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THE ORGANI ZATI ON OF SO ENCE
A H STOR CAL QUTLTNE OF SO ENCE AS A SOOI AL ACTIVITY

It is the purpose of this essay to provide sonme historical back-
ground to the contenporary discussion on the organization of
science in Britain, and to show that our present difficulties
have their roots in the past. The history of the organi zation
of science has received little attention fromhistorians of

sci ence, nost of whom in the Wst, are doninated by idealist

or positivist philosophies. Their tendency is to stress the
contributions of individual scientists, rather than the group
activity and the interplay of science with industry and ot her

human activities. This essay deals with the group activity:
for the other aspects the reader should consult Bernal (1) and
Mason (2) .

THE BEG NNING OF MODERN SO ENCE

There has, of course, always been sone el ement of coll aboration
between scientists, even in the remote past |ong before science had
separated fromthe amal gam of religion, philosophy and technol ogy of the
early civilizations. In antiquity the organization of intellectual work
reached its acne in the Alexandrie of the Ptolemes, with the foundation
of the Miseum doser to our tine, the Mddl e Ages produced t hat
remarkabl e institution, the university, which still plays a fundarental
part in our intellectual life.

Neverthel ess, until the seventeenth century, science was still
in an enbryo state, a mnor part of phil osophy, and its organization was
rudi mentary and haphazard. The seventeenth century saw a real change
inquality, a change which occurredin Wstern Europe, and only there.

This point is conceded by such a staunch chanpi on of Chi nese science

as Joseph Needham (3)* Until the present century, the najor devel oprment
of science took place within a very few countries of the West, anong whi ch
Britain has played a | eading part.

(1) Bernal, J.D Science in Hstory. Watts. 3rd edition
(2) Mason, S F A Hstory of the Sciences. Routledge & Kegan
Paul . 1953.

(3) Cronbie, A C (editor) Scientific Change. Heinemann. 1963
p. 118.




The characteristics of the science of the seventeenth century
whi ch distinguish it fromthe proto-science of the earlier period are:
) arejection of a priori philosophical systens; 2) the paranount
i nportance of systematic experinent and observation; 3) the solution
of relatively snmall problens within the scope of the experinental and
intellectual capabilities of the tine:; and 4) the explicit recognition
that to understand the universe is a vast undertaking and requires the
conti nuous and concerted action of the whole scientific conmmunity.

Nowhere are these points put nore forcibly than in the
witings of Francis Bacon, Lord Verulam He intended his chief books to
forma single integrated work under the title Magna Instauratio, a
conprehensi ve plan for the reformof society (4). He contrasted the
sterility of philosophic systens with the steady growth of technol ogy
and cane to the conclusion that true know edge can only be obtai ned by
working with things, and that before theories can be correctly
fornulated enpirical facts nust be accunmulated. He insisted that this
wor k of acquiring know edge could be so organi zed that, men of even
noderate intellectual attainnents could play their part init.

G particula interest in this respect is the unfinished New
Atlantis of 162y with its description of an island Wopia which
possesses a scientific acadeny, provided wth workshops, |aboratories and
other facilities. Bacon describes the duties of the staff: some
col lect information fromabroad, sumarize and interpret it, others
carry out new experinments, while another group apply the findings to
practical use. Admnistrators have not been forgotten, and, nost
i mportant, neither have the novi ces, apprentices, servants and
attendants. It was a renarkable forecast of the future.

It has been easy for the acadenics to jeer at Bacon. He was
no scientist hinself: his failure to appreciate the work of true
experinentalists like Glbert and Harvey is notorious, and he did not
understand the inportance of hypothesis and nathematics in scientific
research. But the real stunbling block which he put in the way of his
academ c contenporaries and their nodern counterparts is his insistence

that science is not the preserve of a fewgreat intellects. 1In spite
of criticisnms, his influence in the follow ng generation was
consi der abl e. In his own words, he had rung 'the bell to cal

the Wts together'.

(4) For a Marxist analysis, of his philosophy see Farrington, B

Franci s Bacon, phil osopher of industrial science.

Lawr ence &Wshart. . 1951.



SC ENCE BEG NS TO ORGANI ZE

How could the new type of scientific activity be co-ordinated
in the way that Bacon and his followers desired?

Not through the universities which were generally committed
to the Aristotel ean phil osophy, stagnating and reactionary. The Low
Countries and Scotland showed a brighter picture and many English
physi ci ans were receiving their training at Leyden and Edi nburgh, where
the Dissenters were free fromthe proscriptions of Oxford and Canbri dge
The forenmpst universities for science were in Italy, particularly Padua,

whi ch lay outside papal control. Galileo studied and taught at Padua
and inportant Englishnen |ike Thomas Lineacre, John Caius, and WIIliam
Harvey received their nmedical training there. But they were

essentially teaching institutions, and it would be sone tinme before the
new science could build up an accepted body of know edge, systenatised
in the way required for a university course. The old authorities would
formthe basis of university teaching for some tine to come. Besides,
sonet hi ng was needed to bring scientists together, irrespective of

uni versity or lack of university.

The answer was the scientific acadeny or society.

THE | TALI AN ACADEM ES

Scientific academies first appeared in Italy, probably because
the ltalian city states were econonically the nost advanced, with a
hei ghtened interest in science-and technology; and Italy already had
the precedent of the acadenies of the Humanists, although these were
literary, not scientific.

As early as 1560 a not very scientific Academ a Secretorum
Nat urae was founded in Naples by G ovanni,Baptista Porta. At the
begi nning of the next century, the Accadeni a dei Lincei was founded in
Rone in 1600 by the Duke Federigo Cesi. To a large e,:tent a vehicle
for Galilean science, it met for co-operative experinmental work. After
1633 and the condemation of Galileo, the Accadem a dropped the study
of physics as too dangerous, and finally dissolved in |657

It was succeeded by the Accadenia del Cinento, formed from
a group of scientists gather round the Medici brothers, the Gand
Duke Ferdinand Il and Prince Leopold, but this, too, was disbanded in
1667.

After the Galileo affair, the Church re-asserted its
supremacy in intellectual matters and Italy dropped to the rank of a
m nor scientific power. For the next century and a half the two
| eadi ng countries in science were to be England and France.



THE ROYAL SOO ETY AND ENGLI SH SO ENCE

In England the growing interest in science was nixed up
with a strong novenent of educational reformand criticismof the two
Universities, and with the controversy of the Ancients against the
Moderns. In all these trends Bacon's influence was very narked.

e of the early reforners was Sir Thomas G esham who as
the wealthiest of the Gty merchants had the noney to inplenent his
plans. In spite of the denunciation of the University of Canbridge,
his will (he died in 1575) endowing a college in the Gty of London
was put into effect, and G esham Col | ege was opened in 1598.

Pr of essorshi ps of |aw, physic, rhetoric, mathenatics, astronony,
geonetry and nmusic were provided for, and the G eshamprofessors, in
constant contact with the nerchants, sea-nen and instrument-nakers of
London were anong the |eaders of the scientific novenent.

