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A N  H I S T O R I C A L  S U R V E Y  O F  T H E  
R I S E  O F  S C I E N C E  

IN discussions concerned with its history, rigid or narrow inter- 
pretations of the term ‘ science ’ are to be avoided. The purpose of 
examining the history of science is, apart from mere antiquarianism, 
the desire to place modern science in a perspective wherelit may be 
seen in relation to other human activities, past, present and, perhaps, 
future;  and to that purpose all from which science has grown is 
relevant. Mhthematics may not be science, but Greek physics de- 
veloped in great measure from geometry. The Egyptian goldsmith 
arci Assyrizn potter were not men of science, but chemistry deve- 
loped from their labours; and between the beginnings of the use OF 
tools and the industrial civilisation of to-day there is no moment 
of which we may say ‘ Here began Science.’ In the words of Roger 
Bacon (Comperrdia Studii , Cap. v,  quoted by Duhem) : 

A-unquanz ir: aliqun aztate inventa fz izf  aliqua scieniia sed a pvin- 
r ip io  mziridi paulai im crevit  sapientin,  c t  adhzcc non es f  completn 
zn hac vita. 

Rut, in agreeing to allow a wide interpretation to the term Science, 
we are not to forget that we shall include therein seveial different 
activities, notably those of the craftsman, the observer of nature, 
the philosopher and ontologist, the histories of which may not al- 
ways, especially in tlie early period, be very closely linked. 

There is no direct evidence as to how men began to think syste- 
matically about things. W e  may conjecture cne root or beginning 
iri the rational treatment of crafts-in the work of the Inventor, as 
distinguished irom That of the pure scientist. Clearly, from the be- 
ginniiig of civilisation there have been those who could rise to bhe 
occasion, as men’s desire to create ever greater works outran the 
power of their hands. Yet it 15 dangerous to pre-suppose a n  econo- 
mic motive, ever upmost in our  modern minds, in men to whom 
money was not yet knmvn. Equally or higher must we rate the re. 
ligious motive, the desire to raise great works for the gods, and the 
wish to understand the comings and goings of the heavenly beings 
ant1 to regulate the festivals of which the primitive calenidar may 
have consisted. Be this as it may, the corpus of ltnoiwledgc concern- 
ing the practical and religious aspect of things which xcumulated 

the three or more millennia between the first rise and the final de. 
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cline of Egypt and Assysia-to say nothing of the less-known civi- 
lisations of the East-was very considlerable. The discovery of the 
basic materials of man’s technical equipment, the metals, brick, 
glxzed pottery and glass, tower above any similar discoveries since 
inatic ; the zvohtion of architecture, the transformation of the crude 
imitations of savages to the noble inventions of the fine arts, the 
discovery of regularities in the complex motions of the heavenly 
lights, which led to the establishment of the calendar and the pre- 
diction of heavenly events, such as eclipses, the systematisation of 
an empirical medicine and surgery-in respect of all these the enor- 
mous and scan7tiIy documented aeons between the dawn of civilisa- 
tion and the rise of the Greeks command a respect comparable with 
that which we accord to the other great periods of scientific thought. 

If we do so, we 
must  avoid the fallacy that a t  any moment the world has but one habit 
of thought. Not only time, but the traditions of a race or place de- 
termine such habits. None of u s  suipposes that the curtain was rung 
down on Egyptian and Assyrian science ;it the moment when Greek 
science made its bow. Inidecd, it appears that when Greek astro- 
nomy was at  its zenith. Assyrian astronomers were making observa- 
tions at  least as accurate as any made by the Greeks, and that no 
less than thirteen hundred years after the time of the Ionian philo- 
sophers the tradition of Chaldaean star-lore persisted in the schools of 
the Fsabaeans of Harran;  and it has been argued that some of th’is 
traditional lore may have been directly traasini tted to the Arabs and 
thence to the West. We should not visualise the rise of science as 
proceeding continuously nor yet by successive periods, but rather in 
a series of waves whose peaks are  successive in time, but whose 
heads and tails overlqp. 

The first of these waves, then, is  made up of the practical know- 
leldge concerning things which was accumulated by the Egyptians 
and ‘ Chaldaeans.’ I ts  key-note was the practical. Knowledge was 
no:, it would seem, an end in itself, but was required to measure 
fields, build houses, cure the sick, settle the calendar and predict 
the future. I t  was closely connecited with religion, first, because in 
Ecgypt the priests were the learned men, and secondly because the 
hpavenfy bodies were identified or associated with the gsds and were 
therefore appropriately studied by the priest-astronomer. In this 
period cosmology was religicus rather than scientific : conjecture as  
to the origin and nature of the universe would naturdly refer to past 
tiadition rather than to present observation, and we find no evidence 
of attempts to base on astronomical data a working model of all that 
was. 

