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PREFACE 

A PARADOX of British history in the last hundred years has been the juxtaposition of a remark­
able growth in scientific institutions alongside a decline in the status of British technology. The 
pre-eminent status of this technology in the early part of the Industrial Revolution owed little 
to organised scientific research and when, after 1870, technological change became increasingly 
associated with pure and applied science, the absence of institutions devoted in part to scientific 
research held back industrial advance. Towards the end of the nineteenth and in the early 
part of the twentieth century the extent of scientific activity and research increased out of all 
proportion to previous precedent, but this development in England did not compare with that 
of her competitors and its slow rate of expansion continued to affect industrial progress. 

The scientific advance of a nation is inevitably a dependent variable of its educational 
system. 'What you would put into the State, you must first put into the school', von Humboldt 
declared when he was put in charge of the reorganisation of education in Prussia following her 
defeat by Napoleon. Later, a German professor remarked: 

The forces which the nation require were nourished in the schools; in them the weapons 
were forged with which the battle for progress was fought. 1 

The Germans in building a scientific and industrial society began with their schools. In 
England, or1 the other hand, attempts to create higher institutions of scientific study foundered, 
for Primary and Secondary education had been neglected, and an integrated, cohesive educa­
tional programme did not evolve until the end of the century. 

The distinctive features of the history of English 2 education are well known but perhaps what 
is less well known is the extent to which its slow growth conditioned the pace of scientific advance. 

We are not by nature revolutionary; confronted with new ideas, we handle them with care. 
In this educational revolution, we have a few whole-hoggers, enthusiasts quick to scrap the 
old and exploit the new with maximum intensity. But the great majority made their changes 
cautiously, seeking a synthesis of old and new. 3 

We are reluctant to believe, even when struck by a new idea, that everything we have done 
in the past has been on wrong lines, and we hesitate to scrap well-worn modes of educational 
practice. Rather it is our genius to allow the new ideas to permeate the old, to keep what has 
been found of value in the past, adding to it what seems of value in the new.~ 

1 Education ill th? Nineteenth CentwT, ed. R. D. Roberts (C.U.P., 1901), p. 246. 
2 Special factors play their part in d~termining educational attitudes in Scotland and Wales during the nine­

teenth century. Moreover Scotland had an educational system which was distinct from that of England. Hence it 
is necesnry when referring to education to speak of England in th~ nineteenth century and not Britain. 

' W. 0. Lester-Smith, Education (Penguin Books, 1957), p. 36. 
·• J. S. Ross, Groundwork of Educational Theory (Harrap, 1952), pp. 34-35. 
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Preface 

This genius for gradual adaptation, claimed as a virtue in English education, for it safeguarded 
certain cherished ideas, could be criticised as being the consequence of an inertia to change. 
In scientific education and in industry the effects of such an attitude were little short of disas­
trous. This, together with the failure to plan and organise, were to some extent responsible for 
the loss of English industrial prestige by the end of the nineteenth century. The legacies of these 
attitudes remain and have meant that Britain's position relative to others in the technological 
revolution has gradually worsened. 

Nevertheless, the pace of scientific advance has, even in Britain, been rapid, and it is no more 
than a truism to say that we live in a scientific age. In his introduction to Crisis in tlze Humani­
ties, J. H. Plumb says: 

The humanities are at the crossroads, at a crisis in their existence: they must either change 
the image that they present, adapt themselves to the needs of a society dominated by science 
and technology, or retreat into social triviality.1 

His claim that 

society is dominated by science and technology 

is one that is frequently heard and it is at least arguable that this is so. 
In this country scientists and technologists might be excused for doubting this thesis for the 

time and space devoted to science by television, magazines and the 'respectable' Sunday news­
papers compares most unfavourably with that given to the' arts' and social sciences. As cultural 
or intellectual talking-points science and technology are non-starters. The scientist might well 
feel that he was a member of an esoteric coterie whose knowledge only entitles him to a position 
on the fringes of cultural society but whose activities are increasingly recognised as being of 
vital importance to the future well-being of society. It is in this respect that the present scientific 
society differs significantly from that of the seventeenth century. In those days the concepts and 
theories of science permeated the general climate of thought. It was an age when to be cultured 
implied that one had to be au fait with the frontiers of scientific knowledge. 

The essential feature of the present society is that respect for science is firmly rooted in what 
science can do and not for any subtler values that are an integral part of scientific activity. This 
new-found respect for science was born more out of fear of being left behind in the race for 
national prosperity and material progress rather than from any positive admiration for science 
itself. Bacon's plea for men to believe in their power, through science, to advance their material 
conditions of life and to gather' the fruit' of scientific activity has come home to roost, so much 
so that it is even claimed that this scientific age is one 

8 

whose major social end is the development and application of scientific technology. 2 

1 Crisis in the Humanities, ed. J. H. Plumb (Penguin Books, 1964), p. 8. 
"J. Macmurray, Religion, Art and Science (Liverpool U.P., 1961), p. 22. 

G. W. R. 



1800-30 

D u R 1 N G the sixteenth and seventeenth cen­
turies Europe witnessed a radical transfor­
mation in thought and outlook. Following 
the works of Copernicus, Kepler, Galileo and 
Newton the dogmatic, a priori approach to 
natural phenomena was replaced by the 
empirical, experimental method of science. 
No country was more greatly influenced by 
this scientific revolution than England. Partly 
owing to the advocacy of the experimental 
philosophy by no less influential a person than 
Sir Francis Bacon, Lord Chancellor of Eng­
land, the scientific revolution had been readily 
embraced by Elizabethan England. The 
seventeenth century was characterised by 
unprecedented scientific ferment which cul­
minated in the work of Newton and the for­
mation of the Royal Society in 1660. By 1700 
England was a leading scientific nation. 

The Eighteenth-century 
Inheritance 

The scientific achievements of individual 
Englishmen in the eighteenth century were 
substantial but it is nevertheless true that by 
1800 organised science had made little pro­
gress since the days of Newton. Further, the 
factors which caused this stagnation continued 
to operate well into the nineteenth century. 
The consequences were seen later in the 
century as England's competitors, Germany 
in particular, established a technical and in­
dustrial supremacy which became increasingly 
noticeable as the century drew to a close. 

B 

Chapter One 

SCIENCE IN DECLINE 

At the beginning of the nineteenth century 
neither the institutions nor the corporate 
activity so necessary to national scientific 
advancement existed in England. When these 
were finally to emerge the absence of efficient 
Primary and Secondary School systems was 
belatedly discovered. Such systems were pre­
requisites for the creation of a corps of trained 
scientists and technologists. Their lack was a 
conspicuous cause of England's failure, for by 
I 800 France and Germany had established 
the foundations of a national system of educa­
tion. 

In France, state legislation in the first 
decade of the nineteenth century created a 
national, centrally controlled system of edu­
cation in which a complete unification of 
administration, curricula and methods of 
instruction was achieved. The curriculum 
included mathematics and science. An 
important innovation was the establishment 
in 1793 of the Ecole Polytechnique. Designed 
for scientists and engineers, the syllabus in­
cluded mathematics, physics, chemistry and 
civil engineering. It was 

the first attempt at a college of applied 
science in the world and among its pro­
fessors and students were numbered prac­
tically all the leading French savants of the 
early nineteenth century - Lagrange, Gay­
Lussac, Fourier, Carnot, Fresnel and 
Ampere. 1 

1 D. S. L. Cardwell, The Organisation of Science in 
England (Heinemann, 1957), pp. 20-21. 
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The Emergence of a Scientific Society 

The exigencies of the Napoleonic Wars pre­
cipitated state aid in industry. Industrial in­
vention was stimulated and encouraged by 
the State. A general climate of opinion 
favourable to science was engendered and as 
a result France became 'the mother of 
organised scientific research'. In addition: 

She was the first to encourage science on 
a large scale and to realise that scientific 
work must not only be organised but also 
summarised and propagated.l 

In I 762, Pestalozzi and others founded the 
Helvetic Society for the 

furthering of universal education, scientific 
and undenominational. 

Influenced by Pestalozzi's ideas, many Ger­
man states had established by I 800 a system 
of popular schools with compulsory atten­
dance. Among the German higher educational 
circles the dominating ideal was that of 
1rissenschajt: the critical, objective and empiri­
cal approach to all knowledge. Thus the right 
attitude towards science was implicit in the 
general philosophy of higher education. The 
emphasis on universal education and the em­
pirical approach to knowledge created the 
right conditions for scientific advance. 

The scientific spirit ... found in Ger­
many a uniquely appropriate intellectual 
climate. The social prerequisites for the 
survival of science are finance, leisure, and 
freedom to pursue research, coupled with 
opportunities for scholars to associate 
together and to transmit ideas and tech­
niques to their successors. All these were 

10 

already present in Germany m the early 
nineteenth century. 2 

Scotland, in the eighteenth century, had 
developed a distinctive educational system of 
her own. At the age of fifteen students entered 
university for four years of a general educa­
tion which included philosophy, classics and 
science. After this general education students 
undertook their specialist training. The 
universities were conceived as appendages to 
the school system-higher schools to the rest 
of the educational system rather than separate, 
specialised seats of learning. Further, the 
Scottish universities were more democratic, 
being intimately connected with the life of 
their districts, than the English universities 
of Oxford and Cambridge. Thomas Huxley 
was later to refer, in an address at Aberdeen 
University, to the contrast between Scottish 
universities and Oxford and Cambridge. 

Your little bursaries of £10 and £20 a 
~ear enable any b~y who h~s shown ability 
m the course of his educatiOn in those re­
markable primary schools, which have 
made Scotland the power she is, to obtain 
the highest culture the country can give 
him. . . . When I think of the host of 
pleasant, monied, well-bred young gentle­
men, who do a little learning and much 
boating by Cam and Isis ... I turn from this 
picture to the vision of many a frugal Scotch 
boy wending his way to this University, 
with a bag of oatmeal, and ten pounds in 
his pocket ... determined to wring know­
ledge from the hard hands of penury I 
cannot but think that the spirit of reform 

t Sir Eric Ashby, Technology and the Academics 
(Macmillan, 1958), p. 19. 

2 Ashby, op. cit., pp. 20-21. 



1800-30 Science 111 Decline 

has much to do on the other side of the 
barrier. 1 

In Scotland all eminent men of science were 
university professors. whereas in England 
men of science were, in the main, found out­
side the university walls. England was to owe 
much to the products of the Scottish uni­
versities in the fields of science and medicine 
during the nineteenth century. 

Professor Morgan, in an address entitled 
Medical Education at the Universities 1875. 
pointed out that of 3,241 graduates in medicine 
practising in England in 1875 no less than 
2.829 graduated at the Scottish universities 
(i.e. 87~~). Those graduating at Oxford, 
Cambridge and Durham numbered 230 (i.e. 
7%).2 

Edward Turner, first Professor of Chemis­
try at University College, London, was trained 
at Edinburgh. So was his successor, Thomas 
Graham (father of colloid chemistry). 

Among other distinguished alumni of the 
Scottish universities (who emigrated south) 
were: 

David Brewster- experimental work on 
polarised light 

Clerk Maxwell- electromagnetic wave 
theory 

Lord Kelvin- physicist 
W. J. Rankine- engineer, founder of 

thermodynamics 
John Percy- lecturer in metallurgy at 

Royal School of Mines and pioneer of 
metallurgy as a scientific subject 

Charles Bell - discoverer of the nervous 
system. 

Hale Bellot in his History of University 
College, London, 1826-1926, says that Edin-

burgh University was the 'single most im­
portant intellectual influence in the creation 
of University College'. It imitated Edinburgh 
in its lecture system, range of subjects and 
absence of religious tests. 

While science flourished in the higher in­
stitutions of the Continent and Scotland. 
Oxford and Cambridge remained scientifi­
cally moribund. The Test Acts excluded all 
but Anglicans from graduating and oppor­
tunity of entry was restricted in the main to 
the nobility and opulent gentry. The intellec­
tual life of England was not to be found inside 
the walls of Oxford and Cambridge but in the 
Dissenting Academies and in the various 
societies beginning to appear throughout the 
country. 

Dissenters, having been ejected from 
Oxford and Cambridge in 1662, started their 
own higher institutions of learning. By the 
end of the eighteenth century these Dissenting 
Academies had reached their final phase. No 
religious tests were imposed at these Aca­
demies and in no sense were they narrowly 
sectarian institutions; Anglicans frequently 
sent their sons to them in preference to Ox­
ford and Cambridge. Science was taught as 
well as theology, law and medicine. New sub­
jects were introduced, new educational 
methods applied, and scientific apparatus 
extensively used. 

Notable among the Academies was War­
rington Academy, established in 1757. It 
achieved, before its demise in 1786, a far 
greater international reputation than Oxford 

1 T. H. Huxley, Universities: Actual and Ideal. 
Inaugural Address as Lord Rector of Aberdeen 
Univ.:rsity, 1874. Reprinted in Science and Cullllre 
(Macmillan, 1881 ), pp. 24 ff. 

2 Quoted in Joseph Thompson, The 011"ens College 
(J. E. Cornish, 1886), p. 518. 
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and Cambridge during the same period. It 
was to Warrington that Joseph Priestley came 
as Tutor in Languages and Belles-Lettres, 
only to become the outstanding English 
chemist of the eighteenth century. Priestley 
advocated 'observation and experience' as 
the only safe guides to learning. The influence 
of Warrington was far-reaching; former 
students were a seminal influence in the found­
ing of the Manchester Literary and Philoso­
phical Society and of Owens College, Man­
chester, which was to become Manchester 
University. 

Towards the end of the eighteenth century 
groups of individuals of all denominations 
and catholicity of backgrounds were uniting 
to create new institutions and organisations 
for the furtherance of science and education. 
At Manchester the Literary and Philosophical 
Society (founded I 781) was instrumental in 
founding two new colleges. The College of 
Arts and Sciences (1783) was established for 
liberal instruction in arts, sciences, law and 
12 

Warrington Academy 

The most celebrated of the 
Academies set up by the 
Dissenters. Founded in 1757, 
it became known as the 
'Athens of the North'. 

commerce. Three years later the Manchester 
Academy was founded primarily for the 
education of Protestant dissenting ministers, 
but it also accepted laymen. John Dalton, who 
was at the time at Kendal Dissenting Aca­
demy, was invited to become a tutor at the 
Manchester Academy in mathematics and 
natural philosophy. It was here that he was 
given a basement room by the Manchester 
Literary and Philosophical Society in which 
the germinal experiments of his atomic theory 
were carried out. Liverpool, Leeds and New­
castle, too, had their Literary and Philoso­
phical Societies. 

At Birmingham there was the Lunar Soc­
iety, a loose association of intellectuals, pre­
dominantly scientists and technologists, which 
included among its members Erasmus Dar­
win, James Watt, Matthew Boulton, Joseph 
Priestley and Josiah Wedgwood. 

Such societies played an active part in 
supporting scientific activity and their mem­
bers included most of the leading scientific 
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savants. Nevertheless, they were no substi­
tutes for large-scale organised science, but in 
the absence of state institutions for scientific 
research they became primary organisms of 
scientific research. 

In addition, other societies with more 
limited objectives were soon to make their 
appearance. These were formed among those 
interested in a particular branch of science. 
Such were the Astronomical, Geological and 
Zoological Societies. 

Charles Babbage: Reflections on 
the Decline of Science 

Although Babbage's controversial work 
appeared in 1830 it referred to a state of 
affairs which had existed for over half a 
century. Publication of this work was pre­
cipitated by administrative malpractices in 
the Royal Society, ruled at that time by a 
coterie of dilettantes. Babbage gave no real 
indication of the state of science generally, 
but his book helped to air the grievances of 
those who were concerned at the absence of 
scientific institutions. 

Babbage's main contention was that in 
England the pursuit of science did not con­
stitute a distinct profession. Trained for the 
Law, the Church, and medicine, English 
scientists, with a few exceptions, were largely 
amateurs devoting the greater part of their 
time to their chosen professions. France and 
Germany on the other hand 

had recognised the professional status of 
science. This had provided science with a 
stimulus and it was advancing by leaps and 
bounds while its amateur status in England 
held it back. The Royal Society had be­
come a club whose Council was dominated 

by amateurs and always elected an amateur 
President.1 

Babbage's second major criticism was con­
cerned with the relationship between govern­
ment and science. The Government in his 
view had not 'encouraged the authors of 
useful discoveries'. He cited the honouring of 
leading French and German scientists by their 
respective governments. Napoleon had even 
awarded prizes to leading English scientists. 
Babbage calculated that the six leading French 
scientists earned, on average, £1,200 a year. 
By comparison the remuneration of those 
English scientists who were able to obtain 
posts was a mere pittance. 

In England, those who have hitherto 
pursued science have in general no reason­
able grounds of complaint; they knew, or 
should have known, that there was no 
demand for it, that it led to little honour, 
and to less profit. 2 

To overcome this Babbage demanded institu­
tions for the support of s~ience and for active 
interference by the Government, despite what 
he perceived to be an obvious difficulty- the 
scientific ignorance of the Government 
'class'. 

Supposing science were thought of some 
importance by an administration it would 
be difficult in the present state of things to 
do much in its favour because the higher 

1 L. Pierce Williams, • The Royal Society and the 
Founding of the British Association', in Notes & 
Records of the Royal Society (I 962-3). 

2 Charles Babbage, Reflections on the Decline of 
Science (B. Fellowes, 1820), p. 24. 
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classes in general have no profound know­
ledge of science.1 

In advocating direct government participa­
tion Babbage was far in advance of the 
generally held views of the time in England . 

Babbage reserved his most caustic criti­
cisms for scientific societies, at that time 
thirteen in number. Such were the Geologi­
cal Society of London ( 1807), The Zoological 
Society of London ( 1826) and the Royal 
Astronomical Society. Election to member­
ship did not necessarily involve any serious 
interest in science, and was entered into more 
from a desire for a status symbol than from a 
genuine concern for science. 

14 

. . . those who are ambitious for scienti­
fic distinction may, according to their 
fancy, render their name a kind of comet, 
carrying with it a tail of upwards of 40 
letters, at the average cost of £ 10. 9. 9± per 
Jetter ... 2 

Charles Babbage (I 79 2- 1871) 

The Cambridge mathematician who invented the 
princip le of the automatic computer. He was 
instrumental in founding the British Association 
and other scientific societies. 

As to the Royal Society, very few of its 
members ever published any scientific work 
and the Society was 

managed by a party or coterie. The object 
of this has been to maintain itself in power 
and to divide, as far as it could, all the good 
things amongst its members.3 

Babbage called for a reform that 

shall rescue the Royal Society from con­
tempt in our own country, from ridicule in 
others. 4 

Babbage's book contained an appendix in 
which an unnamed foreign critic wrote in 
defence of English science. 

The critic argued that the two major mathe­
matical works of the time were written by 
Frenchmen rather than by Englishmen not 
because of 

any deficiency of genius in the English but 
because of the extreme specialisation of 
French science. 

In England on the other hand 

great minds applied themselves to many 
different branches of science . 

The critic favoured the English approach. 
Babbage in favouring specialisation was 
again in advance of the prevailing view in 

1 Babbage, op. cit., p. 24. 
3 Ibid., p. 45. 

2 Ibid ., pp. 43- 44. 
'1 Ibid. 
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England. Support for Babbage's central thesis 
that science lacked recognition and was 
poorly organised came from other scientists. 
Sir Humphry Davy shortly before his death 
considered writing a work along the same 
lines as that of Babbage. England, said John 
Herschel, had fallen out of the race in mathe­
matics and chemistry and whole fields of 
continental discoveries remained unknown. 

Paradoxically, in I 831, the year following 
publication of Babbage's work, Faraday 
published his First Series of Experimellfal 
Researches in Electricity. These described the 
experiments underlying the discovery of 
electromagnetic induction which led to such 
practical consequences as the transformer and 
dynamo. Indeed, during the previous fifty 
years England had enjoyed an enviable re­
putation in the scientific world. This had been 
earned by the contributions of a few brilliant 
individuals- Priestley, Cavendish, Davy and 
Young - around none of whom had deve­
loped a 'school' or centre of research: 

England can show individual men who 
hold their own against the world ... For 
the want of organisations of research and 
teaching, these ideas of English thinkers 
have frequently lain dormant or been 
elaborated by foreign talent; this want of a 
recognised system, and of a standard 
course of study, has forced original minds 
into a closer communion with nature and 
with life, whence they have frequently re­
turned to the laboratory with quite novel 
revelations. 1 

1 J. T. Mcrz, History of European Thought, vol. i 
(Blackwood, 1896), p. 300. 

2 Ibid. 
' Sydney Smith in the Edinburgh Re1•iew, vol. xv 

(1810), pp. 46-47. 

The same was true in technology, in which 
the discoveries of Nasmyth, Newcomen, 
Arkwright and Watt contributed much to the 
Industrial Revolution. 

Individual as opposed to corporate 
effort was rewarded with a succession of 
brilliant discoveries which have revolu­
tionised practical life or opened out new 
views into the hidden recesses of nature. 2 

Oxford and Cambridge 
Towards the end of the first decade of the 

nineteenth century the Edinburgh Review 
began a sustained campaign of criticism 
directed at Oxford and Cambridge. In 1810 
it published a virulent attack on the concept 
of 'scholar' as envisaged by Oxford, Cam­
bridge and the Public Schools. 

A learned man! A scholar! A man of 
erudition! Upon whom are these epithets 
bestowed? ... Are they given to men who 
know the properties of bodies and their 
action upon each other. No! This is not 
learning. The epithet of scholar is reserved 
for him who writes on the Aeolic redupli­
cation, and is familiar with Sylburgius's 
method of arranging defectives in w ... 
His object is not to reason, to imagine, to 
invent but to conjugate. decline and derive 
... Would he ever dream that such men 
as Lavoisier were equal in dignity of under­
standing to, or of the same utility as Bent­
ley and Heyne. The feeling excited would be 
a good deal like that expressed by Dr. 
George about the praises of the King of 
Prussia, who entertained considerable 
doubts whether the King, with all his 
victories, knew how to conjugate a Greek 
verb in fl-~. 3 
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The Emergence of a Scientific Society 

At Oxford the subjects of the B.A. degree 
course were ancient history, Latin, Greek, 
poetry, philosophy, logic and mathematics. 
This was followed by a period of study­
related to a chosen profession- in theology, 
or law, or medicine. Oxford, in 1800, had no 
chemistry, and while Cambridge included 
chemistry in its curriculum neither Oxford nor 
Cambridge had laboratories. 

Oxford, Cambridge and the Public Schools 
were dominated by the concept of a 'liberal 
education' -an education designed to deve­
lop character as well as mind. 

The term 'liberal education' has ac­
quired a peculiar significance in the history 
of English culture and thought. Whereas 
science is the product of French thought and 
Wissenschaft of German ... In discus­
sions on the work of high schools and 
universities the Germans always talk of 
Wissenschaft whereas the English talk of 
'liberal education '.1 

These institutions were in no positiOn to 
further the cause of science. Designed for the 
training of the ruling class in a feudal society 
they were 'weighed down by the dead hand of 
tradition' and were a hindrance to the ad­
vancement of science, for they embraced an 
idealogy antagonistic to science. 

The Royal Institution 

The only institution of major importance 
to science in existence during the first quarter 
of the century was the Royal Institution of 
London. Founded in 1799 by Benjamin 
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Thompson (Count Rumford) and others, its 
object was to 

diffuse the knowledge and facilitate the 
general introduction of useful mechanical 
inventions and improvements and for 
teaching by courses of philosophical lec­
tures and experiments, the application of 
science to the common purposes of life. 2 

Thompson was a member of the Society for 
Bettering the Condition and Increasing the 
Comforts of the Poor and he had the support 
of the Society in founding the Institution. He 
further proposed that the Royal Institution 
ought to 

diffuse the knowledge of all new useful 
improvements in whatever quarter of the 
world they may originate and to teach the 
application of scientific discoveries to the 
improvement of arts and manufactures in 
the country ... to the increase of domestic 
comfort and convenience.3 

To these ends a model room, for the ex­
hibition of mechanical inventions and im­
provements, and workshops and kitchens 
were installed. However, this emphasis on 
practical matters did not receive the support 
of the other sponsors and Thompson's aims 
were never fulfilled. Instead the Royal In­
stitution became an outstanding centre of 
research in fundamental science. 

One of the first to be appointed to the 
Royal Institution was the brilliant young 
chemist, Humphry Davy, who, in 1801, at 

1 Merz, op. cit., p. 260. 
2 Thomas Martin, The Royal Institution (Longmans, 

1948), p. 4. 
a W. H. G. Armytage, Cil'ic Unil'ersities (E. Benn, 

1955), p. 162. 



An e1•ening at the Royal Institution 

Sir James Dewar (1842-1923) giving one of the Friday Evening Discourses which 
Michael Faraday (I 791-1867) originated. For a scientist it became a distinction to be 
asked to deliver the Friday evening lecture to audiences that included men of the 
first rank in several fields. 

the age of twenty-three, left the Pneumatic 
Institute at Bristol to become Lecturer in 
Chemistry and Director of the Laboratory. 

It was his devotion to experiment and 
his powers as a lecturer which first establi­
shed what have ever since been the special 
characteristics of the work of the Royal 
Institution, its tradition of scientific in­
vestigation carried out in its own lab­
oratories coupled with exposition and 
experimental illustration of the latest re­
searches in its lecture room.1 

Davy's audiences at the Royal Institution 
consisted of: 

Men of the first rank and talent, the 
literary and the scientific, the practical, the 

1 Martin, op. cit., pp. 9-10. 
3 Merz, op. cit., p. 246. 

2 Ibid., p. 9. 

theoretical, blue-stockings, and women of 
fashion .2 

His researches were instrumental in establish­
ing the branch of science known as electro­
chemistry. Another to hold a Chair at this 
time was Dr. Thomas Young, who advocated 
the wave theory of light. 

Davy's fame, both as researcher and lec­
turer, was later surpassed by his young 
protege, Michael Faraday. Faraday, 

instead of being backed by a wealthy 
Academy and ample assistance, had during 
all the years when his great discoveries 
were being made, to keep alive, with an 
income scarcely exceeding £100 a year, an 
institution which but for him the memory 
even of such names as Rumford, Young 
and Davy would not have sufficed to pre­
serve from utter ruin and collapse.3 
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The En1ergence of a Scientific Society 

Davy and Faraday were the first in a long 
line of eminent scientists to be appointed to 
the Royal Institution. These were to include 
John Tyndall, Thomas Huxley, Lord Ray­
leigh, James Dewar, J. J. Thomson and 
Ernest Rutherford. The Royal Institution was 
the only public research laboratory during 
the first quarter of the century, an Act of 
Parliament having converted it from a private 
to a public body. It remained a leading 
centre of research throughout the greater part 
of the nineteenth century. 

The Status of 'Original Research' 
Writing in the Quarterly Review of May 

1810 Dr. Thomas Young advanced the view 
that 

the diffusion of a respectable share of 
instruction in literature and in the sciences 
among those classes which hold the 
highest situations and have the most ex­
tensive influence in the State is an object 
<>f more importance to the public than the 
discovery of new truths. 

This opinion was held by the majority of 
English academics at the time, for research 
was not a recognisable function of a univer­
sity. The idealogical struggle to establish the 

principle of 'original research', both in uni­
versities and in industry, was a key feature of 
the nineteenth century. 

At the beginning of the century there was 
very little individual research carried out in 
English universities and there was a complete 
absence of organised 'schools of research' at 
university and elsewhere. On the other hand: 

The German universities were profes­
sional schools rather than places of liberal 
education ... the only degree awarded was 
the Ph.D. The usual practice was to attend 
lectures for the first year or so and then in 
the remaining years to undertake, under 
the direction of the Professor, some original 
research. 1 

England, then, during the first quarter of 
the nineteenth century relied on individual 
effort and private benefaction. Educational 
and public institutions consisted of two out­
moded universities and the Royal Institution. 
In ~ddition there ~as_ ~n inefficient Royal 
Society and a multiplicity of scientific and 
learned societies. The organisation of science 
was fitful, unco-ordinated and haphazard and 
revealed a somewhat casual attitude to its 
importance. 

1 Cardwell, op. cit., pp. 20-21. 



MAJOR technological discoveries allied to 
natural advantages in mineral resources had 
gained for England an early lead in the Indus­
trial Revolution by the beginning of the nine­
teenth century. This success, it was reasoned, 
justified the individual e!Tort on which it was 
partly based and thus conditioned the later 
industrial attitude to science. This complacent 
reliance on individual achievement was 
symptomatic of the philosophy of individual­
ism which characterised the nineteenth cen­
tury. Its consequences were perhaps not to be 
fully realised until the disastrous years 1914 
to 1916. England's industrial lead was 
gradually whittled away as her main competi­
tors strove to catch up with her, and even­
tually surpassed her. That they were enabled 
to do so can be partly attributed to their 
energetic pursuit of scientific research and to 
the efficiency of their science-based industries. 

