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THE TWOQ CULTURES

It 15 about three years since 1 made a skeich o
print of a problem which had been on my mind
for gonte time.! 1t was a problem I could not avaid
just because of the circumstances of my life The
oaly credennials I had to rominate on the subject
at all came through thase cirgumstances, through
nothitg more than a set of chances. Anyone with
similar ¢xperience would have seen much the
same things and I think made very much the same
commentis about themn. It just happened to be an
unusnzl experienec. By training I was a scitntist:
by vocation I was a writer. That was all. It was a
piece of luck, if you like, that arose through com-
g from & poor hoine.

But my petsonal history isn't the point now. All
that I newd say is that I came to Cambridge and
did a bit of reszarch here at a lime of major scien-
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tific activity, 1 was privileged to have a ningside
view of one of the most wonderful cosative periods
in all physies. And it happened through the Auokes
of war—induding mecting W. L. Bragg in the buf.
fet on Kettering station on a very cold momiog in
1939, which had a derenmining influcnce on oy
practical life—~that I was able, and indeed morally
foreed, to keep that ringside view ever since. 50
for thirty years I have had to be in touch with sci-
<ntists not only out of coriosity, but as part of a
working existence. During the same thitty years I
was trying to shape the books I watted to wntc,
whirh in due course took me AMONg Writers.
There have been plenty of days when I bave
apent the working hours with scientists znd then
gone off at night with some literary colleagues, [
mean thae litevally. I have had, of course, intitate
friends among Loth scientists and writers. It was
through living among these groups and moch
more, I thiok, through moving regularly itom one
to the other and hack again that | got occupied
with the problem of what, long before I put it on
paper, I chostened w myself as the “two cultures’
For constantly [ felt [ was moving among (wo
groups—comparable in intelligence, idendcal in
race, Dol grossly different in social origin, earming
ahont the same Imcomes, who had alniost ceaged to
commaunicate at all, who 1in intellectual, moral and
psychalogical climate had so liftle in common that
instead of going From Burlington House or South
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Kensington 10 Chelsea, one might have crossed an
occan,
Inn fact, one had travelled much furiher than
across an pccan—Dbecause after a fow thousand At-
lantic miles, one found Greenwich Village talking
precisely the samé Janguage as Chelsea, and both
having about as much commumication with M.LT.
25 though the scientists spoke nothing but Ti-
hetan. For this is not just our problem; owing to
some of our educatiohal and social idwsynirasies,
it &5 slightly exagperated here, owing to another
English social peculiarity it is slightly minimised,
by and lazge this is a problem of the entire West,
By this 1 intend somerhing senious. I am not
thinking of the pleasant story of how ane of the
mure convivial Oxford greats dons—I have heard
the story attributed to A L. Simith—came over to
Cambridge o dine. The datc is perhaps the 183,
1 think it most have been at 5t John's, or possibly
Trinity, Anyway, Smith was sitting at the right
hand of the President—otr Vice-Master—and he was
a man who liked to include all round him in the
conversation, althotgh he was not immediately eo-
conraged by the expressions of his neighbours. He
addressed some cheerful Oxonian chitchat at the
one opposite to him, and got a gront, IIe then
tried the man on his own vight Rand and got an-
other grunt. Then, rather to bhis surprise, ome
logked at the other and sad, 'De you know what
he's talking abowt?” ‘I haven't the least idea’ At
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this, even Smith was gerring out of his depth. But
the President, acting as 2 soclal emollieny, put him
at his ease, Ly saying, 'Oh, those are mathermati-
ctznz! We never talk wo them',

Mo, I intend something serious. I believe the in-
tellectual life of the whole of western socicty is
increasingly being splic into two polar groups.
When [ say the iniellectual life, T mean to include
alst a large part of our practical life, hecause [
should he the last person to suggest the two can at
the deepest level be distinguished. 1 shall come
back to the practical life a little 1ater. Two polar
groups: at one pole we have the literary inteliec-
twals, who incidentally while no one was looking
ook to referring to themselves as 'inceltectuals’ as
though there were no others, 1 remcmber & H.
Hardy once remarking to me in mild puzzlement,
spme Lime in the 19305 “Have you noticed how
ihe word “intcHectual” i3 used nowadayse “Chere
geemms to be a new definition which certainly
doesn’t include Rrtherford or Eddington or Dirac
or Adrian or we. ]t does seem rather odd, don'y ¥
know." #

Literary intcllectuals at one pole—at the other
scientists, and as the most Tepresentative, the phys-
ieal scientists. Between the two a goll ol mutual
incomprehension—smnetimes (particularly amoog
the young) hoatility and dislike, but most of all
lack of vndetstanding. They have a curious dis-
toried image of each other. Their attitudes are 5o
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ditferent that, even on the level of emotion, they
can’'t find much common ground. Non-scientists
tend to think of scicntists a3 brash and boasibul.
They hear Mr T. 5. Eliot, whe just for these illos
trations we can take as an archetypal hgure, sayiog
about his attermpis to revive verse-drama, that we
can hope for very little, but thar he would fecl
content il he and his co-workers could prépare the
ground for a mew Kyd or a new Greene, That is
the tone, restricted and constrained, with which
literary intcllectuals are at home: it is the subduoed
voice of their ¢ultore, Then they hear 3 much
louder voice, that of another archetypal hgure,
Ruiherford, trumpeting: “This is the heroic age of
sciencel This is the Elizabethan age!” Many of us
heard that, and a good many vther statements be-
side which that was mild; and we weren't left in
any doubt whom Rutherford was casting for the
role of Shakespeate, What is hard for the literary
intellectuals to understand, imaginatively or intel-
leciinally, is that he was absolutely Tight

And compare 'this is the way the world ends, not
wilh a bang but a whimper'—incidentally, one of
the least likely scientific prophecies ever made—
compare that with Rutherford's famous repantes,
‘Lucky fellow, Rutherlord, always on the crese of
the wave.” "Well, I made the wave, didn't I¥

The nonscientists have a rootcd smpression that
the scientists are shallowly cptimistic, unaware of
man's condition. On the other hand, the scienitists
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believe that the liverary intellectnals ave totally
lacking in forezight, pecaliarly wneoncerned with
their brother men, in a deep sense anti-intellec-
tual, anxious to restrict both art and thought to
the existentiz]l moment. And so on. Anyone with
a mild ralent for invective could produce plenty
of this kind of sulwerrancan back-chat. On each
side there is some of it which is not entirely base-
less. It s all destructive. Much of it rests on misin-
terpretations which ave dangerous. 1 should like tu
deal wirh two of the mest profound of these now,
one on cach ade.

First, about the scientists’ optimnsin. ‘Fhis is an
accusation which has been made 30 ofien that it
has become a platitude, It has been made by some
of the acutest non-scieniifte minds of the day, But
it depends upon a coniusion between the individ-
nal experience and the social cxperience, between
the individual condition of man and his sncial con-
dition. Muost of the sciendsts 1 have known well
have felt—just as deeply as the non-scientises I have
koown well—that the individual condition of cach
of us is tragic. Each ol us is alone: somctimes we
escape from solitariness, through love or affection
or perbaps creative moments, but those trivmphs
of tfe are pools of light we make for ourselves
while the edge of the road is black: each of us dies
alone. $owme scientists F have known have had laith
in revealed religion. Perhaps with them the sensc
of the tragic condition is not so strong. 1 dono't
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know. With most people of degp feeling, however
high-spirited and happy they are, somelimes most
with those who are happiest and most high-spir-
ited, it seems o be right in the {ibres, part of the
welght of life. "[hat is as true of the scientizts |
have known best as of anyone ar all.

Eut ncarly all of them--and this 15 where the col-
pur of hope genuinely comes in—wonld see no
reason why, just becawse (he ndividual condition
iz tragic, so must the social condition be. Each of
us is solitary: each of us dies alone: all right, that's
a fate against which we can't struggle—hut there is
plenty in onr conditiont which is not fate, and
agwinst which we are less than human unless we
do siruggle,

Most of our fellow human beings, for instance,
are underfed and die before their time. 1o the
crrclest terms, thal is the social condition, There i3
a maral wap which romes throagh the insight ino
man's loneliness: it tempts one to sit back, com-
placent in one's unique tragedy, and let the others
go withont a meal.

As a proup. the scientists fall into that rap less
thair others. They are inclined to be hmpatient to
see iF something can be done: and inclined ta
think that it can be done, until it's proved oiher-
wise. That is their real optimism, and it's an opti-
mism that the rest of us badly necd.