Rut are we t o  speak of periods of thought a t  all? 
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This impression is confirmed by the testimony of the Greeks, who 
without doubt derived a ground-work of natural knowledge from 
Egyipt and Assyria. This knowledge was empirical and, probably, 
not very extensive, but it served to  5et the Greek genius t o  the work 
oi rationalising and completing it. A s  one of the later Grceks said, 
the methods of the Chaldaeans 2nd Egyptians were imperfect (in re- 
lation to astronomy) because they lacked phyJiulogzu-which word is 
the nearest Greek equivalent of natural science, and may be taken to 
mean a philosophy of nature and natural causes. The Egyptians and 
Chaldeans, from the little we know of their attitude, would seem to 
have thought of a universe directed by a God or gods without the 
intermediary of natural law : it was the Greeks that first sought for 
a logos in things, a fitting and necessary sequence of causes and 
effect . 

I t  would be naive to  seek a single and invariable Greek attitude to 
science. The oibservations of Hippocrates, the cosmology of Plato 
in the Timaeus, the mathematical physics of Archimedes, the physio- 
logy of Galen-what have they in common? One thing at  least 
which they did not share with the:r predecessors o r  successors, 
namely a profound faith, nay more, a rash confidence in the power of 
the human intellect t o  discover in the univer.;e 3 reasonable order and 
system. 

As Professor John Burnet wrote, ' No sooner did an Ionian ,philo- 
sopher learn half-a-dozen geometrical propositions and hear that the 
phenomena of the heavens recur in cycles, than he set to work to  look 
for law everywhere in nature and\, with an audacity amounting to 
hybrir, to construct a systenl of the universe.' And having made 
the gigantic discovery of a correspondence between the things of the 
mind and observed events, having discovered the connection between 
the ideas of geometry and the facts of astronomy, between the idea 
of numerical ratios 2nd the fact of the length of the strings which 
gave the sucressive notes of the scale, the Greek philosophers did 
not hesitate to presume a universal correspondence between that 
which the human mind conceived as necessary or fitting, and *hat 
which in fact existed. 

They did not seek 
from the facts a law, hut conceiving as necessary certain conclusions 
as to the universe, they deduced from these the laws which things 
must evidently obey, and where the phenomena which might test 
these laws were hard to observe, they were little inclined to give 
tim: t o  their accurate observation. After pure mathematics (which 
is not natural science} positional Astronomy was the study in  which 
the Greeks most excelled; i t  was attractive to them not only be- 

Hereip lay their weakness as men of science. 
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cause it operated by mathematics, the realm of (pure intellect, but 
also because it seemed to come near to satisfying their longing for 
tihe absolute and thieir curiosity, which would not stop short at rhe 
totality of things : t o  quote that noble epigram of Ptolemy :- 

' I know thal I a m  rnortd and the creature of a day: but when 
I search oul the masbed wheezing czrctes of the stars, my fee t  no 
longer touch the earth, but, side by side with Zeus himself, Z 
lake m y  f i l l  of arribrosia, the food of the gods.'  

Lastly, astronomy gave the Greeks accurately observable phenomena 
to be saved, and so set bounds to the fantasies which, as we see in 
the Tiniaeus and in the works of the Pylhagoreans, came readily 
to thcir ingenious and, subtle bmrains. 

In the biological sciences, concerning which man's curiosity is in- 
extinguishable, but to which mathematics make little contribution, 
Greek science made no such great progress. True, a great deal was 
very well observed anld classified by such men as Hippocrates, Aris- 
totle, and the great anatomists of the Alexandrian school ; but while 
Greek a3trononiy culminated in the Ptolemaic system, which gave a 
very fair explanation of the phenomena and was of high practical 
value for astronomical work, Greek physiology ctulminated in the 
system of the three spirits 2nd four humours, temperaments, co'm- 
plexions, etc., as  set out by Galen, which was of little or no value 
for the understanding of the body in health or disease. 

