printer to ask him the time he can allow for
making up Copy and he says that three weeks are as much as he can
spare; in which time Sir if you can favour us with a paper of so much
interest as the experiments or rather results you so briefly relate.
promise we shall be much indebted to you.
The printer is very willing & indeed prefers that you should
yourself correct the press but we have no means except the Post by
which to send the impression down. But if when you send the copy
you also transmit other directions we shall strictly attend to them.
Mr. Newman appears to have been not sufficiently explicit in
detailing to you the history of the experiment in which oxygene &
hydrogene are burnt from his blowpipe. I presume that from the
interest you must feel in your present series of experiments you will
excuse me for giving a fuller account of it.
The merit of having first burned oxygene & hydro gene issuing in
mixture from a common reservoir belongs to an unknown Native of
Germany. who as far back as 3 years ago told Mr. Tatum of this City
that he had burned a mixture of oxygene & hydrogene, propelled from
a bladder through a long narrow tube, at the end ofthe tube with safety
& without the inflammation passing up into the mass of gasses (9). He
considered the security of the experiment as depending on a strong
pressure given to the bladder. Whilst in conversation with Mr. Tatum
& relating to him the singUlar experiment in which Sir H. Davy had
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introduced one of his lamps into a receiver fIlled with oxygene &
hydrogene gasses in the most explosive proportions. he told me of the
above circumstance but said he had never made the experiment. I
afterwards mentioned it to Sir H. Davy because I consider it to depend
on those very circumstances which insure the safety of his mining
lamp. Mr. Newman's blowpipes were made for the first time about
this period & Sir H. Davy immediately applied one of them to the
performance of this experiment. I was present; it was made with my
cautious request & succeeded perfectly. Platina was fused & a very
intense heat obtained but nothing more was done with it.
This I have every reason to believe was the first time the experiment was done in England; at least no one had made it before in any
way connected with the information I have just given. I myself first
told Mr. Newman the result merely because it had been done with the
substitution of his blow pipe for the original bladder. He informed me
afterwards that he had mentioned it to you and that you wished to
pursue it farther. I heard also of Dr. Wollaston' s objections & of the
communication that passed between you & Sir H. Davy.
Such is the history of the case. A German first conceived the
experiment if he did not make it. Sir H. Davy first made it in England
& you S'ir have the merit of applying it so happily & to the obtaining
such remarkable results. I shall this evening see Mr. Tatum & make
further enquiries respecting the author of his information and if you
are desirous transmit it to you on a future occasion.
I am Sir. with Great respect, Your vy humble servnt
M.Faraday.
Addressed to Revd. Dr. Clarke.
Trumpington Street. Cambridge

E. D. CLARKE TO FARADAY (10)
Cambridge, August 26.1816
Dear Sir - While there is time I continue to add one discovery after
another. Perhaps, if you have not sent my Ms to the Printer it will be
better to return it that I may make the additions.
I have at this moment the Metal of Strontia before my eyes;
shining with all the lustre and whiteness of highly burnished silver.
although it was obtained so long ago as last Friday Morning from the
Earth. It becomes covered with an earthy powder sometimes, but not
always. when a stroke of the File discloses a fresh face of the Metal.
The Metal of Strontia is, if anything, whiter and more like silver than
that of Barytes.
You will please to observe that in reducing these Earths to the
metallic state. they were not brought into contact with any metallic
support. such as Platinum. I used Charcoal; and our Professor of
Chemistry [lames Cumming (1777-1861)] expressing a doubt whether
Charcoal might not contain iron enough to cause such appearances.
the Experiments were repeated without Charcoal; but the Metals were
obtained as before. In short everything has been done which is
necessary to demonstrate that these Metals of Bartyes andStrontia are
severally derived from the Earths in their purest state. without the
admission of any other metallic body whatsoever.
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I have not yet succeeded with Silex. Alumina, Magnesia, and
Lime further than by converting each of them into a Glass.
Yours truly E. D. Clarke
Addressed to Farraday [sic] / Royal Institution / Albermarle St /
London

FARADAY TO E. D. CLARKE
Royal Institution August 27th [1816]
Sir - I send the paper by the Mail of this evening for your alterations.
The Printer has composed a considerable part of it, which will
however be altered according to the copy you will send back. He
wishes for it as soon as possible. A drawing has been made of the
blowpipe with its condensing syringe & the small tube and given to
the engraver on wood. It will be placed at the head of the paper so that
a reference to it in the body of the paper might be agreeable.
When you first mentioned the reduction of the earths Baryta and
Strontia it was done so briefly as to allow of many doubts respecting
the accuracy of the experiments & the results. I am glad these have
been fully considered. Perhaps it would be worth while to state an
experiment in which the metals have been converted into earths again.
Indeed so singUlar is it that they should be at all permanent in the
atmosphere that the world will require full proof that that is the case.
Their action on water (particularly that of BPlutonium)( 11). I should
think would be very violent.
In your last letter you have said that you obtained the metals
without the aid of charcoal but I suppose the reduction was effected
not by the heat alone but with the aid of some combustible matter as
oil. &c. The supposition relates merely to the reduction not the
probable presence of any other metal.
I am Sir. With Great Respect. Your Humble Servt
M. Faraday

FARADAY TO E. D. CLARKE
Royal Institution August 29th 1816
Sir - I am very sorry that any confusion should arise in the return of
your MS. I have been to the Office where it was booked (by Mr.
Newman's lad) and they assure me it left town at the same time with
the letter but account for the circumstance of its appearing to be
missing by supposing that the men have delayed the delivery of the
parcels for an hour or two.
For my own part I fancy it probable that they have sent it by the
Coach. though directed for the Mail (a circumstance which I understand sometimes occurs) and I hope you have received it long since.
They promise to write to their agent about it immediately. though they
have no hesitation in saying that you have had it ere this. If you have
not I should be glad to know immediately that the further necessary
steps may be taken immediately.
Your discovery of a metal in Silica surprises me more than any
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thing you had before done, because of the strong presumptive proofs
afforded by Sir H. Davy's experiments that the basis of Silica was not
a metal but an inflammable substance analogous to Boron. It is very
impertinent in me to suggest any thing but the great dissimilarity
between silica and the other earths and the analogy between it &
Boracic acid [i.e. boron trioxide], orrather between their bases when
treated with the fluoric compounds, promises to open some very
curious views in this department of chemical science, particularly if
Silica is the oxide of a metal.
The interestofyourexperiments augments daily & will make your
paper a valuable addition to our Journal.
Mr. Newman desires me to say he has read your Letter of the 24th.
I am Sir with much respect, your humble Servt
M. Faraday

FARADAY TOE. D. CLARKE
Royal Institution Sept 19th 1816
Sir - I have just received your letter of yesterday and hesitate not a
moment in writing scarcely an answer to it but an acknowledgement
of it. Indeed your Queries appear to be such as can only be answered
by experimental investigations, for I am not aware of any information
that can be quoted, i.e. drawn from ascertained knowledge, that can
apply to them though, as my small stock of chemical science necessarily leaves untouched many important branches, it is very probable
that answers to your queries may be known to some though unknown
to me.
As however Sir I judge from the import of your cOmmunication
you expect an answer from me, I shall venture a few observations on
the subject. - It has been my intention for some time past to repeat
some of your experiments but I have not yet procured a blow pipe from
Mr. Newman and have therefore been obliged to defer them. Not
having seen the experiments it is possible I may make a wrong
judgement of them, for there are many little circumstances & changes
which arise in the progress of an experiment which materially assist
us in forming a conclusion.
Allowing that charcoal causes the vitrification of metals it is
evident that it must beowing either to achange in the state of the metal,
or to the decomposition of the metal, a vitrifiable body being left, or
to a combination of the metal with some other substance forming a
vitrifiable compound. Not having seen the experiments I have not
sufficient means of judging, since effectS may have been produced in
them which are new; but reasoning from the habits of the metals as I
have met with them I should not think that the pure metal was vitrified
or decomposed by the powers you have applied to it and it then follows
that it has combined with some thing. It strikes me indeed that you
have formed a carburet & if that is the case that carburet may be
vitrifiable, though the pure metal is not. I have often thought on the
probable changes which charcoal might undergo at the heat you
possess the means of procuring, if its combination with oxygene could
be hindered. In some experiments made with the powerful voltaic
apparatus here there were apparently evidences of its volatilization

Bull. Hist. Chern. 11 (1991)

II

when acted on in vacuo and we can scarcely entertain a doubt of its
fusibility at some temperature; and if we had never seen carbon as
charcoal we should not have been much surprised at the idea of
diamond forming with metals vitrifiable substances. Carbon has
something peculiar in its combinations. It exists but in small proportions in steel yet causes a great change in the properties of the iron
combined with it. It exists in extraordingly (sic) high proportion in
plumbago yet still leaves it possessed of many metallic characters. I
find nothing difficult in the idea of believing that it may form with the
earthy metals a vitrifiable compound.
It is difficult to form an opinion on your second query without
knowing every circumstance of the case and they can only be properly
ascertained by the operator. The presence of extraneous substances,
the vitrification before spoken of, the more or less perfect reduction
& many other circumstances may be present & exert a very extensive
influence. If the metal which presents those changeable appearances
is capable of being vitrified without the addition of other substances
than are present then there is strong reason to believe that the variable
approaches to this state cause the appearances.
I must however Sir beg your pardon for troubling you with matter
so unimportant and so far removed in its nature from [that] which you
required but I can only present in excuse my ignorance of those
particular facts and indeed of science in general.
I am Sir With great respect
Your Obedt. Humble Servt.
M.Faraday
Addressed to Revd. Dr. Clarke, Professor of Mineralogy, &c &c &c,
Cambridge

