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The legacies of the

Royal Institution

The London-based scientific organization has left

Frank A. J. L. James

its mark on everything from electrochemistry and

molecular biology to lighthouse design, and it has

been a leading innovator in science communication

for more than 200 years.

n the heart of the fashionable and wealthy Mayfair
district of central London, behind Corinthian
columns, the Royal Institution of Great Britain
continues in the same building that it has always
occupied (see figure 1) —no small achievement for
an organization founded in the 18th century.! The scientific
knowledge that has flowed out of the Royal Institution since
its founding more than two centuries ago has had crucial
impacts on the development of society and culture throughout
the world. For 70 years it possessed the best-equipped
laboratory in Britain and one of the best in Europe. From it
emerged scientific discoveries in physics and chemistry that
radically altered the way we think about the world.

and men of science gathered at
Banks’s home with a shared
goal: To create, as they put it,
“a Public Institution for diffus-
ing the Knowledge and facili-
tating the general Introduction
of useful Mechanical Inven-
tions and Improvements, and
for teaching by courses of Philo-
sophical Lectures and Experi-
ments, the Application of Sci-
ence to the Common Purposes
of Life.”?

Its establishment took place
against the backdrop of the in-
creasing industrialization that
had occurred in Britain during
the preceding century and a war

The Royal Institution was founded at a meetingheld ~ with France, then in its sixth year. The war, which
on 7 March 1799 in the London house of Joseph Banks ~ would continue for 16 more years, meant that Britain
(1743-1820), president of the Royal Society of London  had restricted access to continental markets and was
for 42 years from 1778. A mixed group of landowners, forced to rely on its own resources.
aristocrats, politicians, businessmen, military officers, To help overcome that problem, Banks and the others
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MICHAEL FARADAY delivering :
a lecture at the Royal Institution
in 1855. (Wood engraving by
Alexander Blaikley, 1856.
Wellcome Collection, London;
CCBY 4.0
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THE ROYAL INSTITUTION

envisaged that the Royal Institution
would provide, through lectures, access |

to scientific and technical knowledge to :
a lay audience of wealthy and aristo-
cratic listeners. The hope was that those
audience members would leave the
lecture hall and go on to apply that
knowledge for practical purposes—for [
example, in agricultural improvement, '
industrialization, and the consolidation
of the British Empire.

By the initial meeting in Banks’s
house, 58 gentlemen had agreed to con-
tribute 50 guineas each to be a propri-
etor of the new institution. That dona-
tion, a substantial sum, would buy the
services of a good cook for a year; only
the really wealthy could become propri-
etors. There were also life and annual
subscribers to lectures who paid signifi-
cantly less but had no role in running
the institution. Women soon joined at all
levels, but some outside the Royal Insti-
tution saw that as evidence that it was
not a serious organization.

The first thing that needed to be done
was to acquire a building. By the sum-
mer of 1799, £4850 had been paid for the lease of 21 Albemarle
Street—a lease that next expires in 3921. During the 18th cen-
tury, the building had been a gentleman’s town house, so it
had to be converted to add lecture theaters, laboratories, li-
braries, display areas, and offices. The famous semicircular the-
ater, which could hold more than 1000, was constructed at the
northern end of the building and became operational at the
start of 1801.

The first professors: Garnett, Young, and Davy
On 11 March 1800, Thomas Garnett (1766-1802), the recently
appointed professor of chemistry at the Royal Institution, de-
livered its first lecture in a temporary room. Garnett had made
his reputation as an itinerant lecturer. He was a professor of
chemistry at the Andersonian Institution in Glasgow before mov-
ing to the Royal Institution.

Garnett’s long experience as a lecturer put him into conflict
with the Royal Institution’s Managers, a committee elected by
the proprietors from among themselves. They took the view,
not shared by Garnett, that he should seek their permission be-
fore publishing details of his lectures. It seems that as early as
January 1801, moves were being made to force him out. In the
spring Humphry Davy (1778-1829) was appointed assistant
lecturer; when Garnett resigned over a salary dispute, Davy
became the new professor of chemistry. Shortly afterwards
Thomas Young (1773-1829) was appointed professor of natural
philosophy. It was in the syllabus for his Royal Institution lec-
tures that Young first published his discovery of the interfer-
ence of light. However, Young, even by his own account, was
a fairly uninspiring lecturer and did not last long.?