In reversc, the same sprt, tough and good and
determined to fight 1t out at the side of ther
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brother men, has made scicentists regard the other
cultore’s soctal aititudes a3 contemptible, That i
too facile: some of them are, but they are 3 terapo-
rary phase and not to be taken as representative,

I remcmber being crusscxamined by a scienist
of distinction. “Why do most wrirters take an social
opioions which would have been thougte distinet!y
wncivilised and ddmodé ac the time of the Planta-
genels? Wasn't that rrue of mast of cthe famous
twentieth-century writers? Yeats, Pound, Wynd-
han Lewis, nine oot of ten of those who have
dominated literary sensibility in our time—werchi't
they nat only pelideally silly, but palitically
wicked? Didn't the influence of all they represent
bring Auschwitz that much nearer”

I thought at the time, and I sull think, that the
correct answer was not ta defend the indefensible.
1t was no usc saying rhat Yeats, according to friends
whose judgment 1 trust, was a man of singular
magnznimity of character, as well as 3 preat poet
It was no use denying che facts, whicle ave hroadly
true. The honest answer was that there 15, 1n fact,
a conneciion, which literary persons were culpably
slow to see, Letween some kinds of early twentieth-
centyry art and the most imbecile expressions of
anti-zncial feeling® That was onc reason, among
nxany, why some of us tumed our backs on the art
and tried to back out a new or different way for
ourselves, !

But though many of those writers dominated

B

biterary sensibility for a generation, that is no
longer so, or at least 1o nothing like the same ex-
tent. Literature changes more slowly than science.
[t bhasn't the same angmatic coreective, and so s
nusguided peviods are longer. Bug it is ill-consid-
ered of scientists to judge writers on the gvidence
ol the perind 191450,

These are two of the misunderstandings be-
tween the two cudres, [ should say, since I began
to 1alk abour them—ihe two coltures, thae is—1
have had some criticism. Most of my scienobe ac
quaintances think that there is something in it,
and so do most of the pracrsing artists T know.
Birt I have been arpued with by non-scienvises of
stean down-to-eavth interests. Their view is that
1t is an pversimplification, and that if one is going
to talk in these terms theve ought 0 be at least
three cultures. They argue that, though they are
net scientists themselves, they wonld shate a good
deal of the scientific f¢eling. They would have as
Iittle use—perhaps, since they knew more abont i,
cven less use—for the recent literary colture as the
scientists themselves. J. H. Plumb, Alan Bullock
atid somc of my Amerivan socialogical friends have
said that they vigorously refuse to be corralled 1o a
coltnral box with people they wonldn't be seen
dead with, or to be regarded as helping to produce
a chimate which would oot permit of social hope,

I respect those arguments. The number 2 is 2
very dangerous number: that is why the dialectic
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In a dangerous process. Altcmpts to divide any-
thing into 1wo ought 1o he regarded with much
suspicion, I have thought a long time about going
in for forther refinements: but w the end I have
decided zgainsc, ! was searching for something a
litile more than 2 dashing metaphor, a good deal
less than a cultoral map: and for those purposes
the two cultures is about right, and subtilising avy
more would bring more disadvantages than it's
worth,

At one pole, the scientific culture really is a cul-
ture, not only in an intcllectual but alse in an an-
thropological sense. That 1, its members need not,
and of course often da not, 2lways completely un-
derstand cach other; hiologists more often than
net will bave @ pretty hary idea of contemporary
physics: but there are commen atritudes, commaon
standards and patterns of behavipur, common ap-
proaches and asswinptions, This goes surprisingly
wide and deep. It culs acrass other mental pat-
terns, such as those of velipion or politics or class,

Sratistically, [ suppose slightly more scientiss
are in religious teyms unbelicvers, compared with
the rest of the intellectwal world—though there are
plenty who are religious, and that seems 1o be in-
arcasingly so among the young. Siatistically also,
slightly more scientists are on the Left in open
politics—though again, plenty always have rcalled
themselves conservatives, and that alsc seems to be
more comimon among the young. Compared with
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the rest of the mtellectual world, considerabIy
more scicntists in this country and probably in the
.5, comne from poor families? Yet, over a whole
range of thougtit and behaviour, none of that mat-
ters very mch. In their working, and 1o much of
their emotional life, cheir atritudes are closer to
other scientists than e non-scientists who i rely
gion or politics or class have the sarne labels as
themselves. If [ were to risk a plece of shorthand,
I should say that naterally they had the future in
their boncs.

They may or may not like it, but they have it
That was as true of the conservatives J. J. Thom-
son and Lindemanno as of the radicals Einstein oz
Blackett: as oue of the Christan A, H. Compton
as of the matenialist Bermal: of the aristocrats
Broglie or Fusell as of the proletarian Faraday:
ol those born rich, like Thonas Merton or Vicoor
Rothschild, as of Rutherford, who was the son of
an ofdd-job handyman. Wilhout thinking about iz,
they respond alike. That is what a culture means,

At the other pole, the spread of aititndes is
wider. It is obwvious that berween the two, 23 one
roves through mitellecteal sodety from the physi-
€15t8 to the [erary intcllectoals, there are all kimds
of tones of feeling on the way, But I believe the
pole of weal compreheosion of science radiates
its inAuence on all the rest. That tetal incompre-
hension gives, much more pervasively than we real-
ise, living in it, an unscientific Bavour to the whaole
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‘traditional’ culeure, and that unscientific Havour
is pften, moch more than we admit, on the point of
mming antiscientific, The feclings of one Eﬂle
become the anti-feelings of the other. If the scien-
tists have the future in their bones, then the tra-
ditional culture responds by wishing the future did
not exist? It is the traditional culture, 10 3N exient
rematkably lirtle diminished by the cmergence of
the scientific one, which mwanages the western
world.

This polarisation js sheer loss to us all. To us as
people, and o our socicty. Jt is at the same time
practical and intellectual and creative loss, and 1
repeat that it is false to imagime that thoge three
considerations are clearly separable. Bur for a ma-
ment I want to concentrate on the intellectual loss,

The degree of incomprchension on both sides is
the kind of joke¢ which has gone sout. There are
about fifty thousand working scientists in the coun.
ory and about cighty thousand professional engi-
neers ot applied scientists. During the war and in
the years since, my colleagues and 1 have had to
interview somewhere between thirtg to forty thou-
sand of thrse—that is, about 25 per cent. The num-
ber is large enough to give us a [air sample, though
of the men we talked t0 most would still be under
forty. W were able to find out a CEFAin At
of what they read and thoughs about. 1 conbess that
even I who am fond of them and respect them,
was @ bit shaken. We hadn't quite expected that

12

the links with the traditional culivre should be o
tenuous, nothiog more char a formal touch of the
cap.

Az one woulil expect, some of the very best scien.
Lists had and have plenty of energy and inteoest to
sparc, and we came across several who had read
everything that lierary people talk abour. Bt
that's very rare. Most of the rest, when one tnied
to probe for what books they had read, would
modestly confess, "Well, I've irted a bit of Dickens’,
rather as though Dickens were an extrzordinznly
csoteric, tangled and dubiously rewarding writer,
something like Rainer Mana Rilke. In fact thar is
exactly how they do regard him: we thoughe that
discovery, that Dickens had heen transformed inco
the typespecimen of literary incommprehensibility,
was one of the oddcst results of the whole exércise,

But of course, in reading him, in readinlg alomost
any writer whom we shogld value, they are just
touching theoir caps te the traditional culture.
They have their own culture, intensive, Hgorpos,
and constantly in action. This culiure contams
great deal of argument, usuaily much move ng-
arous, and almost always at a higher ¢onceptoal
level, than literayry persons’ argumenti—even
though the scientists do cheerfully use words in
senses which literary persons don't recognise, the
senses are exact ones, ahd when they talk about
‘subjective’, ‘objective’, 'philosophy’ or ‘progres-
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sive’,” they know what they mean, even though it
1sn't wlhat one is accustomed to expect.

Remernber, these are wvery intclligent menm.
Their culture iz in many ways an exacting and ad-
mirable one, It doesn't contain muoch are, with the
exception, an important exception, of musie Ver
bal cxchange, insistent argumert. Long-playing
records. Colour-phatopraphy. The car, to sume ex-
tent the eye. Books, very litthe, though pethaps pot
many wotld go so far as one hero, whi perhaps 1
shonld admit was further dow che scientihc lad-
der than the people I've been ualking about—whe,
when asked what books he read, replied firmly and
confidently: 'Books? 1 prefer to wie my buoks as
tocs.” It was very hard not to kee the mind wander
—what sort of tool would 2 book make? Perhaps a
hammer? A primitive digging instrumentr

OF books, thaugh, vetry dutle. And of the books
which to st literary persons are bread and but-
ter, novels, history, poetry, plays, almest pothing at
all. It isn'c that they're not interesied in the psy-
cholegical or moral or social life. In the social Hile,
they certainly are, more than most of us. In the
moral, they are by and large the soundest group of
intellectnals we have; there is a moral compooent
right in the grain of science itself, and almost ali
acientists form rheir own judgments of the moral
life. 1n the paychological they have as much inter-
5t as most of us, though occasionally I fancy they
come to it rather late, Te isn't thar they lack the in-
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terests. It 15 miuch moece that the whole literature of
the traditional culture doesn’t seem Lo them rele-
vant tn thage interens. They are, of cowrse, dead
wrong. As a result, their imaginative understand.
ing is less thao it could be. ‘They are self-impover.
islied.