A few letters from other correspondents are pertinent to the
questions discussed in Faraday's letters:

W. T. BRANDE TO E. D. CLARKE
[Undated, but early 1817]
My dear Sir - I have just returned from the Continent or should have
sent an earlier answer to your many valuable communications. I beg
to thank you for having sent them to the Journal of this institution, and
congratulate you on their importance.
I have succeeded in most of your methods of fusion, but have not
yet been able to obtain Barium, or as you have named it "Plutonium",
nor Strontium. The earth fuses, burns, and evaporates. You will
therefore much oblige me if at your leisure you would give me such
directions regarding your method as may enable me to attain the result
desired. I hope you will prosecute your enquiries and extend them.
My assistant Faraday has I hope acted conformably to your wishes in
all that regards the proofs of your paper.
Your own copies will be forwarded in a few days.
Yours my dear Sir very faithfully
Willm. Thos. Brande.
Royal Instn. Saturday
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J. F. W. HERSCHEL TO E. D. CLARKE
[Undated]
Dear Sir - I have already perused, with anxious attention, the very
extraordinary Statement of your amazing experiments in Brande's
Journal. I am happy to see that the Berlin Socy has distinguished itself
by its promptitude in indicating a sense of the importance of your
discoveries and the noble ardour which in their prosecution has led
you to defy more than ordinary danger.
Pardon me, if as a Member of the Royal Socy I express something
like regret that their Transactions had not to announce to the Scientific
world such wonderful results (though the public would have suffered
by the delay) but the periodical work of an individual (however
excellent) seems to me a vehicle unworthy [of the] magnitude of the
discovery.
I write in the utmost haste - pray pardon me.
Yours very truly, IF.W. Herschel
P.S. I have a very extraordinary expt. of Tully an optician in London
to shew you if you can furnish me with a lens of pretty long focus, and
a sunny morning.

HUMPHRY DAVY TO E. D. CLARKE
21 Queen's Square, Bath Oct. 28th [1816]
My dear Sir - I have spent the summer in the North of England
principally amongst the coal mines enjoying the inexpressible pleasure of seeing my lamps everywhere employed in preserving the
miners from danger. Your letter announcing your expts with Newman's blowpipe missed me in its fIrst address & has since followed me
south. I have this day received your second letter.
Had I seen your communication for the Quarterly Journal of
Science before it was published I should certainly have considered it
an act of friendship as well as duty to have begged of you to reconsider
many parts ofit& at all events to have alteredtheform in which certain
results were announced.
Amongst the metals of the earths Barium or the metal of Barytes
is the one which I obtained in the most unequivocal manner by the
battery & in globules sufficiently large to examine. It does not bear
even a momentary exposure to the free air & amalgamates readily
with mercury.
You perhaps are not aware that Baryta has a strong attraction for
oxygene, that it readily absorbs that principle & that the peroxide
rapidly oxidates & dissolves platinum. I am strongly disposed to
believe that the metallic fIlms you obtained are from platinum that had
been dissolved & revived & I am confIrmed in this suspicion by what
you say of the action of charcoal in occasioning a vitrification of the
metals of the earths. The peroxide of Barium dissolves other metals
as well as platinum. I should recommend it to you therefore to use no
metallic substance as a stand for your earths.
Whilst I was writing your third letter was brought to me. I was just
going to answer to your second that I was certain an explosion could
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not take place in a tube 1/80 of an inch in diameter & 3 inches long &
was going to recommend to you to measure the aperture through
which the explosion had passed.
With respect to Boron, this substance alloys with platinum & other
metals. I once suspected that it was a metallic protoxide but certainly
should never have conceived that it could have been revived in a
stream of oxygene gas.
I can hardly suppose that the difference of 1/80 & 1/60 of an inch
can make such a difference in the results. At least by diminishing the
mass of matter an equal heat ought to be produced.
I can immediately give you a plan by which all possibility of
danger is avoided & with which you may use tubes of any diameter
you please. Have two compressing boxes made furnished with two
stopcocks with diameters so arranged that one may deliver twice as
much gas in a given time as the other - ftll one with compressed
hydrogene the other with compressed oxygene -let the two stopcocks
terminate in a common duct or tube of fIre glass.
You announce that the heat produced by the combustion of
oxygene & hydrogene is stronger than that of the most powerful
voltaic battery. I doubt this. It would require very accurate & minute
expts of comparison to prove it.
I have no doubt that the blowpipe with oxygene & hydro gene will
prove a useful instrument & the chemical world will have obligations
to you for having shown the power of it. - Lady Davy's indisposition
has brought me here. She continues unwell but I hope the Bath waters
will effect a cure.
With respects to Mrs. Clarke in which Lady D joins me, Dear Sir,
very sincerely yours, H. Davy.
I shall be glad to see your paper for the R. Society & will with great
pleasure offer my suggestions upon it.
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THE PATHWAY TO THE LAWS OF
ELECTROL YSIS
John T. Stock. University of Connecticut
Michael Faraday has a massive physical monument - the vast
number of books, papers, and general articles that have surveyed virtually every aspect of his life and work. This paper
is the result of looking at a limited but important aspect of this
monument.
As a life member of the Royal Institution of Great Britain,
I spent part of a sabbatical leave under the direction of Professor Ronald King. At that time, he wa'> planning the Faraday
Museum in the basement of the Institution. I had the opportunity of reading some of Faraday's manuscripts, giving me a
feeling of looking over his shoulder as he planned his next
experiment. To mark the 150th anniversary of the 1834
publication of the Second Law of Electrolysis. I set up a
commemorative exhibit in one of our departmental wall cases.
Included was a display that cyclically highlighted some of
Faraday's contributions to chemistry (1).
Although the histories of both chemistry and electricity go
back to ancient times. electrochemistry as we know it today did

Christian von Grotthuss

not begin until 1800, when Volta's account of the so-called
"pile" was published (2). This device, and developments that
rapidly followed, provided for the first time a source of
continuous, reasonably steady, and comparatively large amounts of electricity. As Faraday was to point out later, the
then well-known static or "common" electricity is characterized by high intensity but very little quantity. Nicholson read
Volta's communication before its publication, with the result
that a pile was constructed and used to prepare hydrogen and
oxygen by the electro-decomposition of water (3). From this
deceptively simple experiment sprang the vast and diverse
field of electrochemistry (4).
Although the fact of the electro-decomposition of water
was obvious, a satisfactory explanation of the mechanism
involved was not. despite various efforts over several decades.
In the long-studied area of "common" electricity, beliefs were
in the existence of two forms of electricity, positive and
negative; "like signs repel, unlike, attract"; and "action at a
distance", governed by an inverse square law. These beliefs
were the inheritance of early workers concerned with voltaic
electricity. In attempting to explain electro-decomposition.
this inheritance was largely a handicap.
In 1801. 10hnann Wilhelm Ritter (1776-1810), a German
physician, used V-shaped tubes to re-examine the electrodecomposition of water (5). This shape prevented transfer of
matter from one pole to the other by convection or agitation. To
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explain the fact that gases appear only at the poles, he theorized
that water plus positive electricity gives oxygen, whereas
water plus negative electricity gives hydrogen.
Christian von Grotthuss (1785-1822) suggested that water
molecules are polarized, becoming centers of attractive and
repulsive forces which vary inversely as the squares of the
distances from the respective poles (6). Thus the hydrogen and
oxygen in a given molecule will be subject to attractive and
repulsive forces, acting in opposite directions. Hydrogen and
oxygen produced by the breakdown of this molecule would not
escape, but would attack adjacent molecules. The production
of the gases only at the poles could be explained by a chain-like
abstraction mechanism.
The 1806 Bakerian Lecture, given to the Royal Society by
Humphry Davy (1778-1829), was based on his own electrochemical experiments and ideas (7). His great contribution
was to connect chemical affinity with electrical forces. Two of
his experiments are shown in figure 1. Potassium sulfate
. solution was placed in each of two cups, with a moistened strip
of asbestos as connector, as shown in (a) of figure 1 (8). A
current was passed through the system for three days, then the
contents of the cups were analyzed. The left cup contained
sulfuric acid, the right, potash; Davy had achieved the complete separation of the components of the salt. The Grotthuss
mechanism was obviously inadequate here; the "chain of
molecules" must break for such completeness to be possible.
If the component acid and base existed even briefly in the
solution rather than being generated at the electrodes, their
detection in transit should be possible. Davy therefore set up
the arrangement shown in (b) of figurel, the contents of the
three vessels being as indicated (9). Moistened litmus paper
strips X and Y were placed in contact with the asbestos
connectors. On passing a current, the sulfuric acid moving
towards the positive pole should redden strip X. This did not
occur; instead, Y began to redden, and this effect slowly
diffused into the central vessel. Apparently, ordinary chemical
affinity had been suspended by the flow of electricity; acids
could be passed through bases, and vice versa!
Although he had shown that the Grotthuss mechanism
could not account for the complete decomposition of potassium sulfate, Davy wrote "In the cases of the separation of the