Still less progress was mede in physics where only the elements 
ol' theoretical statics and hydrostatics and the beginnings of optics 
made any progress ; and in each case this was limited to the aspects 
of the subjecl which were accessible to research by geometry. I t  :s 
most significant that theoretical physics did not develop into prac- 
tical engineering. 

Archimedes would not record his mechanical inventions, which ter- 
rilied the Roman besiegers of Syracuse, thinking them unworthy of 
a philosopher. Even when philosophic restraint has declined, the 
pneumatic inventions of Ctesibius appear in the works of Heron of 
Alexandria and Philo of Byzantium as mechanical toys to edify wor- 
shippers or amuse the rich. I t  would seem that the handling of 
materials and instruments was not a t  all to the taste of classical 
Greece : deviation in geometry from the ascetk regimen of ruler and 
compass was not approved, and the laboratory would have savoured 
to them of the servile. Chemistry, therefore, in which the Assyrian 
potters and metal workers had some practical skill, made little or no 
progress under the Greeks. 

S N  HISTORICAL SURVEY OF THE RISE OF SCIENCE 

1 Greek Astronomy. Sir Thomas L. Heath ; 1932 ; p. Ivii. 
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The Greek phillosopher despised the mechanical arts and the ap- 
paratus of luxury : he would practice a philosophic frugality, and let 
the rich and their slaves see to the dkvices of comfort. Accordingly 
it was not until Roman times that the useful arts became connected 
with the sciences as in the period ol  Egyptian and Chaldaean science, 
and even then thep-evalence of slave labour was such that the daily 
needs of man made small demands on the mechanical genius of the 
natural philosopher. From about the first century, the useful arts 
acquired numerous semi-scientific conveniences, aqueducts, pip- 
ing, pumps, cranes: hut the wave of classical science was al- 
most spent, and men of learning and philosophic genius were already 
beginning to turn their eyes elsewhere. 

It has been fashionable for the last two centuries to regard the 
decline of dsssical  science as a falling away of knowledge and a re- 
lapse into darkness. I t  is quite true that in Europe there succeeded 
a period from c. QCO-1100 A.U. when science was little studied, but 
it was not a period of abstention from science through ignorance or 
imbecility, but of intenqe concentration oi the human faculties 
on the consequences and implications of the central event of human 
history; and while the gigantic research into the content of the 
Catholic faith was in progress, there were no  eyes to spare for cib- 
servation, nor powers for the elucidation of natural law. St. Augus- 
tine, deeply learned in the philosophy of Greece, speaks of this mat- 
ter with utter freedom from the humibug which has been the curse 
of learning from the Sophists t o  the modern Common-Room : 

' For great ar t  thou, 0 Lord, and hast respect unto the humble, 
but the proud thou beholdest afar oil' (Ps. 137, 6). . . . no:- art 
thou found by those that be proud, 110, not though they had the 
curious skill to number the stars and' the sand, and to quartei out 
the houses of the heavenly constellations and to find out the courses 
of the planets . . . . At these things men wonder and are aston- 
ished, that know not this Art, and they that do know it, triumph 
and are extolled ; and out of a wicked piide, failing thereby of their 
light, they foresee an Eclipse of the Sun so long beforehand, but 
gerceive not their own which they sufl'er in the piesent . . . But 
they knew not that way (thy word) by which thou madest these 
things which themselves can calculate, and the understanding out 
of which they do number i t ;  or, that, of thy w)isdom there is no 
number ' (Confessioits, Book 5 ,  Chap, 3). 

And again elsewhere :- 

' I t  is likewise colmmonly asked of what form and figure we may 
believe the heavens to be, according to the Scriptures. For many 
Contend much about those matters, which the very great prudence 
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of our Authors has forborne to s p t d r  of, a5 in no way furthering 
their learners in respect 01 a biesscd life and, above all, a s  taking 
up r1111ch of that time which should be spent in holy exercises. For 
what is it to me whether the heavens, like a splieie, surround on 
all sides the earth, a mass balanced in the middle oi the world, or, 
whether like a basiu they only cover or overcast i t ?  ’ 
‘Ihe argument at first seems irresistible. Natural science is secu- 

lar knowledge. Secular knowledgc is not necessarj for the know- 
ledge and service ol  God. No life, however long, gives more time 
than can be devoted to the knowledge and service of God : therefore 
there is no time for science. 