But what about the other sided They are im-
poverished too—perhaps maore sertously, hecause
they are vainer about it. They still like to pretend
that the traditional culture 1= the whole of ‘rul-
ture’, as thoirgh the natoral order dido't exist. As
thougl the exploration of the natural order was of
no interest either in its own value or its conse-
quences. As though the scientific edifice of e
physical world was nat, in its intellecteal depth,
complexity and ariiculation, the most beautiful
amil wrmderlol collective work of the mitnd of rman.
Yet most non-scientists have tio concepiion of that
edifice at all. Even if they wanu 1o have it, they
can't. It is rather as thongh, over an immense tange
of iitcllectual experience, a whole group was tone.
deaf, Except that this tone-deafness docsa't corme
by nature, bue by training, or rather the absence
of tranimg.

As with the tonedcaf, they don't know what
they miss. They give a pitying chuckle at the news
of scientists who have never read a major work of
English literatere, They dismiss them as ignovant
specialists. Yet their own ignorange and their own
specialisation s juse ag startling. A good many
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times [ have been present at gatherings of people
wha, by the standards of the traditional euleure,
ave thought highly educated and who have with
considerable gusto been expressing their imcre.
dulity at the illiteracy of scientists. Once or twice |
have been provoked and have asked the company
how many of them could describe the Second Law
of Thermedynamics. The response was cold: 11 was
also negative. Yet 1 was asking something which is
about the scientific cquivalent of: Have you read
a worf of Shakespeare’s?

I now Delieve that if I had asked an even simpler
question—stch as, What do you mean by mass, of
avceleration, which iz the scientific equivalent of
saying, Can you vead?--nat more than vne in ten
of the highly educated would have telt 1hat 1 was
speaking the same language. So the great edifice of
modern physics goes up, and the majority of the
cleverest people in the western world have abont
as much insight into it as their neolithic ancestors
would have had.

Just one move of those questions, that my non.
scientiic friends regard as being in the worst of
taste, Cambridge i3 a university where scicntists
and nonscientists meet every night at dinner.®
Abont two years agn, one of the most astonishing
experiments in the whole history of scicnce was
hrought off. I don’t mezn the sputnik—that was ad-
mirable for quite different teasons, as a fea of
organisation and a triumphant usc of existing
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knowledge, No, I mean the experimenc at Colum-
bia by Yang and Lee. It is an experiment of the
greatest beauty and oniginglity, but the result 1% 50
startling that otie forgets how beantiiul the ex-
periment is. It rmakes ns think again about some of
the fundamenials of the physical world, Intnition,
common zense—they are neatly siood on their
heads. The resalt 13 wsuvally known as the con-
tradiction ol parity. I there were any serious
communication between the two cultures, this ex-
peniment would have boen talked about at évery
Hizh Table in Cambridge. Was 117 T wasn’t here;
b I should like to ask the guestion,

There seems then to be fo place where the cul-
tures; meet. I am 0ot going o waste time saylng
tkear this is a pity. 1t is much worse than that, Soon
I shall cenne 1) zome practical consequences. Buot
at the heart of thought and creation we are teiing
somie of pur best chances go by defauli, The ctash-
mg point of rwo sohjects, two disciplines, two cul-
tures—of two malaxies, so lar as that goss—onght to
produce creative chances. I the history of menial
activity that has been where some of the break-
throughs came. The chances are there now. But
thiey arve there, as it werc, m 2 vacuum, beécausc
those in the two cubtures can'e talk to cach other.
IL is hizarre how very linde of twenueth-century
science has becn assimilated inte vwentiethcentury
art, Now and rhen one used 1o lind poews con-
scientionsly uiing scientific expressions, and geiting
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them wrong=there was a time when “refraction”
kept cropping up in verse in a mystifying Eashion,
and when “polarised light” was used as though
wrilers were under the illusion that i1 was & spe-
crally admiralle kwnd of Light,

OF course, that isn't the way that science could
be any good 10 ari. [t has got to be assimilaced
along with, and as part and parcel of, the whole ef
out mental experience, and used as naturally as the
TS,

I said earlier that this cultural divide 15 hot just
an English phenomenron: ir exists ali over the west-
erne world. Bor o probalily seems at s sharpest in
England, for two reasons. (doe 15 our fanatical
belicf in educationz] specialisation, which i1s much
morc decply ingrained in s than in any cowntry
in the world, west or east. The other s our tend-
ency ta let oor social forms crystallise, This tend-
ey apipears ko get stronger, not weaker, the more
we iren out economic inequalities: and this is spe-
cially wrue in edocacon. [t mcans that once any-
thing like 2 cultural divide gets cstablished, all the
social forces operate to make it not less rigid, b
MOTE 30,

The two cultures were already dangetously sepa-
rate sixty years ago; hur a prime minister like Lord
Salisbury could have bis own lTalwratory ar Hat-
held, and Arihor Balfour had a somewhat more
than amateur interest in natural scicnce.  Johm
Anderson did some rescarch in organic chemistry
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in Wiirzburg before passing Frst into the Civil
Service, and itcidentally took a spread of subjects
which is now impossible.? Nonc of that degree of
mterchange at the top of the Establishment is
likely, or indeed thinkable, now,

In fact, she separation between the scientises and
non-scientists s much less bridgeable among the
young than it was cven thivey years age. Thinty
years ago the cultures had long ceased to speak to
cach other: but at jeast they managed a kind of
frozen smile across the gulf. Now the polieness has
gome, and they just make faces. It is not enly that
the young scientists now feel that they are part of
a caltrve on the tise while the other is in retreat.
It is also, to be brutal, that the young scientists
know that with an indifferent degree they'll ged 2
comfortable job, while their contemporaries and
coutiterparts in Enghsh or History will be lucky to
earn G0 per cent as mnch. No young scientist of
any talent would feel that he isn"t wanted or thar
his work if tidiculous, as did the hero of Lucky
Fim, and in fact, some of the disprontlement of
Amis and his associates is the disgruntlement of
the undercmployed ars graduate.

There is only onc way ont of all this: i is, of
course, by rethinking our education. In this coun-
try, for the two reasons I have given, that 15 more
difficult than in any other. Neavly everyone will
agree that out school education is too specialised.
But nearly everyone feels that it is outside 1he will
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of man to alter it. Orheér countries are a3 issalls.
fied with their education as we are, bt are not s0
igned.
rﬂ%ligl‘l:e U.5. teach out of proportion more children
up o cighteen than we do: they trach them [ar
more widely, but nothing like o nigorously. rhf_"j.’
koow that: they are hoping 1o take the probiem in
hand within ten ycars, though they may oot have
all that vime to spare. The U.55.R. alsy teach ow
of proportion more children than we do: they alsc
teach [ar more widely than we do {it is an ahav.}rd
western myth that their school education is special-
ised) but much too rigorcusly." They .’s.r!aw that--
and they are beating about to get i right. The
Scandinavians, in parricular the Swedes, who
would make a more sensible job of it than any of
us, are handicapped by their practical nesd to de-
vote an inordinate amount of time o Foreign lan-
guages. But they wo are seized of the problem.
Are wel Have we crystallised so far that we are
no longer flexible at ally )
Talk to schootmasters, and they say that our in-
tehse specialisation, like novhing -,?151: on carth, is
dictared by the Oxford and Cambridge scholardhip
examinatiotis. I[f that is o, one would bave
thought it pot utterly impracticable r.llz_mge_ the
Crford and Cambridge scholarship cxamenations.
Vet one would underestimate the national capacity
for the intricate defensive o believe Lhaf that was
easy. All the lessons of our cducational history sug-
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gest we are only capable of increasing specialisa.
tich, not decreasing it

Somehow we have set ourselves the task of pro-
ducing 2 tiny élfte—far smaller proportionately
than in any comparable country—educated in one
academic skill. For a hundred and #fty years in
Cambridge it was mathematics: then it was mathe-
matics or ¢lassics: then natural science was allowed
in. But still the choice had to be a smgle one.

It tay well be thar this process has gone too far
to be reversible, I have given veasuns why I think
it i5 a disstrons process, for the purpase ol a living
culture. I am going on to give reasons why T think
it it fatal, if we're to perform our practical tasks in
the world. But I can think of only one cxample,
in the whole of English educational history, where
onr pursuit of specialised mental exercises was re-
sisted with swocess.

Ye was done here in Cambridge, fifty years ago,
when the old orderof-merit in the Mathemarical
Tripos was abiolished. For over 2 hundred years,
the nature of the Tripos had been crystailising,
The competition for the top places had zat fercer,
and careers bung on them. In most colleges, cer
tainly in my own, if one managed to come out as
Senior or Serond Wrangler, one was clected a Fel-
low out of hand. A whole apparatus of coaching
had grown wp. Men of the quality of Hardy,
Lititewood, Russell, Eddington, Jcans, Kevnes,
went in for two or dhree yeary' training for an ex-
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amination which was intensely competitive and in-
tensely difficule. Most people in Gambridge were
very proud of it, with a similar pride to that which
almost anyone in England always has [or our exist-
ing educational institutions, whatever they happen
io be. IF you stndy the fiy-sheets of the time, you
will find the passionate arguments for keeping the
examination precisely as it was to all eteroity: it
was the only way to keep up standarcs, it was the
only Fair test of meril, indesd, the only scriously
objective test in the world, "The arpuments, in fact,
were almost exactly those which are el today
with precisely the same passionate sincerity 1€ any-
one suggests that the schelarship examinations
might conceivably not be immune Erom change.