The scientists of Hizabethan Engl and were nainly outside
the universities, including in their ranks physicians, school masters and
courtiers: men like Dr. John Dee, Thomas and Leonard D gges, Robert
Recorde, Edward Wight and the groups round Sir Walter Ral ei gh and
the Earl of Northunberland (the 'Wzard Earl') (5). The instrunent-
makers deserve special mention. A product of the need for navigational
instruments as England grew to becorme a naj or naval power, they
had acquired a fund of practical know edge and a tradition-of
craftsmanshi p which played an inportant part in providing the equiprent
for the growi ng body of experimental scientists. (6)

(5 Wen this essay was given as a lecture to the Hstory Goup, |
renmarked that these groups had been neglected in the history of
ideas. But Christopher HIl's new book Intellectual Qigins of
the English Revolution, QU P. 1965, has devoted a chapter of
over 100 pages to Raleigh. Al though the book has appeared too
late for me to take advantage of it, it is obviously a ngjor
contribution to the history of science in the period just
prior to the Royal Society.

(6) Bi ographi cal information on these conparatively little-known
men has been col | ected by Professor Eva Taylor in The
Mat hemati cal Practitioners of Tudor and Stuart Engl and.
CUP. 1954,




In face of the growing influence of the Mdderns the
uni versities made some snmall gesture of progress by the endowrent of
a few chairs and lectureships in science - the Savilean chairs of
geonetry and astronony (1619) and the Sedley |ectureship in Natural
Phi |l osophy (162]1) at Oxford and the Lucasian professorship at Canbridge
(1663). But essentially science had little hold there.

Several representatives of the nerchant class played a
conspi cuous part in the devel opment of an organization for scientists,
and were also prominent in schemes for educational reformand in
phil anthropic projects. Theodore Haak, a German nerchant who cane to
England in 1625, was a friend of several English scientists, and through
his Continental connexions, acted as 'corresponding secretary' for the
group, keeping themin touch with scientists abroad. A nenber of Haak's
group was another nerchant, Samuel Hartlib, who cane to be known as the
"great intelligencer', because of his activities as a go-between.

Haak seens to have been concerned in the formation of a group
whi ch net informally in London, including Dr. W I kins, Dr. Jonathon
Goddard, John Wallis, Francis Gisson, George Ent and Robert Boyle, and
as it contained both Royalists and Parlianentarians, friction was
avoi ded by barring all discussion of religion and politics, and confining
the business to 'philosophical' (i.e. scientific) enquiries.

When the Gomelliar, forces took control of Oxford, many of
the professors, noted supporters of the King, were replaced by nen
of republican synpathies, including several from the London group.
W | ki ns, Goddard and Wallis became professors, and Boyle and Christopher
"Wfen were persuaded to settle there for a time. As a result a brilliant
group of scientists were formed, and for a short period, the centre
of gravity of science in England shifted from London to Oxford.

In 1660, with Charles Il on the throne, London again becane
the centre of activity and the group proposed to set up nore fornmnal
nmeetings at G esham College. A neeting of Decenber 12th of that year
narks the formal constitition of the Royal Society, w th Lord Brouncker,
an amat eur mat hematician of no mean ability, as its first President.

It was not until July 15th 1662 that the Society received its Charter
of incorporation fromthe King and in a Second Charter of 1663 it was
descri bed as. 'The Royal Society of London for |nproving Natural

Know edge' .

Many of the Fellows were not scientists by present-day
standards, but were collectors of curios, dabblers in school-boyish
chem cal 'experinents', lovers of marvels, and the cranks who have
al ways gathered on the fringes of science? these were subsequently
to prove an enbarrassnent. The effective menbership were high-ranking
scientists |ike Hooke, Boyle, Sir WlliamPetty, WIkins, Wallis, and
the professors of Gresham College. Mich of the success of the Royal
Society was due to its secretary, Henry O denbourg, and its Curator,
Robert Hooks, although the tw did not get on well together.



A denbourg was not a scientist, but a nerchant and 'intelligencer
of the type of Haak and Hartlib, and was able to give invaluable aid to
the Society through his foreign contacts. His extensive correspondence
abroad brought hi munder suspicion and earned him on one occasion a
short stay in the Tower.

Bacon's influence was very marked in the early days of the
Society, many of its activities being of the fact-finding type. I't
based itself thoroughly on experinmental science, and one of Hooke's
duties was to carry out experinents at each neeting. Geat interest
was shown in industry and inventions; there were plans (which were not
i mpl enented) for making a survey of all the crafts and industries, and
the Soci ety exam ned inventions on behalf of the Government. Medicine
ivas al so discussed. It paid nmuch attention to the newWy opened territories
and conpiled a questionnaire for the use of travellers. It was not |ong,
however, before the Society ceased to concern itself with these matters
and restricted itself to 'pure' science, a state of affairs which has
lasted until the present day. It is understood, though, that the possible
extension of the scope of the Royal Society is now being discussed.

The Society ran into trouble immediately after its foundation
It had no financial support fromthe Crown, and subscriptions fromthe
Fellows, its only source of income, were difficult to collect. The
finances were a serious problemin its early years, but were not the
only trouble.

A large body of opinion was hostile to the Society,
particularly anmong the reactionary elenents in the universities,
where accusations, were rife that the activities of the Society were
subversive of state and religion, and it was in refutation of these
that one of the Fellows, Thomas Sprat - later Chaplain to Charles Il
?%%YBishop of Rochester - published his History of the Royal Society in

A heavy attack came from the physicians, who up till then had
been the only body with any professional claimto scientific attai nments.
Kany of the early Fellows were, in fact, trained as physicians. Mbst
of them though, saw the Royal Society as a threat to the em nence of
their own Royal College of Physicians and to their professional standing,
as well as an attack on their Aristotelean-Galenic tradition. It was
conparatively easy to win support against the Society froma popul ace
wi th no understanding 01 science, and it was nercilessly | anpooned,
Sanuel Butler's poem The Elephant in the Moon, Thonmas Shadweil's play
The Virtuoso and Aphra Behn's farce The Enmperor in the Hoon, being anong
the nmore literary products of this type.

The Society survived its difficulties. Science Y?as now a
nmoverment which could not be stopped and the nore far-sighted anong those
in high places were well aware that the new science was going to have a
marked effect on the economic life of the country, and that in the
trade war whi ch was devel oping with France, the country which could raise
its production and inmprove its manufactures would be at a great advantage.



Charles and his nministers were also very conscious of the need
for inprovenents in navigation. A vexed problemwas the determnination of
| ongitude at sea and until the invention of the chrononeter this nmeant
nore accurate determinations of the position of the npbon and stars "than
were avail abl e. Accordingly in 1675 a Royal Warrant was issued
aut hori zing the building of '"a snmall observatory within our Park at
Greenwi ch', and John Flanstead was granted a salary of £100 a year as
"our astrononical observator' or Astrononer Royal

This marks the beginning of official concern with scientific
research in this country, although it was on a nodest enough scale, and
was typical of the British Government's niggardly attitude to science up
to the present day. The sumallotted, £520 fromthe sale of spoilt gun-
powder, was only sufficient to provide a building but no instrunents.
Nei t her was any provision made for assistance, except 'a silly, surly
| abourer' for the rough work. Eking out his stipend with private
tuition, and later, from 1684, enjoying the living of Burstow, Flanstead
carried out a lengthy programme of observations, the nost accurate
to his day, with instrunents made nainly by himself and at his own
expense. He was only able to-engage an instrunent-maker to hel p hi mwhen
he inherited a little noney in 1688. One outcone of this unsatisfactory
state of affairs was that the instrunents of the national observatory
of '.norland were Flamstead' s personal property,-with the exception of a
fewitens fromthe Royal Society, and on his death, his executors insisted
on selling themas part of his estate, so that his successor, Ednund
Hal |l ey, found the Observatory practically stripped bare when he took
over in 1720.