Such was not the case with Davy. Born in Penzance in the
far west of Britain, Davy was a former apothecary’s apprentice
and the son of a yeoman farmer.* In October 1798 he became
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FIGURE 1. THE ROYAL INSTITUTION
FACADE, completed in 1838. Watercolor
by Thomas Hosmer Shepherd. (Courtesy
of the Royal Institution.)

superintendent of the Medical Pneumatic Institution in Bristol
with the help of his patronage network. While in Bristol, Davy
discovered the remarkable physiological properties of nitrous
oxide, which led to its being popularly called laughing gas. Its
effects were splendidly portrayed in a famous caricature by
James Gillray, depicting Garnett administering the gas to the
Royal Institution’s treasurer John Hippisley with somewhat
unfortunate results, while a slightly demonic Davy watches with
a pair of bellows poised for further action (see figure 2).

Davy to some extent subverted the original intentions of the
Royal Institution.” Most notably, he made scientific research
one of its key features —not a mission envisaged by its founders.
At the Royal Institution, Davy conducted extensive electro-
chemical researches and developed the earliest coherent theory
of electrochemical action. In the process he discovered several
chemical elements, including sodium and potassium. He trav-
eled widely throughout Europe collecting minerals and visit-
ing as many volcanoes as he could to formulate a theory of geo-
chemical action, something that he didn't quite manage.

But Davy did continue —albeit on his own terms —with the
Royal Institution’s original utilitarian agenda, as exemplified
by his spectacularly successful invention of the gauze safety
lamp for coal mines in the mid 1810s. His attempts to protect
the copper bottoms of ships electrochemically, unfortunately,
were less successful.®

Despite his record of invention, Davy did not lecture much
on utilitarian topics. He found that what the Royal Institution’s
audience wanted were spectacular—preferably explosive—
lectures, whether or not the subjects were practical in nature.
From 1801 until his marriage to a wealthy widow in 1812 (which
enabled him to retire from lecturing at age 33), Davy became
the most popular lecturer in London. It was therefore not in the
institution’s interests to discipline him as they had done with
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~ FIGURE 2. JAMES GILLRAY
CARICATURE, Scientific
Researches!—New Discoveries in
PNEUMATICKS! or an Experimental
Lecture on the Powers of Air,
published in 1802. (Wellcome
Collection, London; CC BY 4.0.)

Garnett. Furthermore, Davy attracted a strong female audi-
ence; more than half of those who attended his lectures were
women. Female auditors included Jane Marcet, who in 1806
published her hugely popular Conversations on Chemistry stem-
ming from Davy’s lectures.

Faraday

One of Marcet’s readers was Michael Faraday (1791-1867), an
apprentice bookbinder and the son of a blacksmith. Faraday,
like his parents, was a member of the Sandemanian Church, a
small literalist sect of Christianity to which he remained fully
committed throughout his life.” As a non-Anglican, he could
not attend either of the two English universities at the time,
since students at both Oxford and Cambridge were required to
sign the Church of England’s Thirty-Nine Articles of Religion.

Instead, he served a seven-year apprenticeship in London.
By the time his apprenticeship ended in 1812, he had read
Marcet, had attended scientific lectures at the City Philosophical
Society, and had evidently decided to become a chemist. By good
fortune, he was given tickets to attend Davy’s last four lectures.
He took neat and detailed notes, presented them to Davy, and
asked for a job (see figure 3).

Faraday was appointed laboratory assistant at the Royal In-
stitution in March 1813. He worked there for the remainder of
his life, and he rose through the ranks to become superinten-
dent of the house in 1821 and director of the laboratory in 1825.
In 1833 the Fullerian Professorship of Chemistry was created
especially for him by an eccentric philanthropist, John Fuller.
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At the Royal Institution, Faraday continued the triple agenda
that Davy had established of research, lecturing, and providing
advice to the state and its agencies. After Danish savant Hans
Christian Oersted discovered electromagnetism in 1820, Fara-
day turned his attention to that subject. The following year he
discovered electromagnetic rotations, the principle behind the
electric motor. Ten years later, in August 1831, Faraday discov-
ered electromagnetic induction and made the first transformer
and generator to produce electric current from the movement
of amagnet in a coil of wire. The originals of both those devices
are on display in the Faraday Museum of the Royal Institution,
along with about a thousand other objects. The impact of those
discoveries is still felt today. No matter what primary source of
energy is used, all power stations generate electricity based on
the fundamental principles Faraday discovered in his basement
laboratory in 1831.

Faraday then turned his attention to electrochemistry and
in 1833 established his laws of electrolysis. Along with several
classical scholars, he developed the nomenclature of electro-
chemistry, including terms like electrode, anode, cathode, and
ion. In 1836 Faraday built a cage, a 12-foot cube covered in metal
wires, for which only the Royal Institution’s lecture theatre was
large enough to provide the necessary space. The results of the
experiments he made in the cage enabled him to argue that
electricity was a force rather than an imponderable fluid, as had
been thought up to that time.