It every respeci but one, in fact, the old Mathe-
matical Tripos seemed perfect. The onc exception,
however, appeared to some to be rather important.
Ir was simply—so the young cteabive matheraati-
cians, such as Hardy and Littlewoml, kept saying
_that the traiming had no intellectnal merit a all.
They went a lile further, and said that the Tripes
had killed seripn: mathematics in England stone
dend for a hundred years. Well, ever o academic
controversy, that took some skirting round, and
they got their way. Bot [ have an impression that
Cambridge was a good deal more fexible berween
1850 and 1914 than it has been in our time, A
we had had the old Mathematical Tripos fitwnly
planted among us, should we have ever managed
to abolish it?
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INTELLECTIUALS
AS NATURAL LUDDITES

The reasons [or the existence of the two cultures
are marny, deep, 2nd cormplex, some rooted in social
histories, sotne i1 personal histories, and some in
the inmer dynamic of the differein kinds of mental
activity themselves. But I want to isolate onc
which 15 not 30 much 2 reason as & commelative,
somcthing which winds in and o of any of these
distussions. It can be said simply, and it is thas.
[f we torget the scicatific culture, then the yest of
western itellecruals have never triced, wanted, ot
heen able to understand the industrial revglution,
much less accepr i Intellectuals, io particular
literary intclleciuals, are natural Loddices.

That is specially true of this country, where the
industrial revolution happened v 15 earlier than
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elsewhere, during a long spell of absentminded-
ness, Perhaps that helps explain our present
degree of crystallisation, Hut, with a linde quali-
fication, it is also true, and surprisingly troe, of the
United States.

In hoth couttries, and indeed all over the West,
the fivst wave of the industrial revelotion erept oo,
without anyone noticing what was happening. It
was, of course—oT ab least it was destined to be-
come, uhider out own £yes, and in our own time—
by far the bigzest wransformation in society since
the discovery of agriculture, In fact, those two
revolutions, the agricultural and the indoetrial-
scientific, are the only gualitative changes in social
livitg that men have ever koown, But the tradi-
tional celure digdn't notice: or when it did notice,
didn't like what it saw. Mot that the traditional
culture wasn't doing extremely well out of the rev.
olution; the English educarional nstitutions ook
their slice of he English ninetcenth-century
wealth, and perversely, it helped crystallise them

in the forms we koow.

Almost none of the talent, almost none of the
imaginative energy, went back into the revolution
which was producing the wealth, The traditional
culture became more abstracted from it as it be-
came muore wealthy, trained its young men for ad-
ministration, for the Indian Empire, For the
purpose of perpetnating the culture itself, but
never it any circumstances to equip them o un-
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-:]Icrstand the revolution or take part io it. Far
slg‘;hted mek were beginning to see, b::fcur;: I‘Jll;
midiie of the nincreenth century, that in order to
80 on producing wealth, the couniry needed o
train somé of its bright minds in science particu-
Ia:l}-'r in applied science, No cne HstEI;E'd The
tﬁ:d‘:t!unal culture didn't listen at all: and l}“; ure
SCIentists, such as there were, didn't listen ]:rer
eagerly, Vou will find the story, which in ¢ irirl
CONtIRUEs down to the present day, in Eric ﬁs!ﬂn ;
Technology and the Academics ™= "
Tlt.c arademics had nothing to do witl the in.
dustrial _rfmluliuu: as Corrie, the old Master of
Jesus, said about trains rugning into Cambridge
on Surlulay. ‘Tt is equally displeasing to God and to
myself’. So far as there was any thinking in nipe-
teenth-century industry, it was lefe 1q cranks and
clover workinen, American soeial historians hav
toid me that much the same was true OF e LTF:
_T'hc_ industrial revolution, whicl began deuelc: -
tng in New England fifty years or so later thaI:n
ours, ™ apparently received very linle educpted
talent, either then or larer in the nineteenth ¢e
tury, It had to anake do with the muidance handu-
men ‘f““ld EIve it—somctines, of coyme hand}r-
men like Henry Ford, with 3 dash of Ecni'us 4
m$¢ TUTiCS tlhing was that in Germiany, in the
#'s and [840°s, long before seriuns industriali.
satiGi hr.ul started there, it was possible to et
good university education in applied sn:icu-:e,g l:n::-
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ter than anything England or the 1.5, could offer
for a couple of generanions. J con’t begin to un-
derstand this: it doesn't make social sense: bue i
was 0. With the result thar Ludwig Mond, the
som of a court purveyot, went to Heidelberg and
learhe some sound applied chemistry, Siercens, a
Prusstan signals officer, at military academy and
university went through what for their time were
ex¢ellent courses In elecirical engineering. Then
they came to England, met no competition at all,
brought in other educted Germans, and made fot-
tenes exactly as though they were dealing with a
rich, illiterate colonial territory. Similar fortunes
wete made by German technologists in the United
States,

Almost everywhere, though, intellectual persons
didn’t comprehend what was bappening. Certainly
the writers didn't, Plenty of them shuddered away,
as though the right course for a man of feeling was
to contract out; some, like Ruskin and William
Momms and Thoreau 2o0d Emcmson ad Lawrence,
tricd watious kinds of fancies which were nor in
effect move Lhan screzms of horor. [t s hard to
think of a weiter of high class who really stretched
his imagingtive sympathy, who could see at once
the hideous back-streets, the smoking chimneys, the
internal pricc—and also the prospects of like that
were opening out for the poor, the intmations, up
t0 now pnknown except to U locky, which were

just coming within reach of the remaining 9% per
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cent of his brother men. Some of the ninctesnth-
century Russian novelists might have done: their
batures wete broad enough; but they were rliw'n
111 2 pre-industrial society and didn't have the E‘
Portunity. The oaly writer of world class wﬂhpﬂ
SEEMS to have had an understanding of the induys.
trial revalution was Thsen in his ald age: and ther
wasn't much that old man didn®t understani i
Fnr‘, {?f course, one truth is smightfﬂnvarcll In-
dustralisation is che only hope of the poor I use
the word ‘hope' in a aude ang prosaic SI;I'L'.H: I
have not much use for the maral sensibility of al; -
onc who s too refined to usc it so. Tt s all ver}].rr
well for us, sitting preeey, 1o think thar mzreriz]
?tamlards of living don't matter ali that much, jt
is _al! very well for one, a5 5 personal -:Imi::el o
reject mdustrialisation—do a modern Walden, if
You like, and if you g0 without much food Jsce
most of your children die jn infancy, dt‘&PiE{‘.‘l the
mmf?ru of literacy, accep: twenty years off your
GWT] ij_t, then ¥ respect you for 1he strength of vouy
ae_sthcm revulsion ™ B I don’y T¢3pect You in the
slightest i, eyen Pasaively, you try o Intpose the
same choice on others whe are nor iree 1o choose
]r? Em:t: we know whar their choice woyld Le F:}r.
with singular Vhanimity, in any COUntry whm_:
Lléqrﬂl have had the chance, the Pt have walked
o . o
mu!de Ellilld ;_;:;t;_the factories as fast a3 the Factories
I remember ralking to my grandfather when I
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was a child. He was a good specimen of 2 nine
teenth-century artsan. He was highly intelligeat,
and he bad a great deal of character. He had left
school at the aze of ten, and had educated himselt
intensely until he was an old man. He had all his
¢lass’s passiomate faith in education. Yer, he had
never had the luck—or, a3 1 now suspect, the
worldly force and dexterity—to g0 very far. In
fact, he never went further than maintenance fore-
man in a tamway depot. His life would seem
his grandchildren labovious and unrcwarding Ial-
maost beyond beliek. Bot it didn't seem to him
quite like that. He was much too sensible a man
not to know that he hadn't becn adequatcly used:
he had too mach pride not to feel a proper ran-
cour: hc was disappninted that he had not done
more—and yet, compared with fis grandfather, be
feli he had done a lot. His grandfather must have
been an agriculiural labeurer. I don't so muach as
know his Christian nawne. He was one of the “dark
people’, a3 the old Russian liberals vsed o call
thewn, completely lost in the great anonymoud
sludge of history. S0 [ar as oy grandtather knew,
he could not tcad or write. He was 3 man of
ability, my grandlather thought: my grandfather
was preity unforgiving about what society had
done, ot not done, to his ancesiors, and did ant
romanticise their staie. Te was no fun being an
agticultural labourer in the mid- to late eight-
centh cchiury, in the time that we, snobs that we
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are, think of only as the time of the Enlightenment
and Jane Austcn.