During the period under consideration in 
this chapter criticisms of the state of educa­
tion and science increased in frequency and 
culminated in the intense propaganda and 
pamphleteering of the 1860s. Immediate 
results were the Education Act of 1870 and the 
legislation concerning technical education. 
While there was a decline in actual industrial 
achievement relative to the achievements of 
other nations, at the same time there was a 
resurgence of energy with regard to the or­
ganisation of science, and the foundations 
were laid for future progress. Although the 
importance of science and technology had 
largely been recognised by 1870 opposition to 
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Chapter Two 

RESURGENCE 

science has continued right down to the pre­
sent day, when changing economic circum­
stances have again produced the appearance of 
a conflict in society between 'progressive' 
and 'reactionary' forces. 

Britain's pre-eminence in the industrial 
world reached its zenith at the Great Exhibi­
tion of 1851. The loss of industrial supremacy 
was not immediately apparent but became 
manifest at the Paris Exhibition of 1867 where 
British industrial prestige fell well below its 
1851 level. During the next three decades 
British industrial production in many fields 
was overtaken by that of her major com­
petitor. Germany. 

In Germany the State supported industrial 
research and fundamental research in pure 
science. The craft orientation of British in­
dustry as compared to German orientation to­
wards scientific and technical research was 
the result not only of ingrained conservatism 
and a penchant for the 'practical mind' but 
also to the conspicuous absence of a corps of 
highly trained scientists and technologists­
the 'officer class·, as Huxley was to call them. 
The German 'schools· of research at univer­
sity and polytechnic level were producing such 
a class whereas there were no comparable 
research schools in England. 

Yet such 'schools' existed in embryo in 
England before mid-century. There were four 
institutions, apart from the Royal Institution, 
which could, given favourable conditions, 
have become academic centres devoted in part 
to the pursuit of scientific research along the 
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lines of the German universities. These were 
University College, London; Owens College, 
Manchester; the Royal College of Chemistry; 
and the Royal School of Mines. 

New Developments in Scientific 
Education 

University College, London, was designed 
to provide higher education for those mem­
bers of the middle class unable to enter Ox­
ford or Cambridge and also to provide 
opportunities for the study of subjects not 
available at the older universities. Opened in 
1826, it was modelled on the recently-founded 
University of Berlin. Its sponsors had taken 
note, too, of events on the other side of the 
Atlantic. Speaking at the inauguration of the 
University of Virginia in 1819 Thomas Jeffer­
son had declared that its function was: 

To harmonise and promote the interests 
of agriculture, manufactures and com­
merce. To enlighten them with mathemati­
cal and physical sciences, which advance 
the arts and administer to the health, the 
subsistence and comforts of life. 

Central influences behind the creation of 
University College were Whig, Dissenting 
and Utilitarian. Hostility to its founding came 
from several quarters. On 26 May 1825 Henry 
Brougham moved in the House of Commons 
for leave to bring in a Bill which would 
establish the College. On the same day 
Robert Peel, a member of the Cabinet, wrote 
to the Dean of Christ Church, Oxford, saying: 
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This must be opposed and rejected, but 
I have hardly time to give to such an im­
portant matter the attention which it 
deserves ... Can it be argued that because 
Westminster and the Charter House are as 

-. . ....... 
..... ·· ~ 
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well conducted as Eton and Harrow, a 
London College would be as fit a place for 
the education of youth as Oxford and 
Cambridge? 1 

The forces ranged against the sponsors in­
cluded the older universities and the Establi­
shed Church. Opposed in principle to the 
foundation of the new college, they were 
further antagonised by the emphasis given to 
science and the neglect of theology. 

Among the first Chairs created were those 
in Chemistry, Engineering and the Applica­
tion of Mechanical Philosophy to the Arts. It 
was the intention of the College to appoint a 
Professor of Geology and Mineralogy, but 
this Chair remained unfilled. The professors 
were to depend mainly on students' fees. The 
contemporary attitude was 

no reputation, no students; no students no . ' mcome. 

This had developed from Scottish experience 
which was held to prove that men lectured best 
when they were hun~ry! In chemistry a 
laboratory for courses m practical work was 
provided from the start as well as a private 
laboratory for the Professor. A Chair of 
Practical Chemistry was founded in 1845 and 
an evening course in practical chemistry was 
instituted. This latter was for the convenience 
of persons engaged in manufactures. In 1859 
the Chair o~ ~ractical Chemistry was filled by 
A. W. WJlllamson, who had studied at 
Giessen -then the foremost chemical re­
search centre in Europe. Imbued with a keen 
desire for research he instituted research in 
chemistry and persuaded others to follow his 

1 H. H. Bellot, A History of University College 
London, 1826-1926 (University of London Press: 
192~). pp. 216-17. 
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example. He was also partly responsible for 
inaugurating a Faculty of Science and 
establishing degrees in science. The London 
B.Sc. degree established in 1859 included the 
subjects of mathematics, physics and chemis­
try. This could be followed by a D.Sc. degree 
by examination or research. 

In natural philosophy there were 'instru­
ments for demonstration and research'. In 
this branch of science, too, University College 
was progressive and in 1867 set a new trend 
by being the first in England to appoint a 
Professor of Physics - T. A. Hirst. This was 
quickly followed in 1868 by the appointment 
of Carey Foster as the first Professor of Ex­
perimental Physics. But the appointment of 
professors in itself was not sufficient; for the 
conditions under which Foster had to work 
were in marked contrast to the splendid 
facilities offered in Germany. 

At first only two rooms were available, 
one his own private room. Afterwards a 
room in the basement, known as the 
Dungeon, was added in which a few re­
search men could be accommodated along 
with a gas engine and a set of accumulators. 
Research apparatus had to be dismounted 
each week to make room for undergra­
duates, and then had to be built up again 
each following week.l 

The great virtue of University College was 
that it kept an open mind and was prepared to 
welcome branches of learning which were not 
acceptable elsewhere. For example, the 
Senate were keen to make the College one of 
the chief places of scientific education for the 
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engineer and succeeded in this by creating a 
Chair of Civil Engineering in 1874 and a 
Chair of Mechanical Technology in 1878. 

Meanwhile, in Manchester, the Owens 
College was created in 1851. This came about 
as a result of the will of John Owens, a 
wealthy merchant of the city, who left 
£100,000 in trust for the express purpose of 
founding a college open to all, irrespective of 
creed. At the outset half of the Chairs created 
were in Science, being professorships in 
mathematics, chemistry and natural history. 
Practical chemistry was begun as early as 1851 
and in 1854 a Chair of Commercial Science 
was created. Classes were begun in techno­
logical chemistry but in 1855 these had to be 
abandoned for lack of students. Following 
the institution of the B.Sc. degree by the 
University of London, in which natural 
philosophy was included as a special subject, 
the trustees of the College appointed R. B. 
Clifton as Professor of Natural Philosophy 
and he was to institute a course of lectures on 
experimental physics. It was at Owens College 
that J. J. Thomson (the discoverer of the 
electron), who entered the College as a student 
of engineering, had his first taste of experi­
mental physics and this induced him to stay 
on at the College and change from engineer­
ing to physics. 

In 1865 it was felt that a School of Civil 
Engineering should be set up but the scheme 
had to be dropped because it was a bad year 
for trade and there was a shortage of money. 
A year later Manchester engineers got to­
gether and concluded, 

it is expedient to establish a professorship 
of civil and mechanical engineering, to-

1 Bellot, op. cit., p. 312. gether with a special library and a museum 
2 Thompson, The Owens College, p. 295. _ of-mode]s.2 
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The Emergence of a Scientific Society 

The practical effect of this was the appoint­
ment of Osborne Reynolds to a Chair of 
Engineering in 1868. 

Between 1857 and 1866 the total number of 
honours graduates in chemistry amounted to 
eleven at University College, London, and 
fourteen at Owens College. While there were 
more science students at University College 
than at Oxford and Cambridge combined , the 
number at Owens College exceeded that of 
University College. 

The original building which housed Owens 
College was Richard Cobden's former house 
which 

trembled when the heavily laden carts went 
by and delicate experiments had to be 
abandoned.1 

Old Owens College 

Another site was obtained but this did not 
meet the needs of the expand ing college and 
by 1865 things had got so bad that the Pro­
fessor of Natural Philosophy was forced to 
complain that: 

. The lecture rooms get very stu ffy. 
Ventilation causes draughts so that stu­
dents have to wear coats .. . The rooms get 
into a state not only destructive of efficient 
study but most injurious to health and 
students are compelled to leave the room 
fainti ng. No institution of the kind in the 
Kingdom has so many persons under 
instruction in so confined a space.2 

1 Thompson, op. cit., p. 210. 
o Thompson, op. cit., pp. 247- 9. 
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Formerly the house of Richard Cobden, M.P., in Quarry Street, 
Manchester, the building was leased for an annual rent of £200. 



Berlin University 
Founded in 1809, it soon became the lead ing univers ity in Germany, a nd in its timing 
a nd organ isa tion directly influenced the founding of University College, London. 

The project for building a new Owens College 
was first mooted in 1859; it was eventually 
accomplished in 1873. The above compla int 
was made in 1865 when the College housed 
439 students. By 1873 this number had ri sen 
to 891. 

1 n 1868 Henry Roscoe and Greenwood, the 
Principal, undertook a comprehensive tour of 
German a nd Swiss uni versities a nd polytech­
nics. These included the Universities of Berlin , 
Leipzig and Bonn , a nd the Polytechnics of 
H annover, K arlsruhe, Stuttga rt a nd Zi.irich. 
These were taken as models fo r the new 
college. 

Prior to the 1840s those who wished to 
pursue a systemat ic course of advanced stud y 
in chemi stry were obliged to seek it a broad ­
at Gottingen or Giessen. Certain leading 
public figures came to the conclusion that a 

1 T. G. Chambers, Royal Coflege of Chemistry, 
Royal School of M ines and Royal Coflege of Science 
(Hazell, Watson & Viney, 1896), p. 37. 

national college of chemistry was required in 
London. Thus was founded the Royal College 
of Chemistry. A provisional committee was 
elected and a prospectus issued. Originally 
called the D avy College of Pract ical Chemis­
try, it was 

mainly devoted to pure science; at the sa me 
time, to meet the exigencies of this country, 
and to adopt the latest improvements in 
the continental schools a n appendage wi ll 
be provided, devoted to the Economic Arts , 
where inquiries relating to Pharmacy, 
Agriculture and the other Arts may be 
pursued. 1 

By July 1845 a Council had been elected 
with H.R.H. Prince Albert as Pres ident. 
Their first task was to appoint a Professor of 
Chemistry. The post was success ively offered 
to Dr. Fresenius of Wiesbaden and Dr. Will 
of Giessen, both of whom declined. Even­
tually, as a result of the personal interventi on 
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of the Prince Consort, Dr. August Wilhelm 
von Hofmann was enabled to take up the post 
as the result of the generous allowance of two 
years' leave of absence by Bonn University. 

Under Hofmann's inspiration research 
flourished and he was soon to speak of the 
students in the following terms. 

24 

Almost all classes of society have been 
represented in the laboratory - gentlemen 
following chemistry as a profession , or as 
an object of scientific taste, chemists and 
druggists, medical students, and medical 

The Royal College of 
Chemistry 

This began as the Davy College 
of Chemistry in 1845. Prince 
Albert, the Prince Consort, 
played a leading part in its 
foundation. 

men agriculturists, manufacturers in al­
most all branches of the chemical arts, 
copper smelters, dyers, painters, varnish 
makers soap boilers, brewers and sugar­
makers' have been working side by side.1 

Although the venture had not been lacki~g 
in guaranteed support the College ~a~ In 

financial difficulties by 1847. Subscnptwns 
had fallen off considerably, 

1 Chambers, op. cit., p. 31. 



partly owing to the disappointment of 
some of the contributors, who desired some 
more substantial return for their money in 
the form of lectures, soirees, analyses and 
the like- these, not receiving such return, 
withdrew their support. 1 

The debt was partly cleared by twenty-three 
members of the Council, contributing £50 
apiece. In addition 

Dr. Hofmann voluntarily gave up m 
succession -first a portion of his salary, 
then his share of the students' fees and 
lastly his house; yet during this trying 
period he never in the slightest degree re­
laxed his efforts to establish the reputation 
of the College. He not only gave up the 
money which was his due, but, out of his 
extreme devotion to the educational ob­
jects of the College, abandoned for some 
years what to a German savant is of still 
greater importance, his original scientific 
investigation. 2 

Persuaded by the Prussian Government to 
return to his own country in 1864, Hofmann, 

• Chambers, op. cit., ibid. 
0 Warren de Ia Rue, Farewell Banquet to Dr. 

Hofmann (Chambers, 1864), 28 Apr. 1864. 
3 Genealogy of Royal School of Mines 

1839 Museum of Economic Geology. 
1851 This became part of a new Government 

School of Mines Applied to the Arts. 
1853 Royal College of Chemistry incorporated 

as the chemistry department. 
1857 Became Government School of Mines 

and of Science Applied to the Arts. 
1881 Became Normal School of Science and 

Royal School of Mines. 
1890 Became Royal College of Science and 

Royal School of Mines. 

c 
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in the same year, was appointed Professor of 
Chemistry in the University of Berlin and 
was replaced by Edward Frankland. 

In 1853 the Royal College of Chemistry 
became the chemistry department of the 
Metropolitan School of Science and such it 
remained when that School was renamed the 
Royal College of Science and Royal School of 
Mines.3 

The Royal School of Mines had its origins 
in theM useum of Economic Geology founded 

August Wilhelm von Hofmann (I 818-92) 

First Professor of Chemistry at the Royal College of 
Chemistry. Introduced German methods of research 
to the college, and helped to establish its reputation 
as a leading centre of chemical research. 
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in 1839. Pupils received instruction in mineral­
ogy, analytical chemistry, and meteorology. 
A report of a Committee of the House of 
Lords commented in 1849 that 

a want appears to be felt of facilities for 
acquiring mining education, such as are 
provided by the mining . sc!1ools . ~nd 
colleges established in the pnncipal mim.ng 
districts of the Continent, apparently With 
the most beneficial results. 1 

Hence the Museum of Economic Geology 
became the ' School of Mines and of Science 
Applied to the Arts'. The small at~endan~e of 
students during the first and ensumg sess iOns 
was a disappointment to everyone. Jt was 

1 Chambers, op. cit., p. 11. 
2 First Prospectus of the Govemment School of 

Mines (1852). 
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The Museum of 
Economic Geology 

The museum was set up in 
Jermyn Street in 1837 with 
the object of providing in 
England an institution 
equival~nt to the mining 
academ1es of the Continent 
In 1851 its was renamed th~ 
Government School of 
Mines and of Science 
Applied to the Arts. 

expected that the mining districts at least 
would have sent students, for: 

The education contemplated in th ' 
School differs essentially from that given / 5 

colleges, where general education is thn 
primary object. Although it is intended t e 

0 0 ° 0 0 
give general mstruct10n 10 SCience to those 
who require elementary knowledge, still 
the chief object of the Institution is to giv~ 
a practical direction to the course of study 
so as to enable the student to enter wit!~ 
advantage upon the actual process of 
mining, or of the Arts which he may be 
called upon to conduct.2 

Edward Forbes, Professor of Natural 
History, addressing the School in October 
1853 remarked: 

It was supposed that opportunities for 
scientific instruction such as are here 



afforded would have been appreciated by 
intelligent persons among the middle and 
higher ranks ... With the exception of a 
chosen few, the anticipation has proved 
fallacious ... There is, indeed, no stronger 
argument in favour of the State taking the 
initiative in scientific instruction of the 
kind given here, than the fact that the 
classes of the people who cannot afford to 
pay high fees, or come to learn during the 
hours of the day, are anxious and thankful 
for it; whilst those who ought to support 
deserving institutions of private foundation 
have yet to be imbued with a taste for 
natural knowledge before they will do that 
which should be at once a duty and a 
pleasure. 

In spite of attracting fewer students than 
anticipated, the School nevertheless soon out­
grew its premises. Edward Frankland con­
stantly drew attention to the urgent necessity 
for larger premises. 

A Member of Parliament alluded to its 
crowded state in the House of Commons in 
1869: 

Dr. Percy's laboratory being in the back­
yard of a tailor's shop and Professor 
Huxley's anatomical preparations having 
to be made in a closet about eight feet 
square.1 

Pronounced a failure by a Select Committee 
of the House of Commons the chief govern­
ment technical institution, the Royal College 
of Science and Royal School of Mines, never­
theless possessed the most illustrious scientific 
staff in the kingdom. This included Hof-

1 Chambers, op. cit., p. 34. 
2 Ibid., p. 33. 
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mann, Playfair, Frankland (chemistry), Hux­
ley (natural history) and George Gabriel 
Stokes (physics). 

Huxley expressed the opinion that the 
College was not a failure. 

On the contrary, I think that, even if it 
had done nothing more than show the 
value of .scientific training, the College has 
been a considerable success. 2 

Factors Accounting for their 
Limited Success 

It was hoped that the result of the existence 
of the above institutions- University Col­
lege, Owens College, the Royal College of 
Chemistry and Royal School of Mines­
would be the production of future managerial 
leaders in industry, research scientists and 
teachers of science and technology. 

The continued production of such a corps 
required three prerequisite conditions. First. 
establishments offering first-rate professional 
training and research facilities. Second, an 
adequate supply of educated, talented student 
entrants. Third, a sufficiency of posts offering 
attractive remuneration and good conditions 
in which their professional training could be 
utilised. 

The sine qua 11011 of such a programme was 
adequate finance. Each of the institutions 
considered above was handicapped by lack of 
financial support. 

Owens College, Manchester, had come 
into existence due to the generosity of John 
Owens. Later, two further subscriptions of 
£100,000 came respectively from Frederick 
Beyer, a Bavarian who settled in Manchester, 
and became a successful industrialist, and 
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Joseph Whitworth, the Manchester engineer. 
Thus, three individuals between them con­
tributed £300,000. Later, when no suitable 
applicants came forward for the Chair of 
Engineering, Beyer offered to double the 
proffered salary of £250 per annum, by which 
means they succeeded in obtaining the ser­
vices of Osborne Reynolds. 

Not surprisingly the State contributed 
nothing to these establishments. The prevail­
ing philosophy was that of laissez-faire 
individualism. 

From time to time the Trustees of Owens 
College urged on the Government the claims 
of their coJlege for support. For example, in 
July 1853 a deputation saw the Prime Minis­
ter, the Earl of Aberdeen: 

Mr. Faulkner reported, on behalf of the 
deputation, the interview they had had with 
Lords Aberdeen, Granville and John 
Russell about a Government grant. It was 
the old story. Their lordships fully re­
cognised the importance of the application 
and promised it should receive the most 
careful consideration of Her Majesty's 
Government. And there it ended. 1 

Again, in 1868, when £150,000 was needed 
for new buildings a subcommittee was formed 
to press for government aid. 

An influential deputation, supported by the 
town councils of Manchester, Salford, Stock­
port, Bolton, Oldham, Stalybridge and Wigan 
obtained an audience with DisraeJi, who was 
then Prime Minister. In his reply, 
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Disraeli assured them of the great impor­
tance he attached to the subject which they 
had laid before him ... It had his fullest 
sympathy and would command the greatest 
consideration from his colleagues when he 

brought its claims before them. 'But if Her 
Majesty's Government in the exigencies of 
the State, should be unable to comply with 
your request, I am quite certain that the 
public spirit and the generosity of Lan­
cashire will not allow the interests of the 
college to suffer. ' 2 

Nothing came of the application. However 
in November 1868 the Disraeli Government 
was replaced by that of Mr. Gladstone 
Robert Lowe becoming Chancellor of th~ 
Exchequer. A deputation first saw Mr. W. E. 
F_oster and Earl Grey .. Both were favourably 
disposed. The deputatiOn then waited on the 
Prime Minister. 

Mr. Gladstone asked whether they had 
seen the Chancellor and Lord Grey. In 
reply it was stated that these gentlemen and 
Mr. Foster had been seen, and the two 
latter were much more favourable than the 
former, but it was well known that Mr 
Lowe possessed peculiar views on educa~ 
tion. Mr. Gladstone explained that Mr 
Lowe had to find the money and there w · ·m I . . h ere 
grea~ d1. cu ties m t e way of meeting the 
apphcat10n.3 

Mr. Robert Lowe certainly did have 
peculiar views. ~ depu~ation from the S~ot­
tish Meteorological Society went to Mr. Lowe 
in 1869 for a grant of £300 and was greeted 
with the words: 

I hold it as our duty not to spend public 
money to do that which people can do for 
themselves.'1 

1 Thompson, op. cit., p. 145. 
2 Ibid., p. 331. 3 Ibid., p. 332. 
4 Cardwell, op. cit., p. 98. 



However, Mr. Lowe was far from being alone 
in holding such views. Herbert Spencer in 
State Education- Se(f Defeating wrote that: 

On the whole the experience of the past 
is proof of the danger of government inter­
ference, and of the instability of extreme 
centralisation, while it affords conclusive 
evidence of the superior and enduring value 
of voluntary efforts. 

There was a real fear, too, on the part of 
the recipients of becoming dependent on the 
State. As one member of the deputation to 
Gladstone was to say later: 

He was glad the Government had refused 
them a grant. There was plenty of money 
to be had in Manchester, let them look for 
that and be independent of government 
help and interference. 

The executive committee of the Manchester 
deputation drew up a statement of govern­
ment aid existing at the time. Out of a total 
of £I 27, I 38, Scotland received £43,354, 
Ireland £24,918, and England £58,866. In 
England the money was distributed as follows: 

(a) for buildings 
£25,000 . University of 

London 
(b) for education, science and art 

£I I ,800 learned societies 
£9,063 University of 

£I2,253 
£750 

London 
School of Mines 
College of 

Chemistry 

The attitude adopted by these respective 
governments, though in keeping with the 
prevailing philosophy, is somewhat para-
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doxical; for in 1855 a Select Parliamentary 
Committee had been set up to consider 

whether any means could be adopted by 
the Government or Parliament that would 
improve the position of science or its 
activities; 

and it reported that 

there was a widespread feeling of the 
importance of science but there were only 
a few grants available for the support of 
science. 

It considered that a Government Board of 
Science should be established and that the 
State should endow Chairs of Science, in 
order to encourage the flow of university­
trained men. Neither of these recommenda­
tions was acted upon. 

Had the various governments done all in 
their power to support these institutions 
success would not have been ensured, for 
higher educational establishments were fur­
ther hampered for most of the century by the 
poor qualifications of entrants. This was due 
to the absence of a system of good general 
education. In Manchester, for example, 

the Statistical Society took a census in 
I 834, and their report is deplorable in the 
extreme ... A comparison was made 
between the efficient system adopted in 
Prussia, and the deplorably bad condition 
of things in Manchester, a comparison 
that applied with as much force to the 
teachers as to the scholars; for whereas in 
the former country the teacher was 
specially trained for his office, and was not 
allowed to assume it till he had passed a 
satisfactory examination, in England the 
education of the lower classes is left with 
the few exceptions of charity schools in the 
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hands of ignorant and uneducated men, 
who are often destitute of every qualifica­
tion for their office. 1 

The Principal of Owens College was forced 
to complain in 1852 that school education in 
Manchester was so bad that the students 
were insufficiently prepared to receive the 
benefits of true collegiate training. Many 
thought that a Junior School was necessary 
to correct the notoriously bad preparation of 
students entering the College. On 9 July 1858 
.. ~ .... -~- '.-.:'-~"''-:\''!."."'\.'-'."\' ~UU\"-l\\un C)''\\.,.·_..,.X::"\~,.~.t:\ ·. 

Explain it as we may, the fact is certai!l 
that this college, which eight years ago It 
was hoped would form the nucleus of an 
University, is a mortifying failure. 

Seeking the causes of its failure, the Manches­
ter Examiner remarked: 

We are compelled to look for the causes 
of non-success elsewhere than in the 
collegiate machinery ... the institution is 
either in advance of our felt wants or al­
together unsuited to the economical con­
ditions of Manchester life ... it is too 
good for us. 2 

The Examiner divided the Manchester youth 
into two classes. Those who, through their 
parents' good fortune, could afford a scholas­
tic training until they were eighteen years old, 
and those whose parents thought it necessary 
in the severe competition of life to put their 
sons into business at the age of fifteen. The 
latter could not afford the three years of 
collegiate life; the former would not consider 
the idea of completing their education at a 
small provincial college when the old univer­
sities of Oxford and Cambridge were available 
to them. 
30 

Thus, the supply of suitable students was 
bedevilled by class attitudes with regard to 
education. Each type of institution was felt 
to be suited to a particular class in society _ 
the Mechanics Institutes for artisans, Owens 
College for the lower middle class: Oxford, 
Cambridge and the Public Schools remaining 
the preserve of the upper classes. 

The Royal School of Mines also suffered 
from the unpreparedness of its student en­
trants. Playfair, addressing the School in 1852 
on !lldllstrial lnstmction on the Continent' 
gave details of the various systems of in~ 
struction pursued in foreign technological 
establishments and demonstrated the neces­
sity for similar teaching in England. He 
pointed out the absurdity of pupils entering 
the School untrained in science, with the con­
sequent loss of time involved in having to 
learn the clements of science rather than its 
applications. 

Even had there been a continuous flow of 
well-trained and educated students coming 
from the institutions, the state of industry was 
such that there would have been no posts for 
them to fill. 

Despite rapid growth and expansion the 
dominant characteristics of British industry 
remained the absence of science and of the 
scientific attitude of enquiry. 

The multiple machines of the nineteenth 
century were the fruits of much ingenuity 
but relied little on science and gave little 
back to it. The typical inventor was usually 
a workman or amateur who contrived to 
find the most convenient arrangement of 
wheels, rollers, cogs or levers designed to 
imitate the movement of the craftsman at 
higher speed and using steam power ... 

1 Thompson, op. cit., pp. 23-24. 2 Ibid., p. 198. 



The archaic development of industry made 
it impossible for the links between science 
and industry to have any rational or plan­
ned basis ... Little or no provision was 
made until the end of the century for science 
itself, let alone its application to practical 
purposes. 1 

Mechanics' Institutes and Other 
Innovations 

Institutions which could have produced a 
scientifically educated managerial elite and a 
supply of industrial research scientists were 
discussed in the last section. An institution 
designed to produce the artisan and crafts­
man trained in scientific technique first 
appeared in England in 1823. This was the 
Birkbeck Mechanics' Institute, London, 
founded by George Birkbeck and others. The 
syllabus included mathematics, chemistry, 
applied chemistry, hydrostatics and electri­
city. Soon every major town possessed its 
Mechanics' Institute. By 1850 there were over 
600 of these, enrolling haifa million members; 
the greatest concentrations of the institutes 
were found in the North Midlands, Lan­
cashire and Yorkshire, and Cornwall. 

However, they failed to achieve their 
principal objectives. Their prime object was 
to teach the sciences underlying the industrial 
arts. They failed in the first place because the 
class of people for whom they were intended 
was too unprepared and uneducated. They 
failed also because they became diverted from 
their intended purpose. The artisan class was 
increasingly replaced by the middle class; 
technical education became instead 'liberal' 
adult education. Science gave way to philo-

1 J. D. Bernal, Science and Industry in the Nine­
teem II Celltury (Routledge, 1953), p. 28. 
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sophy, literature and drama. Mechanics' 
Institutes were, however, progenitors of the 
Royal College of Science and Technology, 
Glasgow (now the University of Strathclyde); 
the Heriot-Watt College, Edinburgh; and the 
Manchester College of Science and Techno­
logy. They contained some illustrious alumni, 
notably John Neilson and Sydney Gilchrist 
Thomas. 

Another development at this time was the 
emergence of various other institutions such 
as the Sheffield People's College started by 
the Rev. R. S. Bayley; F. D. Maurice's 
Working Men's College; Muspratt's Col­
lege of Chemistry at Liverpool; and the 
Leeds Arts and Science Institution established 
by the Nussey brothers. Like the Mechanics' 
Institutes, each of these was the inspiration of 
groups of like-minded individuals, and the 
continued existence of such establishments 
depended on the acceptance of the burden of 
financial support by these groups. Neither 
directly nor indirectly did the State provide 
any support for them. 

Reform at Oxford and Cambridge 

During mid-century Oxford and Cambridge 
began the reforms which were to transform 
them from the ineffective establishments that 
they had been in the late eighteenth century 
to institutions more in line with the German 
universities and the English University Col­
leges which emerged towards the end of the 
nineteenth century. 

In the second decade of the century 
Whewell, Airy and others formed a strong 
mathematics school at Cambridge. Un­
fortunately, the substantial numbers of 
brilliant mathematicians produced by Cam­
bridge during mid-century did not make the 
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contribution to the advance of science that 
they might have done, for after qualifying in 
mathematics many of them entered the 
Church or took up law. Later in the nine­
teenth century success in the Cambridge 
Mathematical Tripos was considered an 
admirable foundation for physicists- Clerk 
Maxwell and 1. 1. Thomson were two who 
pursued such a course. 