Grotthuss' chain mechanism for electroytic conduction.
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water & litmus

Figure 1. Davy's experiments with potassium sulfate solution: (a)
the complete separation of acid and alkali (b) an attempt to detect
the transit of sulfuric acid.

constituents of water, and of neutral salts fonning the whole of
the chain, there may possibly be a succession of decompositions throughout the fluid" (10). When Faraday surveyed the
suggestions of others as part of his own attack on the elucidation of the mechanism of electro-decomposition, he noted the
lack of specificity of Davy's theory.
In 1814, during the European tour with Davy, Faraday met
Auguste de la Rive (1801-1873), Professor of Physics at
Geneva. Faraday corresponded with him for many years. De
la Rive reconsidered electrochemical action during the 1820s
(11-13). He postulated that the current flowing from the
positive pole attacks the nearby molecules, grasping their
hydrogen if water, or their base, if the molecules are salts. The
oxygen or acid is left behind, while the positive current carries
the substance with which it is united to the negative pole. This
metal conductor cannot admit the transported substance, so
hydrogen or base is released as the electricity enters the
negative pole. The reverse current acts analogously on the
oxygen or acid in the molecules near the negative pole. De la
Rive did not accept a chain-type mechanism, believing the
bulk of the liquid acted merely as a conductor. With the
concept of positive and negative currents, only portions of
which were involved in transporting matter, De la Rive's
theory became very complicated (13).
When Faraday began his work on electro-decomposition.
he was faced with theories which had about one real or implied
common view: the poles acted at a distance upon the constituents of the substances being decomposed. Another problem
was the apparent existence of various fonns of electricity.
Faraday wal) convinced that all fonns were manifestations of
a single identity. By exhaustive examination of the literature
and his own extensive experiments, he was able to prove his
conviction that electricity, "whatever may be its source, is
identical in its nature" (14).
Decompositions could be brought about by the use of a
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voltaic pile. Faraday therefore examined claims that common
electricity could produce similar decompositions. This fonn of
electricity is noted for its ability to produce sparks. By a litmuspaper version of Cavendish's production of nitric acid by
sparking in air, Faraday showed that the mere heat of an electric
discharge could bring about a chemical reaction. He was
therefore very careful to use spark-free conditions in his own
experiments.
The arrangement for one of these is shown in figure 2.
Three pieces each of litmus paper ppp and turmeric paper nnn
were moistened with sodium sulfate solution and placed on a
glass plate as litmus-turmeric pairs (turmeric is reddened by
alkalis, litmus by acids) (15). Platinum wire conductors were
bent so that they made point contact with the papers, as shown.
Wire m was connected to a large frictional electrical machine,
while wire t went to the "discharging train." This was a wire
connected to a gas pipe or water pipe. Nowadays, we would
say the wire t was grounded. Brief operation of the machine
caused fonnation of acid at all point contacts on litmus and of
alkali on turmeric paper.
Apart from demonstrating that common electricity and
voltaic electricity produced the same chemical effects, this
finding assured Faraday that he could use the high-intensity
output of his machine whenever poor conductance of a system
under investigation prevented the use of a battery. He had
already begun to suspect that the poles in an electrochemical
system have no mutual decomposing dependence. On occasion, he used his finger as one of the poles! Then came the
prescient remark (16):
When electro-decomposition takes place. there is great reason to
believe that the quantity of matter decomposed is not proportionate to
the intensity. but to the quantity of electricity passed.

Incidental to his attempts to demonstrate the reality of this
belief, Faraday commented on the value of the galvanometer
for measuring what we would now tenn the current strength in
a circuit (17). The development of this instrument has a long
and interesting history (18). Faraday mentions one advance.
the introduction by Ritchie of a fine glass thread as the torsion
element (19). More than half a century was to pass before C.
V. Boys demonstrated the superiority of quartz threads over
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John Frederick Daniell (left) and Michael Faraday (right).
circa 1843.

those of glass (20).
Faraday took four thicknesses of paper, equally moistened
with a standard solution of potassium iodide, and placed them
on a platinum spatula. A vertical platinum wire. 1/12 of an inch
in diameter with a squared-off end, pressed on the paper
sandwich, thus defining a definite area of contact. With a
single platinum-zinc-dilute nitric acid cell as a source of
electricity, the galvanometer in the circuit gave a steady
deflection. By shifting the end of the wire from place to place
on the test paper. the effect of varying the time of passage of the
current could be observed as the extent of colorization due to
the liberation of iodine. Faraday counted the beats of his watch
as a means of timing. One finding was that, to match the effect
produced by only an eight-beat period of voltaic current, he
needed 30 turns of his frictional machine! A finding that 28
turns were insufficient probably indicates the attainable level
of precision. Then comes the statement (21):
It also follows that for this case of electrochemical decomposition.
and it is probable for all cases. that the chemical power, like the
magnetic force, is in direct proportion to the absolute quantity of
electricity which passes.

Figure 2. Multiple formation of acid and alkali by
"common" electricity.

Here we have a statement of the First Law of Electrolysis, with
a demonstrated precision of possibly about ten percent! An
extensive treatment of the factors that led to the fonnulation of
this law has been given by James (22).
Faraday had noted that" ... the effects of decomposition
would seem rather to depend upon a relief of the chemical
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affinity in one direction and an exaltation of it in the other"
(23). Then the elements of a compound should separate and
then combine with neighbouring particles, on the lines of the
mechanism suggested by Grotthuss (6). Faraday thought that
if a current could decompose a solid, then structural information might be obtained. He began to freeze solutions, aiming
to trace and catch certain elements in their transit. He was
surprised to find that even a thin film of ice interposed in the
circuit stopped the flow of electricity even from a very powerful battery. However, a gold-leaf electrometer could be discharged through ice, which must therefore possess some small
conducting power (24).
Realizing that the change in conducting power exhibited by
the ice-water transition might also apply to other solid-liquid
pairs, he began to study the electrochemistry of fused salts.
Actually, Davy knew as early as 1801 that potassium nitrate,
caustic potash and soda conduct electricity when melted,
although, as Faraday indicated, he appeared to have forgotten
this 11 years later (25).
Faraday began by fusing lead chloride and silver chloride
on pieces of glass. He found that the melt conducted and
electro-decomposition could be achieved. He then used a
small V -shaped glass vessel, so that the decomposition products could be observed. The two compounds mentioned gave
chlorine at the positive pole, metals at the other. Molten
potassium nitrate or chlorate gave alkali, or even potassium at
the negative pole, and gases such as oxygen at the other pole.
Faraday used fusion on platinum when temperatures higher
than possible with glass were required. He showed that many
salts, oxides and sulfides became conductors when melted; in
general, the liquids were much better conductors than water.
The effect was not universal - sulfur, phosphorus, naphthalene, etc .• remained non-conducting when fused.
At the end of his paper, dated 15 April 15 1833, Faraday
summarized his results" ... not without fearing that I may have
omitted some important points" (26). Before he continued his
fused-salt experiments, he returned to his suspicion that electro-decomposition did not necessarily depend upon the means
by which the electricity entered or left the substance under
investigation. He again used litmus and turmeric papers that
were moistened with sodium sulfate solution. However, the
papers, along with their point-contact wires, were placed on
separate glass plates. String wetted with the same solution
provided electrical connection between the two test papers. On
turning the electrical machine, the production of acid and of
alkali occurred. just as if the papers were in direct contact. This
occured even if the string was 70 feet long! The supposition by
others that both poles mutually "act at a distance" thus hardly
seemed plausible; for a fixed quantity of electricity, the distance between the poles had no effect upon the amount of
decomposition.
After several other experiments, Faraday used the arrangement shown at in (a) of figure 3 to produce decomposition
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Figure 3. Electro-decomposition without contact with metallic
poles: (a) single effect. (b) multiple effect.