The industrial revolution looked very differemnt
according to whether one saw it {rom above or he-
lwe. It looks very different today according to
whether one sees it [rom Chelsea or from a2 village
in Asia. To people like my grandEather, there was
no nu<stion that the industmal revolution was less
bad than what had gone hefove. ‘The only ques-
tion was, how o make it better.

In a more sophisticated sense, that 15 sull the
question, In the advanced countrics, we have real-
ised in a rough and ready way what the old indus-
trial revolution brought with iv. A great increase
of population, because applied science went hand
in hand with medical science and medical care.
Enough 1o eat, for a similar reason. Everyone able
to read and write, because an industrial sociery
can't work without. Health, foed, education; noth-
ingz but the industrial revotution could have spread
themn right down o the very poor. Those are pri-
mary gains—there are losses % too, of course, one
of which is that organisimg a soclety for induostry
makes it casy to organisc 1t for all-oue war, Bul
the gains remain. They are the base of cur social
hope.

And yet: do we understand how they have hap-
pened? Have we begun (o comprehend even the
old indosirizl revolutiony Muoch less the new
scientfic revolubion in which we stand? There
never was anything more necessary to comprebend.
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THE SCIENTIFIC
REVOLUTION

I have just mentioned a distinction between the
industrial Tevolution and the scientific revolution.
"The distinction is not clear-edged, but it is a wseful
one, atl 1 ought w wy to define it now. By the
industrial revolution, [ mean the gradueal use of
machines, the employment of men and women in
factories, the change in this counltry from a popu-
lation mainly of agriculwral lzbourers o a
population mainly engaged in making things in
faczories and distriboting them when they were
made. That change, as [ have said, crept on us
unawares, nentouched by academics, hated by Lud-
dites, practical Luddites and intellectual ones. It
is connected, so it seems to e, with many of the
attitudes 1o scienee and acsthetics which have crys-
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tallised among us. One can dare it Toughly frem
the middle of the ¢ighteenth cenrary to the sarly
mwentieth. Ot of it grew another change, <losely
related to the firse, but Far more deeply scientific,
far guicker, and probably far move prodigtons in
its result. This change comes from the application
of real science to industry, no Jonger hit and miss,
ne longer the ideas of odd ‘inventots), hut the real
stuff.

Dating this second change s very largely 2 mat-
ter of taste. Some would prefer o go back to the
first large-scale chemical oF engineering industries,
round about sixty years ago. Vor myself, T should
put it much further on, not earlicr than thiry to
forty years ago—and as a rough dehnition, 1 should
take the time when atomic particles were first
made imdusirial use of. T believe the industrial
socicty of electronics, atomic energy, automation,
is in cerdinal respects different in kind from any
that has gone helore, and will change the world
much more. 1t is this transformation that, in my
wiew, is cntitled to the name of ‘scientific revelu-
tion'.

This i3 the material basis of our lives: or more
exactly, the social plasma of which we arc a part.
And we know almost nothing about ir. | remarked
earlicr that highly cducated members of the non-
scientific cnlpure couldn’t cope with the simplest
concepls of pure scignce: it is unexpected, but they
wonld be even less happy with applied science,
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Haw many edecated people know anything about
productive indusory, eold-style or newy What 13 a
machine-too!? I once agked a literary party; and
they looked shifty, Unless one knows, induserial
production 15 as mysterions as witch-dectoring, Or
teke buttons. Ruttons aren't very complicated
things: they are being made in millions every day:
one has to be a rcasonably ferocious Luddite not
to think that that 5, on the whole, an cstimahble
activity. Yet [ would bet that out of men geuing
firsts in arts subjects at Cambridge tins year, not
one in ten could give the leosest analysis of the
human organisation which it needs.

In the United States, perhap&, there i3 a wider
nodding acquaintance with industry, bat, oow I
come o think of it, ne American novelist of any
class has ever leen able to assume that his audience
had it. He can assume, and only too often does, an
acquaintance with 2 pseudofeudal society, like the
fag-end of the Od Scuth—bot not with industrial
society. Certainly an Fngtish novelist couldn't

Vet the personal relations in a produchive o1gan-
isation are of the greatest subtlety and inverese,
They are very deceptive. They look as though they
cught to b the personal relattotis that ane gets in
atry hierarchical structure with a chain of com-
mirel, like a division in the armry or a depariment
in the civil service, In practice they are much more
contplex than that, and anyone used to the straight
rhain of conunand gews lost the instant he sets foot
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in an industrial crganisation. No one in any ooun-
try, incidentally, knows yet what these persomal
relalions ought to be. That is a problem almuost
independent of lage-scale polidcs, a problem
springing straight out of the industrial lile.

I think it i3 only fair to say that most pure
scientists have themselves been devastatingly igno-
rant of productive indusiry, and many still ate.
It is permissible to lump pure and applied scien
tists into the same scientific culture, buat the gaps
are wide, Pure scientists and engineers often totaily
misunderstand each other. Their behaviour tends
ta be very different: cngineers have to live tueir
lives in an organised commuoniry, and however odd
they are underiieath they manage to preseat a dis-
ciplined face to the world, Mot so0 pure scientists.
In the same way pure scientists still, though less
than twenty ycars ago, have statistically a higher
proportion in politics left of centre than any other
prolession: fnot 5o engincers, who are CONSETVALIvE
almost to & tnan. Mot reactionary in the extreme
litcrary sense, bot just conservative. They are alx
sorlsed in making things, and the prescot social
order is good encugh for them.

Pure scientsts have by and large Leen dim-
witted about coginesrs and applied science. They
couldn’t get interested. They wouldn't recognise
that many of the problems were as imellectually
exacting as pure problems, and that reany of the
solutions were a5 satisfying and beautiful. Their
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instinct—perhips sharpened in this country by the
passion to find a new smobbism wherever possible,
and to invent one if it dossn't exist—was to take
it for grantad that applied science was an occupa-
tion for second-rate rinds. I say this more sharply
because thirty ycars ago I took precisely that line
mysell. The climate of theught of young research
workers in Cambnidge ther was not w our credit
We prided ourselves that the science we were do-
ing conkd not, in any conceivable circumstances,
bave any jnaciical nse. The more firmly one could
make that claim, the more superior che Eelt.

Rutherford himse} had hittle fecling for engi-
neering. He wes amazed—he wsed 1o relate the
story with incredulous admiration—that Kapitza
had actually senuan engineering drawing to Metro-
vick, and that those magicians had duly studied the
drawing, mades the mackine, and delivered w in
Kapitza's laboratory! Rutherford was so impressed
by Cockeroft's cngineering skill that he secured for
him a special capital grant for machinery—the
grant was as touch as six hundred poundst En 1938,
Four ycars before bas death, Rutherkord said, Frmly
and explicitly, that he didn’t believe the energy of
the nucleus would ever be released—oine ycars
later, at Chicago, the ks pile began to Tun. That
was the only major bleomer in scientific judgment
Rutherford ever made, IL is interesting that it
should be at the point where pure sclence tumned
inta applied.

M

No, pure scientists did not show much under-
standing or display much sense of social fact. The
Dest that can be said for them is that, given the ne-
cessity, they found it Rirly easy to learn. In che
war, A gieat many scientista had 1o learn, for the
good Johnsonlan reason that sharpens one's wits,
something about productive industry. It chened
their eyes. In my own job, 1 had to try to get some
insight into imdostry. It was one of the most vale-
able pieces of education in my life. But ir started
when I was thintyfive, and 1 ought (o bave had it
much carlier.

That brings e back to education. Why aren't
we coping with the scientific revolution? Why are
other conntries dolng betters How are we goig Wr
meet our future, both our cultural and pracrical
future? 1t should he abvious by now that 1 helieve
both lines of argument lead to the same end. IE
one begins by thinking only of the intellecinal liiiv:.
ot only of the socal life, one comes 1o 3 pont
where it becomes matifest that our education has
gone wrong, and gone wrong in the same way.

1 dow’t pretend that any country has got its edu-
cation perfect. ln some ways, #5 I said befare, the
Russians and Americans are both more acively
dissatisfied with theirs thah we are: that is, they
are taking more drastic steps tn change it Rut that
is Lecause they are more senstitive to the world
they are living in. For myself, 1 have no doubt
that, though neither of them have got the answer
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right, they are a good deal neacer than we are. We
do zome things much bewer than zither of them.
In educationzl tactics, we are olten more gifted
thati they are, In educational strategy, by their side
we are onfy playing at it.

The (hiflerences between the three systems are
revelatary, We teach, of course, a far smaller pro-
poriion of gur children up to the age of sighteen:
and we take a far smalier proportion even of those
we do tcach up to the level of & university degree.
The old pattetrn of tmaning a smalt £itte has never
been broken, thougl it has been slightdy bent.
Within that patiern, we have kept the national
passion for specialisation: and we work our clever
young up to the age of twenty-one far harder than
the Americans, though no harder than the Ruos-
stans. At cighteen, our science specialists know
more science than their conemporaries anywhere,
though they know less of anything else. At twenty-
ang, when they take their st degree, they are
probably sall a year or so ahead.