Agitation, both from within and without, 
led to the establishment of the Natural 
Science Tripos at Cambridge in 1851, and the 
Oxford Honour School in Natural Science in 
1850. Notwithstanding these reforms it was 
not until 1875 that a Chair of Engineering 
was created at Cambridge. It was 1871, too, 
before experimental physics found favour at 
Cambridge, despite the views held by George 
Gabriel Stokes, Professor of Mathematics at 
Cambridge, who in 1858 had remarked: 

I entertain a very strong opinion as to 
the great value of a course of lectures, 
mainly experimental, on natural philo­
sophy. I think it is a great defect in our 
system here, that our students have so little 
opportunity for attending or encourage­
ment to attend lectures of this kind. 1 

During mid-century out of 165 Fellowships 
at Oxford and I 05 at Cambridge only nine 
and three respectively were in natural science. 
Huxley in giving evidence to a Select Com­
mittee was outspokenly critical of scientific 
education at Oxford and Cambridge. 

I think if the manufacturer who sent 
his son to Oxford or to Cambridge to take 
an ordinary degree expected that he would 
thereby secure the smallest atom or scintilla 
of scientific knowledge, he would be mis-
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taken ... it is fair to say that any one 
might have taken the highest honours at 
the university and yet might never have 
heard that the earth went round the sun ... 
I think that the spirit of the teaching at our 
older universities is entirely opposed to the 
spirit of scientific thought. At present they 
are hardly to be trusted with scientific 
education. 2 

The Public Schools and 
Grarrtrrtar Schools 

The curricula of Oxford and Cambridge 
tended to be reflected in the curricula of the 
Public Schools and endowed Grammar 
Schools. Designed partly as 'feeders' for 
Oxford and Cambridge and at the same time 
as training schools for gentlemen they were 
consequently dominated by the educational 
ideals of Oxford and Cambridge. 

If we find in the country and town 
schools little preparation for occupations, 
still le~s for the future agriculturalist or 
mechanic, we find in the Grammar Schools 
much greater defects. The middle class ... 
are fed with the dry husks of ancient learn­
ing. The applications of chemical and 
mechanical science to every-day wants ... 
and such a knowledge of public economy 
in the largest sense of the term ... are all 
subjects worth as much labour and en­
quiry ... as a little Latin learnt in a very 
imperfect manner, with some scraps of 

1 Thompson, op. cit., p. 214. 
2 Thomas Huxley's evidence to Select Committee 

on Scientific Instruction (London, Parliamentary 
Papers, session 1867-8). 



Greek to boot- the usual stunted course 
of most of our Grammar Schools. 1 

Augustus de Morgan speaking of Gram-
mar Schools in 1832 complained: 

among a people who depend for their 
political greatness on trade and manufac­
tures there was not, generally speaking, in 
the education of their youth one atom of 
information on the products of the earth 
... nor any account of the principles 
whether of mechanics or chemistry which, 
when applied to these products constituted 
the greatness of their country. 2 

Headmasters and teachers no less than 
parents were antagonistic to science. The 
headmaster of one famous Public School 
considered that 'scientific instruction was 
worthless as education'.3 Thoma<> Arnold 
went even further and did not think physical 
science to be a fit study for boys. The Public 
Schools were imbued with the values of their 
own education, which was inimical to science. 
This was to be an obstacle to the introduction 
of science in these schools. 

Liberal as the Minister may be under 
whose control the general education of the 
nation may be placed, there is little doubt 
that in this country the greater number of 

1 Sir Thomas Wyse, Education Reform (1837). 
Quoted in M. Argles, South Kensington to Robbins 
(Longmans, 1964), pp. 12-13. 

2 C. F. Singer et at., A History of Technology, 
vol. v (Oxford, Clarendon Press, 1958), pp. 781-2. 

3 Argles, op. cit., p. 13. 
• Private communication from Sir Roderick 

Murchison, Principal, Royal College of Science, 
to Lord Stanley, President of Board of Trade, 25 Jan. 
1856. 
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its instructors will be drawn from among 
such of the graduates of the ancient 
universities as both by their training and 
position must be, to a great extent, dis­
qualified from assigning their due impor­
tance to the practical branches of science. 
Such persons may be eminent in scholar­
ship and abstract science, and yet ignorant 
of the fact that the continued prosperity of 
their country absolutely depends upon the 
diffusion of scientific knowledge among its 
masses. They may, with the most sincere 
and earnest intention, not only fail to 
advance, but even exercise a retarding in­
fluence on such diffusion, and may object 
to a course of study which, as now pursued, 
is irrespective of religious teaching. Ex­
perience has shown in how sickly a manner 
practical science is allowed to raise its head 
under the direction of those persons whose 
pursuits are alien to it; whilst in every land 
where it has had due support the greatest 
benefits have resulted.4 

Things had not changed by 1870 for in 
1868 Matthew Arnold, following a tour of the 
Continent, remarked: 

In nothing do England and the Continent 
at the present moment more strikingly 
differ than in the prominence which is now 
given to the idea of science there, and the 
neglect in which this idea still lies here ... 
Our dislike of authority and our disbelief 
in science have combined to make us leave 
our school system ... to take care of itself 
as it best could. Under such auspices our 
school system has naturally fallen all into 
confusion; and though properly an intellec­
tual agency, it has done and does nothing 
to counteract the indisposition to science 
which is our great intellectual fault. The 
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result is, that we have to meet the calls of a 
modern epoch, in which the action of the 
working and middle class assumes a pre­
ponderating importance, and science tells 
in human affairs more and more, with a 
working class not educated at all, a middle 
class educated on the second plane, and the 
idea of science absent from the whole course 
and design of our education.1 

Secondary Technical Education 
There was one field in which the Govern­

ment, when it did act, did so with surprising 
alacrity, according to the standards of the day. 
This was in the field of technical education at 
the Secondary School level. In 1853 it set up 
the Department of Science and Art. This 
was to promote the creation of 'science 
schools' and subsidise teachers of science. 
This was the main agency of technical educa­
tion and was based on the 'payment-by­
results' system. By 1870 there were over 200 
schools, a school being any institution or part 
of an institution which qualified for a grant. 
Some of these schools, for example, were parts 
of Mechanics' Institutes allocated for this 
purpose. Even in this fie~d the tr~dition~l 
attitude towards state a1d prevmled. S1r 
Henry Cole, Secretary of the Department of 
Arts, commented in his memoirs: 

To obtain grant assistance an institution 
had already to be endowed by a patron or a 
charitable trust. The work thus done is 
mainly done by the public itself on a self­
supporting basis as far as possible, whilst 
the State avoids the error of continental 
systems, of taking the principal and domi­
nant part in secondary education. 2 

1 Matthew Arnold, Higher Schools and Uuil•ersities 
in Germany, 2nd ed. (Macmillan, 1892), p. 198. 
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Scientific Societies 
Among the general public, scientific socie­

ties continued to thrive and increase in num­
ber. The focus of interest in science was by 
now the British Association. In 1822 a Dr. 
Oken of Munich had suggested a plan for an 
annual meeting of German scientists. This first 
took place at Leipzig. David Brewster, in­
spired by this idea when on a visit to the 
Continent, proposed a similar scheme in this 
country. Disillusioned by the Royal Society, 
Charles Babbage greeted the idea with en­
thusiasm and he and Brewster became the 
prime movers in the formation of the British 
Association for the Advancement of Science 
which first met at York in 1831. 

Its object was to 

give a stronger impulse and more syste­
mati~ direction to scientific inquiry, to 
obtam a greater degree of national atten­
tion to the objects of science and a removal 
of those disadvantages which impede its 
progress, and to promote the intercourse 
of the cultivators of science with one 
another and with foreign philosophers. 

The Times was openly hostile to the British 
Association and was scornful of the Associa­
tion's aims and activities. Notwithstanding the 
assessment of The Times the British Associa­
tion became a valuable instrument in the 
movement for scientific advance. As a finan­
cing body, however, the British Association 
was no substitute for state aid. Between 1831 
and 1931 its total grants for the support of 
physical, natural and social sciences amounted 
to only £92,000. 

Scientific societies still tended to reflect the 
2 Sir Henry Cole, Fifty Years of Public Life, vol. i 

(Bell, 1884), p. 313. 



interests of amateurs and laymen in scientific 
matters. Membership figures of the leading 
societies were given as: 

Royal Zoological Society 
Royal Botanical Society 
Anthropological Society 
Royal Society 
Meteorological Society 
Entomological Society 
Ethnological Society 
Chemical Society 

2,923 
2,422 
I ,031 

528 
306 
208 
219 
1921 

This list does not differ markedly from that 
given by Babbage in 1831. The only significant 
addition is that of the Chemical Society and 
it is noteworthy that there was still no 
physics society. 

The 'Scientific Lobby' 
The period 1865-75 can perhaps be viewed 

as a watershed in the history of British science 
and technology. 

From this time on there was increasing 
awareness of the necessity for state interven­
tion and of the need to integrate science into 
education. The fact that science had become 
educationally acceptable is nowhere more 
evident than in the transformation of Oxford 
and Cambridge during the latter part of the 
century. This transformation was limited to 

1 Leone Levi, On the Progress of Leamed Societies: 
Address to the Economic Section of the British 
Association, Norwich, 1868. 

2 Lyon Playfair, The Study of Abstract Science 
Essential to the Progress of Industry. 

3 Lyon Playfair, Industrial Instruction on the 
Collfinent. Introductory Lectures to the Government 
School of Mines 1851-2 (quoted in Cardwell, op. cit., 
p. 68). 
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acceptance of science. Not so at the new 
'civic' universities, which were ready to in­
troduce a variety of technological disciplines. 
It was after 1870, too, that 'original research' 
became recognised as a function of a um­
versity. 

That such changes became possible was 
partly the result of the proselytism of a small 
group of influential figures. Foremost in this 
'scientific lobby' were Charles Babbage, 
Lyon Playfair and Thomas Huxley. But many 
others, too, were enthusiastic in the cause of 
scientific reform and they helped to change 
the climate of opinion in England. 

Despite Britain's success at the Great 
Exhibition of 1851 P1ayfair was compelled to 
point out that in future technological and in­
dustrial success would depend on the re­
cognition of the importance of science and the 
extent to which this was followed up by action 
to promote scientific and technical advance. 

As surely as darkness follows the setting 
of the sun, so will England recede as a 
manufacturing nation, unless her industrial 
population become much more conversant 
with science than they are now. 2 

In his view there was 

an overweening respect for practice and a 
contempt for science ... In this country 
we have eminent 'practical' men and 
eminent 'scientific' men but they are not 
wholly united and generally walk in paths 
wholly distinct ... From this absence of 
connection there is often a want of mutual 
esteem and a misapprehension of their re­
lative importance to each other. 3 

Playfair drew attention to the fact that 
Britain's advantage in natural resources 
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Thomas Henry Huxley (1825-95) 

A prolific writer and lecturer, he played a leading 
role in promoting the cause of science in England. 
He was an ardent champion of the theories of 
Charles D arwin, and became known as ' D arwin's 
bulldog ' . 

would gradually be offset by increasing 
efficiency in transport and a situation would 
arise in which success would go to the 
scientifically organised nation. 

That Playfair's prognostications were to 
become true was borne out by his own ex­
periences at the Paris Exhibition of 1867: 
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I am sorry to say that the opinion pre­
vailed that our country had shown little 
inventiveness and made little progress in 
the arts of indus try si nee I 862 .. . when I 
found some of our chief mechanical and 
civil engineers lamenting the want of pro-

Sir Lyon Pla;fair (1818-98) 

Professor of Chemistry a t the Royal Institution, 
London , and at Edinburgh University. He la ter 
became a politician and played an active part in 
promoting science, particula rly industrial chemistry. 

gress in their industries, and pointing to the 
wonderful advances which nations are 
making ; when I found o ur chemical and 
even textile manufacturers uttering similar 
complaints ; I naturally devoted attention 
to elicit their views as to the causes . .. the 
one cause upon which there was most 
unanimity of conviction is that France, 
Prussia, Austria, Belgium and Switzerland 
possess good systems of industrial educa­
tion for the masters and managers of 
factories and workshops, and that England 
possesses none ... My inquiry of 1853 into 
industrial education on the Continent was 



a private one, and has neither official aid 
nor sanction. 1 

Huxley and Herbert Spencer, among others, 
were highly critical of traditional education 
and argued for an extension of the concepts of 
liberal education and culture to include 
science. Huxley, in evidence to a Royal Com­
mission, said: 

My conception is that our present system 
of education should be turned upside down. 
At present the universities make literature 
and grammar the basis of education; and 
they actually plume themselves upon their 
liberality when they stick a few bits of 
science on the outside of the fabric. Now 
that in my apprehension is not real culture: 
nor is it what I understand by a liberal 
education. The thing you really have to do 
is, in my opinion, to invert the whole 
edifice, and to make the foundation science, 
and literature the superstructure- the 
final covering. 2 

Spencer, likewise, drew attention to the 
narrowness of an outmoded education. 

Had there been no teaching but such as 
goes on in our public schools, England 

1 Letter from Dr. Lyon Playfair to the Rt. Hon. 
Lord Taunton (Journal of the Society of Arts (7 June 
1867), Vol. XV, pp. 477-8). 

0 T. Huxley, El'idence to Select Committee on 
Sciellfijic Instruction (1858). 

3 H. Spencer, Education: Intellectual, Ill oral and 
Physical (1st ed. 1861; Watts & Co., 1934), p. 23. 

4 T. H. Huxley, quoted in Science and Culture, 
p. 44. 

5 Mark Pattison, Suggestions on Academical Organ­
isation (Edinburgh, Edmonson & Douglas, 1868), 
p. 157. 
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would now be what it was in feudal times 
... The vital knowledge has got itself 
taught in nooks and corners, while the 
ordained agencies for teaching have been 
mumbling little else but dead formulae. 3 

Spencer emphasised that science was not 
only important to the welfare of a nation but 
was also an indispensable element in a cultural 
education. 

In his Inaugural Address as Rector of 
Aberdeen University Huxley quoted J. S. 
Mill's panegyric on classical studies: 

In cultivating, therefore, the ancient 
languages as our best literary education, 
we are all the while laying an admirable 
foundation for ethical and philosophical 
culture. 

Huxley argued that the following statement 
would be just as valid as that of J. S. Mill: 

In cultivating, therefore, science as an 
essential ingredient in education we are all 
the while laying an admirable foundation 
for ethical and philosophical culture.4 

The newly emerging universities, however, 
were to be strongly influenced by the German 
ideal of ll'issenschaft as well as by the English 
ideal of liberal education. 

There remains but one possible pattern 
on which a University can be constructed 
. .. This is sometimes called the German 
type ... the Professor of a modern uni­
versity ought to regard himself primarily as 
a learner, and a teacher only secondary ... 
he must consider that he is there on his own 
account, and not for the sake of his pupils.5 
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Hence the universities became centres of 
research and the degree requirements of the 
University of London reflected the new atti­
tude to specialised knowledge: 

a thorough knowledge limited to a 
comparatively small range is preferable to 
a slighter acquaintance spread over a more 
extended area. 

During the 1860s there was widespread 
agitation by individuals and scientific bodies 
for government action to improve the scienti­
fic and industrial state of the country. It was 
during these years that a Colonel Strange 
made a notable contribution to the cause of 
reform. Colonel Alexander Strange of the 
Royal Engineers returned to this country from 
service in the Indian Army in 1861. On his 
return he was elected to the Councils of 
the Royal Society and the Society of Arts. The 
titles of some of the papers he read to the 
Society of Arts and to the British Association 
indicate his advanced views- On the Neces­
sity for State Intenention to Secure the Pro­
gress of Physical Science; On the Relation of 
the State to Science; On Government Action in 
Science. In these he advocated the setting up 
of an Advisory Science Council under a 
Minister of Science which would be em-

powered to administer research grants. He 
also proposed a chain of government­
sponsored research institutions. 

A Royal Commission was set up in 1870 to 
examine the whole question of scientific 
education and the advancement of science. 
The Devonshire Commission reported in 1872 
that there should be generous state endow­
ment of science. It was a responsibility of the 
State to set up research laboratories under 
the supervision of a Council of Science and a 
Minister of Science. It further acknowledged 
that there should be a general reform of 
scientific education both at secondary and 
university level. 

Hence by the 1870s several of the main 
idealogical conflicts had been resolved. There 
was now general recognition that the State 
had a duty to foster science. No longer could 
it be wholly dependent on the efforts and 
goodwill of individuals. The necessity for a 
general reform of scientific education was also 
accepted. Finally, the status of original re­
search was to be increasingly ensured in the 
universities if not in industry. 

In spite of the general climate of opinion 
favourable to reform there was to remain 
considerable inertia in the efforts to redress 
the consequences of a century of misguided 
thinking. 



1870-1914 

Chapter Three 

CONSOLIDATION 

We have entered upon the most serious 
struggle for existence to which the country 
was ever committed. The latter years of the 
century promise to see us in an industrial 
w~~ of far more serious import than the 
m1htary wars of its opening years ... We 
must be careful to organise for victory. 

IN spite of this prophetic warning given by 
Huxley in 1887 there was a conspicuous fail­
ure to organise for victory. It was during 
this period that Germany and America gained 
the industrial rewards of an earlier investment 
in science and technology. 

That is not to say that Britain stagnated 
industrially 

British industry ... more than doubled 
its output between 1870 and 1913. But in 
the world as a whole there was a fourfold 
increase and whereas Britain in 1870 pro­
duced one-third of the world output of 
manufactures, in 1913 it produced only 
one-seventh. 1 

This p~riod was one of increasing world 
prospenty and expansion in which Britain 
shared and which induced a euphoric feeling 
of material well-being. Industrial expansion 
was not of itself the result of industrial 
planning and foresight. It was more the 
result of the production of a new range of 
go~ds and the opening up of new markets 
wh1ch brought an increasing demand for the 
new and old products. The expansion was 

1 W. Ashworth, Economic History of England 1870-
1939 (London, 1960), p. 34. 

securely founded in increased coal and steel 
production, improved communications and 
an abundance of cheap labour. 

Industry in the Last Quarter of 
the Century 

The coal industry achieved its greatest 
output, of287 million tons, in 1913. But while 
Britain mined 50~~ more coal than America, 
Germany and France combined in 1870, by 
1900 she produced 70~,~ less than they; 
while British output doubled, Germany's 
quadrupled and America's increased eight­
fold. 

The transition from iron to steel occurred 
during the second half of the century. While 
British production of pig-iron trebled between 
1850 and 1900, steel production increased 
from 60,000 tons to 5 million tons. Britain 
possessed an initial advantage in steel, as in 
many other products, for the basic techno­
logical discoveries were of British origin. 
Notwithstanding this advantage British steel 
production was overtaken by that of Germany 
before the end of the century. British steel 
production exceeded that of Germany by 2 
million tons in 1890; by 1900 German steel 
production exceeded Britain's by over a 
million tons. 

Bessemer and William Siemens showed 
how to make steel cheaply and in bulk from 
phosphorus-free iron ores. The second major 
breakthrough in the steel industry was made 
by Sidney Gilchrist Thomas, who, in 1878, 
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Sidney Gilchrist Thomas 
(1805-85) 

Sir William Siemens 
(1823-83) 

Sir Henry Bessemer 
(1813-98) 

His process unfortunately 
enabled Belgium and Germany 
to make steel as cheaply as 
Britain. 

Inventor of the regenerative 
furnace for steel-making. 

His discovery caused world steel 
output to soar from half a 
million to twenty-eight million 
tons between 1870 and 1890. 

demonstrated the making of steel from 
phosphorus-bearing iron ores and this doubled 
the potential ores available for steel produc­
tion. 

Not one of these three figures received 
assistance from academic, scientific or govern­
ment sources. 

Bessemer was an inventor with no formal 
education; Siemens a trained engineer; 
Thomas a police court clerk with a classical 
education and a passionate interest in 
chemistry.1 

Of the three Thomas came nearest to the 
modern concept of a scientist. 

40 

He alone appears to have been conscious 
of what he was trying to do. He alone 
analysed the whole problem and found a 
theoretical solution which was successful 
in practice. 2 

Circumstances prevented Thomas from pur­
suing a university career, but due to the 
existence of the Birkbeck Institute he was 
enabled to pursue his chemical studies during 
the evening and a cellar became the laboratory 
for his experiments. 

Steel for iron was one of the three major 
innovations of this period, the other two 
being the emergence of electrical industries 
and the creation of new chemical industries. 
By 1900 Germany led in all three. 

The major example of German efficiency 
was seen in the dyestuffs industry. W . H. 
Perkin of the Royal Co1lege of Science had 
discovered mauve, the first of the coal-tar 
dyes, in 1856. Chemists turned their attention 
to the production of synthetic dyestuffs but 
the initiative quickly passed to Germany­
not surprisingly, for she possessed greater 

1 Bernal , Science and Industry, p. 94. 2 Ibid ., p. 95. 



faci lities for the study of organic chemistry, 
larger numbers of chemical engineers and an 
adequate supply of highly-trained scientists 
and technicians from university research 
departments and technical institutes. In 1860 
the number of patents relating to dyes filed 
in Britain over a five-year period was 20, 
whereas in Germany there were 52. By 1900 
these numbers had become 8 and 427 respec­
tively. The irony of Britain's position is 
revealed in the following quotation: 

England produces immense quantities 
of benzene, the greatest part of which goes 
to Germany, there to be converted into 

The Bessemer Works 

1870-1914 Consolidation 

aniline dyes, a considerable quantity of 
which goes back to England. No other 
country is so far advanced in the manu­
facture of the coal-tar colours as Germany. 
The quantity of alizarine manufactured by 
the German makers far surpasses the 
English production. 1 

Britain was in fact importing four-fifths of 
her dyestuffs from Germany and it was not 
until 1914 when the supply ceased that the 
Government actively encouraged the industry. 

1 F. Versmann, Alizarine, Natural and Artificial 
(New York, 1873). Quoted in G. Gore, The Scientific 
Bases of National Progress (Williams & Norgate, 
1882), p. 66. 

In 1860 Besse~117r patented his tilting converter. This could make steel cheaply and in bulk and by 1900 
nearly two million tons of steel were being produced annually in Britain by the Besseme; method. 
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Graph 1. Production of pig-iron and ferrous 
alloys in Great Britain and Germany, 
1880-1965. 

Sources: 
I. Svennilson, Growth and Stagnation in the European 
Economy, pp. 257-9. U.N. Economic Commission 
for Europe, 1954. 
Statistical Summary of the Mineral Industry, 1958-63. 
World Production, Exports and Imports 
(88-2201-0-63). Ministry of Overseas Development. 
H.M.S.O., 1965. 

Britain, once the 'workshop of the world', 
was, during this period, increasingly saddled 
with obsolescent equipment and techniques. 
Because of Britain's early lead in the Indus­
trial Revolution other countries were forced, 
in attempting to emulate this success, to 
maximise efficiency, organisation, education 
and training. Hence in Germany technical 
and scientific education received strong finan­
cial support from the State. In industry close 
relations were maintained with the univer-
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Graph 2. Production of steel ingots and 
castings in Great Britain and Germany, 
1880-1965. 

Sources: 
I. Svennilson, op. cit., pp. 262-3. 
Statistical Summary of the Mineral Industry, 1958-63. 
World Production, Exports and Imports 
(88-2201-0-63). Ministry of Overseas Development. 
H.M.S.O., 1965. 

sities and there was a greater willingness to 
use scientists and technical men at all levels. 

In England suspicion of technical training 
and innovation was deep-rooted among men 
and management. Further, the leaders of 
industry lacked the education and training 
best suited for their positions. 

The fact remains that the wealthy manu­
facturer ... reverses the example of the 
conquering Romans and sends his son to 
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Graph 3. Production of sulphuric acid in 
Great Britain and Germany, 1870-1965. 

Sources: 

I. Svcnnilson, op. cit., pp. 286-7. 
The Chemical Industry, 1964-5. A Study prepared by 
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a classical school to learn Latin and Greek 
as a preparation for cloth manufacturing, 
calico printing, engineering or coal mining 
... After his scholastic career, he enters 
his father's factory at 20 to 24, absolutely 
untrained in the chief requirements of the 
business he is called upon to direct, the 
complex details of which he has never had 
an opportunity of mastering ... Is it fair 

1 T. H. Huxley, Technical Education: Inaugural 
Address at Dundee Technical Institute (1888). 
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synthetic dyestuffs, 1880-1965. 

Sources: 
I. Svennilson, op. cit., p. 292. 
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to the young chemical or jute manufacturer 
that he should have been taught nothing 
of chemistry or of practical mechanics, 
steam, electricity, methods of commerce or 
even of modern languages? 1 

The danger of overstressing invention and 
practical skills at the expense of scientific 
research was pointed out by George Gore, 
Principal of the Birmingham Institute of 
Scientific Research. 
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Graph 5. Growth of the University 
population in: (a) England and Wales, and 
(b) Germany, 1875-1965. 

This graph includes students at University Colleges in 
England and Wales and at Technical High Schools 
in Germany (West Germany after 1945). 

Sources: 
I. Germany 
Minerva, Jahrbuch der Gelehrten Welt, by 
R. Kukula and K. Triibner. Verlag Karl J. Triibner, 
1891- . 
W. Lexis, Die Deutschen Universitiilen. A. Asher & 
Co., Chicago, 1893 
World Sun•ey of Higher Education, UNESCO, 1966. 

2. England and Wales 
Minerva, Jahrbuc/z der Gelehrten Welt, by 
R. Kukula and K. Triibner. Verlag Karl J. Triibner, 
1891- . 
Bo~rd o_f Education: Reports from Universities and 
Umverstty Colleges participating in the Parliamentary 
Grant. 
M. Argles, South Kensington to Robbins. 
Longmans, 1964. 
University Grants Commission, Annual Returns. 
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Education, 1963. 



Jn this country [he said] such great 
practical results have been obtained by 
means of invention, that many persons 
suppose a sufficiency of inventive skill will 
enable us to effect every possible scientific 
object ... the progress of invention, how­
ever, depends upon that of discovery, and 
these various inventions wanted by manu­
facturers and others probably cannot be 
perfected until suitable new knowledge is 
found ... In consequence of our so-called 
'practical spirit' we overestimate the power 
of invention and undervalue the discovery 
of new absolute truths; because invention 
has done so much, we think it will continue 
to do so, but the latter depends on a 
continued supply of discoveries. 1 

Whilst research is being neglected, manu­
facturers and others are asking for im­
provements in their machines and processes 
... and inventors are continually trying to 
supply their demands, by exercising their 
ski ll with the aid of scientific information 
contained in books; but after putting manu­
facturers and themselves to great expense, 
they very frequently fail, not always through 
want of inventive ski lls but often through 
want of new knowledge attai nable only by 
means of new research. 2 

It has been objected that Continental 
nations, the Germans in particular, have 
pirated our patents, infringed our designs, 
mutilated our labels and taken our im­
provements wholesale .. . But we have had 

1 Gore, op. cit., pp. 72-74. 
~ Ibid ., pp. 68- 69. 
3 Ibid . 

Ferdinand Hurter (1 844- 98) 

Of Swiss nationality, he was educated at Zurich 
Polytechnic and Heidelberg University. In 1867 he 
joined the firm of Gaskell & Deacon, Widnes, as 
chief chemist and later, in 1891, became the chief 
chemist to the United Alkali Company on its 
formation. One of the foremost authorities in the 
Leblanc soda industry. 

the great advantage of being first in the 
markets of the world; and that advantage 
can only be retained by our being the first 
in the pursuit of original research and not 
by purchasing foreign inventions ... The 
industry of the Germans in scientific research 
is quite remarkable, they are availing them­
selves of the great fountain of knowledge 
to a much greater extent than ourselves and 
are already beginning to reap the reward. 3 
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Smoke over Leblanc Widnes 

In 1850 Widnes was a rural village of 2,000 inhabitants. During the next few decades it became a leading 
~entre for the manufacture of soda by the Leblanc process. At the peak of the development of the Leblanc 
mdustry more than a million tons of coal were consumed annually in the chemical works of the town. 

The new instrument of scientific advance was 
to be the research laboratory - be it in a 
university or industry or a government estab­
lishment. 

As the ce~tury progressed science began 
to play a b1gger part in universities and 
government teaching establishments. 
-:r:alented amateurs gave way to profes­
SIOnals ... Success of inventors like Edison 
led to ti:e settin? up of large research 

46laboratones. The mdustriallaboratory and 

government research laboratory brought 
science back in to industry and the pro­
fession of scientific research worker was 
created, and it became impossible for the 
inventor to succeed against big firms. The 
19th century was a century of transition for 
science. It changed from an elegant orna­
ment of society, practised by virtuosi, to an 
essential factor in everyday production of 
goods and services. 1 

1 Bernal, op. cit., p. 151. 



Along with this change there also occurred 
a change in the character of industry. The 
old industries of coal, iron and steel, textiles 
and heavy chemicals were supplemented by 
a diversity of new industries the origins of 
which owed more to scientific research than 
to the empirical discoveries of practical men 
-such were the dyestuffs, ferti lisers and 
explosives industries; the non-ferrous metals 
industries ; electrical generation and distribu­
tion and electro-chemical industries. 