Nor are we to think that any objcction raked by St. Aiigustinc 
will be lightly disposed of. T h e  next period of science tried to answer 
It, the latest period 01 science has shelved i t .  /Ve may note two 
ieatures conccrning this argument for the abandonment of science. 
First ot all, it  depends on the assumption that science ic, secular know- 
ledge. The science of which St. Augustine is +caking is astronomy, 
which in some astrological foim played a part in the system of the 
Mdnichces, and therefore wa5 not only wcular but a harmful usurper 
of the place of the true doctrine. H e  did not extend the same con- 
demnation to scientific medicine, surgery an.4 the useful arts. 

Secondly, St. Augustine lived a t  a ,period when the [Catholic Church 
was still but one of the centres ol  human thought : he and the faith- 
ful  could afford to contract out, so to speak, and the world would 
go on around them. Rut when, in the second millennium of the Chris- 
tian era, the Church became almosl the sole repository of learning, 
then it was hers to decide whether brdnches of knowledge should be 
preserved or disappear, and anolther sdution than that of St. Augus- 
tine 2r.d the great men of the Dark Ages had to be found. 

W e  may picture, then, five. centuries or thereabouts, when natural 
philosvphy was not a matter of interest to the Christian world. The 
knowledge of the works of the ancients at no time wholly disap- 
peared, but its volume became scanty and its treatment jejune. I t  
has bemi well said that the Dark 4ges were like one of those northern 
summer nights in which the evening twilight lingers on to meet the 
dawn ; and when new knowledge was needed by the West  there was 
a foundation on which to erect it, and trained minds ready to receive 
it. 

While the Roman world was being broken down, fused with the 
Inigrant barbarians and recast in a new mould, the tradition of Greek 
learning remained in Byzantium and constituted a kind of pro- 
longation of classical Gieece into mediaeval Europe. Little, if any, 
advance in scientific matters took place there, but the treatises of 

\ 
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Aristotle and others survived, were read, taught, and commented 
upon. In the sixth and seventh centuries Greek texts were trans- 
lated into Syriac and thence into Arabic. There followed the amaz- 
ing phenomenon of Islamic 1eaIning. .JVe are inclined, to-day, to 
attribute less of scientific discovery to the Arabs than formerly, and 
to regard them more as transmitters of knowledge from classical and 
Eastern swrces  than as originators of science. None the less from 
the eighth to the twelfth century, their standard of secular learning 
and manual skill greatly exceeded that of Europe in general, and 
this was fully realised by the Western natioijs. From early in the 
twelfth century such men as Adelard of Bath, Gerard cd Cremona, 
Michael Scat, Hermann the German, began to tap the Greek learning 
and science stored in Arabic versions of classical authors which had 
not previously been accessible to the West. By the early thirteenth 
century, Aristotle, Ptolemy, etc., together with the acute commen- 
taries and original works of such men as Averroes, Avicenna, Alha- 
Zen, Rhazes, Alkindi, were available in Latin versions. In one cen- 
tury the Western world grew more in mental stature than it had in 
the five which preceded it. The assimilation of Catholic doctrine 
with Greek learning and the creation of something new and integral 
from both wa5 the task of the thirteenth century. The most pressing 
need for such assimilation was in the realm of metaphysics, ethics, 
and psychology ; it may be questioned whether, the world was then 
ready for Greek science, which was studied more because it was a 
part of the Aristotelian philosophic system than because the thir- 
teenth century had need of it. I t  was, however, no longer felt that 
time spent on secular learning was time wasted, because there was 
no longer any seculsr learning. ' That the power of philosophy is 
not foreign to  the Wisdom of God, but included in it, must be made 
manifest,' says Roger Bacon (Opus Majus,  Par.  11, Cap. 3). For 
science, St. Albert, Roger Bacon and St.  Thomas Aquinas stand 
out As the figures of the age ;  the first a universal genius and true 
man of science, the second a prophet of science born out of time 
and foreshadowing that which the world was not to see for three 
centuries or more, the thirid the creator af a gigantic scheme of 
thought in which alone, perhaps, science finds its due place. St. 
Albert and Roger Bacon were truly inen of science. They took the 
test  books of the age-Aristotle, Alhazen, Euclid, etc.-as their 
ground-work, but they used their own observation and made ex. 
periments. St. Albert speaks of the need for drcision by experiment, 
while Roger Bacon attains to the height of conceiving and abstract. 
ing fi.om experimental practice the idea ok a scientific method. In- 
deed, an age of experimental science seemed to be dawning with Peter 
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Pcregrine, the physicist, the numerous alchemists, Leonard of Pisa 
the mathematician, Mondino the anatomist. The  promise was, 
however, not fulfilled, and the new growth lignified into the conven- 
tional Aristotelian teaching about natural philosophy which persisted 
without much change till the seventeenth century. 