when there was no contact with any metal poles (27). A
triangular piece of litmus paper a was moistened with sodium
sulfate solution and partially overlapped by a similarly moistened triangle of turmeric paper b. Needles nand p were
supported on wax so that the gaps between the points and the
tips of the papers were about half an inch. Needle n was
grounded, while p joined to the electrical machine. On working this, the tips of both papers became reddened, indicating the
evolution of both acid (litmus) and alkali (turmeric), despite
the absence of any real poles. Faraday extended the demonstration by using four isolated pairs of strips, as shown in (b) of
figure 3. All litmus tips indicated free acid, the turmeric tips,
free alkali. Faraday concluded that the power which causes
electrochemical decomposition appears to be exerted in the
solution, and not at the poles (28).
Having shown that electrochemical decomposition could
occur at an air-solution interface, Faraday demonstrated that
such a decomposition could also occur at a water-solution
junction (29). He had by now reached some important conclusions (30):
* Not a single fact supports the concept of "two electricities", i.e., positive and negative.
* There is no reason to consider the influence of the
electric current as compound or complicated. This influence
has not been resolved into simpler influences, and is best
conceived as an "axis of power having contrary forces, exactly
equal in amount, in contrary directions".
* The concept of rectilinear action between the poles is
not necessary. Lines of action would be expected to diverge
rapidly from point-contact poles in a liquid.
* Electrochemical decomposition is due to a weakening
of the ordinary chemical affinity in one direction, and a
strengthening of it in the opposite direction. Particles of
opposite kinds will tend to pass in opposing courses. This
effect is essentially dependent upon the "mutual chemical
affinity" of these opposite species.
Like his predecessors, Faraday believed that the decomposition into oppositely-charged particles was caused by the
passage of the electric current. The Arrhenius ionic theory,
postulating the production of mobile ions by the mere act of
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dissolution of an electrolyte, introduced another way of thinking. However, the general acceptance of this theory, published
in full in 1887 (31), was by no means instantaneous.
Faraday had accounted for the major effects of electrochemical decomposition:
* The products appear only at the poles, and are expelled,
not drawn out by attraction.
* The transfer of elements is accounted for. Thus, in the
passage of current between silver wires in fused silver chloride, the positive wire is eaten away, while the negative wire
grows.
* The more the constituents of a substance have opposing
chemical affinities, the more readily they separate in electrodecomposition. Davy's astonishing fmding that acids could
pass through alkalis, and the reverse, is actually the essential
condition for the decomposition of a salt.
Planning to work quantitatively, Faraday began to construct a device that he termed a volta-electrometer. This was
to be able to measure the "total amount" of electricity used in
an experiment. (A galvanometer merely measures the current
strength, or flow rate, at any given instant.) The idea was
simple; let the current decompose acidulated water and measure the volume of hydrogen plus oxygen thus evolved.
He first used a graduated tube with long platinum poles
sealed through the closed end. After filling with dilute acid, the
tube was inverted in a cup of the same liquid and the poles were
connected to a battery (32). Gas evolution occurred but, when
the battery was disconnected, the volume of gas began to
diminish and finally vanished. Faraday found that platinum
that had been used as the positive pole in the decomposition of
water could cause quite vigorous destruction of a previouslyprepared 2: 1 hydrogen-oxygen mixture. Platinum that had
been used as the negative pole was inactive. At this stage,
Faraday sidetracked to investigate this induced chemical reaction - what we would now term the heterogeneously catalyzed
reaction of the two gases to form water.
Returning to the design of the volta-electrometer (Faraday
later shortened the term to voltameter; the present-day term is
coulometer), Faraday now knew that he must keep the positive
pole out of any mixed-gas space (33). In one approach, hydrogen and oxygen are collected in separate graduated tubes. In
another version, only one of the gases is collected, while the
other escapes.
He then thought of a simple double-plate configuration,
diagrammed in figure 4; the plates remain totally submerged
and cannot affect the collected mixed gases. The plates can be
close together, thus lessening the electrical resistance of the
device. Faraday described three versions of this design.
He then carefully examined the variables that might control
the performance. For absolute measurements the collection of
hydrogen only, and correction of its volume to standard conditions, are recommended.
Now beginning to use his new (our present) terminology,

Bull. Hist Chern. 11 (1991)

II

Faraday defined "primary
products" of electro-decomposition as those which remain unaltered when they are
evolved. Examples are hydrogen and oxygen from water,
or acid and alkali (both compounds!) from sodium sulfate
solution. "Secondary products" occur when the separating substances are changed at
the "electrodes". Thus evolving oxygen can attack a carbon "anode", giving rise to
Figure 4. A double-plate
carbon dioxide. At this juncvolta-electrometer.
ture Faraday came to a conclusion that would have important consequences for the rest of
his experimental program (33):
... when aqueous metallic salts are decomposed by the current, the
metals evolved at the cathode, though elements, are always secondary
results, and not immediate consequences of the decomposing power
of the electric current.

It was for this reason that Faraday decided to use fused salts as
"electrolytes" in his quantitative studies, thus avoiding any
ambiguities that might arise from the use of aqueous systems
(34).
Figure 5 shows the arrangement used to investigate tin
protochloride (tin(II) chloride). The cathode, a platinum wire
coiled into a knob at one end, was weighed and then sealed into
a glass tube so that the knob was at the bottom. The salt was
then introduced and heated to melt it. After the introduction of
a platinum wire anode, the cathode was connected to a voltaelectrometer and battery power was applied. Volatile "bichloride of tin" (tin(IV) chloride) was produced at the anode, while
the tin liberated at the cathode formed an alloy with platinum
that was liquid at the fusion temperature. After collection of a
suitable volume of gas in the volta-electrometer, the anode was
removed from the melt, which was then allowed to solidify.

Figure 5. Determination of the electrochemical equivalent of tin.
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The vessel was broken open and, after removal of salt and glass
from the cathode, this was reweighed to obtain the weight of tin
deposited.
From the results of four experiments, Faraday found an
average value of 58.53 for the electrochemical equivalent of
tin. The value of the chemical equivalent that he accepted was
57.9. Faraday gives the data concerning one of his experiments
on tin protochloride, as well as the method of calculation. It is
strange that the many glowing accounts concerning Faraday's
work on the laws of electrolysis say little about his apparent
lack of appreciation of "significant figures". However, a
teacher in a grammar school has made the comment "It is not
only our pupils who claim five figure accuracy from three
figure measurements" (35).
In the electrolysis of fused lead chloride, Faraday found
that some platinum, dissolved from the anode, was cathodically deposited along with the lead. He therefore changed to
a graphite anode. The mean of three experiments gave 100.85
as the electrochemical equivalent of lead. A similar experiment with lead borate gave 101.29, "which is so near to 103.5
(the "chemical" value) as to show that the action of the current
had been definite."
Having passed the same current through protochloride of
tin, lead chloride, and water, Faraday remarked (34):
It is needless to say that the results were comparable, the tin, lead,
chlorine, oxygen, and hydrogen being definite in quantity and electrochemical equivalents to each other.
Here is an implied statement of the Second Law ofElectrolysis.
No data are given; if the accuracy was much the same as in the
separate measurements for tin and lead, Faraday had proved
experimentally that this law holds to within a few percent.
In the electrolysis of fused silver chloride between silver
electrodes, the anode dissolves and silver is deposited on the
cathode. When attempts were made to perform this experiment quantitatively, the crystalline nature of the deposit gave
problems. Faraday was more successful with fused lead
chloride, finding that the loss in weight at the lead anode was
equal to the gain at the cathode. The experiment gave 101.5 as
the electrochemical equivalent of lead. Similar "metal transference" experiments with lead iodide and tin protochloride
gave values of 103.5 and 59 for lead and tin, respectively.
Faraday, actually determined the electrochemical equivalent of zinc by use of aqueous media (36). However, it seems
that his principal aim was to show that "the electricity which
decomposes, and that which is evolved by the decomposition
of a certain quantity of matter, are alike". The method involved
the spontaneous anodic dissolution of zinc to cause displacement of hydrogen at the cathode.
The apparatus is diagrammed in figure 6. Dilute sulfuric
acid was left overnight after the addition of a small piece of
zinc. In this preconditioning step, dissolved air was expelled
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by liberated hydrogen. A
gas jar was entirely filled
with this acid and inverted
in a basin containing the
same liquid. Amalgamated
zinc plates A and B (amalgamation inhibits direct attack by the acid), were B
weighed and introduced as
shown. Then platinum plate
C was introduced, so that it
touched plate A. Hydrogen Figure 6. Determination of the
rose only from the platinum electrochemical equivalent of zinc
plate. After 10 to 12 min- by internal electrolysis.
utes, plates A and B were
withdrawn, rinsed, dried, and reweighed. The hydrogen was
transferred to a water trough for volume measurement. Faraday turned his measured volume of hydrogen, 12.5 cu. in., into
a corrected volume of 12.15453 cu. in. With logic so devastating in otherrespects, it is indeed surprising that Faraday did not
sense the implication of his "expansion of figures." However,
the value, 32.31, that he found for the electrochemical equivalent of zinc agrees closely with the then accepted chemical
equivalent, 32.5.
By 1834, Faraday had placed electrolysis on a sound
quantitative basis. He then turned to a consideration of the
absolute quantity of electricity associated with an atom of
matter and to an examination of the rival "metal contact" and
"chemical" theories of the action of the voltaic pile. These stories are beyond the scope of the present paper.
With the advantage of hindsight, we can see that Faraday
paid a high price for his belief that metal deposition from
aqueous solutions is a secondary process, and therefore possiblysubject to ambiguity. He turned to the much more difficult
fused-compound electrolyses, becoming a pioneer in this
important field. It is ironic that deposition of silver from
aqueous silver nitrate solution was later shown to be so precise
that the procedure was used for many years to define the
international ampere.
Faraday is unique in having two units named for him. These
are the "farad", the unit of capacitance, and the "Faraday", the
unit of electrochemical action. No doubt Faraday would have
been pleased to learn that, when the latter unit was redetermined at the National Bureau of Standards, the value, precise
to about 1 part in 50,000, depended upon the loss in weight of
a silver anode when a known amount of electricity was passed
through the perchloric acid electrolyte (37).
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FROM ELECTROCHEMICAL
EQUIVALENCY TO A MOLE OF
ELECTRONS: THE EVOLUTION
OF THE FARADAY
Marcy Hamby Towns and Derek A. Davenport, Purdue
University

In the 1988 edition of Quantities, Units and Symbols in
Physical Chemistry, (1) we find the following recommended
values for the Avogadro constant (L or N A ), the elementary
charge (e), and the Faraday constant (F):
NA =6.0221367(36) X 1023 moP
e = 1.60217733(49) x 1(J19 C
F = 9.6485309(29) X lO" C mol· 1

Simple multiplication of the first two of these yields, with
suitably arcane adjustments of limits of error, the third, i.e.