Hurter's Laboratory 

1870-1914 Consolidation 

Scientific Manpower 

In 1902 a Committee set up by the British 
Association for the Advancement of Science 
counted 502 chemists, of whom 107 were 
graduates. The figure was recognised as being 
on the low side and the President of the Asso­
ciation, Sir James Dewar, estimated the upper 
limit to be 1,500. Even this figure compared 
unfavourably with Germany's total of 4,000 
industrial chemists, 84% of whom were 

The United Alkali Company, on its formation in 1891 , centralised its research under the control of its chief 
chemist, Dr. Ferdinand Hurter, at Widnes. It was the first industrial laboratory in England to carry out 
systematic research in all branches of the chemical industry. Hurter's original staff comprised six trained 
chemists, a clerk and a general handyman. 



The Emergence of a Scientific Society 

university trained as compared to 47% of the 
British number. Further, the Germans 
awarded degrees for original research and not 

d d '1 for' questions asked an answere on pape~ . 
The chemists turned out by the Enghsh 
system were: 

Chock full of formulae, they can recite 
theories and they know textbooks by heart, 
but put them to solve a new problem, 
freshly arisen in the laboratory, and you 
will find that their learning is all dead.2 

Cardwell points out that at this time 70% 
to 75% of chemists were teachers, and con­
tinues: 

It is merely a corollary of this to say that 
the majority of those who were reading for 
degrees in chemistry at that time were 
doing so in the anticipation of becoming 
teachers, if this was true of chemistry, it 
must' a fortiori' have been true of physics 
and the other 'pure sciences'. 3 

Between 1907 and 1914 out of 3,318 science 
graduates I ,077 (33%) were in fact Elemen­
tary School teachers. 

Casting about for students, the new 
universities perceived in the primary teach­
ing profession, a vast field to be cultivated, 
and as the supply of training colleges was 
quite inadequate to meet this demand for 
teachers the universities succeeded in 
obtaining from the government a licence 
to train, in regular university courses, 
large numbers of students whose expenses 
were paid out of public funds on condition 
that they undertook to devote themselves 
to the profession of primary teaching.4 
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Cardwell concludes: 

It cannot be said that industry offered 
great opportunities to the increasing num­
bers of young science graduates.5 

During the last half of the nineteenth 
century the leading technological centre in 
England, the institution most likely to produce 
the managerial technologist and scientific 
research worker was the Royal College of 
Science and Royal School of Mines. From a 
survey 6 of the careers of 850 former pupils it 
is possible to draw certain conclusions. 

Out of 850 former pupils spread over forty 
years only I 70 (20%) had entered industry 
at some stage in their careers. It is not un­
reasonable to assume that no other institution 
contributed nearly as many. Furthermore, 
the majority entered mining and brewing, 
with the chemical industry coming a poor 
third. Many of the positions they held were 
not in managerial or research spheres but in 
those of the inspectorate. 

Some 32% of the total number (i.e. 275) 
went abroad, either immediately on qualify­
ing, or at a later stage in their careers. They 
went principally to India, Australia and South 
America. It can be argued that Britain was 
herself benefiting from the development of 
the Dominions, but a loss of one in three 

1 J. N. Lockyear, Education and National Progress, 
p. 118. 

2 Cardwell, op. cit., p. 158. 
3 Ibid., p. 160. 
4 Ibid., p. 162. 
5 Ibid. 
0 T. G. Chambers, Register of Associates and Old 

Studellls of the Royal College of Chemistry, the Royal 
School of Mines am/ the Royal College of Science. 
(Hazell, Watson & Viney Ltd., 1896). 



technologists was a serious drain on resources 
at a time when Britain herself needed every 
scientist and technologist. 

At some time in their careers 243 (28%) 
took up teaching, 15% entered university or 
its equivalent and 13% went into other forms 
of teaching. It is interesting to note that forty­
five had been to German universities either 
before entry or after leaving, whereas the 
comparable figure for Oxford and Cambridge 
was seventeen. This was a not altogether un­
fair reflection of their relative status, for 
Oxford and Cambridge had little to offer 
technologists at the time. Some indications 
of research publications are given and from 
these it is possible to suggest tentatively an 
upper figure of 75 (9%) as having participated 
in research. Thus, of a representative sample 
of the leading technologists of the era, only 
one in ten actually undertook some research 
and much of this was of a trivial nature. At 
the beginning of this period Edward Frank­
land produced figures to show that, so far as 
chemists were concerned, not only was Eng­
land training fewer than her competitors but 
they were also less productive in research. 
He attributed this difference to the low status 
of research in England and to the absence of 
state support and state laboratories. 

Emergence of the Civic 
Universities 

The most significant feature of the educa­
tion world during the last quarter of the 
century was the emergence of the new 'civic' 
universities. These followed the pattern 
created by University College, London, and 

1 Ashby, op. cit., pp. 63-64. 

1870-1914, Consolidation 

Owens College, Manchester, a pattern which 
included research and technological studies. 

The Civic University Colleges were founded 
in response to local and national needs. First, 
to provide a liberal education which would be 
more broadly based than that at Oxford and 
Cambridge and which would better serve the 
interests of the commercial middle classes. 
Second, to supply the facilities for the train­
ing of the cadres of scientists and technolo­
gists required to meet the needs of a competi­
tive industrial nation. 

There was a national feeling in favour 
of British institutions which would do for 
British industry what the polytechnics 
were doing on the continent. It became 
accepted policy that higher technology 
should be incorporated into the new 
university colleges for the manager-techno­
logist. Therefore the most powerful argu­
ment for the new University Colleges was 
one based on their utilitarian value. Tech­
nology entered British Universities partly 
through a chance encounter of history and 
partly through the deep conviction among 
leaders of educational thought that scien­
tific and technical education should not be 
separated from liberal studies.l 

It must be conceded, despite the reforms 
carried out at Oxford and Cambridge, that 
the civic universities were much more open­
minded and ready to accept what to some 
appeared technological subjects of dubious 
academic value. Thus University College, 
London, was the first to pioneer engineering 
and after 1870 became the main teaching 
centre for this subject. Owens College under 
Roscoe developed a chemical research school 
along German lines. Leeds set up a Faculty of 
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Technology in which dyeing, chemistry and 
leather manufacturing were studied. Metal­
lurgy and mining were first studied at Sheffield. 
Further details of the introduction of techno­
logies are given in Appendix II. 

These institutions were founded as the 
result of the foresight and initiative of local 
merchants and manufacturers and learned . . ' 
societies such as the Literary and Philosophi-
cal Societies. The Council for the Higher 
Education of Women also played a notable 
P~rt. !hese local groups succeeded in their 
a1ms m spite of the lack of state support. 
~wen_s College, as pointed out earlier, owed 
Its existence to three donations of £100 000 
At L d ' . ee s the Yorkshire College was opened 
aft7r ~60,000 had been raised by public sub­
scnptlon, and £20,000 was collected to found 
the Newcastle College of Physical Science. 
Government b ·d · su s1 res can almost be ignored 
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in comparison. Some £15,000 of Treasury 
grants was distributed among the University 
Colleges in 1889. A Committee of Grants 
was formed for this purpose in 1903 by which 
time the grant was £27,000. In response to 
pressures the Treasury doubled its grant in 
1904. In Germany the Physikalische-Tech­
nische Reichsanstalt of Charlottenburg alone 
received a subsidy of half a million pounds. 
On average the German universities received 
70% of their income from the State. 

Owing to the munificence of Sir Josiah 
Mason, who contributed £200,000, Mason's 
College was opened in Birmingham in 1880. 
It was founded specifically for the purposes 
of advancing science and technology and 

to provide enlarged means of scientific 
instruction ... and to promote the pros­
perity of the manufactures and the industry 
of the country. 

Huxley spoke at the opening of the College. 
He asserted that England was reaching the 
crisis of the battle over education in which 
physical science was entering the arena as a 
third force in competition with ancient litera­
ture and modern literature. He commented 
on the opposition to scientific education and 
reiterated his plea for a wider definition of 
culture embracing both the Sciences and the 
Arts. Some of his remarks would not be 
inappropriate at the present time. 

How often have we been told that the 
study of physical science is incompetent to 
confer culture; that it touches none of the 
higher problems of life; that the continual 
devotion to scientific studies tends to 
generate a narrow and bigoted belief in 
the applicability of scientific methods to 
the search after truths of all kinds ... 
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Technology in which dyeing, chemistry and 
leather manufacturing were studied. Metal­
lurgy and mining were first studied at Sheffield. 
Further details of the introduction of techno­
logies are given in Appendix II. 

These institutions were founded as the 
result of the foresight and initiative of local 
merchants and manufacturers and learned 
societies. s~ch as the Literary a~d Philosophi­
cal Societies. The Council for the Higher 
Education of Women also played a notable 
p~rt. !hese local groups succeeded in their 
mms m spite of the lack of state support. 
?wen.s College, as pointed out earlier, owed 
Its existence to three donations of £100,000. 
At Leeds the Yorkshire College was opened 
aft7r ~60,000 had been raised by public sub­
scnptiOn, and £20,000 was collected to found 
the Newcastle College of Physical Science. 
Government subsidies can almost be ignored 
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in comparison. Some £15,000 of Treasury 
grants was distributed among the University 
Colleges in 1889. A Committee of Grants 
was formed for this purpose in 1903 by which 
time the grant was £27,000. In response to 
pressures the Treasury doubled its grant in 
1904. In Germany the Physikalische-Tech­
nische Reichsanstalt of Charlottenburg alone 
received a subsidy of half a million pounds. 
On average the German universities received 
70% of their income from the State. 

Owing to the munificence of Sir Josiah 
Mason, who contributed £200,000, Mason's 
College was opened in Birmingham in 1880. 
Jt was founded specifically for the purposes 
of advancing science and technology and 

to provide enlarged means of scientific 
instruction ... and to promote the pros­
perity of the manufactures and the industry 
of the country. 

Huxley spoke at the opening of the College. 
He asserted that England was reaching the 
crisis of the battle over education in which 
physical science was entering the arena as a 
third force in competition with ancient litera­
ture and modern literature. He commented 
on the opposition to scientific education and 
reiterated his plea for a wider definition of 
culture embracing both the Sciences and the 
Arts. Some of his remarks would not be 
inappropriate at the present time. 

How often have we been told that the 
study of physical science is incompetent to 
confer culture; that it touches none of the 
higher problems of life; that the continual 
devotion to scientific studies tends to 
generate a narrow and bigoted belief in 
the applicability of scientific methods to 
the search after truths of all kinds ... 



... For the purpose of attaining real 
culture, an exclusively scientific education 
is at least as effectual as an exclusively 
literary education. But, in the belief of the 
majority of Englishmen culture is obtain­
able only by a liberal education; and a 
liberal education is synonymous with one 
form of literature - that of Greek and 
Roman antiquity. The man who has 
learned Latin and Greek, however little, 
is educated; while he who is versed in other 
branches of knowledge is no more than a 
respectable specialist. The stamp of the 
educated man, the University degree, is not 
for him, ... 

Arnold tells us that the meaning of 
culture is 'to know the best that has been 
thought and said in the world' ... We may 
dissent from his assumption that literature 
alone is competent to supply this know­
ledge. Having learnt all that Greek, 
Roman and modern literature have to tell 
us, it is not self-evident that we have laid a 
sufficiently broad and deep foundation for 
that criticism of life which constitutes cul­
ture. Indeed neither nations nor individuals 
will really advance if their common outfit 
draws nothing from the stores of physical 
science. 

Nevertheless, I am the last person to 
question the importance of genuine literary 
education, or to suppose that intellectual 
culture can be complete without it. An 
exclusively scientific training will bring 
about a mental twist as surely as an 
exclusively literary training. 1 

1 Huxley, Science and Culture, pp. 1-23. 
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Science at Oxford and Cambridge 
Reforms at Oxford and Cambridge fol­

lowed the abandonment of traditional atti­
tudes and were part of a trend towards a more 
specialised scientific education. Some of the 
reforms also reflected the attitude of the body 
known as the Association for the Organisa­
tion of Academical Study which had adopted 
the following resolution with regard to re­
search: 

In any redistribution of the revenues of 
Oxford and Cambridge the chief end to be 
kept in view is the adequate maintenance 
of Mature Study and Scientific Research 
as with the view of bringing the higher 
education within the reach of all who are 
desirous of profiting by it. To have a class 
of men whose lives are devoted to research 
is a national object. That it is desirable, in 
the interests of national progress and educa­
tion, that Professors and special institutions 
shall be founded in the Universities for the 
promotion of scientific research. That the 
present mode of awarding Fellowships as 
prizes has been unsuccessful as a means of 
promoting scientific research. 

The natural sciences were now fully incor­
porated in the curricula. This put into effect 
the recommendations of the Devonshire 
Commission of 1872, namely, that scientific 
research was a prime function of the univer­
sities and that it was the duty of the univer­
sities to produce teachers and professional 
scientists. 

As mentioned earlier, Cambridge was not 
the first to recognise the value of experimental 
physics as a teaching and research subject. 
University College, London. and Owens 
College, Manchester, had been the first to 
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James Clerk MaxiVell (1831-79) 
First Professor of Experimental Physics at the 
Cavendish Laboratory, Cambridge. 

incorporate this subject in the 1860s. The 
Cavendish laboratories at Cambridge and the 
Clarendon laboratories at Oxford were not 
opened until the early 1870s. During the first 
quarter of the twentieth century however 
the Cavendish became the lead in'g research 
centre in physics. 

The origins of the Cavendish were charac­
teristic of the way things were done at the 
time. At Cambridge, the Natural Science 
Tripo_s comprisi_ng the subjects of botany, 
chemistry,_ ap~1 1 ed mechanics and physics 
had been ID existence si nce 185 1 _ yet there 
had be~n no experimental work in physics. 
A Synd~c.ate was appointed in 1868 to review 
the position and recommended the appoint-
ment of a professor the . . f ' provJsJon o a 
laborato ry and a stock of phy . 1 
52 Sica apparatus. 

Lord Ray leigh (1842-1919) 
Professor of Experimental Physics at the Cavendish 
Laboratory, Cambridge. 

The cost of the new building, £6,300, was 
entirely· borne by the Duke of Devonshire, 
Chancellor of the University, who also pro­
vided the apparatus. 

Clerk Maxwell , previously Professor of 
Natural Philosophy at King's College, 
London, when appointed to the new Chair of 
Experimental Physics at the Cavendish , con­
fessed to not having any previous experience 
of teaching experimental work. He was later 
to report: 

The Chancellor has now completed his 
munificent gift to the University by furnish­
ing the Cavendish laboratory with appara­
tus suited to the' present state of science '. 1 

1 Alexander Wood, The Cavendish Laboratory 
(C.U.P., 1946), p. 11. 



Suspicions - arising from the list of 
apparatus drawn up by Maxwell- that the 
laboratory was not really adequate for re­
search, are confirmed by the fact that his 
successor, Lord Rayleigh, was immediately 
struck by the inadequacy of the available 
apparatus. To remedy this situation Rayleigh 
inaugurated an Apparatus Fund to which he 
himself donated £500. Later Rayleigh was to 
give a further £5,000 for an extension to the 
laboratory. Maxwell's interests at the time 
were mainly theoretical and very little experi­
mental research was carried out under him. 
The success of the Cavendish was established 
by his successors, Rayleigh and J. J. Thomson, 
and its reputation reached its peak in the era 
1919-37 under Ernest Rutherford. Lord 
Rayleigh introduced undergraduate teaching 
in practical physics. Prior to this the labora­
tory catered only for those who had taken the 
Mathematical Tripos and who wished to 
change over to physics. 

When Rayleigh left the Cavendish in 1884 
for a Chair at the Royal Institution- a move 
which reflects the relative status of Cambridge 
and the Royal Institution- he had produced 
sixty research papers and the foundations of 
success had been laid. He was followed by 
J. J. Thomson, the discoverer of the electron. 
It was under his aegis that the University 
began the practice of allowing students from 
other universities to come to Cambridge and 
engage in advanced study and research. One 
of the first to do so was the young New 
Zealander, Ernest Rutherford, who came as 
an 1851 Research Exhibitioner. The Commis­
sioners of the 1851 Exhibition had set aside 
a sum of money from the proceeds of the 
Exhibition to furnish research students from 
the Colonies with grants of £150 a year. Only 
two out of a total of twenty-nine came to the 
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Cavendish in 1895, but during the years 1896-
192160outof103weretocome. By 1914the 
reputation of the Cavendish was sufficient to 
attract students from the Continent, America 
and the Dominions. 

Advances in Technical Education 

In the field of technical education an 
Act of Parliament had empowered local 
authorities to set up technical instruction 
centres. During the succeeding half-century 
technical education was to make considerable 
progress. In 1881 the first English technical 
college was opened at Finsbury by the City 
and Guilds Institution. This was followed in 
1885 by the opening of the Central Institute 
of the City and Guilds Institution at South 
Kensington. This was intended to be equiva­
lent to a German or Swiss Polytechnic, the 
students being prospective technical teachers 
or industrialists. By now the Education Act 
of 1870 had been in operation long enough 
for sufficient numbers of students with a 
reasonable standard of general education to 
be available. The report of a Royal Commis­
sion on Technical Instruction recommended 
in 1881 that metalwork, drawing and wood­
work be taught at Elementary level and that 
more science be taught at Secondary School 
level. The National Association for the Pro­
motion of Technical Education was formed 
in 1887 and two years later it published a 
survey of technical education in England. It 
found that the majority of teachers received 
little, if any, scientific instruction. 

Towards the end of the century two further 
Acts brought about an increase in the finances 
available for technical education. In 1889 the 
Technical Instruction Act empowered local 
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Finsbury Tee/mica/ College 

Founded in J 881 by the City and 
Guilds Institute, this was the first 

and most celebrated technical 
college in London. Compare its 

foundation with the Charlottenberg 
Institute. 

authorities to raise a penny rate, and in the 
following year the Local Taxation (Customs 
and Excise) Act enabled certain sums from 
customs and excise duties to be allocated to 
local education authorities. 

However, in 1904, Michael Sadler was 
compelled to draw attention to the elementary 
nature of a great deal of the work in technical 
education. Much of the emphasis was on 
evening work and unfortunately the standards 
and effectiveness, he said , of the evening 
Technical Schools were very low. The root 
cause of the trouble was that unlike the 
German polytechnics, the technical education 
movement in England was a imed, not at the 
production of the manageria l technologist, 
but at the production of a technica lly com­
petent 'rank and file'. 

By 1908 there were 23 polytechnics in 
London and 110 in the provinces. The staffs 
of these involved 300 chemists, of whom only 
a dozen or so were engaged in resea rch. Pro­
fessor Meldola called for a 'general recogni­
tion of research as an educational principle'l 
so that these polytechnics could become centres 
of scientific and technological research. The 
54 

teachers were overburdened with teaching 
duties and the atmosphere was not conducive 
to research. 

Professor Meldola concluded: 

That is one of the reasons why the poly­
technic movement has produced such a 
small effect upon the chemical industry ... 
A school of science which is not also a 
centre of research is bound to degenerate 
and become a mere cramming establish­
ment scarcely worth the cost of main­
tenance. 

The Board of Education in its Report of 1908 
la id the blame for the slow growth of technical 
education on the attitudes of industry, 
namely, the small demand for tra ined men, 

1 Raphael Meldola, 5th Annual Report of the Brit~sh 
Science Guild (19JJ) (quoted by Cardwell, op. Cit., 

p. 169). 



preference for the works-trained technologist, 
and prejudice against the 'college-trained' 
man. 

The number of full-time technical students 
per 10,000 population in 1900 was 12·8 in the 
United Sta tes of America, 7·9 in Germany 
and 5 in England. By 1914 there were some 
2,500 full-time students of engineering and 
technology in English universities and techni­
cal institutions. Nevertheless this was only a 
small fraction of the comparable figure for 
Germany. At the outbreak of the First World 

Charlottenburg Technical Institute 
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War technical education in England remained 
inferior in quantity and quality to its counter­
parts in Germany and the United Sta tes of 
America. 

Science in the Education of Adults 
Propagandists for science found two poten­

tial sources of mass audience who were eager 
to receive instruction in science; these were 
working men and the middle- and upper­
class women who were denied opportunities 

~~i~~~~lly : ounded as a technical school in 182 1, this became the Konig liclze Teclmisclze Hoclzsclwle in 1879, 
700 1~ Uildmg was constructed at a cost of half a million pounds. Heavily subsidised by the State -
eq Y9 of Its a nnua l running costs were provided from central funds- it possessed remarkable technical 
1 l~pment , and h~d professors in a wide spectrum of scientific a nd technica l subjects. It soon became the 
ea lllg technologica l inst itute in Europe. 
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for higher education. In addition to teaching 
the theories and discoveries of science, lec­
turers impressed on their audiences the cul­
tural significance of science and its importance 
to the state of the nation. Popular science 
lectures to large audiences became the vogue, 
audiences differing markedly from the genteel 
and influential character of those that Davy 
and Faraday had attracted at the Royal 
Institution. 

In 1867 the North of England Council for 
Promoting the Higher Education for Women 
had been organised. It invited James Stewart, 
a young Fellow ofTrinity College, Cambridge, 
to deliver a series of lectures on education at 
Leeds, Liverpool, Sheffield and Manchester. 
He chose instead to lecture on the History of 
Science. His lectures actually comprised 
aspects of astronomy, light, electricity and 
magnetism. Despite the formidable appear­
ance of such a course of lectures, Stuart actu­
ally lectured to enthusi_astic audiences of up 
to 100 women! 1 

included ·Jarge numbers of artisans 
women. 

and 

Continued Dissatisfaction 

The _socie~y of la_te Victorian England was 
becommg_ mcreasmgly professional and 
tecl:n~logical. The newly-created Scientific 
Societies reflected the tendencies of the a 

d d . h c ge 
an contraste Wit those formed in the d·t 
of Babbage. The emphasis was now 'ys 

. . d h on engmeenng an tee nology rather than 
h . h" h on t ose sciences w IC could be pursued b 

amateurs and dilettantes. The follow· y 
I . . . d" . Ing 

se ectiOn gives an m Icatton of the newer t 
of society. YPe 

Chemical Society . . 
Inst!tut!on of Mechanical En~ineer~ 
InstitutiOn of Gas Engineers . . 
Iron and Steel Institute. 
Physical Society . 
Institute of Chemistry . . 
Institute of Mining Engineers · 
Institute of Mining and Metallurgy. 

1841 
1847 
1863 
1869 
1874 
1877 
1889 
1892 

He followed this up with lectures to rail­
waymen at Crewe under the auspices of the 
Mechanics' Institute, and at Rochdale at the 
invitation of the Equitable Pioneers Co­
operative Society. Meanwhile, Henry Roscoe 
had organised a series of Penny Science 
Lectures for large audiences of working men. 
Huxley, too, was lecturing at the Working 
Men's College and the Working Men's Club 
and Institute in London. Others to pursue 
similar activities were Sir John Herschel, 
John Tyndall and Charles Kingsley. Thus, 

• Considerable industrial progress 11ad b 
d · "fi c een rna e; scienti c achievements were 

in the latter half of the century, science played 
an important role in the general education 
of adults. Science became so popular that by 
1890, 42% of the courses organised for adults 
by the universiti~s o_f Oxford, Cambridge 
and London were m science and the audiences 
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. . . · . many· 
society was becommg Increasingly • p r ' . 1. d' y ro,es-
siOna I_se : et ~here remained those who 
were di~satJsfied With the slow rate of progress. 
They did not look at the state of science d 
. d . h an 
m ustry wit any great satisfaction but look d 
outwards at the Continent and at Amer· e 

d h ·~ an came to t e conclusion that 'what mi h' 
h b ' . "fi g t ave een was more sigm cant than • what 
was'. 

T~e controversy ~ver state intervention 
contmued and the VIew still prevailed that 

1 T. Kelly, A History of Adult Education in Gre 1 
Britain (Liverpool U.P., 1962), pp. 219-20. a 



science was best done by amateurs. The 
Astronomer Royal, for example, commented: 

I think that si1ccessful researches have in 
nearly every instance originated with 
private persons, or with persons whose 
positions were so nearly private that the 
investigators acted under private influence, 
without incurring the danger attending 
connection with the State. Certainly I do 
not consider a Government is justified in 
endeavouring to force, at public expense, 
investigations of undefined character, and, 
at best, of doubtful validity: and I think 
it probable that any such attempt wilt" lead 
to consequences disreputable to science. 
The very utmost, in my opinion, to which 
the State should be expected to contribute, 
is exhibited·in the large grant entrusted to 
the Royal Society .1 

The 'large grant' referred to was the annual 
distribution of £4,000 of government money 
by the Royal Society. Until 1914 this was· to 
remain the only external source open to the 
universities for financing research. The Earl 
of Craufurd, likewise, was of the opinion 
that: 

It Is not at all desirable that the British 
tax-payer should be required to put his 
hand in his pocket to provide salaries for 
gentlemen who might be working rightly 
or wrongly. He could not control them, and 
while there are such a body of amateurs in 
the country, I think the researches may be 
very well left to them. 2 

1 The English Mechanic, no. 831 (1881), pp. 586-7. 
~ I bid., no. 830 (1881 ), p. 560. 
3 Gore, The Sciellfi/ic Basis of National Progress, 

p. 194. 
~ Gore, op. cit., p. 203. 
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One objection to state endowment of scien­
tific research was that posts would be created 
and filled by persons of little ability desiring 
an easy occupation. To obviate this George 
Gore, Principal of the Birmingham Institute 
of Scientific Research, proposed that: 

Provision should be made, that in case 
a professor persistently failed to make, 
complete or publish his researches, or 
devoted less than the stipulated amount of 
time to such labour in the institution with­
out reasonable cause, he should be re­
moved.3 

In assessing the causes for the absence of 
scientific research Gore gave among his 
reasons one which is commonly cited today: 

For each single man who can discover, 
th~re exist many who can teach. But with 
teaching in addition to research, and all 
the usual educational machinery - lec­
tures, apparatus, pupils, registration of 
students, receipt of fees, examinations and 
marking of papers- it is the testimony of 
nearly every teacher in science, that he ·has 
no time for research' .4 

Gore drew attention to what he considered 
were grave anomalies in society. The Royal 
Institution, for instance, spent only some 
£250 a year on scientific research whereas the 
annual expenditure of the British and Foreign 
Bible Society amounted to over £200,000. A 
bishop, he said, was paid £10,000 a year, a 
general £3,000, but Faraday's official salary 
at the Royal Institution had been a mere £200 
a year. The distribution of £4,000 a year by 
the Royal Society was not good enough. 
Further, it was not used in the most efficient 
manner: 
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It is not the pure sciences, but the con­
crete and applied ones, such as meteoro­
logy, geology, and natural history ... 
which have received the greatest degree of 
support from our Governments .... The 
men we reward the highest are not those 
who discover knowledge, but those who use 
it or apply it; ... all of them gentlemen 
who render great service to the nation by 
using, diffusing, and applying knowledge 
already possessed.1 

Another critic held the view that money 

might be best applied in establishing in the 
great centres, physical and chemical labora­
tories such as that which the Duke of 
Devonshire has established at Cambridge. 2 

Gore, like Playfair, pointed out that in the 
long run the national economy depended on 
the successful pursuance of scientific research. 
The emphasis on the applications of science, 
while rewarding in the short-term, would 
eventually lead to the decay of the foundations 
of science and technology, i.e. of research in 
'pure' science. 
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There is uneasiness at present respecting 
our ability to maintain our position in the 
race of progress and as our future success 
as a nation depends largely upon science, 
it is desirable to call attention to the great 
public importance of new, scientific know­
ledge ... By the neglect of scientific in­
vestigation we are sacrificing our welfare as 
a nation. The greatest obstacle to the dis­
covery of new knowledge lies in a wide­
spread ignorance of the dependence of 
human welfare on scientific research ... 
Science is fast penetrating into all our 
manufactures and occupations and those 

who are unscientific will have much less 
employment and will be left behind in the 
race oflife. England will also be compelled, 
by the necessities of human progress and 
the advance of foreign intellect, to deter­
mine and recognise the proper value of 
scientific research as a basis of progress. 
National superiority can only be main­
tained by being first in the race, and not by 
buying inventions of other nations ... 
Scientific research is not pursued because 
scarcely a member of the legislature is fully 
acquainted with the national importance of 
scientific discovery .... It is not pursued 
because of the 'practical' mind of the 
English ... The intense desire which exists 
in this country for 'quick returns' has 
shown itself in the much greater readiness 
to aid technical education than to promote 
permanent progress by scientific research. 3 

Not only did economic progress depend on 
science but moral progress also, argued Gore, 
ultimately depended on the diffusion of 
science. Science, he claimed, invited the 
sympathies of different nations; increased 
friendly feelings between them; diminished the 
probability of war! 

The extension of new scientific knowledge 
is influencing morality and gradually re­
ducing the selfishness of mankind:' 

Sir Humphry Davy had earlier stressed the 
importance of the moral aspect of science. 