The Armerican strakegy 15 different in kind, They
take everyone, the entite population® up 1o
eighteen in high schools, and educate them very
lossely and generally, Their prohlem is to inject
some mgour—in  parlicalar some fondamentaf
mathematics and science—inta Lthis loose education.
A very large proportion of the eightecn-year-olds
then go o college: and this college education is,
like the school education, much more diffuze and
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less professional than ours.'? At the ¢nd of four
years, the young men and women aré usually not
so well-trained professionally as we are: though 1
think it is {zir comment to say thar a highor pro-
portion of the best of them, having been Tun on 2
locser Teiti, tetain their creative zest, Real sevenity
enters with the Ph.D. At that level the Americans
suddenly begin te work their students mmch
harder tlan we do, 1t is worth remembering that
they find enough talent 10 turn out neatly as many
Ph.D.s in science and engineering cach year as we
contrive to get through our first degrees.

‘T'he Russian high school education is much less
specialised than owrs, much more amlucus than
the American. It is 3o arduous that for the non-
academic it seems &0 have proved roo tough, and
they are trying other methods [rom liftcen to seven-
teen. The general method bas been to put evety-
ane through a kind of continental Lycée course,
with a sizeable component, more than 44 per cent,
of science and mathematics, Everyone has to do all
subjects. At the wniversity this general education
ceases abruptly: and for the last thres years of the
five-year course ihe specialisation is more intensive
even than ours. That is, at most English universi-
ties a young man ¢an take an honour: degree in
mechanical engineering. In Russia ke can take,
and an enormous number do take, a corresponding
degrec in one bit of mechanical engineering, as it
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might be aerodynamics or machine-tool design or
diesel engine prodoction,

They won't listen to me, but 1 believe they have
overdone this, just as | helicve they have slightly
overdone the number of engineers they are train-
ing. It i now much larger shan the rest of the
world |sut together—getiing oo for fifty per cent
larger.® Pure scientists they are trmining only
slightly mere than the United States, though in
physics and inathematics the balance is heavily in
the Russian direction,

Our population is small by the side of either the
U.5.A. or the [].5.5.R. Roughly, if we comparc like
with hke, and put scicneists and engineers w-
gether, we are training at a professional level per
head of the population one Englishman to every
one and a halt Americans to every two and a hall
Russians. 1 Someone is wrong,

With some qualifications, I believe the Russians
have judged the situation sensibly, They have a
deeper insight into rthe scientific revolution than
we have, o1 than the Americans have. The gap be-
tween the cultures doesn’t secm to be anything Jike
so wide as with us. 1E one reads contemporary So-
vict novels, for exemple, e finds that their nov-
¢lists can assume in their audience—as we cannot
—at least a virdimentary acquaintance with whac in.
dustry is all about, Pure science duesn't often come
in, and they don't appear much happicr with it
than litcrary intellectuals are here. But engineer-

38

ing does ocome in. An engineer in a Soviet novel is
as accepiable, so it seemos, as a psychiztrisc in an
American one. They are ais rcady te cope In art
with the process of production as Balzac was with
the processes of crzft maufacture. I don't want to
averstress this, but it may be significant. It may
also be signifcam thar, 11 these novels, one (s con.
staptly cornig up against a passionate belief in
edncation, The people in them helieve in educa-
tion exactly as my grandfather did, and for the
same mixiure of idealistic and bread-and-butter

ICASOTIS.

Anyway, the Rassians bave judged what kind
andd namber of edurated men and women® a
COUTILEY needs to come out op in the scientific rev-
olution. I am poing to oversimplify, but their et-
mate, and I believe it's pretty pear right, is this.
First of all, as many alpba plus scientists as the
countty ¢an throw up. No country has many of
them. Provided the schools and universitics are
there, it doesn't matecr all that much what you
teach them. They will leok abter themselves ¥ We
probably have at beast as many pro-rata as the Rus-
sians and Amnericans; that 15 the least of our wor
ries. Secand, a2 much larger stratum of alpha
professionals—these are the people who are going
to o the supporting vescarch, the high elass de-
sign and development. In quality, England com-
pares well in this statum with the U.5.A. or
USSE.: this s what our education i specially
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geared (0 produce. In quanty, though, we are
not discovening (again per head of the population)
half as many as the Russians think necesary and
are able 1o ind. Thizd, another strabim, educated
to about the level of Part [ of the Natural Sciences
or Mechanieal Sciences Tripos, ot perhaps stighily
Lelow that. Some of thiese will do the secondary
technical jobs, but some will rake major responsi.
bility, particularly in the human johe. The proper
use of such men depends upon a diffevent distribu-
ton of ability from the one thar has grown up
here. As the scienrific revolotion goes oo, Lhe call
for these men will be something we haven't imag.
ined, though the Russians have. They will be re
quired in thousands epon thousands, and they will
need all the buman developownt that universicy
education can give thema.™ It is here, pechaps,
most of all that our insight has been fogeed.
Fourthly and lagt, politicians, administrators, an
entive commonity, who knew cpough scicnce 1o
have a scnse of what the scientists are talking
about.

Thart, or something like that, is the specification
for the scientific revolution.™ I wish T were certain
that in this country we were adaptable enough to
meet it In a reoment 1 wane te go on to an issue
which will, in the world view, count more: but per-
haps I can be [orgiven for taking s sideways look
al oar own fate. It bappens that of all the advanced
COUNLTiES, Gur position is by a long way the most
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precarious. That is the result of history and acel-
dent, and isn't to be laid to the blame of any Eng-
lishman now living. 1€ cur ancestors had invested
talent 30 1he industrial reyolution instead of the
Indian Empive, we might be mare soundly based
now. Bot they didn't.

We are left with a population twice as large as
we can grow food for, so that we are always going
to be eu fond more anxious than France or
Aweden: * and with very litle in the way of naru-
ral resources—by the standard of the great world
powers, with nothing, The only real assets we have,
in fact, are our wits. Thosc have served us pretty
well, in two ways. We have a good deal of cunning,
native or acguived, in the ars ol getting on among
curselves: that is a stréngth. And we have been in-
ventive and creative, possibly out of pwoportion
it our numbers. I don't believe much in national
differences 1 cleverness, but compared with other
countries we are certainly no stupider,

Given these two assets, and they are our only
ones, il should have been [or us w underszand the
sciemtific revoletion first, o educate ourselves to
the Mmit, and give a lead. Well, we have done
something. In some felds, Iike atomic energy, we
have done betrer than anyone conld have pre-
dicted. Within the pattern, the rigid and crystal-
lised pattern of our edocation and of the two
caltures, we have been trying moderately hard to

zdjust ourselves,
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The bitterness is, it is nothing like enongh. To |

say we have to edorate owrselves or perish, is-a
little more melodramatic than the facts warrant.
To say, we have to educate ourselves or watch a
steep decline in our owno lifetime, is about Tight.
We can't do it, 1 am now convinced, without
breaking the existing pattern. I know how difficult
this is. It goes against the emotional grain of nearly
all of vz, In many ways, it Focs agalost my Own,
standing uneasily with one oot in a dead or dying
world and the ather in a world that ac all costs we
must se¢e born. I wish I could he certain that we
shall have the convage of what our minds rell us.

More often than [ like, I am saddened by a his-
torical myth, Whether the myth is pood history ar
nol, doesn’t miatter; i is pressing enough for me. 1
can’t help thinking of the Venetian Republic in
their Tast half-century, Like us, they had once been
Fabulously lucky. They had become rich, as we did,
by accident. They bad acquired immense political
akill, just as we have. A good many of them were
tough-minded, realistic, patriotic men. They knew,
just as clearly as we know, that the curtent of his-
tory had begun vo flow against them, Many of them
gave their minds to working cut ways to keep go-
ing. It would have meant breaking the pattern
into which they had crystallised. They were fond
of the pattern, just as we are fond of ours. They
never found the will v break it
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IV

THE RICH AND THE FOOR

Put that is our local problem, and it is for us to
strugle with it Sometimes, it is e, 1 have fFlt
thar the Venetan shadow [alls over the entire
Woest. I have fclt that on the other side of the Mis-
sizsippl. [n miore resilient moments, 1 comfort my-
el that Americans are much more like us berween
1850 and 1914, Whaever they don't do, they do
react. It's going to ke them a long an-:} viclent
puli to be as well preparid for the seientific Tevo-
luytion as the Russians ate, but there ave good
chapces thae they will do it |
MNevertheless, that isn't the mein issue of the sci-
entific revolutinn, The main issue is that the peo
ple in the industrialised counlrics ate gertrng
vicher, and those m the non-tndusiriatiscd coun.
tries are at hest standing siill: so that the gep hn_:~
cween the industnialised countries and Lhe Test 15
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widening every day. On the world scale this is the
gap letween the rich and the poor.