Further examination reveals that the recommended values for
both NA and e are independent of any electrochemical measurement (2). It would seem that the long and fruitful marriage
of electrochemistry and the Faraday has come to an amicable
parting of the ways, a parting endorsed by the units of C
mol-I. A brief history of the "Faraday" will be given in terms
of a concept (however named), a value (however measured)
and a name (by whomever dubbed).
Faraday's establishment of the law(s) of electrolysis "electrochemical equivalents coincide, and are the same with
ordinary chemical equiValents" - has been widely studied (38). What has seldom been remarked is the sparsity of examples
and the semiquantitative nature of much of the data upon which

II

Bull. Hist Chern. 11 (1991)

93

II

his great quantitative generalization was based. In Faraday's
table of relative electrochemical equivalents of some 60 anions
and cations (including "quinia", "cinchona" and "morphia"!)
less than ten were substantiated by direct electrochemical
means; the remainder are "chemical results of other philosophers in whom I could repose more confidence, as to these
points, than in myself' (9). He adds:
I may be allowed to express a hope, that the endeavour will always be
to make it a table of real, and not hypothetical, electrochemical
equivalents; for we shall else overrun the facts, and lose all sight and
consciousness of the knowledge lying directly in our path.

In the prefiguring of this passage in the Diary we find the more
admonitory: "I must keep my researches really Experimental
and not let them deserve any where the character of hypothetical imaginations" (10).
As to precision, the Diary gives the values 59.805, 56.833,

57.9 and 59.57 for the relative electrochemical equivalent of
tin (11). (Faraday was charmingly cavalier when it came to
significant figures.) In the published paper he states (12):
It is not often I have obtained an accordance in numbers [with the
accepted chemical equivalent] so near as that I have just quoted ... The
average of the four experiments gave 58.53 as the electrochemical
equivalent of tin.

Similarly for lead one finds such varied values as 105.11,
97.26,101.29,93.17 and 80.51 (13). Admittedly the experimental difficulties of working with molten salts were large but
as a later worker in the field somewhat ruefully remarked (14):
The experiments upon which he based his law of electrolysis are an
interesting illustration of the keen insight which led Faraday to
enunciate a general law upon what seems today to be very meagre and
inaccurate data.

"On the Absolute Quantity of Electricity Associated with
the Particles or Atoms of Matter" - so runs the heading for the
concluding section of Faraday 's magisterial Seventh Series of
Experimental Researches ill Electricity. The opening paragraph might seem to raise our Whiggish hopes (15):
The theory of definite electrolyticalor electrochemical action appears
to me to touch immediately upon the absolute quantity of electricity
or electric power belonging to different bodies. It is impossible,
perhaps, to speak on this point without committing oneself beyond
what present facts will sustain: and yet it is equally impossible, and
perhaps would be impolitic, not to reason upon the subject Although
we know nothing of what an atom is, yet we cannot resist forming
some idea of a small particle, which represents it to the mind; and
though we are in equal, if not greater, ignorance of electricity, so as
to be unable to say whether it is a particular matter or matters, or mere

John Frederick Daniell (left) and Michael Faraday (right),
circa 1843.
motion of ordinary matter, or some third kind of power or agent, yet
there is an immensity of facts which justify us in believing that the
atoms of matter are in some way endowed or associated with electrical
powers, to which they owe their most striking qualities, and amongst
them their mutual chemical affinity.

However, Faraday ,like many of his contemporaries, was at
best a reluctant atomist. a view he passionately believed to be
fraught with hypothetical, if not quite horrible, imaginings.
One wonders what he would make of recent work on "electrochemistry at single-molecule sites" (16). A later passage finds
him turning aside atomistic temptation (17):
The harmony which this theory of the definite evolution and the
equivalent definite action of electricity introduces into the associated
theories of definite proportions and electro-chemical affinity, is very
great. According to it, the equivalent weights of bodies are simply
those quantities of them which contain equal quantities of electricity,
or have naturally equal electric powers; it being the ELECTRICITY
which determines the equivalent number, because it determines the
combining force. Or, if we adopt the atomic theory or phraseology,
then the atoms of bodies which are equivalents to each other in their
ordinary chemical action have equal quantities of electricity naturally
associated with them. But I must confess I am jealous of the term
atom; for though it is very easy to talk of atoms, it is very difficult to
form a clear idea of their nature, especially when compound bodies are
under consideration.

Faraday's electrochemical researches, with their accompanying nomenclature, quickly found their way into some of the
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more adventurous textbooks of the time (18, 19) but for over
30 years no one probed much more deeply into their ultimate
significance than had Faraday himself.
The closest, and incomparably the most rewarding, reading
of Faraday's Experimental Researches in Electricity was that
of James Clerk Maxwell. As befits one of the founding fathers
of kinetic molecular theory Maxwell was reasonably comfortable with the concept of a molecule while remaining something
of an agnostic on the reality of Daltonian atoms. In 1873 (the
year that saw the publication of his A Treatise on Electricity
and Magnetism) Maxwell gave a lecture on "Molecules" at the
Bradford meeting of the British Association for the Advancement of Science (20). After paying tribute to his predecessors
- "The lecture in which Democritus explained the atomic
theory to his fellow citizens of Abdera realized, not in golden
opinions only, but in golden talents, a sum hardly equalled even
in America" - Maxwell goes on to propound the conventional
wisdom of physicists of his time (20):
Every substance, simple or compound, has its own molecule. If this
molecule be divided, its parts are molecules of a different substance
or substances from that of which the whole is a molecule. An atom,
if there is such a thing, must be a molecule of an elementary substance.
Since, therefore, every molecule is not an atom, but every atom is a
molecule, I shall use the word molecule as the more general term.

Later in the lecture he turns to electrolysis but does not pursue
the question of a molecular charge (20):
We have no time to do more than mention that most wonderful
molecular motion which is called electrolysis. Here is an electric
current passing through acidulated water, and causing oxygen to
appear at one electrode and hydrogen at the other. In the space
between, the water is perfectly calm, and yet two opposite currents of
oxygen and of hydrogen must be passing through it ... Electrolysis,
therefore, is a kind of diffusion assisted by electromotive force.

The reasons are not far to seek (20):
There is another set of quantities which we must place in the third
rank, because our know ledge of them is neither precise, as in the first
rank, nor approximate, as in the second, but is only as yetof the nature
of a probable conjecture. These are the absolute mass of a molecule,
its absolute diameter, and the number of molecules in a cubic
centimeter.

In the Treatise Maxwell addresses the question of molecular
charge directly in the short chapter on "Electrolysis" (21):
Of all electrical phenomena electrolysis appears the most likely to
furnish us with a real insight into the true nature of the electric current,
because we find currents of ordinary matter and currents of electricity forming essential parts of the same phenomenon. It is probably for
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this very reason that, in the present imperfectly formed state of our
ideas about electricity, the theories of electrolysis are so unsatisfactory.

Maxwell makes the characteristic point that:
... the ordinary chemical equivalents, however, are the mere numerical ratios in which the substances combine, whereas the electrochemical equivalents are quantities of matter of a determinate magnitude,
depending on the definition of the unit of electricity.

Ab, the physicist's "mere"! He continues:
It is therefore extremely natural to suppose that the currents of the ions
are convection currents of electricity, and, in particular, that every
molecule of the cation is charged with a certain fixed quantity of
positive electricity, which is the same for the molecules of all cations,
and that every molecule of the anion is charged with an equal quantity
of negative electricity.

Maxwell, still an adherent of the "two fluid" theory, then issues
the caution (21):
But if we go on, and assume that the molecules of the ions within the
electrolyte are actually charged with certain definite quantities of
electricity, positive and negative, so that the electrolytic current is
simply a current of convection, we find that this tempting hypothesis
leads us into very difficult ground ... If, instead of a single molecule,
we consider an assemblage of molecules constituting an electrochemical equivalent of the ion, then the total charge of all the
molecules is, as we have seen, one unit of electricity, positive or
negative.
We do not as yet know how many molecules there are in an
electrochemical equivalent of any substance, but the molecular theory
of chemistry, which is corroborated by many physical considerations,
supposes that the number of molecules in an electrochemical equivalent is the same for all substances. We may therefore, in molecular
speCUlations, assume that the number of molecules in an electrochemical equivalent is N, a number unknown at present, but which we
may hereafter find means to determine.
Each molecule, therefore, on being liberated from the state of
combination, parts with a charge whose magnitude is lIN, and is
positive for the cation and negative for the anion. This defmite
quantity of electricity we shall call the molecular charge. If it were
known it would be the most natural unit of electricity.