The origin, as well as the progress and 
improvement, of civil society is founded in 

1 Gore, op. cit., 54-57. 
2 Dr. Robinson, in the English Mechanic, 17 Aug. 

1881, p. 83. 
3 Gore, op. cit., pp. 34-55. 
4 Ibid., p. 135. 



mechan!cal and chemical inventions. The 
companson of savage and civilised man 
demons~rates ti:e triumph of chemistry and 
mechamcal phllosophy as the causes not 
only of physical, but ultimately even of 
moral improvement. 1 

Spencer and Huxley were among others 
who took the same line. Such an argument, 
no do~bt, ~ad a ~trong emotional appeal to 
late Y1ctonan soc1ety. Thus in his Essays 011 

Controversial Questions Huxley included one 
on 'Science and Morals'. Spencer claimed 
~hat scien?e.was as good as languages not only 
~n the trammg of memory and cultivating of 
JUdgment but also in inculcating moral 
discipline. 

Not only is science best for intellectual 
discipline, it is also best for moral discipline. 
The discipline of science is superior to 
ordinary education because of the religious 
culture that it gives. Thus to the question 
we set out with ... What knowledge is of 
most worth? The uniform reply is science 

1 Davy, Consolations of Tra1•el, p. 242. 
0 H. Spencer, Education: Intellectual, l\1oral and 

Physical ( 1861 ; Watts & Co., 1934), p. 49. 
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... Yet this study immensely transcending 
all other in importance is that which in an 
acre of boasted education, receives the least 

eo 
attention. 2 

That Gore was merely destructive in his 
criticism could not be claimed even by his 
worst critic for he outlined a programme of 
reforms, nearly all of which have been adopted 
in the present century. To administer and 
foster science, he claimed, a Minister of 
Science with sound scientific knowledge and 
a Scientific Council were needed. The State 
should maintain laboratories of scientific 
research. National and provincial colleges 
should be set up- the former supported by 
the State and the latter by local authorities­
in which the pursuance of scientific research 
would be the principal object. Finally, he 
called for the incorporation of original re­
search in the requirements for science degrees 
along the lines of the German Ph.D. system. 

Needless to say none of Gore's reforms 
was immediately implemented. Twenty years 
later, Sir Norman Lockyear, in his Presiden­
tial Address to the British Association, could 
still point to the neglect of science in the 
schools and universities and to the general 
absence of scientific research. 



Chapter Four 

1914-39 STAGNATION 

In the conditions of modern life the rule 
is absolute: the race which does not value 
trained intelligence is doomed. Not all your 
heroism, not all your social charm, not all 
your wit, not all your victories on land or 
at sea, can move back the finger of fate. 
Today we maintain ourselves. Tomorrow 
science will have moved forward one more 
step, and there will be no appeal from the 
judgement which will then be pronounced 
on the uneducated.1 

IT was to become increasingly clear as time 
went on that society was to be dependent on 
science and technology not only for its mili­
tary capability but also for its material pros­
perity. Nations would be forced to compete 
with one another in the spheres of scientific 
research and technical expertise. 

The First World War soon showed how 
inadequately prepared and inefficiently organ­
ised British industry was for supplying the 
arms necessary to defeat an adversary such as 
Germany. Jolted out of lethargy by the war 
the British Government energetically, if not 
very effectively, tackled the problems of 
organising industry and of harnessing techno­
logical manpower. 2 This spirit of urgency just 
as quickly evaporated with the winning of the 
war. 

In the twentieth century Russia and China 
have revealed how rapidly societies can 
change under the impact of a technological 
re~ol~tion. England, having accepted in 
prmciple the need for science and technology, 
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was very slow in adapting to make effective 
use of them. Paradoxically, therefore, while 
progress was ~apid. compared with past 
achievements this penod could with justifica­
tion be claimed to be one of relative stagna­
tion. 

To be sure, England at this time was psycho­
logically too complacent and too hidebound 
by tradition _to ~ove forward purposefully 
towards a scientifically based society. What 
occurred was, as a result, a series of tentative 
and isolated reforms rather than the gradual 
unfolding of some overall strategy. 

The greatest gains were made in the educa­
tional field. The teaching of science became 
as important as more traditional subjects in 
the Grammar Schools, and the elements of 
science were even taught in Elementary 
School~. A~ the universities science, technology 
and scientific research became increasingly 
important. Indeed, four-fifths of the research 
carried out in this country at the outbreak of 
the Second World War was conducted within 
the universities. 

With the exception of those of outstanding 
ability, mainly the 'scholarship boys', the 
universities remained the domain of those 

1 A. N. Whitehead, 1916 (quoted m M. R. Argles, 
op. cit., p. 137). 

• 'The employment of scientists for war purposes 
in the First World War was a very haphazard business. 
Most of the young scientists who joined ordinary 
combatant units, were sorted our afterwards, if at 
all.' Sir George Thomson, J. J. Thomson and the 
Cm•endish Laboratory (Nelson, 1964), p. 146. 



who could afford it. However, the 'ladder' 
to the university that Huxley spoke of was 
being created. Even so, since the 'scholarship 
boys' formed a small minority of the school 
population the ladder was designed to allow 
only a few to rise via the Grammar Schools 
and the new County Secondary Schools. 

Unfortunately the opportunities available 
to scientists and technologists after qualifying 
remained limited and even the first-class 
honours graduate frequently had to become 
a Primary School teacher. The high standard 
of science teaching at all levels of British 
education was, as in the nineteenth century, 
a consequence of the lack of research facilities. 

The Doctrine of University Auto­
no-my 

During this period the Government was 
increasingly compelled to assist in the financ­
ing of university education and research. 
Even so, of a total income of nearly £5 million 
in the session 1934--5 the Treasury contribu­
tion amounted to only 32%, a further 10% 
coming from local authorities. The univer­
sities were still dependent on endowments to 
the extent of some 14% of their total income.1 

Like the people of Manchester (see Chapter 
Two) who, on being refused a grant by Glad­
stone, decided to raise the money themselves 
so as' to be free from government interference' 
and then failed to obtain sufficient funds by 
subscription, the universities, having adopted 

1 J. D. Bernal, The Social Function of Science 
(Routledge, I 942), p. 420. 

2 Sir Walter Moberley, The Crisis in the Unil•ersity 
(S.C.H. Press, 1949), p. 243. 
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the principle of autonomy, were ~ik~wise 
handicapped by the lack of funds. It IS mter­
esting to note that the income from endow­
ments at Cambridge equalled that of the 
State contribution, while for Oxford endow­
ments even exceeded state aid. The average 
endowment for all other universities amounted 
to only a quarter of those of Oxford and 
Cambridge. 

The bogy of State-interference has been 
much overworked. There are other forms 
of interference more sinister, and in Great 
Britain and America at least, more com­
mon: and these are often tolerated by 
academic tories. Indeed, the State may 
approach the universities as a rescuer 
rather than a dragon. Indeed the dogma of 
freedom from external interference may be, 
and in the past often has been, used to deny 
internal freedom ... State action is truly a 
'hindrance of hindrances'. It does not 
stifle, but augments or even creates free­
dom. To raise the standard of' autonomy' 
against such intervention would be hypo­
crisy.2 

Treasury grants had been formerly admini­
stered by a body called 'An Advisory Com­
mittee'. In 1919 this was changed to the 
University Grants Committee which was 
charged 

to enquire into the financial needs of uni­
versity education in the United Kingdom 
and to advise the government as to the 
application of any grants that may be made 
by Parliament towards meeting them. 

When, in 1922, Oxford and Cambridge 
first applied for government grants a Royal 
Commission found that Oxford 
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had not played a full part in science educa­
tion, and that the proportion of science 
teachers and research students was not 
large enough for a university of its size. 
The report, pointing out that the system of 
college laboratories was uneconomic and 
wasteful, called for a greater degree of 
centralization. 

The Cavendish at Cambridge meanwhile 
went from strength to strength under Ernest 
Rutherford's leadership. During the session 
1927-8 fifty-three papers were published and 
in 1931-2 sixty-four. In the year 1958 twenty­
one Chairs of Physics at British universities 
were held by former Cavendish men and in 
the Dominions twenty-two. An important 
development had occurred since the war­
the adoption of the German Ph.D. degree. In 
this country it was awarded to the holder 
of a first degree who successfully pursued 
original research for a period of several year~. 
By 1929 there were thirty-seven of these 
research students at the Cavendish. These had 
come from many countries, having, like 
Rutherford, been attracted by the reputation 
of the Cavendish. 

Rutherford himself appealed for greater sup­
port for universities. 

We may confidently predict an acceler­
ated ra~e of progres~ of scientific discovery 
beneficml to mankmd ... It is necessary 
~ha~ o~r universities and other specific 
mst1tutwns should b~ liberally supported 
so as not only to be m a position to train 
adequately young investigators of promise, 
but also to serve themselves as active centres 
of research. 

Science, Technology and U · . E . ' ruver-Slty xpanszon 

The emergence of new universiti"es . d h 
· f h cln t e expansiOn o t e student populatio t . 

If t . 1 . n nggered o con rovers1es w 11ch were to b .~ . 
the fifties and sixties. e revived In 

There was opposition to unive "t 
. h rsi y expan-Sion on t e grounds that it would 1 

lowering of standards. ead to a 

As education advances the g 1 f · d · · ' enera level o trame mtelligence rises b t 
r t 1 . h • u not un-
J or unate y, Wit the result f ' . 

d 0 producmg more an more of the really fi t 1 A h. hi rs c ass Ig y competent mediocrit . . ... 
d t . Y IS c1 real anger o a nation, and abov . II 

· · e d to '1 umvers1ty. For the more com ' ' 
widely distributed that mediocr"tpebtent and 
h · {i 1 Y ecornes t e more It ears and resents th 1 . ' 

·b ·. . osew1orrse a ove It, a latent but 1neradic·tbl 
· b . ' e antagon-Ism etween mediOcrity and U' (" . 
inevitable. I q d Ity IS 

One of the difficulties of relying on private 
endowment was that the head of a department 
used up valuable time in seeking finan~ial 
support. On two occasions at the Cavendish, 
Rutherford required large sums. These he 
needed for building a special laboratory for 
the Russian physicist Kapitza and for an 
urgently needed extension to the Cavendish. 
He was fortunate in obtaining £15,000 and 
£250,000 respectively from the industrial­
ists Ludwig Mond and Lord Austin. Pro­
fessors of lesser repute would possibly not 
have been so successful in raising the money. 
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Those who know our universities best 
are haunted by the fear that a democratic 
enthusiasm, as genuine as it is ill-formed, 
may result in an attempt to increase the 
quantity of university education at the 
expense of its quality. 1 

This should be a period of retrenchment 
and reform: it should not be a period of 
further expansion ... one cannot but de­
precate the attempts that are being made to 
found universities up and down the country 
... if matters continue as they are at 
present we are promised a spate of new 
universities. These will lower the standard 
of education in the universities that are 
already in being. 2 

Other critics saw the universities becoming 
merely vocational factories producing large 
numbers of graduates who had benefited only 
to the extent of obtaining degrees enabling 
them to earn a livelihood. 

Admiration for German universities which 
had ceased after the outbreak of war in 1914 
had been replaced by a respect for the Ameri­
can universities. Ramsay Muir 3 pointed out 
that Iowa, with a population of only 2 million, 
had as many universities as England, and that 
Iowa State University was larger than Oxford 
and Cambridge combined. He also drew 
attention to their 'immense facilities for re­
search in every subject bearing upon industry'. 

1 E. Barker, Uni1•ersities in a Changing World, ed. 
W. M. Kotschig and E. Prys (O.U.P., 1932), p. 119. 

2 Sir Charles Grant Robertson, The British Unil•er­
sities (Benn, I 930), p. 75. 

3 R. Muir, America the Golden: An Englishman's 
Notes and Comparisons (London, 1927), pp. 27-3 I. 
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British universities were also turning, albeit 
rather more slowly, to new technologies. 
Thus Industrial Administration and Photo­
graphic Technology were taught at Mall:ches­
ter, Brewing at Birmingham, Aeronauttcs at 
Cambridge, Gas Engineering at Leeds, Glass 
Technology at Sheffield, Oil Technology at 
Birmingham and London. Naval Architec­
ture, Leather Manufacture, Town Planning 
and Dairy Bacteriology were also taught. 
Hence in Britain, too, by 1939 there were 
facilities for research in every subject bearing 
on industry. By 1935-6, Professor Bernai·1 

calculated that there were 600 academic posts 
in technology at English universities, and that 
there were 339 full-time students and 80 part­
time students doing work at the post-graduate 
level. This did not come about without 
opposition. Flexner 5 considered that 'this 
technical development was deplorable' and 
Sir Ernest Barker 6 commented on 'the 
danger of technical zeal' and rema~k:d t?at 
it was a' great mistake to blur the dtstmctiOn 
between university and technical college'. 

The industrial depression aggravated what 
was already a serious shortcoming- the 
dearth of opportunities for scientific researc?. 
In such circumstances the Arts were a btg 
attraction and this was reflected in the dis­
tribution of new Chairs created between 

·'Bernal, The Social Function of Science, p. 417. 
Distribution of posts was now: 

Arts . 1,570 (i.e. Sciences and Techno-
Sciences 994 logy exceeded the Arts) 
Technology 623 
Medicine . 533 

5 Flexner, op. cit., pp. 255-6. 
G Barker, op. cit., p. 119. 
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Thomson and Ruthe1jord 

Sir J . J. Thomson, discoverer of the electron seen 
wi th Ernest Rutherford , his most famous pupil. 
Rutherford, Thomson's successor as Professor of 
~xperin:enta l Physic~ at the Cavendish, crea ted an 
mternat10nal reputation for himself as a leader of 
research physicists. 

1925 and 1930. Of seventy-one new Chairs 
four only were in technology, fifteen were in 
mathematics and science and thirty-nine in 
the Arts . 1 

TABLE 4.1 2 

University Population 
Stagnation in science is clearly brought out 

in the following table. 

No. of science 
students 

No. of technology 
students 
TOTAL no . in a ll 

fac ulties 
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1922-3 1938-9 

5,970 (19·3%) 6,061 (16·2%) 

3,882 (12·5%) 4,217 (11 ·3%) 

31,079 37,433 -

Thus, while the to ta l number of students 
at English universities increased at the rate 
of I% per annum (sa id by some to be a cop­
ious invasion), the numbers of students study­
ing science and technology remained virtually 
stationary. 

The status of science a t all levels in the 
educational system was unsatisfactory. J. J. 
Thomson in 191 8 had been appointed Cha ir­
man of a Roya l Commission to examine the 
positi on of science a nd he concluded that 
science did not 

occupy in our system of education a place 
commensurate with the influence on human 
thought and on the progress ofcivilization.3 

The Growth of Technical Educa­
tion 

The other ascending lad der of education 
involved the technical colleges a nd poly­
technics. By 191 8 the pattern of technical 
educat ion in this country had been well 
established- part-time evening instruction 
plus practical experience in industry - and 
by 1921 there were 22,000 students attending 
technical colleges. To satisfy the need for a 
nat ional qualification in technology (other 
than a degree) the National Certificates and 
National Diplomas were instituted. These 
provided a qualification for the technician 
which would be acceptable to industry. They 
were immedi ately successful and during the 
twenties the number of awards trebled. But 

1 Argles, op. cit. , p . 75. 
2 Ibid. , p. 74. 
3 Si r George Thomson, J. J . Thomson {md the 

Cavendish, p. 163. 



technical education had by this time degener­
ated to the status of a poor relation of other 
forms of education. In 1926 a Board of 
Education Report 1 drew attention to the lack 
of facilities and amenities. The familiar com­
plaint that technical education was being 
hampered by industry's attitude was contin­
ually reiterated. Firms were not interested in 
the education of their employees and the few 
firms that took an interest were only inter­
ested in part-time evening instruction and not 
in the newer day-release schemes. The follow­
ing impressive figures, which taken by them­
selves implied an enormous expansion, really 
hid the unsatisfactory rate of progress. 
Industry was complacently satisfied with the 
existing supply of technical manpower. 

1909. 
1938. 

Full-time 
students 

4,000 
42,000 

Part-time 
students 

750,000 
1,280,000 

Govern~nent and Scientific 
Research 

The main feature of government interven­
tion into the scientific field during this period 
was the creation of government research 
laboratories. They came under the control of 
a new government agency, the Department of 
Scientific and Industrial Research, which in 
its first year of existence ( 1916) distributed 
£330,000. It came into being as a result of a 
White Paper published in 1915. This an­
nounced a 'Scheme for the Organisation and 
Development of Scientific and Industrial 

1 Sun•ey of Technical and Further Education in 
England and Wales (H.M.S.O., 1926). 
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Research'. A Committee ofthe Privy Council 
was formed to 

l. Institute specific researches. 
2. Establish institutes for applied science. 
3. Establish research fellowships. 

The Committee found that industry was fre­
quently unable to finance research and that 
it needed large organisations to tackle many 
problems. The White Paper commented: 

It is obvious that the organisation and 
development of research is a matter which 
greatly affects the public educational system 
of the Kingdom. A great part of all research 
will necessarily be done in universities and 
colleges aided by the State and the supply 
and training of a sufficient number of young 
persons competent to undertake research 
can only be secured through the public 
system of education. 

The D.S.I.R. advised the setting up of 
numerous research bodies. These are listed 
below along with the year in which they came 
into existence. 

TABLE 4.TI 

Govemment Research Bodies 

Fuel Research Board 1917 
Fuel Research Station 1918 
Food Investigation Board 1918 
Low Temperature Research Station 1919 
Building Research Board . 1920 
Forest Products Research Board 1921 
Chemistry Research Board 1922 
Water Pollution Research Board 1927 

By 1939 the D.S.I.R. was spending nearly 
£1 million on grants for research purposes 
and for maintaining establishments such as 
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the National Physical Laboratory, the Chemi­
cal Research Laboratory, and the Geological 
Survey and Museum. It also supported twenty­
two industrial Research Associations, in 
addition to the Medical Research and Agri­
cultural Research Councils which had been 
created in 1913. 

However, the financing of research, other 
than that carried out in government estab­
lishments, was not entirely satisfactory. A 
Parliamentary Committee on Science had put 
forward a proposal for an Endowment Fund 
for scientific research. This 

was rejected on the grounds that it would 
be unwise to subsidize research to a greater 
extent than industrialists were themselves 
willing to contribute and secondly that the 
principle of endowment was inherently 
unsound. 1 

It was pointed out earlier that Rutherford 
was enabled to finance two major projects at 
the Cavendish as a result of the generous 
support of two leading industrial figures. 
Professor Bernal was highly critical of this 
~eth?d ?f fi.nancing research and gave an 
lllum~natmg msight into what this principle 
of pnvate endowment meant in practice. 
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Under modern conditions private bene­
volence is th~ w?rst ~ethod of financing 
r~search. It IS h1ghly megular in its in­
Cidence and largely unpredictable in its 
amount ... from whatever motive the 
sums are given, the existence of large donors 
or ~ot~n.tial don~m ~sa standing temptation 
t? IndiVIdual sc1ent1sts or groups of scien­
tists to intrigue for a share of these gifts. 
!he money does not go in general where it 
IS most needed, but to those who are most 

skilled in the art of extracting money from 
the wealthy. The present method of financ­
ing research is not one that has been 
deliberately conceived, it has grown up as 
an accumulation of expedients for different 
developments as they arose. Its complexity 
and inefficiency is due largely to the fact 
that it has never been reviewed as a whole. 2 

A characteristic example of the way in 
which research was all too often conducted 
in this period was the discovery of penicillin. 
Originally discovered by Alexander Fleming 
in 1929, it was reinvestigated later by Sir 
Howard Florey and Dr. E. Chain at the Sir 
William Dunn School of Pathology. 

The original laboratory plant for making 
penicillin was a remarkable Heath Robin­
son contraption, involving a household 
bath, a milk cooler and numerous milk 
churns. With this, however, the Oxford 
workers established how to 'brew' peni­
cillin and how to concentrate it. Industrial 
chemists took those established principles, 
and proceeded to transform the process 
out of all recognition. 3 

Research in Industry 

There had been great expectations in the 
industrial world following the creation of 
the industrial research associations during the 
First World War. Although by 1939 these 
had increased in number to twenty-two their 

1 Bernal, The Social Function of Science p. 318 
2 Bernal, op. cit. pp. 416-19. ' · 
3 W. E. Dick, Biochemical Industries taken from 

A Century of Technology, ed. P. Dunsheath (Hutchin­
son's Scientific and Technical Publications), p. 193. 



expenditure on research remained disappoint­
ingly small and they did not live up to their 
early promise. The expenditures of some of 
these during 1936 are cited in Table 4.Ill. 

TABLE 4.III 

Industrial Research Associations 

British Cast Iron Research Asso-
ciation . £13,000 

Research Association of British 
Flour Millers £7,000 

British Non-Ferrous Metals Re-
search Association. £25,000 

Linen Industry Research Associa-
tion £15,000 

Research Association of British 
Rubber Manufacturers . £7,000 

Source: Industrial Research Laboratories 
(Allen & Unwin, 1936). 

Industrial Research Laboratories provides a 
further list of 23 firms employing some 159 
research staff and a total annual research 
expenditure amounting to some £120,000. An 
indication of the small sums involved is given 
by the fact that three major firms- Edison 
Swan Electric Company, Glaxo, and British 
Drug Houses - spent respectively £3,000, 
£10,000 and £1,500 on research in 1936. At 
this time the number of factories in England 
was in the region of 160,000; these employed 
some 5 million workers. Their contribution 
to research amounted to 23 research labora­
tories and 160 research staff. It must be 
admitted that these figures are very much on 
the low side, for not all the research labora­
tories were listed. Nevertheless they give some 

1 Bernal, op. cit., p. 430. 
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indication of the orders of magnitude in­
volved. 

Bernal estimated that government grants 
to Research Associations for specific tasks 
amounted to £400,000 and the estimated 
economies amounted to £3,200,000 annually 
which meant an 800% return on money in­
vested.1 

It has been said that industry's part in 
scientific research between the wars was small 
compared to that of the universities and the 
government agencies. Tables 4.1V and 4.V 
give some indication of the relative scientific 
activity in this period. In the industrial con­
tribution allowance must be made for the fact 
that much of the industrial research was state 
financed and therefore industrial research 
directly sponsored by private industry must 
have been correspondingly smaller. 

Research Expenditure 

One item of research expenditure has been 
of increasing importance in the era following 
the Second World War, namely, expenditure 
on defence research. 

Already in the 1930s this item accounted 
for a considerable proportion of the total 
expenditure on research -in 1934, for 
example, it amounted to one-third of the 
whole. 

Bernal pointed out that the figure of £2 
million for independent research is a very 
approximate one and could be in error by as 
much as 50%. Nevertheless, it is true that with 
the imminence of war in the late thirties there 
was a marked increase in independent re­
search. 

Sir Julian Huxley in Scientific Research and 
Social Needs estimated that the total spent 
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TABLE 4.1V 1 

Scielllific and Technological Research 

Number of research papers appearing in four 
leading scielllijic journals and four leading 
technological journals selected for 1924, 1929, 

Scientific 
journals 

TechnoloJ?il'al 
-;_ "-~7'-~Y 

(~''-'-!!""~-'-"~~-
- '·. ;-.- •. 

1932, 1936 

. I Govern-~ Academrc·l t Industry 
I . men 

I ---
, 

1,144 63 28 

(_(_(_ 
, _ _,~ ,..,~~-

...,::_L ... _-..·_-. )?,~, 157 

1 Bernal, op. cit., p. 425. 

on research in this country was £4 million 
to £6 million. This, he pointed out, was 
only 2% of the amount spent on drink, 
3% of that spent on tobacco and 12% of that 
spent on gambling. This was during the non­
affluent days of 1934. Further, it represented 
only 0·1% of the National Income whereas 
expenditure in the United States of America 
and U.S.S.R. was respectively £50 million 
(0·6% of the National Income). and £36 
million (0·8% of the National Income). 

In the heyday of Victorian prosperity 
George Gore had declared, 

In this country we have devoted ourselves 
relatively too much to the pursuit of money 

TABLE 4.V 2 

Research Expenditure 1934 

Universities, learned societies, 
independent foundations 

Gol•ernment financed 
Defence services . 
Industrial research 
Medical research . 
Agricultural research 

Industrially financed 
r("ltttr-i~u(int\5 to J(c~can.:h 

/t~~(Jcr"ations 
Jndepcndcnt Research 

£1,500,000 

£2,000,000 
600,000 
150,000 
200,000 

200,000 
2,000,000 

TOTAL £6,650,000 

--------- ---------
2 Bernal, ibid., p. 63. 

and too little to the pursuit of knowledge. 
The desire for wealth in this country is so 
great, that probably nothing but a loss of 
that wealth will ever make us properly 
encourage the pursuit of new knowledge. 

Our industrial pre-eminence had really been 
lost in the closing years of the nineteenth 
century. It was not, however, until the fifties 
and sixties of the twentieth century, when 
countries such as Japan and Italy in addition 
to Britain's traditional competitors became 
economically more prosperous, that the truth 
of Gore's prophecy became sufficiently appre­
ciated. 



Chapter Five 

THE WAR AND AFTER · A NE\V AGE 
FOR SCIENCE 

Science, Technology and National 
Prosperity 

No school speech day, village fete or political 
meeting in these days is complete without 
some speaker referring to Britain's future 
dependence on science and technology. This is 
not entirely new. What is, however, character­
istic of the present time is the total acceptance 
of this thesis at all levels in society. Sir Leon 
Bagrit in his 1965 Reith Lectures commented: 

It is essential for our future national 
prosperity in Britain that we should 
modernize this country by spreading an 
understanding of the most advanced forms 
of technology as rapidly as we can and 
throughout the whole of our society. We 
must somehow induce industrial concerns 
to adopt these new techniques quickly and 
intelligently, and we must make sure that 
our universities, our technical colleges, and 
our schools are mobilized to produce the 
people with the background, the training, 
and the inclination which is necessary to 
bring this about. We must also see to it 
that the correct political decisions are taken 
to make it easier, not more difficult, to 
realise these aims. 

-words that few would dissent from but 
which yet raise a host of problems. 

The recognition of the association between 
science, technology and national prosperity, 
now universal, has been the result, as Gore 

predicted (see Chapter Four), of Britain's 
declining economic power relative to other 
nations. The effect of this was aided by the 
intensive propaganda in favour of science and 
technology during the fifties. In this cam­
paigning Lord Snow and Lord Bowden filled 
the roles formerly occupied by Playfair and 
Huxley. 

In his advocacy of the idea that the econo­
mic strength of a country depended on the 
efficiency of its technology, Lord Todd, in 
the thirteenth Dalton Lecture of the M anches­
ter Royal Institute of Chemistry, warned that 
expenditure on scientific research was increas­
ing at the rate of 15% per annum and that 
this could not continue indefinitely without 
a corresponding growth in the national pro­
duct. The political parties in the British 
General Election of 1964 vied with one 
another in their claims to be the party best 
suited to create the new 'scientific Britain'. 
A great deal of this political interest in science 
and technology stemmed from Mr. Harold 
Wilson's speech to the Labour Party Con­
ference at Scarborough in 1963. In a speech 
during the election he said: 

Our failure to develop science and 
technology is leading to a mass sell-out 
to foreign concerns ... Britain, once the 
workshop of the world, is becoming the 
dumping ground for the products of over­
seas industries that are just that bit quicker 
in getting off the mark than we are.' 
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Failure, if such there had been, had not 
been one of intent, it seems, for in 1956 a 
Government White Paper had declared: 

The aims are to strengthen the founda­
tions of our economy, to improve the 
standards of living of our people and to 
discharge effectively our manifold res­
ponsibilities overseas. Success in each case 
will turn largely on our ability to secure a 
steady increase in industrial output, in 
productive investment, and in export of 
goods and services of the highest quality 
at competitive prices. 1 

And, it went on: 

If Britain fails to meet the demand for 
scientists to which an increase of product­
ivity will give rise, and on which it de­
pends ... there is little hope of our remain­
ing a great power or even of our paying for 
the imports needed to sustain our economic 
life.2 

During the nineteenth century unfavour­
able comparisons were usually drawn bet­
ween Britain on the one hand and France, 
Germany and America on the other. To these 
economic rivals have now been added Russia, 
Japan and Italy. According to Lord Snow: 
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There is something wrong with us. For 
I 938 let us take the national product as 
100. In the United States it has gone up to 
225, West Germany 228, in the O.E.E.C. 
countries to I 65 but in Britain only to 150. 
For 1950 take the base 100. West Germany 
has jumped to 225, France 170, Italy 202, 
O.E.E.C. countries to 164 but Britain only 
to 129. 3 

One of Britain's failures to act decisively 
has been in the field of computers and many 
see this example as symptomatic of Britain's 
ability to invent being offset by failure to 
develop. Professor Stanley Gill, of Imperial 
College, London, called this failure to develop 
computers 

the biggest national tragedy of the century 
... whereas in 1950 we were leading the 
world in this subject we have completely 
and bitterly failed to rise to the occasion. 
We are now even falling behind the rest of 
the Western world in the rate we are 
developing and exploiting computers. 

The following table illustrates this state of 
affairs. 