Among the rich are the U5, the white Com-
monwealth countries, Great Britain, most of Eu-
rope, and the U.SSR. China is betwixt and
bebween, not yet over the industrial hump, but
probably getting there. The poor are all the rest.
In the tich countries people are living longer, eat-
ing hetter, working less, In a poor country like In-
dia, the expectarion of life is leas than halF what it
is in England, There is some evidence that indians
and cther Asians are eating less, 10 absolute quan-
tities, than they were a gendration ggo. The statis-
tics ave not relizble, ani informants in the FAQ.
have told me not to put muech trust in them. Bur
it 15 accepted that, in all ponindustrialised coun-
tries, people are not eating better than at the sub-
sistence level. And they are working as people have
always had to work, from Nealithic times until our
own, Life for the overwhelming majority of man-
kind has always been nasty, brutish and shor B i3
3¢ 1n the pootr countries sill.

This disparity hetween the rich and the poor
has been noviced. 1t has been noticed, mast acutely
and not unnaturally, by the poor. Just becanse
they have noticed it, it won't last [or lang. What-
ever else in the world we know survives to the year
2000, that won't. Once the trick of getting rich is
known, as it now 1s, the world can't survive half
rich and half poor. It's just not on.
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The West has got to help in this tansiormatiod.
‘The trouble is, the West with it divided colture
finds it hard to grasp just how big, and above all
just hiow fast, the transformation must be.

Farlier 1 said that few nonscientisis really un-
derstand the scientific concept of acceleration. 1
meant that as a gibe. Dot in social termes, it 12 a
litthe more than & gibe. During all human history
until this century, the tawe of sucial change has
heen very slow. So slow, that it would pass unhe-
ticed in one person’s lifetime. "Chat is no longer
s 1'he tate of change has increased so much that
our imagination c2n't keep up. There is bound 1o
he more social change, affecting more people, in
the ncxt decade than in any before. There is
bound to be more change again, in the 1970%. in
the poor countrics, people have caught on to this
simple concept. Men there are no longer prejrared
to wait for periods longer than one pcrson's life
time.

The comforting assurances, given de fiaut en
bds, that maybe in a hundred or two hundred
years things may be slightly becter for them—they
only madiden. Progouncements such as one still
hears From old Asia or old Africa hands—Why, it
will take those people five hundred yeass to get up
to our standard!—hey arc both suicidat and rech.

nologically illiterate. Paricularly when said, as
they always seem to be said, by someone looking
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a3 though it woulda't take MNeanderchal Man hve
years to catch up with Aim.

The [act is, the rate of change has already been
proved posaible, Someone said, when the Rrst
atamic boml went off, that the only important
secret 15 now let out=the thing works., After thae,
any determined coutitry could make the bomb,
given a few years. In the same way, the only secret
of the Russian and Chinese induostrialisation s
that they've brought it off. That 15 what Asians and
Africans have nooced. Ie ook the Russians about
forty years, starting with something of an induos-
trial base—Tsarist industry wasn't neglizible—but
mterrupicd by a civit war and then the greatest
war of all. The Chincsc started with much less of
an inclustrizl Gase, but haven't been inteérrupted,
and 3t looks like taking (hein oot wuch over half
the time.

These transformations were made with inordi-
nate ¢ffort and with great sufficring, Much of the
sulfering was unnecestary: the horror 13 hard to
ook at straigie, standing in the same decades. Yet
they've proved that common men can show aston-
ishipg [ortitude 1n chasing jam omorrow. |a2m: to-
day, and men aren’t at their most exciting: jam
tomorrow, and onc often sces them at their no
blest. The transtormarions have also proved some-
thing which anly the sciemific culture can @ke in
its strade. Yet, when we don'l zke it in our stride,
it makes us look =illy.
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It is simply that technology is rather easy. Or
more exactly, technology Is the hranch of human
experience that people can leam with predictable
results, For a long time, the West misjudged this
very badly, After all, a good many Englishmen
have been skilled in mechanical crafts for halfa-
dozen generations, 3omehow we've made ourselves
believe that the whole of technology was a more or
legs incomunicable avk. It's true enough, we start
with a certain advantage. Not so much because of
tradidon, I think, as because all our childven play
with mechanical toys. They are picking up pieces
of applicd science before they can read. That is an
advantage we haven't made the meost of. Just a3
the Americans have the advantage that nine out
of ten adulis can drive a car and are to some ex-
tent mechanacs. 1n the last war, which was a war of
small machines, thar was a real military asset, Rues-
sla is catching up with the TLS. in major mdustry—
but it will be a long time before Kussia is as
convenicnt a country as the 113, in which to have
one's car break down

The curious thing is, none of that seems 10 mat-
ter wnuch. For the task of totally industnalising
A major country, as in China today, it only takes
will to train enough sciemtists and engineets arcd
technicians. Will, and quite a sthall nwmber of
vears. There is no cvidence that any country or
race iz better than any other in scientific teacha.
bility: there is a good deal of evidence thar all are
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much alike. Tradition ahd lechnical background
seem o cotnt for surprisingly httle.

We've all seen this with our own eyes. I myself
have foungd Sicilian girls raking the top places in
the Honours Fhysics course—a very exacling conrse
—at the University of Rome: they'd have heen in
something like purdah thirty years ago. And [ re-
member John Cockeroft coming back from Mos-
cow somne timc in the early 1930's, The news got
rounil that he had been able to have a ook, not
only at labovatories, but ar factories and the me-
chanics in them. What we ¢xpected o hear, 1 don't
know: but there were certainly some who had
pleasurable expectations of thoss storics precious
to the hearis of western man, about maupiks pris-
trating themselves before a milling machine, or
Lrezking a wvertical borer with their bare hands.
Someonc asked Cockeroft what the skilled work-
men were like, Well, he has never been a man to
waste words, A fact s a fact is a fact. 'Oh,” he said,
‘they're just about the same as the oties av Mero-
vick.' That was atl. He was, as usual, night.

There is no gething away from it 1t i3 techni-
cally possible to carty out the scientife revalation
in Indiz, Africq, Socothcast Asta, Latin America,
the Middle East, within fifty peavs. There is no gx-
cuse for west£yn man not o know this. And not
to know that this is the onc way out through the
three menaces which stand 1n our way—H-Bomb
war, over-population, the gap between the rick and
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the poor. This is one of the situations where the
WOTSE Crime I3 IDNOCEnee.

Since the gap between the Tich countris and
the poor can be removed, it will be. It we are
shorisighted, inept, incapable either of erped-will
or enlightened sell-interest, then it may be re-
moved to the accompaniment of war and starva-
ton: bot yemoved it will be. The questions are,
how, and by whom. To thuse questions, one Can
only give partial mswers; but thar may be enough
to set us thinking, The scieniific revolotion on the
worlduscale necds, first and foremmst, capital: capd-
val in &l] fovms, mcluding capital machinery. The
poor countries, until they have got beyond a cer-
tain point on the industrial ¢urve, GARNOE ACCUOT-
Jate that capital, That is why the gap between rich
and poor is widening. The capital must come Erom
outside.

There are only two possible sources. One Is the
West, which means mainly the U5, the other 1=
the U.8.5.R. Even the United States hasn’t infinite
resources of such capital. 1 they or Russia tried to
do it alone, it would mean an effiort greaer than
either had to make industrially in the war. IE they
both tosk part, it wouldn't mean that order of
scrifice—though in my view it's optimistic o
think, a3 some wise men do, that it would mecan
no sacrifice at all. The scale of the operation ré-
quires that it would have to be a national one.
Private industry, cven the biggest private indus
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try, can't touch it, and in no sense is i1 a [aic busi-
ness risk. It's a bit like asking Duponts or LC.L
back in 1940 to finance the entire development of
the atmsc bomh,

The second requirement, aftcr capital, as im-
portant as capital, is men. That is, toned scien-
tists and engineers adaplable enongh o devole
themselves to a forcige country’s industrialisation
for at least ten years out of theitr lives. Here, unless
and until the Americans and we educate oursclves
hoth sensibly and imaginatvely, the Russians have
a clear cdge. This is where their cducavional pol-
icy has already paid big dividends, They have such
mer b spare if they are needed. We just haven'r,
and the Amcricans aren't muach beter ofl. Imag-
ing, for example, that the U%, government and
ours had agreed to help the Indians to camry ont a
major industrialisation, similar in seale to the Chi-
nese, Imagine that the capital could be found. It
would then rerquire something like ten thousand
to twenty thonsand engineers from the U3, and
hers o help get the thing gring. At present, we
couldn’t find them.

Thrse men, whom we dom't yet posscss, need to
be ained not only in scientific but in buman
terms. They ¢ould not do their job if they did
not shrug off every (race of patermalism. Plenty of
Europeans, from %t Francis Xavier to Schweitzer,
lave devored their lives to Asians and Africans,
nobly but paternally, These are pot the Eureopeans
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whom Asians and Alricans are geing to welcome
now. They want men who will muck in as col-
leagries, who will pass on what they know, do an
honest techmical job, and got out. Fortunately, this
is an attitode which comes easily w scientizs. They
are freer than most people from racial feeling;
their own colture is in its human refations & dem-
ocratic one. In their own internal chimate, the
breeze of the equality of man hits you in the face,
sometimes rather toughly, just as it dees in MNor-
way.