Even after this incident the Governnent made no attenpt to
put the Observatory on a proper footing. - By granting Halley half-pay
as a Post-Captain in the Navy, a definite adm ssion that the post of
Astronomer Royal should carry an adequate salary was avoided. On the
ot her hand the successive Astrononmers Royal regarded the results of their
| abours as their private, not public, property and acrinoni ous squabbl es
broke out with the scientists who wished to use the observations recorded

at Greenw ch. "hen Hall ey's successor, Bradley died in 1762, his
executor took possession of all his astrononical observations as part

of his estate: nor could the legal proceedings instituted by the Board
of Longitude in 1767 regain themfor the nation. It was not until the

time of the Rev. Nevil Maskelyne (appointed Astronomer Royal 1769%)
that the Cbservatory began to inplenment those public services which we
hf ve now cone to expect of it.

THE ACADEM E DES S ENCES

The other country to take a najor part in the founding of
nodern scientific institutions was France. As in Italy and Engl and, the
representatives of science began to nmeet informally outside the universities,
at first in the cell of the Mnorite Friar, Marin Mersenne, and then in the
sal ons of wealthy scientific amateurs: Dupuy, Peiresc, Mntnort, (the
Maitre des requites) and Thevenot. Progress was not steady, and by |664




the nmeetings had practically ceased. After several attenpts- by private
individuals to revive the nmeetings, the scientists turned to the
gover nment .

The tine was just right. Colbert was in charge of finance,
industry and the navy. Foreseeing the inportance of manufactures as
the foundation of French supremacy in comerce and war, he fostered the
growth of State industries which have remained a feature of French life
even under capitalism He was quick to notice the interest which
scientists were devoting to industry and trade, and was fully alive
to the significance of Charles's patronage of the Royal Society in
Engl and. So when he was approached on the subject, he at once proposed
to Louis XIV that the scientists then nmeeting at the home of Mel chi sedec
Thevenot should be incorporated in an official acadeny, similar to the
Academ e Francaise (founded in 1635 as a literary acadeny), but
restricted to mathematici ans and physicists. The King's assent to the
foundati on of the Acadeni e des Sciences was conveyed to the assenbly on
Decenber 22nd 1668. The Acadd;nmie was given the responsibility of
organi zing the national astronomical observatory. Pensions of 1,500
livres were allotted to the Academi cians for their full-time services.

Col bert died in 1683. The narrow outl ook of his successor,

Louvoi s, had a bad effect on the Acad"mi e; he nade it quite clear that
the scientists were not engaged for pure research but for 'recherche utile,
celle qui peut avoir rapport au service du roi de |'Etat'. In 16%2

Louvoi s was succeeded by Pontchartrain, who placed his nephew Bignon in
charge. Bignon's reorganization of the Acadenmie, resulting in the
constitution of 16%$$ was to a large extent responsible for the flourishing
of French science in the 18th century.

OTH R ACADEM ES

In Prussia an Acadeny was set up in Berlin in 1700 by the
El ector Frederick |I of Prussia, based on suggestions nade by Leibniz.
The Elector insisted on the inclusion of history and the German | anguage
anong its activities. Oher European countries gradually set up
Acadenmies and following the Berlin exanple, they generally included the
humani ti es anong their interests.

Today the mopt influential sirgbe organization in the
scientific world is the Acadeny of Sciences of the U S S.R which plays
a nmuch greater part in the affairs of its own country than does any
scientific institution in the capitalist countries. It began as an
idea in the head of Peter I, sonewhere about 1715? and was based on
hi s acquaintance with events in the Western world, coupled with his
desire to build up native Russian industry and trade. It was not til
1724, though, that he ratified the Statute of the Acadeny of Sciences,
and the Acadeny of Sciences itself, did not, in fact, begin its
activities till after his eeath in 1725.



Peter's successors found little native scientific genius for
the acadeny and so wore conpelled to make up for the deficiency in
its early years by inviting foreigners. The first nmenbers were for the
nost part young nen without standing in the world of |earning, but sone

of them | ater became internationally fanmous - Daniel Bernoulli, the
mat hematician, GF. MIller, the historian, |.G Gmlin, the naturalist,
and the npbst fampus of then all, the mathenmnatician Leonhard Eul er who

came to Petersburg in 1727 at the age of 20.

Russia's greatest polymath, Mkhail Vasiliovich Lonmonosov,
becanme a professor of the Acadeny in 1742, at a time when Gernan
adm ni strators were becom ng such a powerful bureaucratic clique that
the native Russians were beginning to chafe with resentnent. The Acadeny
itself was controlled by the Counsellor of the admnistration,
Schumacher, who thought it dangerous to encourage Russians to study and
progress in science, and in the course of his struggle against the
German group, Lomonosov's hot tenper earned him six nmonths detention
Eventual |y Lonbnosov's reputation at Court allowed himto overcone the
German opposition. He was appointed Professor of Chemistry in 1740 \vhen
the first chem cal research | aboratory in Russia was opened for him
Still later (1757) Lononosov hinself was appointed Counsellor and had
much to do with subsequent reforms in the Acadeny.

The Academy was conceived by Petsr | as an institution to serve
the needs of the state, and in fact throughout the eighteenth century
much of its time was devoted to drawing up a survey of the natura
resources of tiie country and to supervising technical education.

By the end of the seventeenth century the difference between
the organi zation of science in England and abroad was al ready apparent.
In Engl and, where private enterprise had already attained a w de devel op-
ment, state intervention was at a mininum and the type of organization
whi ch evolved was a private society financed by the scientists thensel ves,
Wth very few exceptions they were amateurs, nen of independent means
or aerning their livelihoods in sone other field, often the church or
medicine. This tradition of amateurismin science was later to becone
a brake on the progress of science in England and remmants of it still
exi st today. On the Continent noney for science was provided by a despot
who exerted a fair measure of control over science in return. Academn es
were formed rather than societies, and the acadenies served to a greater
or lesser degree as organs of the state. |In the case of seventeenth-
century France it would not be far wong to treat the Acadeni e des
Sciences as the scientific wing of Colbertism Paradoxically, since the
Academ ci ans were paid officials, it was easier for a prom sing nan of
small means to becone a scientist in aristocratic France than it was
in nmore denocratic Engl and.
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THE DOCUMENTATI ON OF SCIENCE

Science as a social activity requires that its achievenents
should be recorded for posterity and al so made known as soon as possible
both to the scientists thenselves, and to those who may be able to adapt
the new know edge to practical use.

The first scientific periodical was the Journal des Scavans
whi ch appeared in Paris on January 5th 1665, publishing not origina
papers but scientific news. By the end of the eighteenth century there
were several scores of journals publishing scientific research.