TABLE 5.[ 
Computers per million population, 1964 

U.S.A. 240 West Germany 46 
Switzerland 80 Denmark 44 
Sweden 59 Belgium 43 
France 56 U.K. 28 
Norway 49 

The 'computer scandal' had its parallel 
in the development of synthetic dyes in the 
nineteenth century and is merely one example 
of what many interpret as indecision and lack 
of purpose in the technological world. 

It is becoming increasingly hard to believe 
in the possibility of Britain extricating herself 

1 Technical Education (Cmnd. 9703), 1956. 
2 Higher Technical Education (Cmnd. 8357), 1956. 
3 C. P. Snow, 'Education and Sacrifice', New 

Statesman, 17 May 1963. 
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from the present difficulties without abandon­
ing the traditional posture of • muddling 
through'. Despite this, one American, at 
least, is quite optimistic as regards Britain's 
ability to succeed in the present crisis. 

Always in the past British traditionalism, 
conservatism, a penchant for 'muddling 
through' has been leavened by hard 
common sense, a stoical determination 
under stress, and - at crucial moments -
a saving perspicacity. There is no reason to 
suppose that these qualities have disap­
peared or that they will not again enable 
Britain to meet the latest crisis in its long 
eventful his tory .1 

Expansion and Scientific Man­
power 

Scientific advance and social change have 
not been so rapid in Britain as they have been 
in some other countries. To state this is not 
to deny that Britain has changed out of all 
recognition during the last two decades. 
The most notable changes have been in 
scientific expenditure and scientific man­
power. 

Total expenditure on scientific research 
in 1934 (see Chapter Four) was £6{- million; 
in 1956 it was £300 million; in 1964 it was 
£600 million. In three decades it has multi-

1 G. L. Payne, Britain's Scientific ami Teclmo/ogical 
Manpower (Stanford U.P., California, and O.U.P. 
(1960)), p. 398. 

" Advisory Committee on Sciellfijic Policy. Annual 
Report, 1956-7 (Cmnd. 278). 

3 Payne, op. cit., p. 31. 
'1 Report of the !vlanpower Committee of the Advisory 

Council on Scientific Policy (Cmnd 2146), 1963. 

plied by a factor of one hundred. Never­
theless, in 1956 the United States spent 
$9,000 million on research and according to 
the 1956 figures British investment would have 
had to be doubled to match the American 
investment on a population basis. Almost half 
the research in America is financed by private 
industry and the total expenditure is carried 
equally between government and industry. 
The respective contributions in Britain are 
75% and 25%. Hence there is a great need 
for expansion of research in private industry 
in Britain. 

The scientific effort in many industries 
is far too small and in some industries ... 
such as shipbuilding, building and con­
tracting, and textiles the research effort 
falls considerably short of the best stand­
ards in other countries. 2 

Industry's research expenditure in Britain 
in 1956 was 0·8% of industrial output 
compared to 1·9% in the United States. 

The number of qualified scientists and 
engineers in Britain in 1956 was 141,700 
(0·6% of the working population as compared 
to 0·9% in the U.S.A.).3 By 1961 there were 
nearly 210,000 scientists and technologists at 
work in Britain. 4 The real weakness of British 
manpower, however, is in technology, for the 
proportion of scientists in the 1956 figure 
amounted to 44%, whereas the corresponding 
proportion in America was 30~~- This bias in 
favour of' pure science' is partly due to the 
high prestige value of mathematics and 
physics in higher educational circles. This is 
reflected in a high proportion (42%) of the 
scientists being physicists and mathematicians 
compared to 24~1o in the United States. 

In Britain there is an over-concentration of 
scientific manpower in three industries, 

71 



The Emergence of a Scientific Society 

namely aircraft, chemicals and electrical 
engineering. These between them absorb 
50% of the total supply of scientists and 
engineers as compared to 37% in the U.S.A. 1 

In I 936 Professor Bernal wrote 

there is a tradition in British industry that 
is definitely inimical to science and con­
sequently to the scope and freedom given 
to industrial research.2 

The social evaluation of industry in Britain 
differs markedly from many other nations -
particularly Russia and America. 

To be a high industrial executive in 
America is not only eminently' respectable' 
but is 'socially desirable'. It is the prevail­
ing opinion that business attracts the best 
talent from educational institutions, where­
as in Britain there is a strong tendency 
for the best students to find their way into 
the Civil Service and the professions 
generally. 3 

While firms say that they are unable to find 
suitable graduates Payne found they really 
prefer apprentices, owing to their 'greater 
practical experience'. 
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Management frequently seems to feel 
that a university education does not quite 
compensate for the lack of industrial 
experience of the entering graduate:t 

. . . Among conservative managements, 
especially in long-established family-owned 
firms that dominate many segments of 
British industry, the middle way is not yet 
recognised as a necessary or even desirable 
adjunct to the competent craftsman they 
have nurtured. [Such firms] offer little scope 
for research and development, and their 
operating procedures are too settled to 

warrant additional expensive technologies 
for purely supervisory duties .... Where 
the new product, method or technique on 
which a business was built was the empir­
ical result of a journeyman's ingenuity, it is 
apt to be assumed that the firm can con­
tinue to thrive without the direct partici­
pation of theoretical science or engineer­
ing.5 

But as well as oppos1t10n from within 
industry there is the additional problem of 
attracting the able into industry. In this 
respect the 'dark image of technology' acts 
as an effective obstacle. In a recent debate in 
the House of Lords, it was pointed out that 
the Arts are flourishing in the universities, 
pure science was also quite sound but tech­
nology was falling behind because of the 
stigma of social' unacceptability'. Lord Todd 
stated that he found this very puzzling, for 
technological subjects in their relation to 
industry provided as good an intellectual 
discipline as did pure science. But the younger 
generation still spurned industry: 

As a nation we decline to believe in the 
technological revolution ... we have got 
to change the climate of society at least 
enough to respect those who make the 
wealth. 

In I 964 the technological departments of 
universities, the Colleges of Advanced Tech­
nology, and the higher Technical Colleges 

1 Payne, op. cit., p. 364. 
2 Bernal, The Social Function of Science, p. 56. 
3 British Productivity Council, Education ill 

Management, p. 8 (quoted by Payne, op. cit.). 
·• Payne, op. cit., p. 67. 
" Ibid., p. 66. 
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discovered that the numbers of prospective 
recruits were considerably less than the 
vacancies that existed. One explanation of 
this was that a swing to the Arts had occurred 
in the sixth forms of the Grammar Schools. 
A swing to the Arts began possibly as the 
result of a bottleneck in the Science Faculties 
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of the universities during the late 1950s. 
That is, it was becoming clear that it was 
increasingly more difficult to gain entry into 
a university Science Faculty than to an 
Arts Faculty. Awareness of this fact among 
sixth formers may have started this trend. 
Another contributory factor was that-- as 
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pointed out in a report of the Universities' 
Central Councils for Admissions- the fail­
ure rate among Science Faculties was higher 
than among Arts Faculties. The effects of 
these were further added to by the effects 
of the increasing difficulties of recruitment of 
suitable science teachers to the Secondary 
Schools. 

There are some signs that this swing may 
now be at an end but it has, during the last 
few years, given rise to considerable dis­
quiet, for it is felt that owing to early special­
isation youngsters of fourteen are being asked 
to make uninformed choices. These are 
frequently made under undue influences 
from masters who are themselves the pro­
ducts of an educational system which rates 
pure science highly and undervalues tech­
nology. Hostile to industry and technology, 
they share the prejudices of the young and 
are ~ot the best propagandists for technology. 
In Its Annual Report for 1963 the Oxford 
University Department of Education found 
that 

The public image of science and tech­
nology current among sixth formers is 
!argely based on a quite unusual degree of 
Ignorance about the nature of technology. 

If ~his trend continues it is likely to have 
senous consequences for British scientific 
manpower, already weighted unduly in favour 
of.' pure science'. According to Mr. Colin 
Leiceste~ of the Department of Applied 
Ec~nomics at Cambridge, Britain will be 
senously short of mechanical engineers by 
1970. Mr. B. J. Holloway, Secretary of the 
M~n~hester University Appointments Board, 
pomtmg out that only 71% of the vacancies 
In technology were taken up, speaks of' man­
power starvation' and predicts that the worst 
74 

deficiencies will be in rubber, plastics, textiles 
and paper industries. In 1963 the Manpower 
Committee of the Advisory Council on 
Scientific Policy predicted that Britain would 
be short of 28,000 scientists and technolo­
gists, the main deficiency being in electrical 
engineering. 

The Changing Face of Education 
The scientific revolution has been respon­

sible for an acceleration in the rate of social 
change and perhaps no section of British life 
has undergone such a psychological meta­
morphosis as the universities. It is now firmlY 
believed that the key to national progress 
lies in the quality of a nation's scientific and 
technical manpower, this in turn being de­
pendent on the quality and extent of hi~~er 
education. This has subjected the universitieS 
and other institutions of higher education 
to pressures for expansion. They have come 
under further pressures as a result of the 
variations in birth-rate (i.e. the 'bulge') and 
the increased awareness of educational 
opportunities throughout all levels in society. 

Higher educational establishments in I 963 
contained some 200,000 students. To meet 
the urgent need for an expansion in higher 
education the Robbins Report proposed 
a doubling of the student population to 
390,000 by I 973 and a further increa~e to 
500,000 by I 980. A major characteristiC of 
university expansion since the war has been 
the increased proportion of scientists a~d 
technologists in the student body- 26% m 
I 938 rising to 35% in I 955. 

Since the late nineteenth century an 
essential feature of British universities has 
been the status attached to research. Uni­
versity research in science in I 955-6 was 
almost wholly supported out of government 
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funds. The universities themselves provided 
only half a million pounds out of a total 
of 14·4 million. 1 Great care has to be taken 
not to infringe the principle of university 
autonomy: 

If university autonomy is to be a reality, 
we should continue to minimise our 
intervention in the allocation of funds 
within universities. 2 

Another danger to university freedom 
arises from contract work. In 1956 this 
amounted to 13% of the total university 
income. American universities rely far more 
heavily on this source of income, which 
amounts to 50% of their total income. Small 
as the contribution in Britain is at present, 
the Advisory Council for Scientific Policy 
has stated that contract work 

should not be allowed to grow and govern­
ment support of free research in universities 
should always be at a level sufficient to 
enable university research to flourish with­
out increasing resort to contract work. 

It is true that 

the essential characteristic of a university 
is the advancement of knowledge and with-

1 Payne, op. cit., p. 361. 
2 University Grants Committee, Unil•ersity De••e/op­

melll 1952-57 (Cmnd. 534 par. 93). 
3 W. F. K. Wynne-Jones and S. K. Runcorn, 

'Expanding Universities', The Guardian, I May 1962. 
·• R. S. Peters, ·Britain's Changing Universities', 

The Guardian, 23 Nov. 1964. 
5 S. F. Cotgrove, Technical Education and Social 

Change (Allen & Unwin, 1958), p. 190. 
G Ibid., p. 205. 

out active research a university withers 
away.3 

But the British universities, as pointed out 
earlier, have adopted not only the spirit of 
ll'issensclwft from the German universities 
but also the concept of liberal education 
from Oxford and Cambridge. To be sure: 

to admit that education is the concern of 
the universities is to insert a wedge that 
can easily open the door to the demand for 
the exploration of many forms of thought 
and awareness. Clearly there must be 
priorities. Universities have differed in the 
extent to which they think that education 
in a fuller sense is their explicit concern.~ 

The British universities have attempted, 
not without misgivings, to integrate research 
and vocational study into the older philo­
sophy of education. In this transition in 
function 'the dead hand of tradition' has 
held back 'the adjustment of the educational 
system to the changing needs of society' 5 and 
it has caused 

a conflict . . . between the needs of an 
industrial society for a scientific and 
technical elite, and the ideals of a liberal 
education derived from a society in which 
such an education was appropriate for a 
predominantly governing and adminis­
trative elite.6 

Though many concessions have been 
made, over the years, to vocational 
demands on education, the universities 
still feel with Herbert Spencer, that 'edu­
cation has for its object, the formation of 
character'. Great stress is laid on the growth 
of spirit, broadening understanding and 
sharpening of intellect that can be achieved 

75 



~ ~' . . ' ' ., .. 
·~- .. ......... ~ .......... - -· .. 

Manchester University 

The Manchester Institute of Science and Technology was formerly known as the Manchester College of Science 
and Technology. This started as the Municipal School of Technology, which arose in turn out of the Mechanics' 
Institute. 

through communal life in a university. 
A university's real job, it has been said, 
'is to turn out men whose academic quali­
fications are an addendum to their true 
manhood'.1 

However, with the replacement of com­
munal life by a '9 to 5 procedure', diminu­
tion of staff-student contact (particularly in 
sciences and technologies with their large 
classes and absence of tutorials) the influence 
of 'university li fe' on the student is increas­
ingly diminished. These factors tend to make 
the university less an educative influence than 
an institution for vocational training. 

There is a lack of communication­
many students do not really experience the 
university at all . . . education is an in­
fluence, not a commodity. 2 

Emphasis on scientific research and ex­
panding technologies has brought about a 
rapid increase in scientific knowledge and 
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introduced the necessity for early speciali­
sation in education. According to Sir George 
Pickering, Regius Professor of Medicine at 
Oxford: 

The greatest evil today is specialisation 
at an early age.3 

Lord Bowden has pointed out that Britain is 
the only country where specialisation occurs 
so early. 

It is the universities who demand the 
entrance qualifications which have forced 
schools to specialise more and more . ~ 

In an age when scientific knowledge doubles 
every decade this may well get worse rather 
than better. At the universities: 

1 Payne, op. cit., p. 154. 
2 Susan Cooper, 'Crisis 1970: Scramble for 

Degrees', Sunday Times, 7 Oct. 1962. 
3 The Guardian, J3 Nov. 1964. 
4 The Listener, 22 Oct. 1964. 
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Growth of knowledge brings increased 
specia li sation even at the undergrad uate 
leveL U ni versities which on educational 
gro unds resist the trend to specialisation 
will risk losing their places in the academic 
hierarchy a nd wiU become mere liberal 
a rts colleges'. The socia l demand for 
technical specialists will mean that uni­
versities will p roduce more technically 
informed but fewer culturally educated 
people. At a time when society faces the 

1 Bryan Wilson, 'Pressures and Growing Pa ins ' , 
T!te Guardian, 24 Nov. 1964. 

The Mechanics Institute, /I!Janchester 

prospect of increased leisure , it is paradoxi­
cal that the speciali st technical education 
which makes that leisure possible increas­
ingly unfits its recipients for the use of 
Jeisure.1 

To meet the needs of a scientific society a 
modern equivalent of the traditional concept 
of liberal education is called for. Thus in the 
1965 Reith Lectures Sir Leon Bagrit called 
for a 'balanced education ' in the following 
terms: 

We shall have to produce men and 
women who are able to understand the 

Foun~ed in 1824, its development can be traced to the present-day Manchester Institute 
of Science and Technology, the technology faculty of the University of Manchester. 
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significance of the past, who are in the 
stream of current ideas and who can make 
use of them, and who have the quality of 
imagination that is capable of foreseeing 
and welcoming the future. 

University expansion has once more trig­
gered off a controversy over academic 
standards. 

Many within the universities have feared 
that continuous expansion can only lead 
to a disastrous fall in academic standards 
and an emphasis on routine teaching 
which could destroy the universities as 
centres of learning and research.1 

In spite of all talk of cataclysmic expansion 
and the 'more means worse' argument, 
British university education remains highly 
selective. In 1962, 113,000 students qualified 
for higher education (14·5% of the age group). 
Of these 30,000 entered university (4% of the 
age group). There is only one chance in 
twelve in Britain of getting full-time higher 
education. In the United States of America it 
is one in three. Higher education in America 
differs in other respects, too. Both in the 
United States and in Russia there is a greater 
emphasis on the dut~ of _t~e university to the 
State. American umversities have a duty to 
research into problems facing society and to 
offer adult education to any American who 
desires it. 

In Russia, Lord Bowden found a close 
association between the world of learning 
and the world of industry. Technological 
universities are incorporated into factories 
just as in Britain medical schools are in­
corporated into teaching hospitals. In Russia, 
too, it is easier for people of all ages to 
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qualify for a profession or to retrain them­
selves late in life. Lord Bowden considers 
that 'we have much to learn from the 
Russians' and that 

British universities must increasingly tend 
to imitate the pattern of the United States 
but even so we would be 20-30 years 
behind. 

Social pressures on universities are, to a 
large extent, transmitted to the Grammar 
Schools. Thus an expansion of the Grammar 
School population (5% per annum) occurr_ed 
alongside university expansion. U nivers.Ity 
expansion did not keep pace with the In­

creasing numbers entering the sixth forms of 
Grammar Schools. A survey of sixth forms 
in 1962 revealed nearly 20,000 pupils wit!~ ~he 
necessary minimum qualifications waiting 
for entry to university. Of these more than 
5,000 failed to get a place. 2 Despite unpre­
cedented expansion the Grammar Sc~1?ol 
population, as in the case of the universities, 
is highly selective and selection has be~n 
criticised for producing a wastage of potential 
talent. 

The teaching of science has in the past 
received greater emphasis in the maintamed 
Grammar Schools than in the Public Schools. 
Much of the leeway was made up as the resu!t 
of financial aid (£3 million) to the Public 
Schools from industry. This enabled them to 
increase their accommodation by 50%. At 
present the percentages of students studyi~g 
science in the sixth forms are 60% and 40% 

1 W. F. K. Wynne-Jones and S. K. Runcorn, 
'Expanding Universities·, The Guardian, I May 1962. 

2 Association of University Teachers pamphlet, 
Why we ueed more places at Uuil•ersity ( 1963). 
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in Grammar Schools and Public Schools 
respectively. 

A tradition of British scientific education 
has been the very high standard of its educa­
~ors. This, in the past, was a reflection of the 
Inadequacy of industry and the absence 
~enerally of scientific research. This resulted 
m th~ severe limitation of opportunities open 
to science graduates. With the removal of 
these deficiencies education has suffered from 
the competition from industry and from 
greater opportunities to pursue scientific 
research. This has been accentuated by the 
overall shortage of scientific manpower. 
P~yne, in an analysis of scientific manpower, 
discovered that the position had worsened 
between 1956 and 1959. During this period 
the ?umber of science teachers was expected 
to nse by 18:',;, but the actual increase was 
only 1 0~"~. This 'was due to the persistent 
shortage of science teachers available for the 
schools. The actual addition of 2000 such 
teachers was more than 1500 less than ex­
pected requirements .... Clearly, it is in the 
schools that the shortage of scientists is most 
acute'.l 

A feature of twentieth-century education 
has been the emergence of a new category 
of students, namely women students. The 
Robbins Report in its estimates of future 
demand for university places drew attention 
to the. further hidden reserves of untapped 
potential among the female population. 

1 Payne, op. cit., p. 89. 
2 Tyrell Burgess, 'Son of Robbins' New Society 

29 Oct. 1964. ' ' 
3 Payne, op. cit., p. 372. 
• Technology, Apr. 1957, p. 43. 

Another illusion suggests that all children 
of the working class together with female 
children are beyond hope, predestined to 
ignorance, not capable of any serious 
education. 2 

The Robbins Report points out that only one 
in four university students is a woman. There 
seems to be a deeply-rooted belief in British 
society that they are innately inferior, 
despite the abundance of evidence from 
Russia and China- where there are nearly as 
many women engineers and mathematicians 
as men - to indicate that this is untrue. 
While women will be coming forward in 
ever-increasing numbers for all branches of 
higher education, the numbers taking up 
careers in science and technology are also 
bound to rise significantly. Payne points out 
that the current supply estimates of scientific 
manpower 

ignore half the population and neither 
public opinion nor the social and economic 
organisation of the country has adapted 
itself to the idea of a provision for the 
large scale employment of women in 
advanced engineering work.3 

Women represent only 0·1% of all qualified 
engineers and among 10,000 members of the 
Institution of Production Engineers in 1959 
there were only six women. In 1957 the 
Journal of Technology commented that: 

For the past month one of our corres­
pondents has been trying to find a single 
British firm to come out and declare the 
opportunities it offers to women educated 
in science. Not one of the firms approached 
showed willing ... That prejudice can be so 
strong is odd and even a little terrifying. 1 
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newspaper slated: 

Society has not yet come to terms with 
the intellectual woman engineer . . . at 
present engineering education and indus­
trial training tends to have a de-human­
ising influence.1 

In 1964 a British woman chemist was 
awarded the Nobel Prize for Chemistry, 
being only the third woman to achieve this 
honour. No woman has yet won the Nobel 
Prize for Physics. There is no reason why this 
should not occur in the future. 

One firmly-held tenet of English education 
is its belief in education as a process contin­
uing throughout life. The rapid increase in 
scientific and technical knowledge now 
means that professional training in science 
and technology must be conceived of in 
similar terms. 
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Education as Charles Carter said recent­
ly, 'is not a~ act of salvation, after w?i~h 
one is safe for eternity'. Yet we assume 1t Is, 
in particular, that a three year under­
graduate course is sufficient to set a man up 
for a lifetime. Doubtless in the nineteenth 
century a three year course in classics did 
set a man up for a lifetime, but that was 
in the days when a graduate could assume 
he would grow old in a world familiar to 
him as a youth. We are living in the first 
era for which this assumption is false and 
we have not faced the consequence of this 
fact. The present generation of students will 
still be employed in the year 2000; but 
long before then their degrees and diplomas 
will have become obsolete. Measures to 
combat obsolescence, therefore, become of 
prime importance. 2 

"--'"'"-!.. ~"=>"l-1'~~-., ';;;:..-;, p\imi.ctl o-ui. ~ffi·;,\ 1•" ... 
nearly as much attention is devoted to the 
professional retraining of graduates and to the 
further education of adults in Britain as there 
is in Russia or America. He found that one­
third of the total bill for education in America 
was allocated for these purposes - in Britain 
the amount is negligible. 

The New Status of Technical 
Education 

During the 1860s and 1870s the technical 
education movement received a great impetus 
as a result of the growing awareness of 
Britain's loss of prestige in the industrial 
world. A similar awareness has given rise to 
a resurgence in technical education during the 
late 1950s and early 1960s. Apart from these 
two periods of activity the growth of technical 
education was highly unsatisfactory due to a 
number of causes. 

The major factor in the slow growth of 
technical education was the apathetic and 
hostile attitude towards the application of 
science to the production process .... there 
is no evidence of any pressure by industry 
before the 1930's for any extension of 
technical education. 3 

Industry has been traditionally suspicious 
of the 'other worldliness' and lack of indus-

1 The Guardian, 9 Sept. 1963. 
2 Sir Eric Ashby, Investment in Man, Address to the 

British Association for the Advancement of Science, 
1963. 

3 Cotgrove, op. cit., p. 81. 
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trial contact of the university technoloaist. 
h. ' I o T ts ot 1er worldliness' is inherent in 

university policy as defined by the University 
Grants Committee: 

The work of a university in technology 
should be more closely related to funda­
mental science or other relevant studies 
than that of a technical college. In general 
the ~ourses should be more widely based 
on htgher standards of fundamental science 
and contain a smaller element of training 
related to immediate or special work in 
industry . . . a university graduate in 
engineering has still far to go before he 
has completed his training as an engineer 
. . . and he might well be less useful than 
the technical college man in the day to day 
business of indus try. 

The growth of technical education has 
been, to a large extent, an ad hoc, empirical 
process and the very names of the institutions 
reflect the nature of this growth. The term 
'technical college' covers technical institutes, 
polytechnics, colleges of commerce and 
colleges of art and crafts. A Government 
White Paper of 1956 attempted to rationalise 
technical education by organising it on the 
basis of an integrated system of colleges of 
advanced technology, regional colleges of 
technology, area technical colleges and local 
technical colleges. 

Technical education establishments now 
amount to some 10,000 different units ranging 
from very small evening institutes to large city 
colleges of technology. Of these only about 
600 can lay claim to being major institutions. 

1 Payne, op. cit., p. 223. 

In the decade between 1947 and 1957 the 
numbers of students in technical education 
almost doubled -from approximately 
600,000 to nearly I ,200,000. Expansion in 
numbers necessitated numerous major build­
ing projects and between 1954 and 1959 
money for these increased threefold, from 
£5 million to £15 million. 1 

The status of technical education was raised 
by the creation of the colleges of advanced 
technology (now separate universities). For 
their students a new award was designed­
the Diploma in Technology- 8,000 of which 
were granted in 1963. This Diploma is studied 
for on a sandwich basis, time being divided 
between college study and industrial practice . 
Thus a new generation of technologists is 
being trained in an attempt to offset the 
academic bias of previous technologists. 
Prior to the introduction of the Diploma in 
Technology many of the major technical 
colleges had a long tradition of university­
level work through their London external 
degree courses. In 1958 there were in fact 
sixty-two colleges in which degree courses 
could be undertaken. In addition there were 
thirteen technical colleges affiliated to uni­
versities and this enabled them to offer the 
degrees of those universities. Eight were in 
London, and one each in Glasgow, Manches­
ter, Edinburgh, Sunderland and Cardiff. 
Some of these were actually technological 
'faculties' of the universities. In Chapter 
Four it was seen that the National Certificate 
and National Diploma had been designed to 
provide industry with a corps of well-trained 
technical and professional men. Between their 
introduction in 1921 and 1951 fifteen National 
Certificates came into being; these covered 
engineering, mmmg, commerce, textiles, 
chemistry, physics and metallurgy. In 1958, 
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18,000 National Certificates and I 0,000 
Higher National Certificates were awarded 
to students studying on a day-release or 
part-time evening basis. 

In addition to the colleges already mention­
ed there are the national colleges such as the 
College of Aeronautics. Although only a few 
in number, they serve an important function 
because of their highly specialised character. 
Lower down the scale of ability there are the 
City and Guilds courses and similar courses 
run by regional boards. These courses are 
craft courses and they have mushroomed to 
the extent that a quarter of a million students 
are examined annually and entries are 
oTowing at the rate of nearly 10% per annum. 
o Figures, however, tend to hide .the weak­
nesses in English technical educatiOn. Thus, 
while there were nearly a million science and 
engineering students in establishments of 
further education- an increase of 200,000 
in seven years -less than 2% were full-time 
students; 20% were part-time day stud~nts 
and 78% were evening students .. Techm.cal 
education is still bedevilled by Its evemng 
tradition and the reluctance of industry to 
release students for day-release and sandwich 
courses. 

Scientific Societies in an age of 
Professionalism 

The professionalisation of science was seen 
to begin in the last quarter of the nineteenth 
century, when the amateur was displaced 
from the centre to the periphery of science 
and technology and was replaced by the pro­
fessionally trained man. The rapid growth of 
professional institutions with their rigid 
standards of entry is symptomatic of the 
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increasing trend towards professionalism 
and meritocracy and to the increase of the 
scientific element in society. 

There are now some fifteen major institu­
tions, with a total membership of 166,000 
(20,000 scientists and 146,000 technologists). 
The largest of these are the institutions of 
civil, mechanical and electrical engineering 
which between them comprise 65% of the 
total technological manpower. In contrast to 
America there is a scarcity of production 
and chemical engineers, who constitute only 
8% of the total. In addition to the major 
professional bodies there are some 200 
scientific societies ranging from societies like 
the Amateur Entomological Society to highly 
specialised bodies such as the Hospital 
Physicists Association. The majority of these 
publish a journal. ~her~ are ~dditionally 
about 120 other scientific penodicals in 
circulation.1 

The scientific ~ommunity has moved a long 
way from the time of Babbage when there 
were only a dozen or so organisations of 
semi-amateurs. It is sufficiently broad to 
enclose amateur and professional alike. The 
doyen of societies - the Royal Society - has 
changed significantly since the days of Bab­
bage. It has almost totally eliminated the 
amateur and election can no longer be bought 
for a fee of £50. Election now signifies the 
recognition by the Society of an important 
contribution to scientific knowledge on the 
part of the selected member. A change in 
policy and attitude was indicated by the 
President in his address to the Society in 
1964 when he committed the Society to the 

1 Directory of Britislz Scientists (Benn, 1963), 
pp. 1263-88. 
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support of technology. The annual election 
of Fe_llows is to be increased from twenty-five 
to thtrty-two, the increase to be allocated to 
technologists. He also sees the Society 
developing in the future as an intermediary 
between the scientific world and the Govern­
ment. 

The Brain Drain 

Notwithstanding the expansion- beyond 
all previous precedent- in scientific facilities, 
and despite the steps that have been taken to 
transform the conditions of society so that 
science and technology can flourish, a signi­
ficant section of the scientific community has 
found British society unsuitable for the fulfil­
ment of their creative scientific talents. There 
are obviously a variety of reasons to account 
for this migration of scientists - now com­
monly referred to as the Brain Drain- to 
other countries. It is none the less true that 
there is a hard core to which the above 
applies. These have been dissatisfied with the 
way in which science is organised in Britain 
and have opted to work in a society which 
they claim gives greater scope and recognition 
to scientific ability. 