That is why scientists wonld do us good all over
Asia and Afrira. And they wonld do their part too
in the third essential of the scientific revolution—
which, in a country like India, wonld have to run
in parallel with the capital investment and the ini-
tial forcigm help, That i3, an cducationzl pro-
gramme as complete as the Chinese, who appear
i ten years ta have tratisformed their nniversities
and built s many new oncs that they are now
nearly indepepdent of scientists and epgineers
[rom outside. Ten years. With scientific teachers
from vhis counery and the U5, and what i3 also
necessary, with teachers of English, other poor
countries could do the same in twenty.

That is the size of the prohlem. An immense
capital outlay, an immcnse investment in men,
both scicntists and hoguists, most of whom the
West does not yet possess, With rewards negligible
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in the short terny, apart bom doing the job: and
it1 the long term most unceTtail.

People will ask me, in fact in private they have
already asked me—"This is all very fine and large.
But you are supposéd to be a realistic man. You
are interested in the fine structure of palitics: you
have spent some time studying how Men bel'tmre
in the pursuit of their own ends. Can you possibly
beljeve that men will behave as you say they ought
to? (an you imagine a political technigue, in par-
liaraentary societies like the US. or our own, Ly
which any such plan could become teald Do you
reafly believe that there is one chance in ten that
any of this will happent’

That is fair comment. 1 can only reply that 1
don't know. On the one hand, it is a mistake, and
it is a mistake, of course, which anyone who 1s
called realistic is specially Lable to fall inte, to
think that when we have said something about the
egotisms, the weaknesses, the vanities, the power-
seckings of men, that we have said cverything. ‘J’Ies,
they are likc that. They are the bricks with which
we have got to build, and one can judge them
through the extent of one'’s own sellishness. But
they are sometimes capable of more, and any ‘real-
jsm” which doesn't admit of that isn’y senious.

On the other hand, 1 confess, and [ shonld be
less than honese if § didn't, that T can’t see the po-
litical rechmiques through which the good human
capabilities of the West can get into action. The
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best one can do, and it is a poor best, 15 o hag
away. That is perhaps too easy a palliative for
one's disquiet. For, though 1 don'c know how we
can do what we need to do, or whether we shall
do anything at all, I do koow this: thar, i we don't
do it, the Cormnmunist countries witl in e, They
will do it at great cost 1o themselves and others,
but they will do it If that is how it tums our, we
shall have failed, both practically and morally. At
best, the West will have become an emclave in a
different world—and this country will be the -
clave of an enclaoe. Are we tesizning oursclves to
thatr History is merciless to failure, In any case, it
that happens, we shall not be writing the history.

Mceanwhile, thers are steps to be taken which
aren't outside the powers of reflective people. Ed-
eeation isn't the total solution to this problem:
but without cducation the West ¢can't even hegin
to cope, All the arrows point the same way. Clos
ing the pap between our cultures is a necesity 1n
the most absiract intellectual senze, as well 22 1n
the mipst practiral. When those two semses hawve
orown apart, then no society is going to be able ta
think with wizsdom. For the sake of the intellectual
life, for the sake of this country's special danger,
[or the sake of the western society hving precard-
ously rich amaong the poor, for the sake of the poor
who needn't be pour if there is imelligence in the
world, 1c 15 obligatory for us and the Amernicans
and the whole West to look at cur education with
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frest eves. This is one of the cases where we and
the Americans have the most to learn from each
other. We have each a good deal to learn from the
Russians, if we are not (oo prood. Incidentally, the
Russians have a good deal to learn from us, Log.

Isn't it time we began? The danger is, we have
beent brought up tp think as thongh we had a1l the
time in the world. We bave very little Hme. 5o
little that I dave not guess at it.
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NOTES

‘The Two Cuoltures’, New Stalesman, 6 Oclober
19564,

This lecture was delivered to a Cambndge audi-
ence, and z0 I used some points of relerence which
[ did nat need to explam. G, H. Hardy, [377-1H17,
was one of the most distinguished pure mathema-
ticians of his time, and a picturesgue hgure in
Canrthadye Tgth @3 2 young doqe and on bis relwmn
in 1931 to 1the Sadleirian Chair of Mzthemarics.

} said a lictle morc about this coanection in The
Times Lilerary Supplerment, Challenge to the In.
tellect’, 15 Awgust 1958, I hope some day Lo carey
e znalysis further.

It would be more accurale to sav that, for litctary
teastns, we [elt the prevailing literary modes were
useless wo us, We weres, however, reinforced in that
feclimg when it occurted ro us that those prevailing
todes went hand in hand with social atitudes
cither wicked, or absurd, or Loty
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§ An analysis of the schools [rom which Fellows af
the Rovyal Society come tells its own story. The
distribution is markedly different from that of, for
example, members of the Foreign Service of
Queen’s Counsel.

§ Compare (eorge Drwell's 1984, which is the
strongest possible wish that the future should Dot
eouist, with |- I Bernal's World Without War.

7 Subjective, in coiltempoIary technological jargon,
means "divided according to subjests. Dbjertive
meaps “Givected Lowards an objeer’ Philasofhy
means ‘geaeral intcliectual approach of atuitude’
(for cxample, a svienvist’s -philosophy of guided
weapons’ might lead him to propost CECLAin kinds
ol “objective rescarch'y, A ‘progressive’ Job meams
one with possibilities of Promorion.

8 Almost all college High Tables contain Fellows in
both scientific and nonscientific subjsot.

% He ok the examination in 1305,

10 It is, however, true 1o say that the compact nature
of the mamagerial lavers of English soiiety—the
[aci that 'evcryone knows £veryeDd alse’-~means
that scientists and nonsdentiss do in fact know
gach other as people more easily tharr in w1ost
coumtries. [t is also wruc that @ yoo<d many leadimyg
politicians and administrators kecp up lively intel
tecinal and aroistic shteTesls W oa much greater £X-
tent, so [ar as 1 can judge, than is the caw in the
11.5, These are both among our 285218

1} 1 tred to compare Asperican, Sovict and English
sdueation ip "Mew Minds for the New World',
New Statesman, 6 Septetaber 1956,

12 The best, and almost the only, haok on. e subject.

L

1% 11 developed very fast. An English commission of
inquiry into industrial producwivity went OVET 0
the Vnited Slates as earty a8 18RS

14 1t is reasonable for intellectuals to preter ta live inl
the cighteenthrconitury StrEets af Sieckholm ratheT
than in Vallingby. T should myseli Bul it is mot
reasonzble for them 10 obstruct other Villinghys
beiny built

15 It is worth remembering that therc must have been
similar losses—spread over a much longer period—
when men chanped from the hunting and fond
gathering lile 10 agticulpure. For some, it must
have been a genuine spirimal impoverishment.

16 This j5 not quile exact, in Lhe stales whete higher
edncation i3 most completely developed, for =x-
ample, Wisconsin, ahoul 45 per cent of children
attend High School up ta eighreen.

17 The U.5. is a complex and plural society, and the
standards of colleges vary very much morc than
thase of our nniversitics. Some college starndarcls
are very high, Broadiy, I think the generalisauon
is fair.

18 The number of engineers graduating per year in
the United States is declining fairly sharply. I
have not heard an adcguate explanation far this.

19 The latest Ggures of gradustes trained per year
{scientists and eNEUNECTs combined} are Toughly
LK. 15,000, U1.5.A, 65,000, U.S.5.R. 130,000

20 Opethird of Wussap graduate engineers ie
wormet. 1t is one of onr major follics that, what-
ever we say, we dom't in reality Tegard wonlen i
suitable for scientific careers. We thus neatly di-
vide vur pool of potential talent by two.
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21 Tt might repay investigation o examine precisely
what education a hundred alpha plus creative per-
sons inoacience this century have received. 1 have
a feeling that a surprising proportion have not
pone over the sticwest orthodox hurdles, such as
Part 11 Plrysics at Cambridge and the Jike,

a2 The English tempration (3 o educate such men in
sub-university institutions, which CATTY an inferior
class-label. Nothing eould be morg itl-judged. One
often weels American engineers whe, in a narrow
prolessional sense, are less rgotonsly trained than
English prodlucts from technical eolleges; bot the
Americans have the conhdence, both sorial and in.
dividual, that is helped through having mixed
with their equals at universities.

23 I have confined myself 1w the University popaula-
tion. The kind amd number of techpicians is an-

* other and a very interesting problem.

24 The concenrarion of our population makes us, of
£ourse, more vulnerable also in military terms.

25 There 1s one curious result in all maper indesodzl-
ised societier. The amnunt of talent one requires
for the primary tasks 15 greater chan any country
can comfortably produce, and this will hecoms in-
creasngly obvious. The consequence is that there
are oo people left, clever, competent and resigned
1o 2 humble job, to keep the wheels of sodal
amenitics poing smoothly round, Postal services,
railway rervices, are likely slowly to deteriorate
just because the people who once yan them are
how heing cducated for different things. Thie iy
already ciear in the United States, and is hecoming
clear in England.
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