Here then is our third wavc of scientific culture rising from Bymn- 
tiucm, climbing through Islam, culminating in the thirteenth century 
and declining both in Islam and the West to a gradual disappear- 
ance at  the close of the seventeenth century. Meanwhile, the fourth 
wave was gathering in a ourious and secret fashion. While Aris- 
totle was ascendant, Plato was never wholly fcrgotten, and, as I 
read the signs, the minds of a select and discreet few laid hold on 
that ancient unifier of nature, the world-soul of the Timaeus, which a 
scholiast describes as ‘ a creative fire found around the middle and 
centre of the earth which heats the earth and animates it, and main- 
tains order a t  its surface ’ (Brandis, Scholza in Aristotelem, 504-5). 

This notion of the central animating (power, the ‘ certain pure mat- 
ter ’ of the alchemist, the quintu esseiifiu,  which perfected the metals 
in the mines, was a source of life to all that lived, and constituted 
the animal spirits which linked the soul to the body, was a notion 
central to alchemy, served to rationalise astrology, but was not a t  
all easy to  fit into the accepted Aristotelian cosmology. I t  remained 
a secret doct;ine, found in alchmical works, and hinted at in various 
fashions. klarsilio Ficino in the later fifteenth century seems to have 
been a centre of such teaching, and fifteenth-century Italy seems to 
have radiated unorthodox natural philosophy. Heliocentric astro- 
nomy was a subject of discussion, the ‘ central fire ’ of the Pytha- 
goreans being mistakenly assimilated to  i he sun ; and it seems pro- 
bable tbat Copcrnicus during his stay in Italy received the germ of 
the theory which he was to substantiate wiih the aid of the ever 
more accurate astronomical observations which had become avail- 
able. Throughout the late fifteenth antdl most of h e  sixteenth cen- 
tury there was a curious atmosphere of secrecy surrounding the new 
science, which was being learned both from newly available Greek 
trxts 2nd by experiment. Notice the curious symbol:sm of the scien- 
tific instruments in Holbein’s Anzbussudors, Diirer’s Malinconia, 
Giorgione’s Three Philosophers : note the secrecy of Leonard0 da  
Vnci : note the combination of the magical and scientific in the works 
of such men as Cornelius Agrippa, Paracdsus, Gianbattista della 
Porta, John Dee, van Helmont, Kenelm Digby, and many another. 
These men did not distinguish what we call magic from what we 
call science; itatzcral magic, of which they spoke with commenda- 
tion, to them meant any manipulation of what they believed to be na- 

AN HISTORICAL SURVEY OF ?HE RISE OF SCIENCE 
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ture’s forces, among which the supposed operation oi  influences and 
sympathies seemed to be included no less a p p  opriately than those 
attractions (as of magnet and iron, or arnbei- and straw), which we 
call physical. Space forbids further discuss:on of the reemergence 
of natural philosophy in  the sixteenth century: let u s  pass a t  once 
to the portentous emergence 01 modern science. Modern science, 
which was a vigorous child1 a t  the end of the seventeenth century and 
an inchoate embryo at  its begirning, is distinguished froan the natural 
philosophy of the years which preceded that century, by its limita- 
tion to such aspects of matter as  are definable a t  best in terms of 
length, inas? and t h e ,  or, where this is impossible, in terms oh such 
sense-data as men in practice are found to agree upon closely. The 
limitation applies both to the data it accepts, the explanations it is 
prepared to adopt, and the modes of causality it refers to in i t s  pre- 
diction<. With modern science come the notions of scientific truth and 
open publication, which amount to a recognition t h a t  a free and com- 
(plete knowledge o€ facts accelerates the advance of science, and that 
:lo limitations are  t o  be placed upon the classes who are to have 
access to thc knowledge and power which science give>. Finally, 
the increase of man’s power and wealth through industry comes to 
be recognised and avowed as a primary purpose of scicnce. 

