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S

The lives of Michael Faraday and Charles Babbage, with their common birth year of
1791, were closely linked by their personal friendship, scientific interests and wide
circle of friends. Our ‘electrical civilization’ is synonymous with Faraday and our
‘computer age’ has much praise for Babbage. However, little has been written about
their common history; this article is a belated contribution to their bicentenary.

I

This is a brief account of some aspects of the interlinked lives of two of our greatest
nineteenth-century ‘natural philosophers’, who were contemporaries and close
friends.

The historical development of discovery and invention, as revealed in contempo-
rary sources, is often fascinating; Michael Faraday’s work on electromagnetic induc-
tion and Charles Babbage’s own studies of electromagnetic effects provide a prime
example of the interaction of people and of individual creativity. The nineteenth-
century achievements in many fields of science and industry, economics and social
conditions, religion and the arts, all figure to varying extents in the relationship of
Babbage and Faraday, with the search for knowledge always uppermost. There are
many similarities to present-day problems, not least of which are some aspects of the
‘two cultures’.

B 

Michael Faraday (1791–1867)1 (figure 1) was born on 22 September 1791, at New-
ington, Surrey, into a relatively poor family with a strong religious (Sandemanian)
background. His father was a blacksmith and his education was limited to the basic
‘three Rs’. Apprenticed to a bookbinder from 1804, he read voraciously, particularly
scientific literature, went to lectures, including those at the Royal Institution, and
conducted experiments in chemistry and electricity. That led him to apply to Sir
Humphry Davy, F.R.S. (P.R.S. 1820–27) at the Royal Institution for the position of
laboratory assistant, to which he was appointed in 1813. Davy at once took him on a
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Figure 1. Michael Faraday (1791–1867), painted by John Watkins in the 1860s.
(By courtesy of the National Portrait Gallery, London.)

European tour; that itself was extraordinary because 1813/14 was at the height of
the Napoleonic wars. As a direct result Faraday met many natural philosophers, in-
cluding Arago, Ampère, de la Rive, Volta and Humboldt.

From 1815 onwards he worked and lived at the Royal Institution (figure 2). In
1821 he married Sarah Bonnard (1800–79); although they had no children, the
family, particularly the nieces, were very important to them.

The proposers for Faraday’s election to the Fellowship of The Royal Society in
January 1824 included Charles Babbage, J.F.W. Herschel, Richard Phillips and
P.M. Roget. In 1833 he was appointed the first Fullerian Professor of Chemistry at
the Royal Institution (figure 3).

Faraday received recognition in many fields, both at home and abroad, and
corresponded widely. Although suffering intermittently from illness after 1839, he
was active in various public affairs and left a very large body of scientific papers.
Owing to increasingly ill health, he resigned from his official duties at the Royal
Institution in 1865 and died at Hampton Court on 25 August 1867.
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Figure 2. The Royal Institution of Great Britain, Albemarle Street, ca. 1838 (watercolour on paper), by
Thomas Hosner Shepherd (1792–1864). (By courtesy of The Royal Institution, London, UK/The Bridgeman
Art Library.)

Charles Babbage (1791–1871)2 was born on 26 December at Walworth, South
London, into a relatively well-to-do protestant banker’s family. He was a delicate
child, educated partly privately and later at Totnes Grammar School. In 1810 he
entered Trinity College, Cambridge, later transferring to Peterhouse and taking his
degree in the Mathematical Tripos in 1814. His acquaintanceship with
J.F.W. Herschel (F.R.S. 1813) at Cambridge dates from 1811. He showed a great
interest in chemistry and lectured at the Royal Institution on astronomy in 1815.

In 1814 Babbage married Georgina Whitmore (1792–1827); they had eight
children. Three survived into adulthood and were looked after by their Babbage
grandmother after the early death of Georgina.

Babbage was elected to the Fellowship of The Royal Society in 1816, his
proposers including Sir William Herschel, J.F.W. Herschel and P.M. Roget.

During a visit to Paris with J.F.W. Herschel in 1819 he met Arago, Biot, Fourier,
Humboldt, Laplace and Prony, amongst others. It is perhaps typical of him that he is
reported as saying that the only honour he received in his own country was the
Lucasian Chair of Mathematics (1828–39) at Cambridge.