The Phil osophi cal Transactions of the Royal Society began its
long career in a typical haphazard British fashion. Henry Q denburg,
the Secretary, had considerable difficulty in collecting his
salary fromthe Society. He had the idea of raising a little noney by
publishing a journal, which was to be better than the Journal des Scavans,
based on the papers and observations presented to the Society. He was
permtted to carry onwith his plan as a private venture under the
Society's license. The first issue of the Transactions appeared on March
16th, 1665, but in the subsequent years was not the financial success
QA denburg had hoped. He continued as editor of the Phil osophica
Transactions until his death in 1677. The nost inportant scientific periodica
of its age continued under the private editorship of |later secretaries,
and it was not until hal fway through the eighteenth century that the
Soci ety took over responsibility for its own publications.

The scientific periodical with its pronpt publication catered
for a conparatively newneed in the intellectual world, the establishment
of priority and property in a scientific discovery or theory.

I nventions, property in which involved material gain, were
dealt with by the introduction of the patent system The Statute of
Monopol i es (1624) was a mlestone in the course of the struggl e agai nst
the nonarchy; it is also the foundation of our present system of
industrial patents. Restricting the powers of the Gown, it laid down
that nonopolies could only be granted for new rmanufactures, and coul d
only be granted to the 'true and first inventor and inventors of such
manufactures', for a period not exceeding fourteen years. It was
stipulated, too, that such a nonopoly 'be not contrary to the lav, nor
m schi evous to the State by raising prices of comodities at hone or hurt
of trade or generally inconvenient'.

Wiile all earlier Patent acts have now been superseded by
the Patent act of 1949, the principles laid down in the Statute stil
remain the basis of our patent law. A though the patentee was required
to make his process available to the public in return for the statutory
protection, it was not until the mddl e of the eighteenth century that
the patent specification becane the usual rmpans of making the details
of a process public. Promthen onwards the specification forns the
nost inportant itemin the docunentation of technol ogy.
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IN El GHTEENTH CENTURY BRI TAIN

Under the Presidency of Sir Isaac Newton (from 1703), the
Royal Society entered on a period of stability, and follow ng sone
reforms in the administration made by the next President, Sir Hans
Sl oane, from 1727, the finances inproved and menbership rose, reaching
301 in 1740. Scientists were in the mnority, however, being out-
nunbered by two to one. Sloane retired in 1741 and was followed by half-
a-dozen undi sti ngui shed successors, until 1778 saw the election of
Sir Joseph Banks whose term of office lasted until 1820. Banks was a
weal thy man of considerable social standing and an amateur scienti st
of no mean order. Right up to his death in 1820, if any question of a
scientific nature required attention at a high | evel, Banks was the
obvi ous man to approach, not only because of his contacts with the best
scientific mnds at hone and abroad, but al so because of his influence

with the Government and even directly with George I1l. H's big house
in Soho Square becane perhaps even nore inportant than the prem ses of
the Royal Society for conducting scientific business. It was the

natural port of call for any foreign scientist visiting London, where
he would be sure of a welcome and introductions to the scientists he

wi shed to neet. The regul ar receptions Banks held at Soho Square were
an inportant part of the scientific life of the country.

Banks had the interests of science firmy at heart and he
performed his duties as President with the utnost regularity; yet he
was content to |eave the conduct of the Society in the hands of nmen of
fashion. At the end of his long and autocratic presidency in 1820, the
real scientists had no greater say in the affairs of the Society than they
had at the beginning, in spite of some signs of revolt on their part,
and no attenpt was made to smarten up the extremely inefficient business
nmet hods. Banks did nuch to bring- the Royal Society closer to the
Governnment and to gain recognition for science as a national institution;
and yet scientifically the Royal Society stagnated and the stagnation
lasted well into the nineteenth century.

This was the period of the Industrial Revolution, and the
steamengine. In spite of this the Royal Society, which had started
off with such an interest in industrial processes and the applied
sci ences, showed no interest in these devel opments. Mreover, the main
centres of this activity were not in London, but in Scotland and the
provinces. Sone of the npbst productive scientists, |ike Black and
Priestley, had nmuch more in conmon with the new industrialists than
they had with the scientific gentry in London; and many of the
i ndustrialists, |ike Boulton, Roebuck and Josiah Wdgwood, took a
very great interest in science and were pioneers in the introduction
of scientific principles into manufacture. James Watt could lay
considerable claimto fanme as both scientist and industrialist.

It was obvious therefore that the Royal Society was
totally inadequate to provide for the scientific and technical needs
of the Industrial Revolution. One devel opment was the founding of |oca
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societies based on the nodel of the Royal Society itself. |In Dublin
the Royal Irish Acadenmy was fornmed out of a society which began about
1782. In Edinburgh a society founded in 1731 was reorgani zed into the

Royal Society of Edinburgh in 1783. It has included many fanous
scientists anong its menbers and its Transactions contain nmuch inportant
wor K. -

Anot her outcome was the formation of the provincial societies
with nmuch wider and nore down-to-earth interests than the Royal Society.
The two | eading towns in the Industrial Revolution were Manchester and
Bi rmi ngham and it was in themthat scientists and manufacturers cane
together in a way which nade a strong inpression on English intellectua
life.

Bi r mi ngham had grown up wi thout a charter or corporation
and therefore, by one of those strange inconsistencies of English Law,
the repressive Acts which nmade life unconfortable for Dissenters in
the towns did not apply there. Consequently a |large nunber of the
Di ssenters who formed the backbone of the provincial manufacturing and
conmercial classes gravitated to Birm nghamwhere an intellectua
life sprang up which had little to do with the nore aristocratic
and conservative circles in London, xford and Canbridge. In the
second half of the century, sone of the npbst outstanding Birm ngham
manuf acturers and scientists cane together to formthe Lunar Society,
so called fromits meetings on the Sunday of each nonth nearest to
the full moon. Schofield (7) distinguishes between what he calls the
Lunar circle which he dates 1765-75, and the Society proper from 1775.
It began with small informal neetings at the house of Matthew Boul ton,
whose later partnership with Janes Watt had such nomentous consequences
for the devel opnent of the steamengine. Oherwise the circle kept in
touch by visiting and correspondence. It included Boulton, Dr. Small, Dr.
Erasmus Darwin (of Lichfield), Josiah Wdgwood, Richard Lovel
Edgewort h, Sanuel Galton and one or two others |ess well-known.
Subsequently Janes Watt and Joseph Priestley cane into the group,
whi ch began nore regul ar, though not much nore formal, neetings in

1775.

Al t hough the Society remained snall and select (never nore

than about fourteen nmenbers); it had a considerable effect on the course
of the Industrial Revolution, The unorthodox politics of some of its
menbers brought suspicion upon the Society. In 1791, egged on by

government agents, rioters attacked the hones of a nunber of Birm ngham
citizens who were noted as Nonconform sts or supporters of the French
Revol uti on, wecking Priestley's home and destroying his library and
apparatus. A little later he emigrated to Anerica where he was received
with enthusiasm At the sane time sone other menbers noved from Birmnmi ngham

(7) Schofield, E R The Lunar Society of Birm ngham O U P. 1963

Besi des being the best available book on the Lunar Society,
it deserves to be read as an inportant contribution to social
and industrial history.
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and the Lunar Society gradually ceased to function.