Maxwell's speculations are leading us close to macroscopic/
microscopic concept of the Faraday.
G. Johnstone Stoney is today best remembered for suggesting the name "electron" for the elementary charge in 1894.
Twenty years earlier he had read a paper "On the Physical
Units of Nature" at the Belfast meeting of the British Association for the Advancement of Science. This rather idiosyncratic
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paper was republished in 1881, the year of Helmholtz 'sfamous
Faraday Lecture (22). It provides an interesting historical
background to the subject of SI units. Having first defined
"lengthine", "massine", "timine", and "forcine" Stoney continues (22):
e l , the electromagnetic electrine, or the electromagnetic unit quantity
of electricity in the metric series, is that quantity of each of the two
kinds of electricity which must be discharged every second in opposite directions along a wire in order to maintain in it the metric unit
current - this currentine or unit current being defined as the current
which must exist in a wire a metre long in order that it may exert a force
of a hyper-decigramme on ponderable matter at a metre distance
charged with a unit of magnetism ...

So far all rather academic but later we find (22):
And, finally, Nature presents us, in the phenomenon of electrolysis,
with a single definite quantity of electricity which is independent of
the particular bodies acted on. To make this clear I shall express
"Faraday's Law" in the following terms. which, as I shall show. will
give it precision. viz.: For each chemical bond which is ruptured
within an electrolyte a certain quantity of electricity traverses the
electrolyte. which is the same in all cases. This definite quantity of
electricity I shall call E 1• If we make this our unit quantity of
electricity, we shall probably have made a very important step in our
study of molecular phenomena.

Crucially, Stoney goes on to estimate EI using Loschmidt's,
his own, and Thomson's estimates of the size of atoms/
molecules and hence of the approximate number of atoms/
molecules in a macroscopic "amount of substance". His
estimate is within an order of magnitude of today's value. In
short, Stoney was the first to interpret a macroscopic electrochemical equivalent (of hydrogen) in terms of a microscopic
charge (positive or negative) carried by an approximately
known number of microscopic particles. This seems to us the
essence of the concept of the "Faraday".
In his 1894 paper "Of the 'Electron', or Atom of Electricity" (23) S toney juxtaposes the second ofthe above quotations
to the more famous statement by Helmholtz made in his
Faraday Lecture of 1881. The circumstances of this lecture are
well known. More so Helmholtz's statement (24):
Now the most startling result, perhaps. of Faraday 's law is this: Ifwe
accept the hypothesis that the elementary substances are composed of
atoms we cannot avoid concluding that electricity also, positive as
well as negative, is divided into definite elementary portions, which
behave like atoms of electricity. As long as it moves about on the
electrolytic liquid each atom remains united with its electric equivalent or equivalents. At the surface of the electrodes decomposition can
take place if there is sufficient electromotive power. and then the
atoms give off their electric charges and become electrically neutral.

Hermann von Helmholtz

For our purposes little need be added to what has already been
written. Nowhere does Helmholtz estimate explicitly the
elementary (later the electronic) charge. Sir Henry Roscoe was
in the chair on the occasion of Helmholtz's lecture and his
concluding remarks include the passage (25):
Butour lecturer has gone further, for upon Faraday's well-known law
of electrolysis he has founded a new electro-chemical theory, which
reveals to us chemists, conclusions of the utmost importance. He tells
us as the results of the application of the modern theory of electricity
to Faraday's greatexperirnentallaw, that the atom of every chemical
element is always united with a definite invarying quantity of electricity. Moreover - and this is most important - that this definite amount
of electricity attached to each atom stands in close connection with the
combining power of the atom which modern chemistry terms quantivalence. For if the amount of electricity belonging to the monad
atom be taken as the unit. then that of the dyad atom is two, of the triad
atom three. and so on.

The future historian of the atomic theory was clearly pleased
by this marriage of Dalton's atoms and Faraday' slaws. Even
though F was not yet the Faraday, N was not yet Avogadro's
Constant, and the electron was not yet discovered, the macroscopic/microscopic essence of F was now established.
By its nature, the electrochemical equivalent is a charge-tomass ratio and it is not surprising that it played a key role in
Thomson's elucidation of the nature ofthe electron in 1897 and
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in Rutherford's identification of the alpha particle in 1905.
Thomson gave a Friday Evening Discourse at the Royal
Institution on 30 April 1897. Its title was "Cathode Rays"(26).
After establishing a value of 1.6 x 10·' for the mass-to-charge
ratio of the electron, Thomson concludes his lecture with the
passage (26):
This is very small compared with the value 10"4 for the ratio of the
mass of an atom of hydrogen to the charge carried by it. If the result
stood by itself we might think that it was probable that e was greater
than the atomic charge of [the] atom rather than that m was less than
the mass of a hydrogen atom. Taken, however, in conjunction with
Lenard's results for the absorption of the cathode rays, these numbers
seem to favour the hypothesis that the carriers of the charges are
smaller than the atoms of hydrogen.
It is interesting to notice that the value of elm, which we have
found from the cathode rays, is of the same order as the value 10"'
deduced by Zeeman from his experiments on the effect of a magnetic
field on the period of the sodium light.

In Churchill's phrase, this was the electrochemical equivalent's finest hour. Mention of the Zeeman Effect brings to
mind that an unsuccessful search for this effect was the subject
of Faraday's last experiment (27).
Almost exactly four years later, in another Friday Evening
Discourse, Thomson showed how the charge on a single electron and the value of the electrochemical equivalent yielded a
satisfactory value for Loschmidt's Number (Avogadro's
Constant had not yet been so named) without the "not entirely
satisfactory" assumptions of Kelvin, Stoney and Loschmidt
(28).
Shortly afterwards Rutherford was to use similar arguments in pinning down the nature of the alpha particle (29):
It is now necessary to consider what deductions can be drawn from the
observed value of elm found for the a particle. The value of elm for
the hydrogen ion in the electrolysis of water is known to be very nearly
1()4. The hydrogen ion is supposed to be the hydrogen atom with a
positive charge, so that the value of elm for the hydrogen atom is 1()4.
The observed value of elm for the a particle is 5.1 x 10\ or, in round
numbers, one half of that of the hydrogen atom. The density of helium
has been found to be 1.98 times that of hydrogen, and from observations of the velocity of sound in helium, it has been deduced that
helium is a monatomic gas. From this it is concluded that the helium
atom has an atomic weight 3.96. If a helium atom carries the same
charge as the hydrogen ion, the value of elm for the helium atom
should consequently be about 2.5 x 1()3. If we assume that the a
particle carries the same charge as the hydrogen ion, the mass of the
a particle is twice that of the hydrogen atom. We are here unfortunately confronted with several possibilities between which it is
difficult to make a definite decision.
The value of elm for the a particle may be explained on the
assumptions that the a particle is (1) a molecule of hydrogen carrying
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the ionic charge of hydrogen; (2) a helium atom carrying twice the
ionic charge of hydrogen; or (3) one-half of the helium atom carrying
a single ionic charge.

With typical aplomb, Rutherford comes out firmly for the
second option.
We must now tum to a short history of the experimental
determination of the numerical value of the electrochemical
equivalent. Near the close of his life Faraday purchased the
fmt one ohm wire-wound resistance standard offered for sale
by the Committee of the British Association for Electrical
Resistance Standards (30). For most of his active research life
he had had to be content with relative effects, e.g., relative
electrochemical equivalents, and with semi-quantitative measurements based on ingenious ad hoc standards. The problem
is well-illustrated in one of Faraday's most memorable metaphors (31):
One grain of water, acidulated to facilitate conduction, will require an
electric current to be continued for three minutes and three-quarters
of time to effect its decomposition, which current must be powerful
enough to retain a platina wire 1/104 of an inch in thickness, red-hot,
in the air during the whole time; and if interrupted anywhere by
charcoal points, will produce a very brilliant and constant star of light.
If attention be paid to the instantaneous discharge of electricity of
tension, as illustrated in the beautiful experiments of Mr. Wheatstone,
and to what I have said elsewhere on the relation of common and
voltaic electricity, it will not be too much to say that this necessary
quantity of electricity is equal to a very powerful flash of lightning.
Yet we have it under perfect command; can evolve, direct, and employ
it at pleasure; and when it has performed its full work of electrolyzation, it has only separated the elements of a single grain of water.

The establishment of international units in electric science
was effected by one ofthe earliest, greatest and most influential
of international collaborations in science (32, 33). There were
two essential components to the task: (a) relating the various
electrical units to the more fundamental units of mass, length
and time, e.g., resistance has the dimensions of a velocity , (b)
developing practical and transportable standards incorporating these fundamental units. Following theoretical contributions of Gauss and of Weber and prompted by the "progress
and extension of the electric telegraph", a particularly important role was played by the Committee of Electrical Standards
of the British Association for the Advancement of Science.
The original committee of 1861 consisted of Williamson,
Wheatstone, Thomson (Kelvin) and Jenkin. They were shortly
joined by Siemens, Maxwell and Joule. All of these illuminati
were working members and it is scarcely surprising that
progress was rapid. The choice of the (as yet un-named) ohm
as the first target of opportunity was dictated partly by the
importance of resistance measurements in telegraphy and
partly by the realization that the unit could be manifested in a
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simple material standard such as a specified column of mercury that could then be matched with conveniently transportable wire-wound resistors. International agreement was ratified in 1881.
The next step - the establishment of units and standards for
current/quantity and/or for electromotive force - was more
complex. As Rayleigh was later to state in his classic 1884
paper "On the Electrochemical Equivalent of Silver. and on the
Absolute Electromotive Force of CLARK Cells" (34):
The complete solution of the problem of absolute electrical measurement involves, however, a second determination, similar in kind, but
quite independent of the first. In addition to resistance, we require to
know some other electrical quantity, such as current or electromotive
force. So far as we are aware, all the methods employed for this
purpose define, in the first instance, an electrical current; but as a
current cannot, like a resistance, be embodied in any material standard
for future use, the result of the measurement must be recorded in terms
of some effect. Thus, several observers have determined the quantity
of silver deposited, or the quantity of water decomposed, by the
passage of a known current for a known time. In this case the
defmition relates not so much to electric current as to electric quantity.