With a sad personal life, the early death of his wife in 1827, followed by the
similarly early death of his collaborator and assistant, Byron’s daughter, Augusta
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Figure 3. Michael Faraday lecturing in the Theatre at the Royal Institution, ca. 1856 (lithograph), by
Alexander Blaikley (1816–1903). (By courtesy of The Royal Institution, London/The Bridgeman Art Library.)

Ada King, Countess of Lovelace, he was frustrated by the manufacturing problems
of his Difference Engine, both physical and financial, and the lack of recognition of
his economic theories. The former were in practice resolved only in our time, and the
latter remain largely unrecognized. He died on 18 October 1871 in the presence of
his son Henry; at his funeral the ‘great’ are reported as having been conspicuous by
their absence, in spite of his considerable activities in ‘Society’.

It can be seen from these brief notes that the characters of Babbage and Faraday
were very different and yet in practice compatible. Faraday was a great
communicator,3 a brilliant lecturer much admired by specialist and layman alike.
One can discern throughout his writings the depth of his understanding as well as
his scientific expertise, which is also true of Babbage, who was, however, somewhat
abrasive and highly critical in his general outlook.4 Over the years they became firm
friends, as can be seen not only from their joint activities but also from the form of
address in their letters, from ‘Dear Sir’ to ‘Dear Faraday, Dear Babbage’ and ‘Ever
truly yours’.
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E 

Current electricity

Alessandro Volta (F.R.S. 1791, Copley Medal 1794) discovered, or invented, a
method of producing a continuous electric current by chemical means, as was
disclosed in a letter (in French) to the President of The Royal Society, Sir Joseph
Banks, dated 20 March 1800. The letter, with some additional information, was read
to The Royal Society on 26 June 1800.5

Knowledge of electricity and magnetism at the time comprised ‘static’ and
‘animal’ electricity and ‘permanent’ magnetism. Measurements were predominantly
physiological, electrical shocks, visible and audible arcs, and sparks, together with
the ‘Cavallo electrometer’,6 an indication of electric charge from a deflecting
instrument. Static electricity produced by friction was at the time a subject of great
interest. Volta’s discovery was revolutionary. He pointed out the analogy with the
electric organs of the torpedo and electric eel (see the section below on animal
electricity).

In 1820 H.C. Oersted discovered the forces exerted by unidirectional continuous
electric currents.7 He was awarded the Copley Medal for 1821 for his work. Some 20
natural philosophers in Europe, many of whom were closely in touch with Faraday,
followed up Oersted’s work; A.M. Ampère was prominent among them.

Ampère and Faraday maintained an extensive correspondence, and Ampère
supported the publication of Faraday’s work in France. Faraday expressed various
doubts about Ampère’s theoretical explanations, always pleading his (Faraday’s) lack
of mathematical expertise. Both produced examples of ‘rotation’ by permanent
magnets and electric-current-carrying wires, a topic of particular interest. It was
clearly fashionable to write overviews of the state of the art,8 a fortunate fact for the
historian in view of the substantial quantity of literature, even by today’s standards.
Ampère’s contribution9 suggests that he took notice of Faraday’s views.

James Clerk Maxwell called Ampère ‘the Newton of electricity’ and summarized
his work in the following terms: ‘the theory of the mutual action of electric currents
is founded on four experimental facts and one assumption’.10

Arago’s rotation

P. Barlow, F.R.S.,11 also contributed to the subject and received the Copley Medal in
1825. D.F.J. Arago had reported to the Académie Royale des Sciences in December
1824 that if a magnetic needle were rotated above a copper disc, the disc would also
rotate. That was a much more ‘subtle’ (technically speaking) phenomenon than
rotations due to magnets interacting with current-carrying conductors.12

There can be no better way of introducing Faraday’s discovery of ‘dynamic’
electricity than Barlow’s letter to him dated 4 May 1825 (my italics):