I n Manchester a club was founded whi ch net weekly to discuss
literature and science. In 1785 this becane the Literary and
Phi | osophi cal Society of Manchester. It had close connections wth
the Warrington Acadeny, one of the nmost progressive of the DO ssenting
Academies. It had a particular interest in chemstry inits early
years, its nost famous scientific nmenber being John Dalton, the founder
of the atonmic theory of chemstry. Wilike the Royal Society, it did
not object to the discussion of politics, although it had sone
difficulties during the tinme of the "patriotic' riots. Nevertheless,
it did not suffer as the Birm nghamsociety did, and, after playing
an inportant part in the science of the nineteenth century, has
remai ned active to this day.

Many other |ocal societies sprang up in the bigger provincial
towns, as well as many amateur natural history and antiquarian societies.

Anot her devel opnent was the formation of societies devoted to a
particul ar science. This was an indication of the increasing
speci al i zation of science. A short-lived Botanical Society was founded
in London in 1721 and sone societies for the study of entonol ogy.
The Inportant Linnaean Society was founded in 1788. A chemcal society
was founded in 1786 in d asgow University, and another in 1798. An
Edi nburgh Chemical Society began in 1800. An interesting society was
the Spitafields Mathematical Society founded in 1717. Said to have been
fornmed at first of Spitafields weavers, it later seens to have been
conposed of |ocal tradesmen and professional nen. It could boast of
no fanous mat hematicians, but it lasted until 1846, when it was
absorbed by the Royal Astronom cal Society.

A society of a different kind fromall these was founded
hal fway through the century, when a group of private individuals
met in Rawhnell's Coffee-house in London and fornmed a Society for
the Encouragerent of Arts, Sciences and Commerce, which still flourishes,
though in a restricted formas the Royal Society of Arts. It owed
its inception to the enterprise of WilliamShipley, at the time a
little-known draw ng-master of Northanpton, who, concerned about the
sufferings of the poor of the district, thought the answer to their
poverty lay in the rapid growth of industry and agriculture. This
growth he proposed to foster by means of a society which would offer
prizes to inventors, and would al so indicate the areas in which inprove-
nments were nost needed. He succeeded in bringing together eleven nen,
of whomthe nost inportant was Miscount Fol kestone, in Rawthrell's on
March 22nd, 1754. Shipley's schenes were agreed to, the Society was
formed and nmoney was raised fromweal thy synpathizers. Two prem uns
were offered for the production of nadder and of cobalt, and two nore
for drawi ngs by children.
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The Society was a success: its nenbership increased, noney
came in, and so did the inventions - so nany that a nunber of separate
committees had to be set up to deal with themin subject groups.

The premiumlist for 1764 occupi ed $1 pages of text, with 380 cl asses.
Inthe first twenty-two years, £I16,625 was di sbursed in prem uns.
In addition it staged several exhibitions.

As for the influence of the Society, its historians (8)
state: "Four clains can be asserted with confidence. First (the
premuns) resulted in the afforestation of considerable areas of |and.
Secondly they played a predonminant part in the earlier stages of the
"agricultural revolution', being the means of introducing severa
new crops to this country and to the colonies and of the invention
of new agricultural inplements. Thirdly, they fostered the skill of
draught smanship. And, fourthly, by stimilating the invention of many
mechani cal devices contributed largely to the progress of the Industria
Revol ution". So high was its reputation through the eighteenth century
that a nunber of foreign societies were consciously nodelled upon it,

i ncl udi ng the Free Qecononical Society of St. Petersburg, 1766, and the
still influential Society pour |'encouragenant de |'industrie nationale
founded in Paris by Napol eon in 1801.

TRAIN NG I N SC ENCE

If science is to be properly integrated into the soci al
structure, society must provide some nmeans by which the scientific
tradition can be handed down to the conm ng generations and by which
new scientists can be trained. There was, in fact, no provision
anywhere in England for the formal training of scientists as scientists
until the nineteenth century.

For the nmost part the English scientists of the eighteenth
century were self-trained in their specialities and their scientific
work was carried out with private neans, e.g. the Hon. Henry Cavendi sh
with the help of a wealthy patron - Priestley was conpanion to Lord
Shel burne; or, nore usually, they derived their incomes from some other
activity - nedicine, the Church, or teaching. Even Bl ack at Qd asgow
University carried out his chemcal research on his ow initiative and
not as part of his regular university duties. The nost significant
advances in this respect were to conme outside Engl and.

(8) Hudson, D., and Luckhurst, KW The Royal Society of Arts,

1754 - 1954. Murray. 1954.
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By 1730; twenty-eight universities had been established in the
Holy Roman Enpire, but were not particularly effective. In Hanover, the
El ector, George Il of England, was advised to found a new university
on different lines. The place chosen was Gottingen, then only a snall
and uninportant town. Teaching started as early as 1734, but the
university was not officially opened until 1737. Conpared with xford,
Canbridge and Paris, the University of Gottingen possessed a strictly
limted autonony, the State controlling finances and the appointnent of
pr of essors.

A major innovation was that the professors were required to
conbi ne teaching with research, and the. teaching was to be modem
practical and utilitarian,. Soon the systemsettled down to one in which
the professors gave their regul ar teaching lectures open to all, and the
so-called privatissima to groups of special students who paid for the
privilege,* and in these |ecturesthe professors taught the results of
their own researches. The scientific subjects were divided between
the faculties of Phil osophy and Medicine. To Gottingen was due that
tradition of research and schol arshi p whi ch became such a hall - mark of
German learning in the follow ng century.

In franco the Academ c des Sciences renained the focus
of scientific activity, but unlike the British Governnent, the French
actively fostered the training of scientists and engi neers, chiefly
for mlitary purposes. At the suggestion of Marshal Vauban, a Corps
of Engineers was set up in the French Arny, and in 1716 a Corps of civil
engi neers was organi zed, the Corps des |ngenieurs des Fonts et Chaussies.
In connection with this, an Ecole des Fonts et Chaussees was set up in
1748 to teach the background science required by the engineers. It had
good teachers, and right into the nineteenth century turned out fanous .
scientists, industrialists and admnistrators, including the Muntgolfier
brot hers, Lazarre Carnot and Qustavo Monge.

The French Revolution, had a profound effect on the place of
science in French life. In spite of the execution of Lavoisier, the
Revolution had great neel of its scientists, and the tragedy of
Lavoi sier's case was that he worked unstintingly for the Revol ution
as a scientist, anong other things organizing the supply of gunpowder,
hut under the Terror' his earlier connexions with the Ferme proved
Lis downfall. Mst other French scientists not only survived, but were
strong supporters of the Revol ution.