In 1845 Faraday discovered that light was affected by mag-
netism and that all matter, not just iron, possessed magnetic
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properties. Those experimental discoveries allowed him to
formulate his field theory of electromagnetism, which laid
the theoretical foundations for electrical communication. Fara-
day’s younger contemporaries William Thomson (later Lord
Kelvin) and James Clerk Maxwell later mathematized that
theory, and it remains one of the cornerstones of classical
physics.

Faraday also gave extensive advice to the British state. For
example, in 1836 he was appointed scientific adviser to Trinity
House, the English and Welsh navigation authority. A full 17%
of his surviving letters dealt with lighthouse matters. In his ad-
visory role, Faraday helped make great improvements to the
lighthouse service. He developed a new oil lamp, which was
also used in other buildings such as the new Houses of Parlia-
ment and Buckingham Palace, and oversaw the experimental
introduction of electric light at the South Foreland Lighthouse
on the Kent coast in southeastern England.

Faraday’s other major pieces of work for the state included
conducting, with geologist Charles Lyell, the 1844 inquiry into
an explosion at Haswell Colliery, County Durham, which killed
95 men and boys.® He advised the Admiralty from 1829
through the Anglo-French war with Russia in the mid 1850s,
when he suggested that one of the proposed plans of attack
against Russia’s Baltic naval fortress of Kronstadt would prob-
ably fail. Between 1830 and 1852, he taught chemistry at the
Royal Military Academy. So extensive was his work for the
state and its agencies that one can imagine the cry “send for
Faraday” going up in Westminster or Whitehall when the gov-
ernment required scientific expertise.
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FIGURE 3. MICHAEL FARADAY,
shown here holding a magnet
(right), took careful notes on
Humphry Davy’s 1812 lectures
(left) before obtaining a job at the
Royal Institution. (Photograph by
Maull & Polyblank, 1857. Both
images courtesy of the Royal
Institution.)
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At the Royal Institution, Faraday was instrumental in
founding and sustaining two series of lectures that continue to
this day. He started the Friday Evening Discourses in 1825;
more than 3000 discourses have been delivered since, and they
have covered a broad range of both scientific and nonscientific
subjects. They have also been the stage for major scientific an-
nouncements, including William Henry Fox Talbot’s invention
of photography in 1839, and J. J. Thomson'’s discovery of the
fundamental particle later called the electron in 1897.

The other series that Faraday made famous was the Christ-
mas Lectures for young people. Faraday’s six “Chemical His-
tory of a Candle” lectures began as a Christmas series in 1848-49;
he delivered that popular series again in 1854-55 and 1860-61.
In 1861 the lectures were published as a small book, arguably
the most popular science book of all time. Since its publication,
it has hardly been out of print in English and has been trans-
lated into more than a dozen languages, including French, Pol-
ish, and Japanese.® The Christmas Lectures series was the first
science program to be broadcast on the BBC’s fledgling televi-
sion service in 1937. Since 1966 they have been televised annu-
ally and now reach an audience of millions.

After Faraday

None of Davy’s or Faraday’s work in research, lecturing, or
advice would have been possible without access to the Royal
Institution’s laboratory. Until the 1870s, when the Cavendish
Laboratory at Cambridge and the Clarendon Laboratory at
Oxford were established, the Royal Institution arguably had
the best-equipped laboratory in Britain and one of the best in
Europe. After Faraday retired, how-
ever, researchers at the institution,
rather than attempting to cover
virtually all of the physical sci-
ences, increasingly concentrated
their efforts on specific physical

or chemical topics.

The beginnings of that process
can be seen in the work of Fara-
day’s successor John Tyndall
(ca. 1822-93; see figure 4).1° After
studying under Robert Bunsen at
Marburg University, where he
received his doctorate in 1850,
Tyndall took a strong interest in
magnetism, which had attracted
Faraday’s attention. In 1853 Tyn-
dall delivered a highly successful
Friday Evening Discourse that
led to his appointment, at Fara-
day’s suggestion, as professor of
natural philosophy. Following
Faraday’s death, Tyndall suc-
ceeded his mentor as superinten-
dent of the house. Tyndall’s sci-
entific work included showing
why the sky is blue, establishing
a theory of glaciers, and attack-
ing theories of spontaneous gen-
eration. By today’s standards,
Tyndall’s work would be seen as



FIGURE 4. JOHN TYNDALL AS DEPICTED BY VANITY FAIR,
6 April 1872, page 110. (Courtesy of the Royal Institution.)
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broad, but by the standards of Davy and Faraday, it was really
quite focused on specific subjects.