I am much obliged to you for your hint about Arago’s experiments. I had heard indistinctly
about them before, but after receipt of your letter Marsh13 and I set to work and we made
them succeed very satisfactorily. I have since had Herschel down and I have been spinning
with him and Babbage in town, but at present the explanation is in the dark.…14
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On the Thursday after his letter, Barlow was due to read a paper on the magnetic
effects of rotation,15 which involved nothing less than rotating a 13-inch mortar shell
in a steam-driven powerful turning lathe at the Royal Arsenal Woolwich, with a
smaller, safer, experiment using an 8-inch shrapnel shell. (In the 1950s
P.M.S. Blackett16 re-examined the magnetization of rotating bodies in relation to the
Earth’s magnetic field.) Barlow’s letter shows that Babbage and Herschel were
repeating Arago’s experiments and on 16 June 1825 they reported to The Royal
Society the latest developments and their experiments at Babbage’s home in
Devonshire Street, including numerical results:17 various conducting and non-
conducting discs were rotated on a vertical spindle with an azimuth compass placed
above to establish an order of ‘effectiveness’. The effect of different ‘screens’ was also
investigated. In summary, the rotating interaction of a magnetic body with a
conducting body was established, but not explained satisfactorily. Arago published a
further paper,18 partly to comment on Barlow and Babbage and Herschel, partly to
establish priority.

Babbage continued to work with improved apparatus making 21 experiments,
referring to Arago’s ‘curious experiments’. He stated his hypothesis in these words:

The essential circumstances in producing the rotation of the suspended magnet is, that the
substance revolving below it shall acquire and lose its magnetism in a finite time, and not
instantly.… On reviewing the known properties of the matter, electricity seemed to be the
only one which satisfied the requisite conditions.…19

S.H. Christie,20 who had also been present at some of Babbage and Herschel’s
experiments, and contributed a letter to the meeting on 16 June 1825,21 made
another major contribution.22

Evidently our Victorian colleagues, not least Fellows of The Royal Society, were
quick to communicate and act. That also happened in the post-Oersted period 1820–
25. It serves as a reminder that, however fast our present information technology, it
still needs quality people to act and react to achieve progress.

It is appropriate to conclude this section with Faraday’s comment on the Arago
phenomenon. He commented on Babbage’s explanation, ‘… It is quite comfortable
to me to find that experiment need not quail before mathematics, but is quite
competent to rival it in discovery.…’ (1831),23 and Babbage replied in 1864 (!),
‘… (the explanations) met with so little acceptance in England that I had ceased to
contend for them against more popular doctrines.…’24

Faraday’s ‘experimental researches in electricity’

The era of ‘dynamic’ electricity, as we now know it, started in 1831 with Faraday’s
discoveries, as follows.25

1. The induction of a current from a coil carrying a unidirectional current to a
coupled coil when switched on and off, named ‘Volta-electric induction’.

2. The generation of a current in a coil when a permanent magnet within it was
moved, named ‘magneto-electric induction’. (The equivalent of establishing
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and removing a magnetic ‘field’ by using The Royal Society’s large ‘Knight
magnet’ was also demonstrated.)

The similarity to Babbage’s ‘time-lag’ theory is striking, but Arago’s disc
experiment was explained by the ‘electro-tonic state’ at this stage. That theory was
later abandoned, but led to the concept of fields and relative movement as the origin
of induction.

3. The rotation of a conducting disc in a permanent magnet field, a continuous
current being collected between the spindle and the periphery—a homopolar
machine in our terms. The principle of a generator was cleverly turned into a
practical forerunner of electric rotating machines in the following year by Pixii,
with a coil replacing the disc and a commutator as proposed by Ampère.26

Faraday wrote, in all, 30 papers under the title ‘Experimental researches in
electricity’, between 1831 and 1856, refining the theory and practice of electro-
magnetism, usually referring back to Arago. Maxwell approved wholeheartedly. ‘I
shall regard it as the accomplishment of one of my principal aims to communicate
to others the same delight which I have found myself in reading Faraday’s
Researches’.27

Babbage maintained his interest in electricity through his friendship with Faraday,
who regularly sent him copies of the ‘experimental researches in electricity’ papers;
however, he took no further active part.