The Academ ¢ des Sciences was suppressed in 1793 in common
with other institutions that were considered to be part of the ancien
regime. In 1795 the Convention founded the Institut National to replace
all acadenmies, and finally in 1816 the Academ e des Sci ences was revived
as part of the Institut de France, a state of affairs which still
hol ds.
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In 1791 Qustave Minge suggested the establishnent of a science
school to provide the nmen the country needed, and in 1794 founded the
Ecol e des Travaux Publiques which the follow ng year was renaned the
Ecol e Pol ytechnique. Wth Mnge as director it had a brilliant team of
scientists as teachers, and its teaching was based on | aboratory work
and experiment. Together with the Ecole des Fonts et Chaussees
and one or two sinmlar but less inportant establishnents founded at
about the sane tine the Pol ytechnique had far nore influence on the
scientific life of France than the universities. The Pol ytechni que
preserved its revolutionary traditions, long after the Restoration, and
the Pol ytechniciens were usually mxed up in any radical disturbance
inParis.

Napol eon encouraged the sciences and played a |arge part
in setting up scientific institutions in France. He all oned cont act
between French and English scientists, even when the countries were
at war, and his Egyptian canpai gn was sonet hi ng of a research
expedition in itself, particularly in the devel opment of Egyptol ogy.
He reorgani zed the universities, but some witers naintain that
he over-centralized science} which was taken fromthe provinces and
became al nost conpletely an affair of the capital. After the
Restoration the reactionary, clerical governnent was not synpathetic
with science, and French science was all owed to stagnate.

At the beginning of the nineteenth century, then, it is
possible to see that science had devel oped certain national
peculiarities. |In England, Governnent gave no aid, to science or to
the production of scientists and engi neers. The favourabl e economc
ci rcunstances of the country seened to show that no intervention was
necessary, and it was left to the scientists thenselves to get
their education, set up their organizations, and finance their
researches as best they could. Science in England was, in fact, an
amateur pursuit, and the high reputation of so many of Britain's
anateur scientists served to conceal the weaknesses in the situation.

In France science was cultivated actively by the Governnent
for mainly mlitary and admnistrative purposes, and through the nedi um
of institutions outside the universities. In Grnany Gottingen had al ready
pointed to the nineteenth century, but this will becorme clearer in
the next section. Arerica nmade very little contribution to world
science until the present century. Efforts at setting up scientific
organi zati ons were slow in getting under way, and as in Britain nmuch
was left to private initiative.

THE RISE OF GERVAN SO ENCE AND TECHNOLOGY

Germany began the nineteenth century as a congl oneration of
sem -feudal states which did not present much of a challenge to the big
powers; she finished it as a vigorously expanding, closely integrated
industrial state, one of the great powers in science and industry and,
as the Franco-Prussian War showed, a formdable mlitary power.
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This devel opment was the result of a consistent policy applied over a
long period, a policy in which the encouragerment of science and
technol ogy forned an essential part.

R ght at the beginning of the century, WIhel mvon Hunbol dt, the
director of the Prussian Education Department, reorganized the education
system setting up the G/masia and Real schulen as the basis of state-
controlled education. At his instigation Berlin University was founded
in 1809 and this set the pattern for other universities in Gernany.

At Berlin even greater enphasis was placed on research than at Gotti ngen,
and, with one or two exceptions, the Ph.D. by research thesis and

oral examnation was the only degree awarded. The university did not
give a liberal education in the English sense, but did produce highly
trained specialists, and since the sciences were well-catered for, this
meant that a regular supply of trained scientists was assured.

Chemstry held a particularly high place in the sciences
of the nineteenth century. The reasons are not far to seek. The
Industrial Revolution in the western countries was to a large extent
based on textiles and this produced a. rapidly expanding nmarket for nore
and better bleaches and dyes. |In fact the position is not nuch different
today, when in spite of the enornmous growth of industries based on
physi cs since the War, chemstry enploys a far greater nunber of
scientists, and particularly in the dye and allied industries, than any
ot her branch of science.

German chemstry becane particularly inportant in the
ni neteenth century. . Justus von Liebi g became assistant professor of
chenistry at G essen in 1824 and professor in 1825. There he set up,
at first in a disused barracks, a chenical |aboratory which becane
fanmous throughout the world. Students were trained in practica
chemcal research in a way which was not seen outside Germany. Q her
| aboratories "wth a research school under a fanous chem st were those
at Gottingen under Whl er, and at Hei del berg under Leopold Qrelin and
| at er Bunsen

Simlar laboratory instruction in physics did not appear
till later in the century.

So began a period in which German universities becare worl d-
fanous and students fromall over Europe and the U S A flocked to
Germany to get the science teaching and training in research which
their own countries did not provide.

Anot her aspect of Gernany's deternmination to lead in technol ogy
was the foundation of nmany technical schools or colleges, nany of them
taki ng the Ecol e Pol ytechnique as their nodel. There were sone already
in the previous century, but now the short period 1821-33, saw the
foundation of the inportant technical schools of Berlin, Darnstadt,

Muni ch, Nurnberg, Augsberg, Dresden, Kessel and Hanover, and in
Switzerland a notable one was established in Zurich.
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The technical schools evolved into a university type, and from
I 860 onwards were raised to Techni sche Hochschul e status. It took
another century to found the British CAT, the Col |l ege of Advanced
Technol ogy. These German universities and technical colleges worked
closely with industry, which soon had its own research | aboratories, and
laid the foundations of the efficient chemcal and engi neering
industries which nearly won the First Wrld Var for Germany. Science
in Gernany had becone a profession.

SO ENCE | N N NETEENTH CENTURY BRI TAI N

Qur present difficulties in the organization and financing
of science and the provision of a sufficient nunber of scientists and
engineers in an era of intense conpetition for foreign markets, have
their roots in the past. The organization of science in Britain |agged
far behind the achi evements of our scientists. The story is of one |ong
struggle to obtain the facilities for research in science and technol ogy
froma Gvernnment: commtted to a policy of |aissez-faire and from
admni strators brought up in the old traditions of a classical education.

By the beginning of the nineteenth century, the Royal Society
was adequate neither to provide a forumfor the different disciplines
which had arisen as a result of the increasing specialization of science,
nor to give a general direction to science. Falling away from its
original ideals, it had become nore of a select London club than a
scientific society. Both the English universities were in need of
drastic reform and not only fromthe point of view of the sciences,
if they were to give the service the community needed. They were stil
essentially establishnments for the training of the clergy.

There was a nmuch healthier state of affairs in Scotland,
probably due to the closenes of the Universities to the centres of
industry in the North, and to the absence of control by the Church of
Engl and. The Royal Society of Edi nburgh was flourishing, and the
universities were nore advanced. Chemcal |ectures were being given at
d asgow before the end of the eighteenth century, Joseph Bl ack draw ng
| arge and appreciative audi ences. d asgow was the first place in these
islands to set up a university laboratory for instruction in practica
chemstry. It opened in 1817 under the professor of chem stry, Thomas
Thonson. There, too, WIIliamThonson (later Lord Kelvin) set up the
first laboratory for teaching practical physics in 1846. It was no
accident that Scottish scientists and engineers were outstanding in the
ni neteenth century. Wthout nen |ike John Playfair, derk Maxwell, Lord
Kelvin and David Brewster, Victorian science woul d have been nuch
poor er .