To the general public Tyndall was most notable for his ef-
forts to promote a naturalistic approach to scientific knowl-
edge. He coined the phrase “the scientific use of the imagina-
tion,” which Arthur Conan Doyle had Sherlock Holmes use in
The Hound of the Baskervilles (1902). Tyndall delivered numer-
ous lectures, including 12 series of Christmas Lectures, and
wrote many books on popular scientific subjects to promote his
views. In his presidential address to the Belfast meet-
ing of the British Association for the Advancement
of Science in 1874, Tyndall made the most famous—
some would say notorious—statement of his view
that the world should be studied from a naturalistic
viewpoint rather than a theistic one.™

Tyndall retired as superintendent in 1887 and was
replaced by James Dewar (1842-1923), who had been
Fullerian Professor since 1877.2 Dewar’s research
was even more focused than Tyndall’s, since he con-
centrated almost entirely on cryogenics. He invented
the Dewar flask, popularly known outside science
as the Thermos flask after the company that first
used it for domestic purposes. In his efforts to reach
a temperature low enough to liquefy hydrogen—a
goal he achieved in 1898 —Dewar constructed large-
scale apparatus, particularly pumps, in the Royal
Institution’s basement laboratory (see
figure 5).

By the end of the 19th century, the
practice of science was changing. Scientific
research was beginning the transforma-

FIGURE 5. THE ROYAL INSTITUTION’S BASEMENT LABORATORY

with James Dewar’s cryogenic apparatus. (Photograph by Katharine M.
Reynolds, 1899, courtesy of the Royal Institution.)
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tion from an activity undertaken by a single individual work-
ing in a laboratory, perhaps with an assistant, to the current sit-
uation in which the head of a laboratory is generally supported
by a large staff of postdoctoral assistants and doctoral students.
The subsequent development of the Royal Institution reflected
those broad changes. Scientific research at the institution was
given a massive boost in the 1890s when industrial chemist
Ludwig Mond endowed the Davy-Faraday Research Labora-
tory (DFRL). The Prince of Wales, the future Edward VII, opened
the DFRL in 1896.

The 20th century

Although it was highly innovative in its opening years—for ex-
ample, it admitted women scientists, a rare policy at the time—
the DFRL became moribund during and after the Great War.
That was largely due to the aged Dewar refusing to let go; he
died in office in 1923.

Dewar’s replacement was Nobel Prize recipient William
Henry Bragg (1862-1942). Bragg had been educated at Cam-
bridge University and had then taught mathematics and physics
at Adelaide University in South Australia, where his son,
William Lawrence Bragg (1890-1971), was born.” By 1904 the
elder Bragg had commenced working on radioactivity, espe-
cially y rays, and on x rays. In 1909 he returned to England as
a professor of physics at Leeds University.”* In 1912 he and
Lawrence, now a research student at the Cavendish Labora-
tory, worked out how to determine the structure of crystals using
x-ray diffraction patterns. For that work the Braggs jointly re-
ceived the 1915 Nobel Prize in Physics. Lawrence received the
news while serving as an officer in the sound-ranging units on
the Western Front. At the age of 25 he remains the youngest-
ever science Nobel Prize recipient.

Under William, the Royal Institution took on new vitality,
restoring its place at the center of science communication and
using new technologies such as wireless radio, cinema, and tel-
evision. He also made the DFRL the world’s most important
laboratory for x-ray crystallography. He built up a formidable
team of researchers, including John Desmond Bernal, William
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Thomas Astbury, and, briefly, the only British
woman ever to receive the Nobel Prize for
Chemistry, Dorothy Hodgkin. One member of
Bragg’s team, Kathleen Lonsdale, used x-ray
crystallography to show that benzene, discov-
ered by Faraday in 1825, was a hexagonal pla-
nar molecule. Lonsdale became the first woman
elected a fellow of the Royal Society of Lon-
don in 1945. The team structure of the DFRL
in the 1920s proved to be an early example of
what has since become the standard pattern
for undertaking scientific research.

Following William Bragg’s death in 1942,
the DFRL had three directors, including the
brain scientist Henry Dale, over the next 12
years. A serious period of institu-
tional instability in the early 1950s
ended when Lawrence Bragg took
over in 1954. As director of the
Cavendish Laboratory from 1938,
Bragg had become well acquainted
with C. P. Snow (1905-80), a phys-
ical chemist turned civil servant,
novelist, and pundit. There is some evidence
that Bragg and Snow together coined the phrase “the two cul-
tures” to denote what Snow saw as a yawning social and po-
litical gulf between scientists and what he termed literary in-
tellectuals.’® Snow’s Cambridge University Rede Lecture of the
same title, delivered in 1959, sparked a major cultural debate
in Britain that continues to this day.