Maxwell’s comments are especially relevant to this period of electromagnetism,
from Ampère to Faraday to the beginnings of ‘industrial’ electricity.28

In the industrialized world, great efforts were directed at developing both theory
and practice to produce and utilize electrical energy, from the level of communica-
tions, telegraph and telephone, to lighting and motive power. It is estimated that
some 400 ‘electro-technologists’ (in the widest sense) were active in the nineteenth
century.29

Nowadays the behaviour of rotating electrical machines and multiphase systems
is described in terms of rotating fields. Following Bailey30 in 1879 and Ferraris,31

who operated a model motor in 1885, Tesla32 in 1888 stated explicitly that ‘all
(rotating) machines are alternate current machines’, and in 1891 Dobrowolski,33 the
inventor of the ‘squirrel-cage’ motor, introduced the phrase ‘rotating field’.

S  

The Royal Society

Babbage and Faraday were both concerned with relations between science and
industry and with the state of The Royal Society in its bearing on those matters.
Both Babbage and Faraday were ‘supporters’, although not uncritical ones, generally
regarding ‘quality’ as superior to ‘quantity’.

Babbage’s somewhat acerbic book34 makes many interesting observations. For
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instance, he praises the Philosophical Transactions of The Royal Society for their
extreme regularity and criticizes them for a lack of information on historical matters
and missing out lists of Council members and officers. An example of publications
compared with years on Council (parenthetical) for 1827 is relevant here:

C. Babbage 7 (2)
P. Barlow 9 (–)
S.H. Christie 10 (–)
M. Faraday 8 (–)
J.F.W. Herschel 12 (6).

What is most illuminating is the discussion on quality; on scientific communica-
tions Babbage says, ‘They may contain discoveries of new principles—of laws of
nature hitherto unobserved; or they may consist of a register of observations of
known phenomena, made under new circumstances or in new and peculiar situations
on the face of our planet’. Although this comes in the context of the awards of the
Copley Medal, where he also quotes the refusal by Faraday to accept the award in
1829 (it was awarded in 1832),35 it provides a realistic definition of a universal prob-
lem. As might be expected, ‘management’ problems loom large. However, his enthu-
siasm for the 1828 ‘Great Congress of Philosophers’ in Berlin has a contemporary
undertone.

Faraday’s views can be gauged from his correspondence. He refused an invitation
to serve on the Council36 (in 1832), explaining his (adverse) views on committees on
the basis of ‘business is always better done by a few than by many’ and his workload,
while expressing his wish to serve the wider cause. When a review of the Charter was
before the Council in 1845, he was approached by the President37 and commented38

on the difficulty of change, including querying the ‘honour of being one of 800 men
of Science’; election was later limited to 15 Fellows per year.

An example of his ‘international’ correspondence illuminating his professional
and personal attitudes is shown in a letter to J.B.A. Dumas:39

My very dear friend,
… Our Royal Society which is rather antique in some of its customs, and whose policy I do
not on the whole approve of, have a great jealousy of its Fellows sending communications
anywhere but to their meetings, or if sent to the meeting sending them anywhere else before
they are published in the Transactions….

… My dear wife thanks you most heartily and begs to be remembered to Madame
Dumas in which pray join me….

Ever, dear Dumas, Yours affectionately M. Faraday

Industry and public service

Babbage’s notable understanding of manufacturing industry40 still stands as an
exemplary attempt to investigate the complexities involved, as illustrated by the
comparison of the 32 chapter headings with modern ideas.41 As a polymath, he
covered a vast range of topics: cost, price, labour, tools and so on. There is even a
proposal for water meters.

Some of these topics are expanded in the treatise42 on the Great Exhibition of
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1851. That has as its background his failure to become a ‘Juror’ ( judge) and the
rejection of his first ‘Difference Engine’ as an exhibit.

 

By contrast, Faraday was appointed a ‘Juror’, for ‘Mining, Quarrying,
Metallurgical Operations and Mineral Products’ and received the commemorative
medal from Prince Albert, the President of the Royal Commission.43

Babbage first gives a preview of the ‘Common Market’ and life-cycle costing. This
example is the manufacture of boots made with the best leather available, uppers
from France and soles from England, resulting in the longest practicable life; this is
homely and basic economics. Another far-reaching proposal is the need for engineers
to have access to instant motive power on a small scale, that is for individual
machine tool drives, similar to the steam engines used on a ‘large’ scale. (Electric
motors became available in the 1870s.)

Electric arc lighting was of great interest, as were electric generators to supply
them. Faraday became a consultant to Trinity House in 1836, making numerous
visits and reports; this was a lifelong activity using his expertise in glass and
electricity. Babbage also showed an interest in the occultation of lighthouse lights
and in theatre lighting.