The Scots were very critical of the nmanagerment of science in
Engl and, but criticismwas not lacking in the South. At Canbridge a
nunber of undergraduates under the | eadership of Charles Babbage and
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John Herschel, dissatisfied with the antiquated teaching of mathemati cs,
forned thenselves into the Anal ytical Society "wth the aimof agitating
for the introduction of the nmore advanced Continental nethods into the
university. After leaving the university they forned the nucl eus of

a group actively canpaigning for the inprovenent of British science on

a wide front. Babbage wote a very disturbing and influential book which
appeared in 1830 with the title Reflections on the Decline of Science in
Engl and. He saw the root of the trouble in the tradition of amateurism
i n science. The individual sciences had now reached the point at which
they had becone full-tinme occupations. France and Gernany, particularly
the latter, had recognised this, but in Britain there was absol utely no
provision for science as a profession. Babbage criticised the English
uni versities and the Royal Society, calling for reforns in both,

and advocated Governnent intervention.

THE DEVELCPMENT CF SO ENTIFI C SO0 ETIES AND | NSTI TUTI ONS

A pronising devel opnent in London had been the foundation of
the Royal Institution in 1799, sponsored in particular by Count Runford.
It was to be "a Public Institution for diffusing the know edge and
facilitating the general introduction of useful mechanical inventions
and inprovenents, and for teaching by courses of philosophical |ectures
and experinents the application of science to the common purposes
of life". Runford, who was in the service of the Hector of Bavaria,
returned to the Continent in 1802 and the character of the Institution
was altered by the Managers: the interest in inventions was allowed
to lapse and the lectures, at first intended for the education of
artisans, were eventually given to quite a different clientele.

They becane a preserve of the upper classes, society events.

Under Hunphry Davy and M chael Faraday, a fine research
institution was built up, which has earned a |asting place in British
sci ence; but although it has provided opportunities for some of our
best - known scientists, fromDavy and Faraday to the Braggs to work full -
tinme at their researches it has never been a |arge establishnment and
barely touched the fringe of the probl em of professionalizing science.

The reformof the Royal Society took tine.. At Sr Joseph Banks'
death in 1820, WIIliamWllaston, a renarkabl e experinental science,
becane President, to be followed after only a fewnonths by Sir
Hunphrey Davy. For the first tine the scientists managed to obtain a
najority on the Council, and matters slowy inproved. It was not until
1847, however, that it became possible to introduce a regulation [imting
the nunber of new Fellows el ected each year. Fromthat tine on it was
possible to ensure that alnmost all the new Fell ows were practising
scientists, and as the nunber of non-scientists dw ndled by death and
resignation so the Royal Society becane a real society of scientists.
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Mly the creamof the country's scientists were accepted, with the
result that the Fellowship is now the greatest scientific honour

which this country can bestow The Society's influence has

increased, and while it has carefully maintained its autonony, it has

a large influence with the Governnment on scientific matters. It does
not hold any direct control over the country's scientific life,

but neverthel ess has a considerable indirect influence through the

all ocation of funds, and through its representati on on many

inportant conmmittees. It is very nuch part of the scientific Establish-
nment .

e result of the criticismof the Royal Society was the
foundation of the British Association. Ba bbage, John Phillips (Secretary
of the Yorkshire Philosophi cal Society), David Brewster, and sone others,
inpatient with the slow progress in the Royal Society, decided to try
to set up a different kind of society. They took as a nodel a Gernman
soci ety founded by the 'Naturphilosoph', Lorenz Cken at Leipzig
in 1822, wunder the nane of the Deutsche Naturforscher Versammi ung.
Its meetings were to provide a forumwhere scientists of different
di sciplines, together with interested menbers of the lay public could
review the advances in the different departments. Another of its
interests was the encouragement of science in the provinces, and with
that in view its chief activity was the Annual Meeting hel d successively
in the main provincial towns, the capital being purposely avoi ded.

The first neeting of the British Association was held at York in
1631, and then at Bi rm ngham Liverpool, Manchester, Newcastle and
Sout hanpt on. Throughout the Victorian era, the British association
nmeeting was the nain scientific event of the year.

In addition to the organization of the neetings, it took
an active part in the noverment for science in the universities, and
in ether matters affecting the conduct of science. It has done nuch
useful work in spheres where co-operation between scientists was
necessary, sonetimes on an international scale. A major exanple
of this was the standardization of electrical units.

At the foundation of the Royal Society, and for several decades
afterwards, it was possible for a Fellowto be proficient in several
branches of science, but specialization had now reached the stage where
this was no longer possible. Scientists felt the need to nmeet in snaller,
nore speci alized, societies, and also to drawin workers outside
the Royal Society.

The first inportant specialist society was the Linnaean
Soci ety for the study of natural history, founded in 1778, with the
approval of Sir Joseph Banks, to acquire the library and collections
of Carl Linnaeus, the great Swedish naturalist. later Banks was not so
kindly disposed towards the formati on of new societies, seeing themas
br eakaway organi zati ons (which they sonetines were) in opposition
to the Royal Society and drawing off its active menbership.
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However, he could not prevent the formation of the Geol ogi cal Society
(1807), the Astronom cal Society (about 1820) and the M croscopica
Society (1819). He was able to prevent the formati on of a chem cal
society in 1806, and it was not till 1841 that the Chemcal Society
cane into being. By 1836 a dozen new scientific organizations,
including the British Associrtion, were recorded. Physics was a

slow starter, the Physical Society not being forned till 1874.. Such
societies are essentially paper-reading and publishing organizations
and as such have continued to play an inportant part in scientific
communi cation in all the major countries. Most of themhave their
own Journal s, Proceedings or Transactions for the publication of
research papers, and so rapidly did the journals proliferate that it
was soon inpossible for a scientist to read all the articles in his own
field. The abstract journal, attenpting to summarize all the papers
in a given science becanme a necessity, first of all in chemstry where
the Pharmaceutisches Central blatt began in 1830 and still continues

as the Chem sches Zentral bl att. This proliferation of sciences,
societies, and journals proceeded at an ever-increasing pace all through
the century and is still with us to such a degree that the 'crisis of
comuni cation' is one of the nost tal ked-of topics in scientific
circles today.

As science and technol ogy becane recogni zed prof essions,
it was only natural that the practitioners should start to think about
their material interests. Something other than a paper-readi ng society
was required, and so a new type of organization concerned wth
prof essional status and educational standards arose. The engi neers
were the first to organize, the Institution of Gvil Engineers
bei ng founded in 1818. CGhers followed during the century, including
the loyal Institution of British Architects (1834)? the Institution
of Mechani cal Engi neers (1847), the Institution of Naval Architects
(1860), the Iron and Steel Institute (1869), the Institution of
Bl ectrical Engineers (1871), and the Institute of Chem stry(188l)

SO ENCE I N THE UN VERSI Tl ES

The struggle to reformthe English universities, to secure
adequat e teaching of science and to set up research schools on

the German nodel, was long and bitter. It is sufficient to state that
it was not until the latter half of the nineteenth century that science
courses were introduced at xford and Canbridge, and not till the end

of the century that the research school becane recognised as an
essential part of the university's function.