The scientific method was revolutionary in its separation of 
scientific knowledge from philosophy. The natural philosopher, 
Plato or St. A!bert, said:  ‘ I will consider all that is.’ The seven- 
teenth-century man of science said : ‘ I recognise that there is much 
that natural science cannot study. I set that aside to be studied 
by the methods of philosophy and religion, and I will study the 
remainder by the aid of my experimental philosophy.’ Thus New- 
tcn’s cosmic systeim is based on mutual attractions which he docs not 
cowider it his part to account for. Ancient scicnce sought to ex- 
plain; modern science merely to describe in terms of a few simple 
entities, themselves inexplicable or unexplained. 

The result, wholly unforeseen, of this division of knowledge, is 
that scientific description, which is cumulative, has grown out of all 
proportion to philoisophic explafiation, which is iiot. Natural science, 
moreover, has come to be of immediate everyday importance to 
everybody, and its results, if not its methods and technique, are 
forced on the notice of every man living. I n  the last century when 
this first became apparent, it led to  a huge invrease i n  thc fallacy, 
often tacitly assumed and sometimes publicly profcssetl, that outside 
the field of science there is nothing but  illusion a n d  fancy ; and this 
to-day is the belief of a great part of those who livc in communities 
permeated by the ideas and contrivances of science. 
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?V’O singlt man can be regardea as the founder of modern science ; 
var;ous aspects of it are foreshadowed in the work of such men 3s 
Veaalius, Coperaicus, Paracelsus, Ambroise Park, Simon Stevin, 
William Gilbert and many others; but two great men, Galileo Gali- 
lei and Francis Bacon, stand out as those whom their contemporaries 
recogniqed ac marking the threshold Qf a new mansion of human 
achievement. By Galiieo the scientific method was first practically 
realised in its entirety; by Bacon it was first enunciated as  a system 
of knowledge. 

Galileo became world-famous through his astronomical discoveries, 
which might have been made by any ia tural  philosopher who had the 
fortune to hear of the idea of a tele5cope and the high degree of 
practical skill needed to construct an efficient instrument. The im- 
portance of his demonstration that the region above the moon was 
not csseritially different from that belour cannot be over-rated, yet 
from the point of view of the develoipment of modern science, his 
rejection of Aristotelian mechanics, hi5 quantitative experimental in- 
vestigations, and resultant mathematical treatment of statics and dy- 
namics take a yet higher place. In these unexampled researches he 
presents us with a picture of the man of science in action. His limi- 
tation of the data of science to observation and experiment and his 
rejection of authority are sufficiently shown in  his treatment of falling 
bodies and other problems of physics, without entering upon the un- 
happy controversy coacerning Copernimn astronomy, in which 
neither the philosopher nor the Church appeared at their best. Yct 
the controversy was significant, more so perhaps than either side was 
aware. Fc r  behind the fireworks of polrniic and the special plead- 
ing, the citations of authority and the judicial decisions, lay two pro- 
found judgments, the judgment of Galileo that without complete free- 
dom from 2uthoritative decisions on scientific conclusions, modern 
science could not be created, and the judgment oE the Church that 
the separation of science from the integral corpus of knowledge WQS 

a schism of the profoundest consequence. 
The line from Galileo to modern science is straight and clear 

through the workers of the Accademia del Cimenta, imbued with his 
spirit, to the Royal Society and the other Academies. Yet doubt- 
less the foundation members of the Royal Society would have 
clzimed as their progenitor not Galileo, but Francis Bacon, ‘ t h e  
man who rang the bell that called the wits together.’ It has been 
fashionable to decry Racoa. H e  was no scie:itist, it is true; and 
rnary of the experiments he suggested and performed are evidently 
the xoducts of a nian who had spent more time at court than in 
the liboratory or workshop. His metaphysical attainments are not 



220 BLACKFRIARS 

to be rated veiy high, but his statement of the essentials of the scien- 
tific method was forcible, and, considering that he wrote before ex- 
per;mental scimce had been proved in practice, remarkably sound ; 
it was, moreover, perfectly timed to draw men to the new knowledge. 
Bacon’s works enunciated a programme and a method of study, but 
his works could not supply the knowledge of laboratory technique 
and the manner of setting about a practical scientific problem, nor 
could they reveal the power of rnathcmatics ir, interpreting the re- 
d t s  of experiment. This may be the reason why science hung fire 
for a decade or LWO alter Bacon’s publications, and I would date 
the end of the preface and the beginning of the text of modern science 
;ibout 1650, when Baconian theory, Italian technique, and Carte- 
sian mechanistic natural philosophy seemed to present men with the 
means of elucidating all observable things. 