On several occasions Babbage used Faraday as an analytical chemist consultant,
as did their mutual acquaintance Brunel.44 The Royal Commission of 1845 to decide
on the railway gauge question included Professor P. Barlow; Babbage and Brunel
favoured the wide gauge (7 feet) as against 4 feet 8½ inches. Babbage had practical
experience of train testing with a dynamometer car for Brunel and the Great
Western Railway in 1838.

The Difference and Analytical Engines

There is a substantial literature on many aspects of Babbage’s computers, both
contemporary and modern, but there is also an interesting contemporary
background of comment. Faraday acknowledges receipt46 of the ‘Menabrae’ paper45

in 1843 ‘…though I cannot understand your great work yet I can well comprehend
by its effect upon those who understand how great a work it is…’ (this from a
declared non-mathematician). He adds, ‘Wishing you life and health to see it in full
action’.

Babbage himself comments47 on the cost of construction and a lack of
government support for the Difference Engine (and not on the manufacturing
problems as such) with hopes of seeing the analytical engine in his own lifetime and
its ‘spread over the world’. Recognizing the limits of human endurance and thanking
the ‘Being who gave me the endowments which led to that discovery’, he says that
half a century might probably elapse before another attempt and concludes by
indicating that different principles or simpler mechanical means might be employed.
‘I have no fear of leaving my reputation in his [successor’s] charge for he alone will be
fully able to appreciate the nature of my efforts and the value of their results’—a
prophetic remark.

The last word should be with a mathematician; Maxwell wrote in 1873:
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The very important part played by calculation in modern mathematics and physics has led
to the development of the popular idea of a mathematician as a calculator, far more
expert, indeed than any banker’s clerk, but of course immeasurably inferior, both in
resources and in accuracy, to what the ‘analytical engine’ will be, if the late Mr. Babbage’s
design should ever be carried into execution.48

A, C  L

Ada, Lady Lovelace (1815–52),49 well known today for her collaboration with
Babbage, was also a friend of Faraday’s. She was desperate to understand science,
and was interested in poetry, religion and philosophy, and the then popular subjects
such as mesmerism and animal electricity. In this latter connection she consulted
Faraday and made him her professional expert, to assist not only in understanding
the topics but also in being guided on the scientific method regarding these esoteric,
as well as general, subjects. They became firm friends; in 1843 Faraday requested, via
Babbage, her picture, which was duly supplied.50

Ada first met Babbage in 1833, when she visited his home and exhibits of the
demonstration ‘Silver Lady’ (an automaton dancer) and the part of the Difference
Engine no. 1 that was operative.51 In a letter52 to Faraday he calls her the
‘Enchantress who has thrown her magical spell around the most abstract of Sciences
and has grasped it with a force which few masculine intellects (in our country at
least) could have exerted over it’. Charmingly he adds, ‘I remember well your first
interview with the youthfull [sic] fairy, which she herself has not forgotten and I am
grateful to you both for making my drawings rooms [sic] the Chateau d’Eu of
Science’. It was Charles Wheatstone, F.R.S. (1802–75), who suggested in 1842 that
Lady Lovelace should translate the Menabrae paper;45 in fact she made a significant
contribution herself.

The exchange of nine letters53 between Faraday and Lady Lovelace (October to
December 1844) yields interesting insights into the relationship of the three friends.
On religion she writes of her unitarianism, that it includes also other Christian
beliefs, while regretting that Babbage, although having great devotion to individuals,
lacks the ‘Christian love which I so adore’, wishing that ‘his mind were (in some
points) more akin to that which in you I so admire’. He, a Sandemanian, writes that
‘our hope is founded on the faith that is in Christ’. He continues, moreover, by
stating that he keeps religion and philosophy (i.e. science) quite separate. On the
subject of intellectual capacity, the ‘bride of science’ expresses her wish to help, to
diminish the burden of his work, to be used to disseminate the scientific message.
She indicates her wish to promote Faraday’s ‘experimental researches in electricity’
like Babbage’s ‘engines’. Indeed, her relatively young ebullient nature, at 29 (‘fairy’),
is humorously compared to his declared relatively old declining powers, at 53
(‘tortoise’). She recognizes Babbage as a ‘great man’ of ‘great intellect’, but
comments that this might have been even greater if ‘his moral feelings
corresponded’. On the topic of family, Faraday writes to her, just before her death in
1852, ‘… these young creatures whom I rejoiced to know as your children. Their
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intelligence was astonishing, their manners kind and themselves in every way most
interesting.’