London's University College set up in 1827 was based on
German and Scottish nodels; it offered a syllabus including nathenatics
and theoretical physics (already taught at «ford and Canbri dge), but
al so chemstry, experinental physics, botany, economcs, and geography.
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It al so gave professional education in |law, medicine, and engineering.
Not having a charter as a university, it could not award degrees, but
gave certificates of proficiency.

London University was incorporated by Charter in 1836 as an
exam ni ng body granting degrees and with powers affiliating approved
col | eges. By 1851 29 general colleges and nearly 60 medical school s
were affiliated.

Q her new universities generally began as | ocal colleges, and
then, as civic pride was touched, agitation would devel op to endow
themwith university status. They were all greatly influenced by London
in one way or another, and University College provided many of their
professors. In all of them science was taught fromthe start, although
post - graduat e research work on the German nodel was not a feature.

Nevert hel ess the increasing nunber of science professorships and

| ectureshi ps provided the beginnings of a body of professional scientists,
and the majority Ol the well,'-known British scientists of the Victorian
era, were in fact in university faculties.

Durham (1837) was the first university to follow London; though
essentially for training Anglican clergy it was thought expedient right
fromthe start to provide engineering classes. Onens Col |l ege, Manchester,
1851, had the best school of chemstry in England under H E. Roscoe,
andin 1874 was able to engage a second professor of chemstry, Carl
Schorl enmer, who became a firmfriend of Marx and Engels, and sormet hi ng
of a scientific adviser to them

Al ongside the struggle for the reformof the universities
Trent a struggle for a nore definitely technol ogi cal education. Reports
from Grmany had filled a nunber of nore far-sighited people with fore-
bodi ngs about the ability of England to neet the chall enge of Gernan
industrialization unless neasures were quickly taken to ensure an adequate
supply of trained technol ogists, and in this they received the
influential backing of the Prince Consort.

He, and Sir James dark, the Queen's physician, were the
driving forces behind the foundation of the Royal College of Chemistry
in Hanover Sgquare. Such was the paucity of chemcal talent that no
sui tabl e professor could be found in England, and recourse was had to
Germany, fromwhere AW von Hof mann was brought in on the advice of
Li ebi g. Hof mann set up a very successful school, which at once
produced a brilliant group of chenists which included de |a Rue,

Par ki n, Frankland, N cholson, and (dling. |Its teaching was based firmy
on laboratory work and research. |t awarded no degrees, but a
Testinonial of Proficiency, to obtain which they candi date must have
conpl eted original research worthy of publication.
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The Prince had becone President of the Society of Ats in
1843, and under himit re-awoke after a period of somol ence. It put
on several exhibitions which were so successful that the Society
undert ook the organization of the Geat Exhibition of 1851, which
Marx described in the year before its opening as the bourgeoisie's
rejoinder to the political revolutions on the Continent. In connexion
with the Exhibition a series of lectures was staged by the Society,
in which Lyon Playfair alarned his audience with a conparison
of German industrial enterprise and English apathy, and called for the
foundation of an Industrial University.

Parliament was prodded into voting £150,000 to be added to
the £186,000 profit fromthe Exhibition for the purchase of three
estates in South Kensington as a site for a concentration of technical
institutions. S x years later a Departnment of Science and Art under
the control of the Education Department of the Privy Gouncil was sat up
there. So began the devel opnent of that conpl ex of colleges and nuseuns
whi ch has given South Kensington its own very special place in the world
of learning. The culmnation of the drive towards the technical
university was the fornation of Inperial College of Science and Technol ogy
by harter in 1907 froman anmal gamati on of the Royal School of Pines
(whi ch was descended fromthe Royal College of Chenistry), the Royal
School of Science and the Gty and Quilds Central Technical Coll ege.

The Miuseuns have played an essential part in the scientific
life of the country. The first was the Miseumof Practical Geol ogy,
opened in 1851, and the Science Museumfollowed in 1857, being based on
nmany objects that had been acquired for preservation fromthe G eat
Exhibition. 1In 1883 the Natural Science collection of the British Miuseum
(itself founded in 1753) was noved to South Kensington to for;: the Natural
H story Miseum or nore correctly the British Miseum (Natural History).

In the provinces, the Newcastle College of Physical Science
opened in 1871, and the Yorkshire College of Science, Leeds, in 1874. A
Col | ege of Science was founded in Birmngham while in Bristol a
proposed Coll ege of Science for the Vst of England was given a w der
scope and was incorporated as University College, Bristol, in 1876.

| NDUSTRI AL RESEARCH

By the end of the century there was still no governnent organ
with any responsibility for science and technol ogy, and industrial
research was al most non-existent. What little there was was confined to
the chem cal industry.

in 1856 WH Perkin, a pupil of Hfrmann's at the |oyal College
of Chenistry discovered the synthesis of mauve, the first of the aniline
dyes. The story has often been told of how Perkin, his father, and his
brot her began the commercial production of the new dye and how, in 1874,
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he sold up the business so as to return to research work. e of the
reasons for this nove was his difficulty in obtaining suitable research
workers to follow up his discovery. Qher firms, particularly those

of Ivan Levinstein and Read Holliday took up the manufacture of the
aniline dyes, these two firns becomng the |argest nanufacturers of
synthetic dues in England by the end of the century. But the Carnan
chenical industry, with its scores of graduate chemsts in research

and rmany nore in production, devel opment and sal es, had seized

on Perkin's discovery and so outstripped this country that about 90%
of the world production of aniline dyes was in its hands.

Now, a factory naki ng dyes can be rapidly switched to making
TNT and simlar explosives, and a chem st versed in one branch of
organic chemstry can readily turn his hand to another. Moreover, the
Gernman optical and electrical industries were nore advanced than the
British. So when war broke out in 1914, in a matter of weeks the
superiority of German industry was brought home to the British
Government in the nost unpl easant fashion. The situation was retrieved
by a series of emergency measure deriving mainly froma committee under
Lord Hal dane. The Royal Society and other interested bodies took the
opportunity in 1915 to urge the provision of government assistance for
scientific research for industrial purposes. The result was the fornation of
the Departnent of Scientific and Industrial Research, constituted as a
Commttee of the Privy Council.

To take the story further would involve us in a discussion of science policy
in the present-day world, which is not ny purpose. However | hope | have been
able to show that the situation we have to face today is a legacy fromthe
past. Too many remnants of the 'gentleman amateur' tradition exist today:
the government is reluctant to deal with the organisation of science as a
national matter, and one to be taken out of the hands of private enterprise;
science graduates forma snall mnority anong industrial executives and the
top civil servants; scientists are poorly remunerated in conparison with
busi ness executives and pop-singers - the pleasure of scientific work is
supposed to be an adequate reconpense in itself; and the scientists them
selves are slow to achieve the effective Trade Union organi zati on needed to
inprove their situation

This country has produced nany of the world' s greatest scientists and enjoys
a tradition of scientific discovery second to none. But the achi evenent of
the British 'string and sealing-wax' school has always been in spite of,

and not because of the inadequate recognition of science by successive

gover nrrent s.
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" OUR HI STORY"

The following is a selection of issues of "Qur H story" that
are still available. They can be ordered fromthe Secretary,

Hstory Goup, 16 King Street, London. WC. 2. Please send

cash with order, adding 4d per copy for postage.
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