Since that time the rise of !pure xience has been rapid, cease- 
less, and ever accelerating. Through the late seventeenth and 
eighteenth century we watch a continuous perfection of laboratory 
technique, the working out  of more powerful methods of mathemati- 
cal theory, the reduction of more and more departments of know- 
ledge t o  the state of organised and rational sciences. The advance 
of science exceeded all hope; so much so that the sanguine began 
to think that the method which had accomplished so much was cap- 
able of doing all that man could ask, and of elucidating the problems 
to which, hitherto, revelation had supp1ie.l the only answer. T o  pur- 
sue the history of rationalism, positivism, and materialism into the 
present age is not a matter for this historical survey, nor is this 
the place to discuss the controversies of religion and science which 
shook the nineteenth century and are still living and anxious prob- 
lems to many. Suffice it to say that many have not yet decided for 
themselves what is the province and what the powers of science, 
while many again have decided superficially and unphilasaphically 
that science is our only light. 

I am not one of those who see in economic necessity the cause 
of scientific progress. The great discoveries of science, when first 
made, have for the most part little bearing on practical affairs, neither 
arising immediately from them, nor being applicable to them until 
;i certain amount of subsidiary research has been done. I can COE- 

ccbe very well of a Etate oIc society in which pure science toad 
flourish and applied science be largely neglecrtcd, but such a socidy 
we have not seen and are not likely to see, in our time at  any rate 

The notion of the application of science to the needs of man isan 
ancient one. Roger Bacon was alive to it, urging the necessity for 
the study of science so that the Church festivals might be proyerly 
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regulated, geographical positions mapped, and astrobgkal  influ- 
ences prqperly computed. Leonard0 da  Vinci's notebooks are full 
of practically useful mechanical contrivances and' throughout the six- 
teenth-century ' engines '-water-wheels, pumps, saw-mills, cmbina -  
tion of mechanical powers, devices for raising snips, etc.-attracted 
much attention. A5 mining and smelting became more extensive in- 
dustries, puml.'in~-inachiiiery had to be improved : the need to supply 
water to the growing towns created the same want. In ihe period 
of ' books of secrets ' there was a feeling that a knowledge of nature's 
ways ought to be useful, and at  the beginning of the seventeenth 
century Francis Bacon crystallised these diftase aspirations in the 
notion of the iirrperiuni horninis, the rule of nian over nature. Man, 
was to improve his lot by the use of natural science, urged Bacon: 
but the course this improvement was to take was mercifully hidden 
from him, and wihile mechanical invention and the use of power 
created a very different world from that which he foresaw, the 
great works that he expected science to accomplish were not in fact 
realis4 before the end of the nineteenth century. 

The application of science to crafts and industries made little stir 
bcfore the late eighteenth century. Some ingenious devices such as 
the stocking-frame came into 'use in the early seventeenth century, 
ar.d from this time on there was a steady progrcss in craftsmanship, 
largely to be attributed to the skill required of the clockmaker, in- 
strument maker, locksmith and gunsmith. Foreign trade was bring- 
ing a demand for larger quantities of textile goods than the limited 
supply of skilled craftsmen could turn out. 'The slowest of the tex- 
tile processes was s$pinning, so naturally there were efforts to produce 
spinning machinery, and in the latter part of the eighteenth century 
the momentous step was taken of operating a large numibei of' spin- 
ning niachincs by a single water-wheel, and the factory system was 
born. Meanwhile, the steam-engine was being perfectefd. The Mar- 
quis of Worcester seems fairly certainly to have had some kind of 
steam-pump in the mid-seventeenth century : before the end of the 
century %very 'r, engine had been devised. Newcamen's beam-engine 
came a t  the beginning of the eighteenth century, and improvement in 
SUCh eiiginels continued until the genius of James W a t t  turned the 
steam pumping engine into a rotary engine capable of becoming the 
prime mover of a factory. From 173.2, the year of the first rotary 
IVatt engine, industrial civilisation began. 'The textile trades were 
niechaniced, and the power of exploiting the labour of the politically 
helpless was horribly augmented. '1 he siibscquent course of applied 
science is well enough known. The years I82j to r8jo saw the crea- 
tion of the railroads. The years 1860 to 1880 gave uIs sanitation, a 
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clean water supply, antiseptic surgery and preventive medicine. 
Between 1890 and 1905 came electric supply, mechanical road trans- 
port, and the re-housing of the slum-dwellers in the outer belt of the 
towns. From 1905 to 1930 was the great age of the internal com- 
bustion engine with its further mobilising of the people: from 1920 
the  period of mechanised amusements; the years from 1930 to the 
present day have been the era of preparations for and realisation of 
mechanised war. 