Concern over the state of British research 
reached a climax in 1963 following this dis­
quieting exodus of scientists. In defence of this 
migration the A.C.S.P. had pointed out that 

large numbers of scientists and engineers 
have always taken up employment over­
seas, particularly in the Commonwealth 

1 Annual Report of the Acil•isory Committee on S.P. 
1957-58 (Cmnd. 59), pars. 27-29. 

• Payne, op. cit., p. 378. 
3 Dr. J. Wilks, Technology (Nov. 1959), p. 318. 

and . . . emigration of this kind has 
generally been beneficial to our own 
interests. 1 

It is true that in the past this two-way 
migration has been of some benefit - the 
name of Rutherford immediately comes to 
mind- but this statement by the A.C.S.P. 
does not alter the fact that the numbers 
emigrating are considerable and are unfor­
tunately increasing. 

Between 1952 and 1956, 292 scientists and 
I ,467 engineers emigrated to America, and 
migration to Canada amounted to 542 
scientists and 4,066 engineers.2 Thus migra­
tion to America and Canada accounted for 
nearly 12% of Britain's output of scientists 
and technologists. A survey by the A.C.S.P. 
revealed that 189 postgraduate chemists and 
144 postgraduate physicists left Britain 
between 1952 and 1956. 

These represented 6% and 10% respectively 
of the numbers of postgraduate chemists 
and postgraduate physicists produced every 
year. Of the I 15 Ph.D.s in science at Oxford 
since the war 

at least 25 are in America and give every 
sign of staying there.3 

The reasons are not hard to find beneath 
the apparent glamour attached to science. The 
University Grants Committee reported in 
1956 that: 

In some universities, laboratories are 
still housed in huts erected for emergency 
purposes in the 1914-18 war and scientific 
research is still carried out in ill-lit base­
ments and cupboards. 
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Graph 9. The rise of the professional in 
science and technology: membership of 
leading professional institutions, 1880-1965. 

Sources: 
Compiled from data obtained from: 

Proceedings of the Royal Institute of Chemistry 
Proceedings of the Physical Society 
Proceedings of the Institution of Cil•il Engineers 
Jouma/ of the Institution of Electrical Engineers 

The assistance of the Secretaries of the above­
named societies is gratefully acknowledged. 
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One eminent scientist, Dr. Leslie Orgel, 
theoretical chemist of Oxford, gave as his 
reason for joining the Brain Drain: 
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Facilities I want just aren't available in 
Britain. I want to switch from theoretical 
chemistry to molecular biology and chem­
istry of genetics, for which I need a 
laboratory and scientists and technicians to 
work with me. I spent a year trying to 
find something in Britain before I decided 
to go. In California I shall have a staff of 
six to seven scientists and two to three 
technicians -I could have had twenty if 
I had wanted them.' 1 

Dr. John Wilkes, Oxford physics don, in 
his evidence to the Franks Commission 
emphasised those defects in financing re~ 
search already pointed out by Bernal (see 
Chapter Four): 

Systems of seeking funds for research 
from outside sourc~s have grown up hap­
hazardly over a penod of years. At times it 
works tolerably well, at times less so. What 
happens depends largely on goodwill 
rather than on any formal arrangements. 

At Oxford, l1e said, the lack of money was 
hindering research. Time was wasted waiting 
for technical and workshop services. Also, 

outdated and inaccurate equipment is used 
because it is less expensive. 

These were the sort of reasons, he argued, 
which accounted for the mounting frustra­
tions of British scientists and which prompted 
them to leave for conditions which enabled 
them to pursue research more efficiently. 

Inadequate facilities and poor financial 

1 Sunday Times, 6 Sept. 1964. 
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support are not the only factors involved in 
the problem of the Brain Drain. 

British universities are down at heel. For 
years they have gone hungry for funds, 
and have expanded while clinging to fossil­
ised methods of administration ... but our 
scientists also find the United States 
intellectually more stimulating. Berkeley 
and the Massachusetts Institute of Tech­
nology are fizzing with excitement. We 
shall probably have to follow her example 
and develop a few large centres ... We 
shall have to divorce research from teach­
ing ... British academic life badly needs 
some of the enthusiasm, the openness to 
new ideas and experiments, and the vitality 
which so attracts British scientists to the 
best American centres. Governments can­
not organize this, although they can 
promote conditions favourable to its 
growth. 1 

Disturbing as this loss of manpower is, it 
does not compare in magnitude with what 
seems to have been the migration in the last 
quarter of the nineteenth century- 32~ ~ (see 
Chapter Three). 

Government, Science and Defence 

Professor Herbert Butterfield in an article 
entitled' Springs of Discovery' (The Obserrer, 
9 July 1961) said: 

Possibly no peaceful or constructive 
cause in the universe could have given 
such drive and such direction to research as 
war and national rivalry have done in 
recent decades. 

1 John Davy, Observer, 10 Feb. 1964. 

The demands of war created needs and 
wrought changes which were favourable to 
the rapid advance of science; at the same time 
they determined many of the features of the 
present scientific society. The momentum 
of scientific advance precipitated by the war 
was later maintained in the post-war era. 

At the outbreak of war four-fifths of 
fundamental research was carried out at the 
universities. The war ended the dominant 
role of the universities. Both the Government 
and industry were then forced to invest 
heavily in research and development. Table 
5.11 gives a comparison between 1934 expendi­
ture and 1963 expenditure. 

Government 
Industry 
Defence 

TABLE 5.1I 

1934 1963 

{approx.) 
£1 million 
£2 million 
£2 million 

£5 million 

(approx.) 
£151 million 
£213 million 
£246 million 

£610 million 

Industrial expenditure on research has in­
creased from £68 million to £213 million in 
the last seven years. Government spending on 
civil research jumped from £6 million in I 945 
to £151 million in 1963. This latter figure, 
however, is exceeded by government spending 
on defence research- £246 million. Total 
defence expenditure now amounts to over 
£2,000 million annually - some 30% of the 
national budget. This works out at £100 per 
family - a higher rate than any other country 
except the United States and Russia. Today, 
in Britain, nearly 2 million people are involved 
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in defence contract work, 20,000 of them sci­
entists. Defence expenditure, then, accounts 
for nearly half- £246 out of £634 million 
of the total expenditure on research and 
development. Defence contracts are not 
distributed evenly throughout industry but 
are highly concentrated in a few industries. 
The aircraft industry accounts for 40% of 
them; others are electronics and shipbuilding. 
In shipbuilding, for example, defence needs 
make up 23% of the total output. 

Military projects with a scientific basis have 
been as much a vital part of the cold war as 
they were during the Second World War and 
the enforcement of strict war-time security 
regulations has continued to involve a certain 
limitation of scientific freedom. 

In the process of making use of the 
discoveries of science who will deny that 
in this process both the State and science 
have become corrupted? 

Three-quarters of British ~overnment 
money spent on science comes dtrectly from 
the Defence Budget. In the U.S.S.R. and 
U.S.A. this figure is probably gr~a.ter .... 
I remain obstinately of the opmwn that 
in the long run, the marriage between 
science and defence is corrupting, and will 
at best turn science from a liberating to a 
destructive force, and ultimately dry up 
the wells of inventiveness in the scientist 
himself. ... I therefore earnestly hope that 
at least a proportion of scientists in all 
countries will retain their freedom and 
integrity .I 

Professor Butterfield, in the article quoted 
on page 85, went on to say: 

A system under which research has come 
to depend so much on the favour of 
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government, on high organisation, on vast 
capital outlays, may sooner or later present 
us with problems of its own. 

All governments of modern, industrialised 
societies are now faced with 'the problems' 
referred to by Butterfield, for the direction 
and pace of scientific and technological 
advance are now to a considerable extent the 
outcome of government policy. 

The general development both of science 
and industry leads inevitably to ever more 
intricate forms of organisation; our task 
is not to resist this tendency but to under­
stand it and to see to it that when organisa­
tion is necessary it is used eiTectively and fo 
good ends.2 r 

As long ago as 1944 ~he Association Of 
Scientific Workers had pomted out that: 

. Those who are to run the government, 
mdustry, commerce, communications, in­
deed_ every bran1ch of the bnational economy 
re~lll~e, more t 1an ever efore, a grasp of 
sctenttf'ic method as well as of its fruits i 
any particular field. 3 n 

In evidence to the Franks Commission the 
Civil Service Commission pointed out that 
90% of those entering the Administrative 
class of the Service did no science while at 
university. The Commissioners wished that 

scientific disciplines provided, after a 
three-year university course, a larger regular 
supply of well-educated non-specialists. 

1 Lord Hailsham, Science and Politics (Faber & 
Faber, 1963). 

2 Bernal, Tlte Social Function of Science, p. 167. 
3 Association of Scientific Workers, Science ill tlte 

Universities (1944). 
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The idea is given support by the conclusions 
of an advisory group on science policy set up 
by the Organisation for Economic Develop­
ment and Co-operation. 

One of the most important problems of 
educational policy in the immediate future 
will be to train scientists who are also 
knowledgeable about the essential and 
varied implications of their work and above 
all to develop an essentially new breed of 
public servants. This new public servant 
would be sufficiently trained in the methods 
and ways of science to be equal to the 
increasing number and importance of 
policy decisions having a high technical 
content. 

The complex relationship between Govern­
ment (representing society) on the one hand 
and scientists and technical experts on the 
other is a new phenomenon which has 
emerged as a consequence of the scientific and 
technological revolution. To make this 
alliance effective and fruitful is a problem 
which confronts society. Never before have 
the circumstances warranted so much concern 
over the organisation and control of scientific 
activity 

In 1959 a Ministry of Science was created 
-now part of the Department of Education 
and Science. The need for such a Ministry was 
first advocated by Huxley, Gore, Colonel 
Strange and others nearly a century ago. The 
Government recently undertook a complete 
overhaul of the administration of science. The 
D.S.I.R. has been dissolved and a Science 
Research Council and Natural Environment 
Research Council has been set up, the respon-

sibility for the application of scientific 
knowledge being transferred to a newly­
created Ministry of Technology. These 
changes were incorporated in a Science and 
Technology Bill and in moving the second 
reading of this Bill the Secretary of the 
Department of Science and Education com­
mented: 

I hope in the mechanism the Government 
is creating we shall be doing something 
more than merely setting up a structure of 
councils and arranging proper conditions of 
work for the people concerned. We shall be 
providing an atmosphere in which two 
temperaments- politics and science, so 
different in their approach- can accept 
cheerfully the necessity which is imposed 
on them by the world in which we live, 
of working together. 

In spite of any changes that can be made in 
administrative machinery and advisory bodies, 
in the last analysis the final decisions regard­
ing scientific policy rest with governments. 
In the post-war period Britain has attempted 
to cover too many avenues of development 
with too few resources. Commenting on this 
the Advisory Council for Scientific Policy 
said: 

If the resources which the Government 
can set aside for science cannot be increased 
sufficiently to allow us to embark on all the 
good scientific projects of which we know, 
it will be up to the Government itself to 
decide . . . what our national priorities 
should be ... The problem of priorities 
in science and technology lies at the heart 
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of national science policy and therefore of 
our national destiny.1 

The Impact of Science on Social 
Values 

We can look back half a century and see 
the wonderful advances in science which 
have been made in that period ... They 
have extended the comforts of life to a 
much enlarged circle. Thus the knowledge 
and well-being of mankind must increase 
indefinitely to a limit which no one can 
foresee. 2 

To increase the well-being and the 
enjoyment of material life is today the 
dominant idea of civilized nations. All 
their efforts are turned to industry because 
it is from that alone that one can expect 
progress. It is industry that gives birth 
to and develops in mankind new needs and 
gives them the means to satisfy them. 
Industry has become the life of the peoples.3 

It would be true to say that these statements 
express the central philosophy of present-day 
society- a belief in the inevitability of 
material progress, a progress which has its 
foundations in scientific and technical in­
novations. 

While it is salutary to affirm as a major aim 
of society 'the increase in the well-being and 
enjoyment of material life' of its peoples it 
is a little nai:ve to expect, as did these earlier 
enthusiasts of an industrial society, that this 
would be the direct and principal outcome of 
an expanding technology. 

Social attitudes, to a large extent, have their 
origin in the educational system. This is no 
less true of attitudes to science than of other 
social attitudes. 
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The advancement of science has its roots 
in the educational process. The advance­
ment of science depends not only upon the 
training of professional scientists; it de­
pends also upon the public image:' 

Some critics of the educational system claim 
that it creates a society which is polarised 
into 'two cultures'. 

Concerned at the narrowness of the train­
ing of scientists and technologists, the British 
Association undertook an enquiry into their 
education. It found 

that the graduate scientist and tech­
nologist too often displays a narrowness 
of views and interests and is unable to 
communicate effectively with others or to 
enter s~fficiently w~l.l _int~ their thoughts 
and feelmgs .... Cnt1c1sm 1s ... substantial 
enough to call for a reappraisal of the ed u­
cational system that has moulded them.5 

Lest it be. thought _tha~ it is only the training 
an~ ed.ucatwn of sc1ent1sts. and technologists 
w~1ch IS at faul~ the comm1_ttee took pains to 
pomt out that 1ts survey d1d not imply that 
all was well with the education of the non­
scientist. 

Professor Butterfield sees the major defect 

1 Annual Report of the Advisory Council for 
Scientific Policy (1964). 

2 Thomas Jefferson, 1819. 
3 Marc. Seguin (~rench scientist, philosopher), 

Introductton to Trmte sur I' Influence des Chemins 
de Fer ( 1839). 

4 Sir Eric Ashby, Investment in Man. Address to the 
British Association, 1963. 

6 The Complete Scientist- Report of the Le••er­
lllllme Study Group to the British Association (0. U.P., 
196l),p.2. 
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in the educational system as a failure to do 
justice to the imagination. 

We ought to go on valuing science 
more than technology. And we ought to 
note that the sciences still have need of 
humanism ... One of the defects of educa­
tional policy in a 'technological age' is the 
failure to do justice to imagination. 1 

Lord Brain, in his Presidential Address to 
the British Association, said that he was of the 
opinion that the schism in society was not 
between the scientific and classical outlook 
but 

between whose who see the world in terms 
of rapidly changing outlooks, and those 
who see it in terms of static environment, 
and frozen emotional attitudes of the past. 
The first group have to educate the second, 
which includes many of our rulers, as 
quickly as possible. This will mean spending 
more money and thought on education 
than we do at present .... The greatest need 
today is to acquire the power of looking 
ahead, forecasting, and preparing for the 
consequences of the accelerating develop­
ments of science and technology. 

Among the general populace the prestige of 
science and technology has never been higher. 
This stems from the fact that science is seen 
to be successful. Science has two functions. 
It helps man to understand nature and it 
gives man power over nature. In a 'technolo­
gical age' admiration for science springs 
largely from the second of these. Recently the 

1 H. Butterfield, 'Springs of Discovery •, Observer, 
9 July 1961. 

2 J. Macmurray, Religion, Art and Science, p. 9. 

Duke of Edinburgh said that science is so 
glamorous that many people firmly believe 
it can do no wrong. All too few people realise 
that this is a new-found glamour. 

We forget how very recent this faith in 
science is .... The contemporary tendency 
to put science in the centre of the picture 
is a mushroom growth of the past decade 
or two ... No convincing case has been 
made in favour of this new worship of 
science. It seems very likely that it is a 
reaction to the spectacular successes of 
science in recent times, which war and the 
threat of war have largely made possible. 2 

Science has become identified with a spirit 
of adventure. It is also conceived as being 
rational and egalitarian. Many see its pro­
fessionalism and strict standards of merit 
transforming an outmoded and inefficient 
society into a streamlined meritocracy. But 
science, too, is increasingly seen as an instru­
ment of national prestige. Success in the 
scientific sphere is identified with national 
success. Conversely, failure, or lack of success, 
is equated with national failure. When the 
excited crowds surge out in Moscow or New 
York to herald yet another space success it 
might seem churlish to accuse them of 
xenophobic hysteria. It might be cynical to 
suggest that what they acclaim is not the 
success of international science but national 
technological capability. If true, however, it 
is a danger of which Ruskin warned a century 
ago. 

The struggle between man and machine 
is a grave danger to civilisation- it 
produces an unthinking exultation in 
mechanical achievement. His glory is not 
in his 'going', but in his 'being'. 
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To be sure, this society is not without its 
critics. To 'increase the well-being and the 
enjoyment of material life' requires the fullest 
exploitation of science and technology which 
become the 'means' to this 'end'. Mac­
murray points out that there is a danger that 
from being used as a means technology may 
quickly become an end in itself. 

To exploit power is to do something 
because it is possible, not because one has a 
good reason for doing it. The systematic 
exploitation of a continuously expanding 
technologica l capacity means that as new 
possibilities of action arise, we use them 
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A Linear Accelerator 

A machine that can accelera te 
particles to high energies. 
Used in nuclear physics research. 

because we now have them, and not for 
any good to be attained by their use . The 
use of the new power has become a new 
value in itself. Means has become end. The 
fact that something has become possible is 
accepted as a reason for doing it ... 1 

In 1963 the American car output exceeded 
the 1955 record of7,!30,000. Macmurray uses 
such a fact to illustrate his point. 

We take pride in the success of our 
motor industry in achieving ever greater 

1 Macmurray, op. cit., p. 23. 
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productive capacity, knowing but ignoring 
the fact that every increase in the number 
of cars on the roads involves inevitably 
a corresponding increase in the destruction 
of men, women and children. We have 
come to think that such technological 
advances must go on; and that any attempt 
to stop it in the interests of human life is 
reactionary and inconceivable. 

Hence: 

Our characteristic social activity is the 
use of a progressive technology based upon 
scientific research. A scientific age is an age 
whose major social end is the development 
and application of scientific technology. 1 

These reflections and the concern for 
ends are echoed by G. H. Bantock. 2 He argues 
that the real nature of education is being 
neglected because it is increasingly valued 
as a commodity 'in the production of educa­
ted manpower' as the means of meeting the 
demands of an industrial society. 'Funda­
mental questions concerning ends are sadly 
neglected,' he says, and points out that 'our 
besetting danger is faith in machinery· 
and that we overrate 'doing' as opposed to 
'knowing'. 

Recently the journal Nell' Sociell' asked 
various intellectuals for their views. on the 
sort of society they would like to see develop 
in England. The polarised attitudes of society 
are reflected in the following quotations from 
the replies they received. 

Edmund Leach, social anthropologist at 
Cambridge, commented: 

1 Macmurray, op. cit., p. 24. 
2 Education in an Industrial Societl' (Faber & Faber 

1963). . ' 

My recipe for English society is that we 
go absolutely all out in pursuit of an 
advanced technology. Plan for the fully 
automated industry of the 1980's but 
don't worry too much about the appalling 
social upheavals which will result . . . 
Political leaders in the past have had to be 
experts in international diplomacy; future 
leaders will require a much better under­
standing of what is scientifically possible 
and sociologically essential. Our maximum 
effort should be concentrated on higher 
education in the natural and social sciences. 

David Holbrook, English don at Cam-
bridge. aligns himself with Macmurray and 
Bantock when he says: 

We are looking the wrong way. The 
future of English society depends upon 
something deeper and more crucial than 
scientific and technological development, 
the extension of education or other reforms 
in the management of things. It depends 
upon the quality of the national imagina­
tion. Even our scientists lack imagination, 
because their education has been so 
illiberal: many are illiterate and lacking in 
vision. Many of our 'educated' classes 
cannot really think because they have never 
been encouraged to explore experience at 
the rich deep imaginative level. We need to 
be able to feel before we can think, because 
ratiocinative capacities are grounded well 
and effectively only if they are grounded 
on a stable, balanced and mature sensi­
bility- on an intuitive life, a psyche, 
which is capable of asking 'what for'. 

As D. H. Lawrence once said, 

'We need to ask, where does our go go 
to?' 
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APPENDIX I 

BIOGRAPHICAL SKETCHES OF ENGLISH SCIENTISTS 
of the late EIGHTEENTH AND THE NINETEENTH CENTURIES 

The following is a short list of scientists and technologists who lived and worked during the 
nineteenth century. It is during the nineteenth century, when the influence of science and tech­
nology was growing, that differences in the training and education of scientists in the various 
fields are apparent. 

For a greater part of the nineteenth century the easiest access to a career in mathematics or 
physics was a Cambridge education. In the first group fourteen out of twenty-one were educa­
ted at Cambridge. Of the remainder, one only did not receive some form of education. The 
significance of a Cambridge education is largely confined to this group, for in other fields the 
education most likely to lead to the pursuit of scientific interests was a medical training, either 
at university or in the form of an apprenticeship to an apothecary or druggist. 

In chemistry there were few effective facilities for training and the majority of the most dis­
tinguished chemists supplemented their ed~cati_on wi~h a period oftraining_abroad at the main 
centres of research. The layman's interest m sctence 1s brought out clearly m Group III. Here, 
as in the field of engineering and technology, there was a complete absence of formalised 
education and training. 

GROUP I 
Mathematicians and physicists 

John Couch Adams (1819-92) Mathematician/Astronomer 
Education St. John's College, Cambridge 
Positions held and con- 1858 Professor of Mathematics, St. Andrews University 
tributions to science 1859 Professor of Astronomy and Geometry, Cambridge 
and technology Discoverer of planet Neptune 

Sir George Bidell Airey (1801-92) Mathematician/Astronomer 
Education Trinity College, Cambridge 
Positions held and con- 1826 Professor of Mathematics, Cambridge 
tributions to science 1828 Professor of Astronomy, Cambridge 
and technology Seventh Astronomer Royal 

Charles Babbage (1792-1871) Mathematician/Mechanician 
Education Trinity College, Cambridge 
Positions held and con- 1828 Professor of Mathematics, Cambridge 
tributions to science 1834 Invented the principle of the analytical engine, forerunner of 
and technology the modern automatic computer 

Was instrumental in founding the Astronomical Society (1830), 
British Association (1831) and the Statistical Society (1834) 
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Sir David Bre11·ster (1781-1868) Physicist 
Education 
Positions held and con­
tributions to science 
and technology 

Edinburgh University 
Principal of Edinburgh University 
Instrumental in founding the British Association. Noted for his 
experimental work on polarised light 

Henry Cm•endish (1731-18/0) Physicist/Chemist 

Education 
Positions held and con­
tributions to science 
and technology 

Peterhouse College, Cambridge 
Noted for researches on electricity 
Discovered the compound nature of water and nitric acid 

Augustus de Aforgan (1806-71) Mathematician 

Education 
Positions held and con­
tributions to science 
and technology 

Trinity College, Cambridge 
I 828 Professor of Mathematics, University College, London 

Sir John Herschel (1792-1871) Astronomer 

Education 
Positions held and con­
tributions to science 
and technology 

Eton; St. John's College, Cambridge 
Trained for the Law 

William Mitchinson Hicks (I 850-1934) Mathematician/Physicist 

Education 
Positions held and con­
tributions to science 
and technology 

St. John's College, Cambridge 
Professor of Mathematics, Firth College, Sheffield 
Vice-Chancellor of the University of Sheffield 

Robert Hunt (1807-87) Physicist 

Education 
Positions held and con­
tributions to science 
and technology 

No formal education. Apprenticed to doctor in London 
1851 Lecturer in Mechanical Science, with its Applications to 

Mining, Government School of Mines 
1853 Lecturer in Experimental Physics, Government School of 

Mines 
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James Prescott Joule (1 818-89) Physicist 

Education Private tutor 
Positions held and con- Established the principles of interconvertibility of various forms of 
tributions to science energy 
and technology 

J. Norman Lockyer (1 836-1920) Physicist 
Education 
Positions held and con­
tributions to science 
and technology 

Various schools 
1881 Professor of Astronomical Physics, Royal College of Science 

James Clerk Maxll"el! (1831-79) Physicist 
Education Edinburgh University and Trinity College, Cambridge 
Positions held and con- 1856 Professor of Natural Philosophy, Marischal College, Aber-
tributions to science deen 
and technology 1860 Professor of Physics and Astronomy, King's College, London 

1871 Professor of Experimental Physics, Cambridge 

J. H. Poynting (1852-1914) Physicist 
Education Cambridge University 
Positions held and con- Professor of Physics, Mason's College, Birmingham 
tributions to science 
and technology 

Lord Rayleigh (1842-1919) Physicist 
Education 

Positions held and con­
tributions to science 
and technology 

Trinity College, Cambridge: Senior Wrangler, Mathematics Tripos 
1865 
1879 Professor of Physics and Head of Cavendish Laboratory 
1887 Professor of Physics, Royal Institution, London 

Sir Arthur William Riicker (1848-1915) Physicist 
Education Brasenose College, Oxford 
Positions held and con- 1874 Professor of Mathematics and Physics, Yorkshire College, 
tributions to science Leeds 
and technology 1886 Professor of Physics, Royal College of Science, London 
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Sir George Gabriel Stokes (1819-1903) Physicist 
Education Pembroke College, Cambridge 
Positions held and con- 1849 Professor of Mathematics, Cambridge 
tributions to science 1854 Lecturer in Physics, Metropolitan School of Science 
and technology 1885 President of the Royal Society 

Sir Joseph John Thomson (I 856-1940) Physicist 
Education 

Positions held and con­
tributions to science 
and technology 

Owens College, Manchester; Trinity College, Cambridge; Mathe­
matical Tripos 
1884 Professor of Physics and Head of Cavendish Laboratory, 

Cambridge 

John Tyndall (1820-93) Physicist 

Education 
Positions held and con­
tributions to science 
and technology 

Private tuition; Marburg University; Berlin University 
I 854 Professor of Natural Philosophy, Royal Institution, London 
Lecturer in Physics, Royal School of Mines 

William Whell'ell (1 794-1866) Philosopher ;Scientist 
Education 
Positions held and con­
tributions to science 
and technology 

Trinity College, Cambridge 
I 828 Professor of Mineralogy, Cambridge 
1838 Professor of Moral Philosophy, Cambridge 

Reverend Robert Willis (1800-75) Physicist 
Education 
Positions held and con­
tributions to science 
and technology 

Caius College, Cambridge. Trained in Theology 
I 837 Professor of Natural and Experimental Philosophy, Cam­

bridge 
I 853 Lecturer in Applied Mechanics, Government School of 

Mines 

Thomas Young (1773-1829) Physicist 
Education Trained privately in medicine 

Positions held and con­
tributions to science 
and technology 

Qualified in medicine at Cambridge 
Also educated at Gottingen 
180 I Professor of Natural Philosophy, Royal Institution, London 
Noted for work on interference of light waves. Did much to establish 
the wave theory of light 
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GROUP II 
Chemists 

Henry Edward Armstrong (1 847-1937) Chemist 
Education Royal College of Chemistry; Leipzig University 
Positions held and con­
tributions to science 
and technology 

1871 Professor of Chemistry at Finsbury Technical College 
1879 Professor of Chemistry at Central Institution, South Kensing­

ton 
Did much to improve the teaching of science 

John Dalton (1766-1844) Chemist/Physicist 
Education No formal education 
Positions held and con- Tutor in Mathematics and Natural Philosophy, New College, 
tributions to science Manchester 
and technology Developer of the modern atomic theory 

Sir Humphry Davy, Bart. (1788-1829) Chemist/Physicist 
Education Penzance Grammar Sc~ool. Apprenticed_ to surgeon-apothecary 
Positions held and con- 1798 Chemical Supenntendent of Med1cal Pneumatic Institution 
tributions to science Clifton ' 
and technology 1801 Director of the Chemical Laboratory, Royal Institution 

1802 Professor of Chemistry at the Royal Institution 
1820 President of the Royal Society 
Discoverer of potassium and sodium 
Established the science of electro-chemistry 

Michael Faraday (1791-1867) Chemist/Physicist 
Education No formal education 
Positions held and con- 1825 Director of the Chemical Laboratory, Royal Institution 
tributions to science 1833 Fullerian Professor of Chemistry, Royal Institution 
and technology Discovered laws of electrolysis 

Discoverer of electromagnetic induction 

Sir Edward Frankland, Ph.D. (1825-99) Chemist 
Education 

Positions held and con­
tributions to science 
and technology 
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1851 Professor of Chemistry, Owens College, Manchester 
1863 Professor of Chemistry, Royal Institution 
1865 Professor of Chemistry, Royal College of Chemistry 
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Thomas Graham (/ 805-69) Chemist 
Education 
Positions held and con­
tributions to science 
and technology 

Glasgow and Edinburgh Universities 
1830 Professor of Chemistry, Andersonian Institute 
1837 Professor of Chemistry, University College, London 

Frederick Guthrie Ph.D. (1833-86) Chemist/Physicist 
Education 

Positions held and con­
tributions to science 
and technology 

University College, London 
Heidelberg and Marburg 
1856 Demonstrator in Chemistry, Owens College, Manchester 
1859 Demonstrator in Chemistry, Edinburgh University 
1868 Lecturer in Physics, Royal School of Mines 
Authority on science teaching 