Under Bragg, the Royal Institution became a major center
for discussions about the relationships between science, culture,
and society. Bragg revived the public programs, introduced
school lectures, and laid the groundwork for the annual tele-
vising of the Christmas Lectures. At a televised Friday Evening
Discourse, Snow outlined his “second look” at the issues sur-
rounding the two cultures debate. In that lecture, he changed
his test for scientific literacy from knowledge of the second law
of thermodynamics to knowledge of molecular biology. That
was doubtless the result of Bragg’s influence; at the Cavendish,
he had overseen the work of Francis Crick and James Watson
on the double helical structure of DNA.

Bragg also continued his research, and under him the Royal
Institution returned to x-ray crystallography, concentrating on
the structure of proteins such as hemoglobin and myoglobin.
Max Perutz and John Kendrew, who held joint appointments
at the Royal Institution and the University of Cambridge, re-
ceived the Nobel Prize in Chemistry for that work in 1962. In
the 1960s the DFRL turned to the structure of enzymes. A group
headed by David Phillips, including Louise Johnson, made the
first determination of the structure of an enzyme, lysozyme.
Little wonder then that Dale later wrote, “It is cheering to recog-
nise the extent to which research in "‘Molecular Biology’, first
at Cambridge and now at Oxford, will have been pioneered
from the R.I.”1

Following Bragg’s retirement in 1966, photochemist George
Porter (1920-2002) became director of the Royal Institution and
the DFRL (see figure 6).”” Like Bragg, Porter continued the in-
stitution’s participation in the two-cultures debate, especially
by ensuring that science was prominently represented on tele-

FIGURE 6. LAWRENCE
BRAGG (LEFT) WITH
GEORGE PORTER at the
Royal Institution, late
1960s. (Courtesy of the
Royal Institution.)
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vision. For instance, Porter made a 10-part television series en-
titled The Laws of Disorder about thermodynamics. One can
hardly imagine anything like that happening today.

Since Porter’s retirement in 1985, the Royal Institution has
had five directors. Demands in the research environment have

meant that during the past 50 years or so the balance of the
institution’s activities has changed from being dominated by
research to emphasizing scientific engagement with a wide vari-
ety of audiences of all age groups. The Royal Institution’s vision
is to inspire everyone to think more deeply about science and
its place in our lives. That mission is particularly aided by the
development of the institution’s digital science channel, both
on its website, www.rigb.org, and on YouTube.

Legacy

The Royal Institution has had a profound effect on the history
of science, not only because of the scientific knowledge pro-
duced in its laboratories but also because of the way its success
has been emulated, most spectacularly in the founding of the
US Smithsonian Institution. James Smithson (1764-1829), a bi-
ological son of the 1st Duke of Northumberland, was an early
Royal Institution proprietor.”® He bequeathed his fortune of
$508 318.46 to “the United States of America, to found at Wash-
ington, under the name of the Smithsonian Institution, an Es-
tablishment for the increase & diffusion of knowledge among
men,” a statement clearly influenced by the Royal Institution’s
founding aims.

When Smithson’s money arrived in the US in 1835, Congress
debated for some years over how to implement the terms of
the will. They even asked Faraday to inquire what Smithson’s
role had been at the Royal Institution. With Faraday’s strong
support, Joseph Henry (1797-1878) was appointed the Smith-
sonian’s first secretary in 1846. At Henry’s request, Faraday
provided details of the Royal Institution’s activities and its
physical layout. Although the Smithsonian Institution followed
a very different path from that of the Royal Institution—a



reflection of the different scientific needs of the US and
Britain —both organizations were inspired by the same belief
in the cultural and practical value of scientific knowledge.

From improving safety in coal mines, to laying the theoret-
ical foundations of the practical use of electricity, to the im-
provement of picnics and the understanding of enzyme action,
to inspiring other institutions, the Royal Institution has left its
mark. During its existence, it has always taken full advantage
of the latest media to communicate science to as wide an audi-
ence as possible—it was among the first to use mass print tech-
nology, film, wireless radio, television, and the Web to commu-
nicate science. There cannot be many buildings of 3000 square
meters that have produced so many lasting legacies. Such is the
effect of the science that has flowed, and continues to flow, from
21 Albemarle Street.
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