Rayleigh had inherited a tradition (and even some requisite
equipment) for advancing electrical standards from his predecessor as Cavendish Professor, James Clerk Maxwell. His
experiments, in which he was aided by Mrs. Sidgwick, were
carried out in the same room where, 15 years later, his successor, J. J. Thomson, was to discover the electron (35).
Rayleigh's was by no means the first determination of the
electrochemical equivalent of silver but it set a standard (in
several senses) for thoroughness and exquisite attention to
detail that lasted until the middle of the 20th century. It is not
difficult to recognize the experimental skills that were later to
enable Rayleigh to sniff out the presence of argon in the
atmosphere from a less than one half of one per cent discrepancy in the density of nitrogen (36). As R. J. Strutt proudly
points out in his biography of his father, Rayleigh's value for
the electrochemical equivalent of silver (0.00111794 g/ampere-second corresponding to F = 96488) stood the test of time
extraordinarily well. In 1893 it was to become the basis of the
international ampere.
Many others were to attempt to refine Rayleigh's value. In
a paper titled "The Universally Exact Application of Faraday 's
Law", T. W. Richards showed that (37):
... a galvanic current deposits essentially the same amount of silver
from a solution of argentic nitrate in other [sodium and potassium]
nitrates at 250°C as it does from an aqueous solution at 25°C, within
0.005 per cent. Taken in connection with previous work of Richards,
Collins, and Heirnrod, this result shows that Faraday's law is not a
mere approximation, but is rather to be ranked among the most precise
and general of the laws of nature.

97

1\

However, Richard's value for the electrochemical equivalent
of silver differed significantly from that of Rayleigh.
In spite of all the experimental ingenuity subsequently
expended on the silver voltameter (or silver coulometer as
Richards preferred to call it). nagging discrepancies remained.
As a consequence, alternate chemical systems were investigated. The frrst of these was the iodine coulometer perfected
by Washburn and Bates (39). This obviates the weighing of
silver deposits (possibly containing occluded liquid) and has
the further advantage of internal referencing since the reactions at the anode and cathode can be monitored by identical
analytical methods:

Differences of 0.02% in the value of the Faraday calculated
from the iodine and the silver voltameter remained, though
many years later it was shown that these differences could be
largely reconciled (39). Other systems studied included benzoic and oxalic acids (40), and 4-aminopyridine (41) coulometers. A major advance in precision was also achieved when the
silver coulometer was changed from the silver-deposition to
the silver-dissolution mode.
As we shall see, the various electrochemical determinations of the Faraday gradually converged over the years.
Increasingly, however, they were challenged by non-electrochemical methods. Given the simple identity F = Ne, it is
obvious the knowledge of any two quantities can be used to
calculate the third. This relationship was frrst implicitly
employed as we have seen by Stoney and was later used by J.
J. Thomson to show that it yielded a plausible value for N, or
rather for the Loschmidt Number. With the progress of X -ray
crystallography, increasingly accurate values for N became
available and the presently accepted value cited at the beginning of this article is based on this method (42). Precision
measurements of the absolute charge on the electron by Millikan and others followed a more chequered path (43,44). As
a consequence, in 1949 Sommer and Hipple still felt justified
in claiming (45):
The value of the Faraday has been determined by a physical method
... This measurement is particularly significant because this new
method is entirely different from the usual electrochemical derivation .

The method measures the Faraday directly and involves determinations of the proton rest mass, the gyromagnetic ratio of the
proton, and the proton magnetic moment in nuclear magnetons. In a 1968 summary paper, Zielen gave the comparative
values shown in Table 1 for the electrochemical Faraday (46).
Since then the electrochemical methods have been made
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Table 1. Comparataive values of the Faraday in
coulombs/equivalent.

*
*
*

Silver dissolution coulometer
Iodine coulometer (new or recalculated)
Iodine coulometer (old)
Oxalate
Electromagnetic

96,486.82 ± 0.66
96,486.5 ± 2.3
96,490.7 ± 1.9
96,481.6± 3
96,487.6 ± 1.3

1\

We shall not cease from exploration
And the end of all our exploring
Will be to arrive where we started
And know the place for the first time.

When did the value for the electrochemical equivalent (of
silver) become known as the Faraday? Later than one might
*
expect it seems. The name "ohm" for the unit of electrical
*
resistance was adopted in 1862. Five years later the unit of
electrical capacitance was dubbed the "farad". "Volt", "coulomb", and "ampere" were adopted at the First International
vastly more precise to yield 96,486.00 ± 0.10 (47). In addition
Electrical Congress held in Paris in 1881. Others had been
the 4-amino pyridine coulometer of Diehl et alia yields
quick to capitalize on the Faraday name. In A Practical
96,486.05 ± 0.72 (48). Problems of interpretation and correTreatise on the Medical and Surgical Uses of Electricity, the
lation still remain as is apparent from the following wry
second edition of which was published in 1875, we fmd index
comment by Diehl (49):
entries for: "Faradism", "Farndization", "Farado-contractality", "Farado-electrolyzation", "Farado- puncture or
The Craig silver dissolution
9.654x104~-r'-TI6-r~6~1~-r~~I~-r'I-r~~~-rTO
Electropuncture
with the
value was the accepted value
38
>,
56
Faradic current (not much
from 1960 on, as recalculated
o
-g 9.653 rused)", and "Farndo-suscepsuccessively, for the shift of
....
o
tibility"(50). As is typical
the atomic weight scale to caru...
__ 9.652 cwith that most faddish of
bon-12 for two changes in the
o
professions, few of these
defmition of the ampere, for a
Q)
pseudo-treatments and efdetermination of the isotope
2 9.651 ro
fects survive.
ratio in the silver used, for a
>
It is probably largely a
change in the definition of the
6
- coincidence that the words
58
volt, and for a more generous
6
34
6
45
"mole", "Avogadro's Constatistical treatment than Craig
:::J
57
41
~ 9.649 rstant" and "Faraday" all
gave his own data. The physit
o
66
u
6
entered
the scientific literacists interested in the values of
7 "t1
40
I
I
I
I
ture during the ten years
9.648
I
the various fundamental con1880 1900
1940
1980 2000
1920
1960
following the discovery of
stants, given successively betYear of Publication
the electron. The term
ter values for various physical
"mole"
was introduced by
quantities, obtained the signifiValues of the Faraday over the years. The year, value and reference
Wilhelm
Ostwald in the
cantly lower value. This disnumber for the points on the graph are 1884: 96,498.9 (34); 1902:
96,536.9 (56); 1912: 96,538 (38); 1929: 96,494 (57); 1941: 96,501
1900 edition of his Grundcrepancy, some 20 ppm, is
(58); 1953: 96,496 (45); 1968: 96,486.7 (40); 1968: 96,485.4 (40);
linien der anorganischen
some four times greater than
1980:
96,486.33
(47);1983:
96,486.05
(41),
1986:
96,485.309
(1).
Chemie
(51). The concept
the estimated uncertainty in the
and
name
are introduced
electrochemical value and ten
times the estimated uncertainty in the calculated value. So confident
almost in passing in a section titled "The Molar Weight of
had the physicists become by 1973 that they felt it necessary to reject
Hydrogen Peroxide". Understandably there is no mention of
the Craig electrochemical value outright as "being subje~t to some sethe associated (in our eyes) Avogadro Constant or Loschmidt
rious error". It came, then, as a source of astonishment to them when
number, for Ostwald was at that time the most visible apostate
the Iowa State University (ISU) value based on coulometric titrations
from atomic theory; indeed the suggestion has been made that
of4-aminopyridine was advanced in 1974, agreeing in most pleasant
the coinage of the word mole was a consequence of this
and surprising fashion with the Craig value (49).
apostasy (52). In this connection it is of interest to read
Ostwald's Faraday Lecture to the Chemical Society (53)
Today both physical and chemical methods seem to be inelucdelivered "in the Theatre of the Royal Institution on Tuesday,
tably and asymptotically approaching the "true" value, a value
April 19th 1904". It expresses a profound scepticism concernthat appears astonishingly close to that put forward by Raying the existence of atoms. One wonders if the ghost of Faraday
leigh in 1884. One is reminded of T. S. Eliot's lines:
murmured his approval.
The use of the term "Farnday" for the electrochemical

t
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equivalent seems also to have arisen in Gennany. In 1904 we
fmd Lehfeldt writing in the opening chapter of his Electro-

chemistry (54):
This fundamental quantity of electricity, which occurs constantly in
all writings on electro-chemistry, is called by the Gennans a "faraday", a tenn which we in England may very well adopt

The name soon took hold in England and elsewhere.
All threads of our story seem to come together in Jean
Perrin's classic paper of 1909, "Mouvement Brownien et
ReaIite Moleculaire" (55):
Any two gram-molecules contain the same number of molecules. This
invariable number N is a universal constant, which may appropriately
be designated Avogadro's Constant.
... lastly, ifthe name faraday is given to the quantity F of electricity
(96,550 coulombs) which passes in the decomposition of 1 grammolecule of hydrochloric acid, it is known that the decomposition of
any other gram-molecule is accompanied by the passage of a whole
number of faradays, and, in consequence, that any ion carries a whole
number of times the charge on the hydrogen ion. This charge e thus
also appears as indivisible. and constitutes the atom of electricity or
the electron (Helmholtz).
It is easy to obtain this universal constant if either of the constants.
N or ex [i.e .• 3R12N]. is known. Since the gram-atom of hydrogen in
the ionic state. that is to say N atoms of hydrogen. carries one faraday.
then necessarily. Ne = F ...