Sir William Henry Perkin (1838-1907) Chemist 

Education 
Positions held and con­
tributions to science 
and technology 

Royal College of Chemistry 
Discoverer of aniline dyes 

Sir Lyon PlaJfair, Ph.D. (1818-98) (1st Baron Pla)fair) Chemist 

Education St. Andrews; Andersonian Institute; Giessen 
1843 Professor of Chemistry, Royal Institution Positions held and con­

tributions to science 
and technology 

1851 Lecturer in 'Chemistry Applied to Arts and Agriculture', 
School of Mines 

1858 Professor of Chemistry, Edinburgh University 
Politician, became Postmaster-General 
Active in the problem of health in industrial centres 

Joseph Priestley (1733-1804) Chemist 

Education 
Positions held and con­
tributions to science 
and technology 

Theological training 
Tutor in Literature and Belles-Lettres, Warrington Academy 
First person to separate oxygen from air 

Sir William Ramsay, Ph.D. (1852-1916) Chemist 

Education 
Positions held and con­
tributions to science 
and technology 

Heidelberg, Ti.ibingen 
1880 Professor of Chemistry, College of West of England, Bristol 
1887 Professor of Chemistry, University College, London 
Discoverer of argon, helium, krypton, xenon, radon 
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Sir Joseph Wilson Swan (1828-1914) Chemist/Physicist 
Education 
Positions held and con­
tributions to science 
and technology 

Apprenticed to druggist 
Partner in firm of manufacturing chemists 
Invented prototype of electric light bulb 

Sir Thomas Edward Thorpe, Ph.D. (1845-1925) Chemist 
Education Owens College; Heidelberg; Bonn 
Positions held and con- 1874 Professor of Chemistry, Yorkshire College, Leeds 
tributions to science 1885 Professor of Chemistry, Royal College of Science 
and technology 

William Hyde Wollaston (1766-1828) Chemist/Natural Philosopher 
Education Caius College, Cambridge; trained in medicine 
Positions held and con- First to detect palladium and rhodium 
tributions to science Proved the identity of frictional and voltaic electricity 
and technology 

A. W. Williamson (I 824-1904) Chemist 
Education Heidelberg; Giessen; Paris 
Positions held and con- 1849 Professor of Chemistry, University College, London 
tributions to science 
and technology 

GROUP III 
Botanists, zoologists and geologists 

Charles Darll'in (1809-82) Naturalist 
Education Medical training at Edinburgh University 

Positions held and con­
tributions to science 
and technology 
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Author of Origin of Species 
Author of Descent of Man 
Put forward natural selection as basis of evolution 
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Erasmus Darll'in (I 7 31-1802) Physician/Scientist 
Education Medical training St. John's College, Cambridge, and Edinburgh 

University 
Positions held and con­
tributions to sc1ence 
and technology 

Foremost physician of his day and an early advocate of evolutionary 
ideas 

Sir Henry Thomas de Ia Beche (1796-1855) Geologist 

Education Royal Military College, Great Marlow (Now Sandhurst) 
Positions held and con- Director-General of the Geological Survey 
tributions to science Director of the Royal School of Mines 
and technology 

Edu·ard Forbes (1815-54) Naturalist 

Education 
Positions held and con­
tributions to science 
and technology 

Trained for medicine at Edinburgh University 
Naturalist on H.M.S. Beacon 
Professor of Botany, King's College, London 
Lecturer in Geology, Government School of Mines 
Professor of Natural History at Edinburgh University 

James Hutton (1726-97) Geologist 

Education 
Positions held and con­
tributions to science 
and technology 

Trained in medicine at Edinburgh and Paris 
Jn practice as doctor 
Retired early to pursue his interests in geology 
Pioneer of the evolutionary explanation of geological phenomena 

Thomas Henry Huxley (1825-95) Naturalist/Biologist 

Education 
Positions held and con­
tributions to sc1ence 
and technology 

Charing Cross Hospital Medical School 
Surgeon on H.M.S. Victory 
Professor of Natural History at Royal School of Mines 
Fullerian Professor of Physiology, Royal Institution 
1883 President of the Royal Society 
Privy Councillor 

John W. Judd (1840-1916) Geologist 

Education 
Positions held and con­
tributions to sc1ence 
and technology 

Royal School of Mines 
Professor of Geology, Royal School of Mines 
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Sir Charles Lyell (1797-1875) Geologist 
Education 
Positions held and con­
tributions to science 
and technology 

Trained for law at Exeter College, Cambridge 
Author of Principles of Geology 

Louis Mia// (1842-1921) Biologist 

Education Self-taught 
Positions held and con- 1876 Professor of Biology, Yorkshire College, Leeds 
tributions to science 
and technology 

Sir Roderick Murchison (1 792-187 1) Geologist 

Education Royal Military College, Great Marlow 
Positions held and con- Director-General of the Geological Survey 
tributions to science Director of the Royal School of Mines 
and technology 

Sir Andrew Ramsay (1814-1891) Geologist 

Education Grammar school, Glasgow; self-taught geologist 
Positions held and con- 1847 Professor of Geology, University College, London 
tributions to science 1851 Lecturer in Geology, Royal School of Mines 
and technology Director-General, Geological Survey 

Sir Warrington Smyth (1817-91) Geologist 
Education 
Positions held and con­
tributions to science 
and technology 

GROUP IV 

Trinity College, Cambridge . 
Lecturer, Mining and Mineralogy, School of Mmes 

Engineers, metallurgists and inventors 
Sir Richard Arkwright (1732-92) Inventor 
Education No formal education 
Positions held and con- Inventor of spinning machinery 
tributions to science 
and technology 
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Sir Henry Bessemer (1813-98) Engineer/Inventor 
Education Self-acquired education in engineering. . . _ 
Positions held and con- Discoverer of the first process for makmg mexpens1ve and plentiful 
tributions to science steel 
and technology 

Joseph Bramalz (1749-1814) Engineer/Inventor 
Education 
Positions held and con­
tributions to science 
and technology 

None 
Inventor of hydraulic press 

Isambard Kingdom Brune! (1806-59) Civil and Mechanical Engineer 
Education 
Positions held and con­
tributions to science 
and technology 

Lycee Henri Quatre, Paris 
Designer of Clifton suspension bridge, Bristol Docks, and the first 
transatlantic liner 

Edmund Cartll'riglzt (1743-1823) Inventor 
Education Clerical training at Oxford University 
Positions held and con- Inventor of the power-loom 
tributions to science 
and technology 

Samuel Crompton (1753-1828) Inventor 

Education 
Positions held and con­
tributions to science 
and technology 

None 
Inventor of the spinning-mule 

James Nasmytlz (1808-90) Engineer 
Education 
Positions held and con­
tributions to science 
and technology 

None 
Inventor of steam hammer 
Did much to improve machine tools 
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John Percy (1817-89) Metallurgist 

Education 
Positions held and con­
tributions to science 
and technology 

Medical training at Edinburgh University 
1851 Lecturer in Metallurgy, School of Mines 
Pioneer of metallurgy as a scientific subject 

Osborne Reynolds (1842-1912) Engineer/Physicist 

Education 
Positions held and con­
tributions to science 
and technology 

Queen's College, Cambridge 
1868 Professor of Engineering, Owens College 

William Ripper (1853-1937) Engineer 

Education Apprentice in dockyard 
Positions held and con- I 884 Professor of Mechanical Engineering, Firth College. Sheffield 
tributions to science 1917 Vice-Chancellor, Sheffield University 
and technology 

W. E. Roberts-Austell (1843-1902) Metallurgist 

Education Royal School of Mines 
Positions held and con- 1880 Professor of Metallurgy, Royal School of Mines 
tributions to science 
and technology 

Sir William Siemens (1823-83) Inventor/Industrialist 

Education 
Positions held and con­
tributions to science 
and technology 

Gottingen University 
Invented regenerative furnace for steel making 

Jolm Smeaton (1724-92) Civil engineer 

Education 
Positions held and con­
tributions to science 
and technology 
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George Stephenson (1781-1848) Inventor 

Education None 
Positions held and con- B_egan as c?lliery engine-wright, became a consultant railway en­
tributions to science gmeer. Designed first public passenger-train locomotive. 
and technology 

Robert Stephenson (1803-59) Engineer 

Education Edinburgh University 
Positions held and con- Railway engineer 
tributions to science Designer of Menai tubular bridge and Conway bridge 
and technology 

Sidney Gilchrist Thomas (1850-85) Inventor 

Education S~lf-taught. Supplemented by evening study at Birkbeck Institute 
Positions held and con- Discovered how to separate phosphorus from iron, in the Bessemer 
tributions to science Converter 
and technology 

Richard Trevethick (1771-1833) Engineer 
Education None 
Positions held and con- Pioneer of high-pressure steam-engines 
tributions to science 
and technology 

James Watt (1736-1819) Inventor and Civil Engineer 

Education No formal education. Apprentice to instrument-maker 
Positions held and con- Inventor of the modern condensing steam-engine 
tributions to science Supplied the inventive genius in the firm of Boulton & Watt, of which 
and technology he was a partner 

Carried out surveys for canals and prepared plans for harbours 

Sir Joseph Whitworth, Bart. (1803-81) Mechanical engineer 

Education 
Positions held and con­
tributions to science 
and technology 

None 
Introduced standard screw threads 
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APPENDIX II 

SHORT NOTES ON THE DEVELOPMENT OF SCIENCE 

AND TECHNOLOGY IN ENGLISH UNIVERSITIES 

In the growth of the science faculties of the 
colleges, which were the progenitors of 
university colleges and universities, there 
were, generally speaking, common lines of 
development. The basic core of the curriculum 
usually included -though not in all cases­
mathematics, physics, mechanics and chem­
istry. Natural history, geology and mineralogy 
sometimes formed an addendum to this core 
either as one subject or individually. 

Almost all the new colleges went through 
an initial phase during which they were 
concerned with work of a fairly elementary 
nature, i.e. of about G.C.E. '0' level, for the 
minimum age of entry was frequently as low 
as sixteen and in some cases even fourteen. 

Nevertheless, by the turn of the century the 
colleges had without exception aspired to 
degree-level teaching and many had developed 
distinctive schools of research in several 
scientific and technological subjects. 

A synopsis of the salient features of the 
teaching in science and technology in English 
universities is given below. 

The Cambridge teaching in mathematics 
was reformed early in the nineteenth century 
and thereafter throughout the century Cam­
bridge was notable for its mathematics 
teaching. Its products were found everywhere 
and almost without exception the first Chairs 
of Mathematics created in the new provincial 
colleges were held by Cambridge men. In the 
absence of an equivalent training in experi­
mental physics, physicists in the nineteenth 
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century were frequently Cambridge mathe­
maticians with a strong bias towards mathe­
matical physics. Be that as it may, many of 
them made substantial contributions to experi­
mental research in physics at the new colleges, 
and two of them, Lord Rayleigh and Sir 
J. J. Thomson, established the reputation of 
the Cavendish for its experimental research. 

Under the influence of men like von Hof­
mann, Sir Lyon Playfair and Sir Henry 
Roscoe, teaching and research in chemistry 
made rapid progress in the second half of the 
century. University College, London, was 
the first to appoint a Professor of Practical 
Chemistry (1845), but the Royal College of 
Chemistry under von Hofmann and Owens 
College under Roscoe also became flourishing 
centres of chemical research. 

Pioneers of engineering as a university 
subject included University College, London; 
King's College, London; and Owens College, 
Manchester. It is of interest to note that the 
first Chair in Engineering was established at 
University College as early as I 846 whereas 
Oxford did not appoint its first Professor of 
Engineering until 1908. Meanwhile by 1900 
nearly all the other colleges had developed 
Faculties of Engineering with Chairs in 
Civil, Mechanical and Electrical Engineering. 

The first Chair of Metallurgy was created 
by the School of Mines in 1851. This subject 
later received emphasis at King's College, 
London, and at Sheffield. Mining was an in­
tegral part of the curriculum at the Museum 



of Economic Geology when it was set up in 
1839. It continued to be an important part of 
the teaching when this institution later 
became the School of Mines. Other centres 
to develop the teaching of mining were the 
Newcastle College of Science (i.e. a consti­
tuent college of Durham University); 
Sheffield; and Birmingham. 

As well as more orthodox Chairs in engin­
eering in the 1870s University College, 
London, created Chairs of Mechanical 
Technology, Chemical Technology and 
Electrical Technology. Other developments 
in technology in the nineteenth century were 
in brewing at Birmingham and dyeing and 
leather manufacture at Leeds. 

I. Oxford Unil•ersity 

By the opening of the nineteenth century there 
were already Chairs in Astronomy, Geometry, 
Natural Philosophy, Experimental Philosophy 
and Botany. However there were no labora­
tories and no practical work. 

In 1803 a Chair of Chemistry was instituted. 
Chairs of Mineralogy and Geology were 
instituted in 1813 and 1818 respectively. 

A Chair of Zoology appeared in 1861 and 
Pure Mathematics in 1892. 

In 1900 the Wykeham Chair of Physics was 
instituted and electricity and magnetism were 
assigned to this while mechanics, sound, 
light and heat were assigned to the Professor 
of Experimental Philosophy. 

A Chair in Engineering did not appear 
until 1908 when a Chair of Engineering 
Science was created. 

2. Cambridge Unil•ersity 

At Cambridge Chairs in Mathematics; 
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Chemistry· Natural and Experimental Philo­
sophy; Botany; Astronomy and Ge~metry; 
and Geology had been created .dunng the 
seventeenth and eighteenth centunes. . 

The Natural Science Tripos was estabhshed 
in 1851. Honours could be awarded but not 
a degree and no one could sit for it u~less he 
had passed all the examinations requ1red for 
admission to a first degree in arts, ~aw. or 
medicine. The subjects for the exammatwn 
included physics, chemistry, botany and 
geology. At this time there were professor­
ships in natural philosophy. 

The Natural Science Tripos did not become 
popular until several years after its intro­
duction. Few students entered for it and the 
first Fellowship to be awarded to a successful 
student in the Tripos was not until 1867. 

The colleges could not provide the Iabo~­
atories on an adequate scale. Only. the Uni­

versity could do this and it objected to 
doing so. In 1871 the Natural Science Tripos 
was reorganised. Previously, students had 
had little chance of showing their skill in 
practical work but greater emphasis was now 
given to it. 

In the same year a Chair of Experimen.tal 
Physics was instituted and the Cavendish 
Laboratory was opened. In 1875 a Chair. of 
Engineering was created. The Jacksoman 
Chair of Natural Philosophy endowed at 
Trinity College in 1782 was, in 1878, trans­
ferred to the University. 

In 1879 the Degree of Doctor of Science 
was instituted. Considerable dissatisfaction 
prevailed over the fact that the colleges and 
the University did not co-operate over the 
provision of facilities for science. Additional 
laboratories were needed and there was 
inadequate instruction in biology and 
geology. 
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3. London University 

(i) University College, London (1826) 
1827 Chairs in Natural Philosophy and 

Astronomy, Mathematics, Chemistry 
and Engineering and Application of 
Mechanical Philosophy to the Arts. 

A second appointment in Chemistry was 
contemplated- 'The Application of Chem­
istry to the Arts' - but this J_JOS_t was unfilled. 
In the previous year von Ltebtg had opened 
his Chemistry Laboratory at Giessen. 

1841 
1845 

1846 

1867 

1868 

1878 

1882 

1884 
1897 

Chair of Geology instituted. 
Chair in Analytical and Practical 
Chemistry. 
Chairs in Mathematical Principles of 
Engineering and Descriptive Machin-
ery. . 
Chair in Pure and Applied Mathe-
matics. 
Chairs in Experimental Physics; 
Applied Mathematics and Mechanics. 
Chairs in Chemical Technology and 
in Mechanical Technology. 
Chair in Civil Engineering and Survey­
ing. 
Chair in Electrical Technology. 
Chair in Municipal Engineering. 

(ii) King's College, London (1828) 

At the outset Chairs in Mathematics, 
Chemistry, Natural History and Zoology, 
Natural and Experimental Philosophy and 
Geology were created. 

The Chair in Natural and Experimental 
Philosophy was held by a Cambridge 
mathematician and there was no laboratory 
or practical work. 

During the years 1838 to 1840 a start was 
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made on the development of engineering in 
the College. A class in civil engineering was 
begun in 1838 and this included machine draw­
ing and surveying land, in 1839 a Lecture­
ship in Manufacturing Art and Machinery 
was instituted. In 1834 Sir Charles Wheat­
stone was appointed to the Chair of Experi­
mental Philosophy but soon ceased to lecture 
to students and devoted the whole of his time 
to research. 

An attempt to establish military engineering 
and strategy by the creation in 1849 of a 
Chair of Fortification and Military Tactics 
had to be reluctantly abandoned as a failure. 

In 1851 the College followed the example 
of University College by creating a Chair of 
Practical Chemistry. A novel development 
was the instruction given in the arts and 
crafts of photography. 

Despite the appointment of Sir Charles 
Lyell to the Chair of Geology in 1828 this 
subject made little headway, for Sir Charles 
soon resigned and the department subsided 
into insignificance. Metallurgy was first 
seriously developed in 1879 when a professor 
was appointed. 

The scope of teaching in engineering was 
further extended by the creation in the 1860s 
of Chairs in Free-hand Drawing, Geometrical 
Drawing and The Arts of Manufacture. 
During the 1890s the Engineering Department 
was reorganised on the basis of three 
Professorships- Civil, Mechanical and 
Electrical Engineering. By this time the 
Department had more students than any 
other in the country. 

(iii) The Royal School of Mines and Royal 
College of Science ( 1853) 

The Royal School of Mines was begun as 
the Museum of Economic Geology in 1839. 



The Royal College of Science was formerly 
the Royal College of Chemistry, set up in 
1845. 

When these two Colleges were combined 
as one unit it constituted the foremost 
centre of science and technology in the 
country. There were Lectureships in Mathe­
mati~s and Mechanics ( 1851 ), Physics ( 1853), 
Apph_ed Mechanics (1851), Chemistry (1845), 
Pract1cal Chemistry (1851 ), Metallurgy 
(1851), Biology (1851), Mining (1839), Geo­
logy (1839) and Natural History Applied to 
Geology ( 1851 ). 

These Lectureships, however, were equiva­
lent to the Professorship of the universities 
and other colleges. Scientists holding Chairs 
at the latter frequently relinquished them to 
take up a Lectureship at the former (see 
examples in bibliography). Its teaching staff, 
at various times, included some of the most 
illustrious men of science of the late nine­
teenth century- such as Hofmann, Lyon 
Playfair, Edward Frankland (chemistry); John 
Tyndall, George Stokes (physics); Huxley 
(biology); John Percy (metallurgy); and Sir 
Andrew Ramsay (geology). 

4. Bristol University (1909) 

Formerly The College of the West of England, 
estahlished in 1874. 

The only Chair in science at the outset was 
a Chair in Chemistry, although mathematics, 
mechanics, physics, geology and textiles were 
also taught. 

An Engineering Department was set up in 
1878. The Professor of Engineering was also 
responsible for physics- separate Chairs for 
these subjects were not introduced until 1893. 

In the following year a joint Chair m 
Geology and Zoology was instituted. 
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5. Birmingham University (1900) 

Form~rly Sir Joseph Mason's Science College, 
established in 1880. 

At the inauguration of the Colleae there 
were . Chairs in Mathematics, Physics, 
Chem1stry and Biology. To these were added 
Geology (1881), and Engineering ( 1881 ). 
!~o years later a Department of Coal 

Mmmg and Colliery Management was set up. 
In the same year a _Lectureship in Metallurgy 
was created and th1s became a Chair in 1897. 
whe~ Chairs were also created in Zoology 
and m Brewing. 

The appointment of a Professor of Brewina 
was followed shortly after by the creatio~ 
of the British School of Malting and Brewing 
-an unusual departure from accepted lines 
of development. 

6. The University of Durham (1832) 

The University began with a Chair in 
Ma~hematics, held by a Cambridge-trained 
clenc, a Readership in Natural Philosophy 
and a Lectureship in Chemistry. 
. A Lecturer in Engineering was appointed 
m 1843 but science and technology made little 
progress and in 1871 a College of Physical 
Science, intended to be the faculty of science, 
was opened at Newcastle. It had the special 
function of teaching the sciences underlying 
mining, agriculture and manufactures. Hence 
in 1880 a Chair in Mining was instituted, 
followed in 1891 by a Chair in Agriculture 
and Forestry. 

7. The Unirersity of Leeds (1904) 

Formerly The Yorkshire College of Science, 
established 1874. Initially there were Chairs in 
Mathematics and Experimental Philosophy; 
Chemistry; and in Mining, Geology and 
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Metallurgy. But, in addition, the Cloth­
workers Company of London provided a 
Department of Textile Industries. They 
followed this by financing the School of 
Dyeing set up in 1877. 

By the time the college was granted inde­
pendent university status teaching in science 
and technology had been expanded to include 
civil, mechanical and electrical engineering, 
mining, agricultural and leather manufacture. 

8. The University of Liverpool (1903) 

Formerly University College, Liverpool, 
established in 1881 and a constituent college 
of the Victoria University. 

At the opening of the college there were 
Chairs in Experimental Physics, Inorganic 
Chemistry and Natural History. These were 
quickly followed by a Chair in Mathematics 
(I 882) and a Chair of Engineering (1886). 
There were no developments in new subjects 
in the 1890s but in the next decade Chairs 
were instituted in Physical Chemistry (1903), 
Electric Power Engineering (1903) and Civil 
Engineering. 

The university was one of the first to 
pioneer biochemistry, in which a Chair was 
created in 1902. 

9. The University of Manchester (1903) 

Formerly The Owens College, established in 
1851, it was founded through the generosity 
of John Owens. In that year Professorships 
were created in Mathematics, Pure and 
Mixed; Chemistry and Physical Science; 
and Natural History. At the opening of the 
Owens College these were reorganised into 
Chairs of Mathematics; Natural Philosophy; 
Botany; and Geology. 

Engineering first achieved professional 
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status in 1868 and in 1874 a Chair in Geology, 
Paleontology and Mining was instituted. 

A Chair of Applied Mathematics was 
created in 1881 and in the same year the 
Professor of Natural Philosophy was retitled 
Professor of Physics. 

10. The University of Nottingham (1948) 

Formerly the University College of Notting­
ham, opened in 1881. 

At the opening of the college there were 
Chairs in Physics, Mathematics and 
Mechanics; Chemistry and Metallurgy; and 
Natural Sciences. In 1884 the first of these 
was reorganised into two separate Chairs, 
Mechanics and Engineering; and Mathe­
matics and Physics, and a further Chair in 
Engineering created. In the same year a 
School of Engineering was opened. Experi­
mental Physics did not achieve professorial 
status until 1906. 

II. The University of Sheffield ( 1905) 

Originally the Firth College, established in 
1879. At its opening there were only two 
scientific Chairs -those in Mathematics and 
Chemistry. There was no Chair in Physics, 
this subject being taught by the Professor 
of Chemistry. 

In 1884 a Lecturer was appointed in 
Biology and was promoted to Professor in 
1888. 

The session 1883-4 saw the first moves to 
establish a strong Technical School within the 
College. It was hoped to collect £15,000 and 
appoint professors in Mechanical Engineering 
and Metallurgy. However, the response of 
industry was disappointing and only £3,000 
was collected. Nevertheless the new Chairs 
were instituted. 



Engineering and metallurgy received 
further emphasis by a number of non­
professorial appointments in the 1890s. In 
1892 physics received recognition by the 
creation of a separate Chair for that subject. 
The same year saw a Chair of Mining 
instituted. The teaching of coal mining had 
taken place right from the start and as early 
as 1882 an evening course of an extension 
kind had been held in coal mining. The Chair 
in Mining already mentioned was supple­
mented in 1905 by a Chair in Mining Chem­
istry. Meanwhile, in 1903, a Diploma in 
Mining had been instituted. 

An excellent beginning to a more detailed study 
can be made through the section entitled 'The 
Scientific Spirit in England, and the similar ones 
on France and Germany in volume i of J. T. 
Merz's History of European Thought (1896). This 
should be followed up by a study of D. S. L. 
Cardwell's The Organisation of Science in Eng­
land (1957) -an admirable analysis of the whole 
period - and M. Argles's Sollfh Kensington to 
Robbins ( 1964). The latter contains a useful 
bibliography of official reports on science and 
technology, education, and industry. 

Comparisons between the English and German 
systems of secondary education and higher educa­
tion in the nineteenth century are given in 
Matthew Arnold's Higher Schools and Unirersi­
ties in Germany ( 1892) and Sir Philip Magnus's 
Industrial Education (1888). For the German 
universities there is F. Paulsen's German Unil·ersi­
ties and Unil·ersity Study ( 1885) and J. Conrad's 
Tl1e German Unil·ersities for the last jijiy years 
(1885). W. H. G. Armytage in his Ciric Unil'ersi­
ties (1955) deals with the development of the Eng-

Appendix II 

12. Tlze Uni1•ersity of Southampton (1952) 

Originally the Hartley Institution founded in 
1862. ' 

For most of the nineteenth century the 
work done at the Institution was mainly of 
secondary school and technical college level. 
This included the teaching of mathematics 
physics, chemistry and elementary engineer~ 
ing. It was not until the 1900s that Chairs 
were created in Physics; Civil and Mechanical 
Engineering; Chemistry; Biology and Geo­
logy; Zoology and Electrotechnics. 

FURTHER READING 

lish civic universities and an interesting account 
of the ideologies underlying their development is 
Sir Eric Ashley's Technology and the Academics 
(1958). These works on the English universities 
should be supplemented by the histories of the 
individual universities- in particular J. Thomp­
son's The Owens College (1886) and H. H. Bellot"s 
History of Unil•ersity College, London, 1826-
1926 (1929). 

There is a wealth of material concerning the 
industrial struggle between Britain and Germany 
in the second half of the nineteenth century. 
R. C. K. Ensor's England I870-1914, vol. xiv 
of the Oxford History of England Series (1964) 
serves as a background to this, while standard 
works are W. Ashworth's Economic History of 
England 1870-1939 (1960) and J. H. Clapham's 
Economic Del'elopme/11 of France and Germany 
I815-1914 (1928). Further statistical material is 
found in G. D. H. Cole's British Trade and 
Industry, Past and Future (1932) and I ngvar-Sven­
nilson's Growth and Stagnation in the European 
Economy (1954). Contemporary accounts include 
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Arthur Shadwell's Comparative Study of Industrial 
Life in England, Germany and America ( 1906), Sir 
Swire Smith's Tlze Real German Rivalry, Yester­
day, Today and Tomorrow (1918) and E. E. 
Williams's Made in Germany (1896). The two in­
dustries whose productivity was most closely 
related to scientific and technical efficiency­
steel and chemicals- are covered by D. L. 
Burn's Economic History of Steel Making (1939) 
and F. Haber's Chemical Industry during t/ze 
Nineteenth Century (1958). The latter contains an 
account of the beginnings of organised chemical 
research in Germany under von Liebig and 
Bunsen. 

The post-1914 era is not so well catered for in 
the way of books, the most significant work, per­
haps, is J. D. Bernal's T/ze Social Function of 
Science (1942). In technical education there is 
P. F. R. Venables's Technical Education and 

REPORTS 

I. Select Committee on Scientific Instruction, 
Parliamentary Papers, 1867-8, xv. 

2. Reports of the Royal Commission on Scientific 
Instruction and tlze Advancement of Science 
(Devonshire Commission), 1872, 1873, 1874, 
1885. 

3. Reports of the Royal Commission on Technical 
Instruction Abroad, 1882, 1883. 

4. Reports of the Royal Commission Appointed 
to Inquire into the Depression of Trade and 
Industry, 1886. 

5. Report of the Royal Commission on Secondary 
Education, 1894--5, H.M.S.O. (Bryce Com­
mission). 

II 0 

S. F. Colgrove's Technical Education and Social 
Change (I 958). Useful outlines of further educa­
tion are found in the Board of Education Annual 
Report for 1935 and the Ministry of Education 
Annual Report for 1950. There arc, too, Ministry 
Circulars, University Grants Committee reports 
and the reports of the Central Advisory Council 
for Education. 

There arc several comprehensive analyses of 
scientific and technical manpower in the post-
1945 era, beginning with the Barlow Report in 
1946. Others are E. M. McCrcnsky's Scien11jic 
Manpower in Europe ( 1958), Richard Fort"s 
Scientific and Engineering Manpower Surl'ey 
(I 959), Joyce Alexander's Scientific Manpoll'er 
(1959) and G. L. Payne's Britain's Scienlljic and 
Technological Manpower ( 1960). 

Some notable reports of the nineteenth and 
early twentieth centuries are listed below. 

6. Chemical Instruction and Chemical Industries in 
Germany. Diplomatic and Consular Reports. 
Foreign Office, 190 I. 

7. Trade and Technical Education in Germany and 
France. Report by Mr J. C. Smail to London 
County Council. 1914. 

8. Report of the Deputation Appointed to risit 
Technical Schools, Institutions and lvfuseums in 
Germany and Austria. City of Manchester 
Technical Instruction Committee, 1897. 

9. Report on a Visit to Germany with a l'iew to 
Ascertaining the Recent Progress of Technical 
Education in t/zat Country. A Letter to the Duke 
of Devonshire by P. Magnus, G. Rcdgrave, 
Swire Smith and W. Woodall, 1896. 
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