I have not touched on a tithe of the discoveries which have altered 
people’s lives, but I shall conclude by presenting a problem, 
which serves to summarise the application of science to  daily life, 
and a t  the same time to ask a question. Let us divide the last Ijo 

years, 1790-1940, into three half-centuries, and let us consider the 
first-class practical discoveries made in each ok them. 

Here is a list of the discoveries and inventions which I have chosen 
(somewhat aibitrarily, I confess) a s  those which are of the first rank 
of hportance to the man-in-the-street. ( I  speak only of applied 
science and assign each discovery to the period of its first coming 
into use, not of its first invention.) 

1792-1842. Steam polwer in factories. Railways. Steam-ships, 
Gas. Matches. The stethoscope. Vaccination. Iron pipes. (8 
discoveries.) 

18.+2-1892. Dynamo, and electric motor. Interiial-combustion en- 
gine. Bicycle. Iron ships. Telephone. Telegraph. Ocean cable. 
Photography. Sanitation. Chloroform. Aseptic surgery. Control 
of cholera and typhoid. Clinical thermometer. Canned food. Dis- 
infectants. Synthetic drugs and dyes. I’hatography . Rubber. Gal- 
vanised iron. Cheap steel. High explosives. The breech-load- 
ing rifle. Armour-plate. Torpedo. (26 discoveries.) 

1892-1942. Eleotric-supply grid. Use of electricity in factories. 
Electric trams. Electrification of rail. Electric lighting and 
heating. Automabile in all forms. Motor boat and ship. Diri- 
,gible airshiip. Aeroplane. Glider. Wireless telegraphy, wire- 
less telephony, broadcasting, television, radiolocation, cinema, 
sound-film, robot-machinery generally. X-rays. Ultra-violet and 
infra-red radiation. Rayon. Plastics, Aluminium. Ferroconcrete. 
Synthetic fertilisers. Synthetic drugs. Synthetic rubber. Synthe- 
tic oil. Chemotherapy. Kadium. Vitamins. Antitoxins. Vac- 
cine therapy. Control of tropical disease. Machine.guns. Poison 
gas. Suibmarines. Tanks, and an array of other weapons. ( p  
discoveries.) 
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Are we entitled to extrapolate the curve showing number of dis- 
coveries against time, and to conclude that the next fifty years will 
provide sixty first-class discoveries seriously affecting human jives, 
and that some ten ot these are likely to be death-dealing atrocities? 
Or Cdn we expect a change in conditions which will stem or regulate 
this flood-perhaps a new economic systcm, ds of Soviet Russia; per- 
haps a realication that the seventy or 50 first class dliscoveries of 
science have not made the world of I g L p  so greatly superior to that of 
1790? Science has operated hitherto without any control other than 
the pay of the capitalibt and the choice of the research worker. Is it 
not perhaps our part to consider whether and, if so, haw research 
may be directed ; or, alternatively, whether the exploitation of its 
results should not be restrained in such fashion that our civilisation 
inay be saved from destruction. And indeed we may come to wonder 
whether our industrialised civilisation is worth saving and whether 
the world of the future may regret our downfall no more than we 
regret that of the Roman Empire. 

SCIENCE AND REASON 

F. SHERWOOD TAYLOR, M . A . ,  D.Phil., 
Citrator of the Aslitnolean Museum. 

S C I E N C E  A N D  R E A S O N  

FACED with :he grest  human crisis of our times, it is only natural 
that the scientist should fee! that he has his contribution to make 
towards a solution ai our one great problcm-to secure the 5ur- 
viva1 of the things that are good. The scientist has, moreover, a 
certain confidence that his contribution is important, perhaps even 
decisive, and certainly indispensable. H e  is confirmed in this view 
by the reflection that R large proportion of the world’s troub!es may 
be traced to a ‘desertion of scientific ideals, a neglect of scientific 
principles and the substitution of comfortable and muddle-headed 
illusions for the facts which are the scientist’s stock-in-trade. 

Scientists are now begincing to feel that they have something to 
give beyond their material contribution, something in the realm of 
values, of ideals, of human harmony and ordered social progress. 
This contribution ha5 reference both to  the war effort and to recon- 
struction-to the armed struggle in which we are uow engaged, and 