All that remained was to improve the accuracy and precision
with which Nand/or e and/or F was known.
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A FARADAY TIMETABLE
Year

Faraday's Life

1790
1791
1792
1794
1799
1801

1803

* Born on 22 September in Newington
Butts near London.

Concurrent Political and Chemical Events

* Publication of the English translation of
Lavoisier's Traite elementaire de chimie.
* Formulation of the metric system.
* Publication of first volume of Richter's Anfangsgrunde
der Stochyometrie.
* Execution of Lavoisier.
* Royal Institution (RI) founded by Count Rumford;
discovery of voltaic pile; death of Black.
* Humphry Davy and Thomas Young receive appointments
at the RI; Dalton formulates his law of partial pressures;
discovery of vanadium, tantalum, and niobium.
* Publication of Berthollet's Essai de statique chimique;
Berzelius and Risinger study the electroysis of salts; the
Louisiana Purchase.
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1804
1805
1806
1807
1808
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*

*
Begins bookbinder's apprenticeship.

*

*
*

*
*

1809

1810
1811 ...

* Gives fIrst lecture to the City Philosophical Society.

1812
1813

* Attends Davy's lectures at RI; ends apprenticeship.
* Joins RI, begins European tour with Davy and

1814

*

Lady Davy; assists Davy in investigation of
newly discovered iodine.
Tours Italy, Switzerland, Bavaria and again France.

1815

* Returns to England; promoted to Assistant and

*
*
*

Death of Priestley.
Grotthuss mechanism of electrolysis; Battle of Trafalgar.
First use of coal and oil gas for street illumination.
Davy isolates potassium and sodium.
Davy isolates calcium, barium, and strontium as metals,
Berzelius as amalgams; Dalton publishes the atomic
theory in his New System of Chemistry, Part I.
Gay-Lussac establishes law of combining
volumes; Davy establishes elemental nature of
chlorine; death of Foureroy.
Death of Cavendish.
Avogadro states his hypotheses; discovery of iodine.
Berzelius introduces dualistic theory.

* Death of Rumford in Paris; Berzelius' first
table of atomic weights; British bum "White" House.

1817

1818

*

Superintendent of the Laboratory at RI; assists Davy
in invention of safety lamp.
First independent paper on "Native
Caustic Lime".

* Begins protracted work with Stodart
on steel and its alloys.
Prepares C 2Cl6 and C 2C14•

* Battle of Waterloo; Fresnel introduces
"transverse wave theory of light".

* Discovery of lithium and cadmium; publication
of 1st edition of Gmelin's Handbuch.

*

Dulong and Petit propose their law of atomic heats.

* Oersted and Ampere demonstrate connection

1820

*

1821

* Marries Sarah Barnard;

1822

*

1823
1824

* Liquefies chlorine and other gases.
* Elected to the Royal Society.

*

1825

* Isolates and characterizes bicarburet

*

between electricity and magnetism.

1826

*

1827
1828

*

1829

*

demonstrates electromagnetic rotation.
Oersted visits Faraday.

of hydrogen (benzene), begins fiv!,!year study of optical glass.
Inaugurates Christmas Lectures "adapted
to a juvenile audience"; gives first
Evening Discourse on "Caoutchouc."
Publication of Chemical Manipulation

Appointed to Professorship at Royal
Military Academy.

*

*
*
*
*

*

1830
1831

*

*

Publication of "Experimental Researches
in Electricity [First Series],,; discovers
electromagnetic induction.

*

II

Fourier publishes TJzeorie analytique de la chaleur;
Berzelius begins his lahres-Bericht; death of Berthollet.
Berzelius isolates silicon.
Carnot introduces his thermodynamic cycle;
Liebig sets up teaching laboratory at Giessen.
Berzelius isolates titanium; Oersted isolates
aluminum.
Discovery of bromine; Davy's final lecture "On
the Relation of Electrical and Chemical Changes";
Dumas method for measuring vapor densities.
Ohm publishes his law.
Wohler converts ammonium cyanate to urea; death
of Wollaston.
Death of Davy in Geneva on 29 May; Dobereiner's
fIrst paper on chemical triads; discovery of
thorium; Graham's law of diffusion; death of
Vauquelin.
Publication of Lyell's Principles of Geology;
Berzelius coins the term isomerism.
British Association for The Advancement of
Science founded; north magnetic pole
located.

.' .;: . •. ;!'**Babbage develops difference engine; Gauss .
. •Proposes absolute electrical and magnetic units.
!hl~~C:O'1mi..lck patents hiS reaper.. Britisb . '!;~:~,.. i~·;
';; . ASsociation'reoommendsadoption ~fB~liu~' ... .:;
;~Mniical ~bOlism,I1iunas . ' h i s ' l '

photOgraphic
. ~s;diSCovelyofl8nthanum.
.;
·.::.*hFiistmeeting of The Chemical Society (of London); Fox
Talbot introduces photographic negative/positive process.
•••... ;*.*Grove describes filst fuel cell;'Mayer states fiist law of
.;'.; 'thermodyiuunics; invention of the Bunsen cell.
,.' :*&j'oulereports on conservatic:m of ~nergy and
"~•. mechanical equivalent of h~at.
** Publication of Second volume of Eiperimental·'.ifDeath of Dalton;discovety of ruthenium .
•..• r
• Rts~arches in ElectricitY;
. ' ••..... • • ... }~~:'~. . .
**·P.ublishes"On the Liquefaction ~d·.; • ..;. \;.;::;~;~Fo~ding of the Royal College of Chemistry;
'; '.solidification
gaseS"; studies the "Faraday . ·:~:'.lSChOnbein discovers gun cotton.
·.'Effect" and diamagnetism.
". ~·~·;:;i.\;'~jt:~f~~~ :fV:ry;'~~';<
-Publishes "Thoughts on Ray Vibrations."· .,.. . :'';;.'<: .. ;.(:~.;.:<.'.
'/h~;>
*"Studies magnetic anisotropy~·.";Publication of the Communist Manifesto and
. .Mill's Principles of Political Economy; death of
Berzelius; Pasteur discovers molecular asymmetry.
* . Fails to establish link between gravity and electricity.
* Death of Gay-Lussac; WilMlmy's study of the rate
of the hydrolysis of sugar; Graham distinguishes
colloids and crytalloids.
* . Demonstrates paramagnetism of
* 'Kelvin reconciles the work of Carnot and Joule.
gaseous oxygen to RI audience.
* . Frankland anticipates the concept of chemical valence.
*'Publication of Lectures on the Non-metallic
* . Tyndall appointed Professor of Natural
.Elements.
Philosophy at RI; death of Laurent.
* 'Publishes "Observations on Mental
*'Clausius introduces the entropy function but
Education".
not the term.
* Publication of third volume of Experimental
* Invention of the dichromate cell.
Researches in Electricity.
* .Perkin synthesizes mauve; death of Gerhardt.
* Writes last major paper on colloidal metal
* Death of Thenard.
systems; this is also the subject of his last
Bakerian Lecture.
* Receives life-tenancy of house at
* Couper and Kekule propose quadrivalence and
Hampton Court Palace.
catenation of carbon; Cannizzaro rationalizes
atomic weights in his Sunto.
* Publication of Experimental Researches in
* Publication ofDarwin~s On the Origin of
Chemistry and Physics.
Species; Bunsen and Kirchhoff study spectra.
k

of ...

1849
1850

1851
1852
1853
1854
1855
1856
1857

1858

1859

•
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1860
1861

* Publication of Various Forces o/Nature.
* Publication of The Chemical History 0/ a Candie;

* Karlsruhe Conference; discovery of cesium.
* The Emancipation Edict frees Russian serfs;

offers his resignation to the Managers of the RI.
1862

* Performs last experiment seeking effect of

*

magnetic field on flame spectra; last Friday
Evening Discourse; moves permanently to
Hampton Court.

start of American Civil War; discovery of rubidium
and thallium; Solvay Process.
August W. Hofmann lectures at RI on "Mauve and
Magenta."

* Publication of Meyer's Die modem Theoriem der

1864

Chemie; Guldberg and Waage formulate the law
of mass action.

* Publication of Hofmann's Modem Chemistry;

1865

1867

*

* Death on 25 August

Newlands publishes his law of octaves; Clausius
proposes the term entropy; Keku16 proposes his
benzene structure.
Marx publishes first volume of Das Kapital.
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