In his chapter54 on religion Babbage writes in 1864:

Almost all thinking men who have studied the laws which govern the animate and
inanimate world around us, agree that the belief in the existence of one Supreme Creator,
possessed of infinite wisdom and power, is open to far less difficulties than the supposition
of the absence of any cause, or of the existence of a plurality of causes.

Surely Lady Lovelace would have appreciated this.

A 

The intense interest in animal electricity led to many publications in the eighteenth
and nineteenth centuries,55 as can be seen in Faraday’s own contribution56 in the
‘experimental researches’ series, which followed a lengthy correspondence from 1833
onwards.

There were two principal schools, the ‘Italian’ school (Galvani, Volta)55 and a
‘German’ school with Humboldt.57 In Humboldt’s correspondence with Faraday
they discuss the scientific situation, the observations of ‘sparks’ by various authors
including Humboldt and Davy, the physiology of Gymnotus (electric eel, torpedo,
torpille and so on) and its live preservation. Faraday offers to get help from the
Admiralty to obtain ‘electric eels’ from Guiana, with feeding instructions from
Humboldt. Maxwell sums up the situation in a refereeing report58 for The Royal
Society: ‘… The well known facts that nerves and muscles have certain electrical
properties when at rest, and that those are modified when the muscle is in action and
that action may be excited by electrical means…’.

The ‘National Gallery of Practical Science’ in Adelaide Street has been
mentioned previously26 in connection with rotating machines. For Faraday’s Friday
evening discourse at the Royal Institution on 18 January 1839 entitled ‘On the
gymnotics of the torpedo’,3 he displayed a dissected specimen59 from that source.

A delightful correspondence60 gives some special insight into the times. Babbage
writes to Faraday that he will take Miss Burdett Coutts (1814–1906)—a neighbour
from Stretton Street near the Royal Institution in Albemarle Street, and a
philanthropist—to see the Electrical Eel to-morrow. ‘I know it will afford her great
pleasure to become acquainted with you and I am always happy in your Society’.
Faraday replies, ‘I will certainly meet you to-night at the Gymnotus tub’ and explains
why he cannot accept Miss Coutts’s invitation to dinner. He also writes this to Miss
Coutts: ‘He will trust to Mr. Babbage for a sufficient statement of the circumstances.
Mr. Faraday hopes however to offer his respects to Miss Coutts at a later hour in the
Evening by the side of the Electric Eel.’

 

Faraday and Miss Coutts became friends. They had a common interest in a
charity, the London Orphan Asylum. He was instrumental in having her elected in
April 1847 as a full member of the Royal Institution with full member’s rights.61
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C

The personal relationship between two important figures from different backgrounds
provides a fascinating picture of two very different polymaths, having close empathy
but not necessarily identical opinions on specific subjects. The wide range of topics
in which they were interested led to a wide range of friends and acquaintances and
an impressive list of ‘scientific’ men, many of which were Fellows of The Royal
Society. Two mutual female friends, Lady Ada Lovelace and Miss Angela Coutts,
were both remarkable in their own right, although not unique for the period. The
mathematician, engineer and economist, Babbage, and the experimentalist and wise
thinker, Faraday, seem to complement each other with a principal common interest
in electricity. In terms of success and fame, the situation is very different. Babbage’s
ideas were well ahead of his time—his ‘engines’ by as much as a century—whereas
his economic theories still remain largely unrecognized. Faraday provided the basis
of our ‘electrical civilization’; although the full implications were not appreciated in
his lifetime, he achieved worldwide recognition.

A

Special thanks are due to Sir Alan Cook for encouraging me to compile this paper
and for generously enhancing the text. Acknowledgements are also due to the
Institution of Electrical Engineers and to W. Pickering for permission to quote
extracts from The correspondence of Michael Faraday and The works of Charles
Babbage respectively. The information from the Totnes Museum about the birthplace
of Charles Babbage is much appreciated.
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