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SCIENCE TO LIVE BY

2 burning gless on mercuric axide, leading to the relesss of
what was later called cxygen. The experiment was in its way &
ingeniouly designed m the trick by which a named card is
cansed to rise unaided from a wine glass. But—and this is an

the burning glaes at once enabled the Lively mind of Lavoimer
in Padls to see how a whale serdes of other abservations fitted

the burning glam and the mercuric oxide. The detalls of the
way the experiment was done are all very well for people who
Hke euch things. What, to my mind, however, Is really im-
portant and exciting i that—by the nse of his intelle—
the scientist produces a logical and completely materhlistic
explination not only of fire but of the breath of Life as well!
1 discus this further in Chapters 11 and 1a of this book.
The basic reason why what 13 described as science 11 30 in-
comprehensible to the ordinary hyman is that most of the
scientists themsetves, although they may inderstand the weh-
nical words of which their gospel ismadaup do not understand
dtmphnﬂmnofthetcnunwha}e.'ﬂrymumnﬂght
suggest, in the same condid
lnvebemnnglntohammomliugﬂahwmdsonthctype-
writer It would be nice to believe that the laws of probability
mnx:hd:miflwbolednunndofth:manlyphyndlong
enough on a th d hines, they would lly be
found to have typed out the lete works of Shakesp
Bmwahohmthtumifﬂrqunmdnﬁidmﬂy
Long to complete this considerable task, nane of them would
have mnch idea what Shakespeare was aboat.

Priestley great experimenter though he was, missed the
philosophical tmplication of his discoveries. Of course, others
did 100, Charjes Darwin was a most consciennous adherent of
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NOTHING LIKE SCIENCE

the Church of England who had no tntention whatever of up-
scmngthewhokb:ckgzmmdofbdkfofhuawnmdaﬂ

! Yer his hes at 2 blologust,
puhﬂs!mdmm()ﬂgmofs‘uuu, to many devout
people to overthrow the teachings of the first chapters of the
Book of Genens. If these big men fadled to sppreciate to wha
extens the mplications of ther saenufic observanons were
hanging, the whole complexion of the thought of therr umes,
may we not excuse those of smaller stature for missing the
meaning of what saience 11 about. Today there are large
mumbers of men and women who earn theur Living at sclentific
puntults. Many of these do research, make minor docoveries
and publish their renudts in the saientific lterature. It is from the
gradual accumutation of laborious detailed observations of new
facts that the fewer gremer men may discern 2 new general
pnndple by which science may in truth make a stride forward.
Most of the many dibgent people do their jobs a3 research
workers a3 well as the rank and file of other professions. But
this 14 1ot 10 say that they always appreaate what sewence i1
Furthermare, a3 the mats of detailed information increases, it
becosnes more and more technucal. Technical words bave con-

quenty 10 be i d 10 describe the | gly deiled
handsms with which professiom! s are dealing,
Inevinably these tech wo‘rdzm(nn henaible to ordin-

P

ary people. And mnce many of those who work in the labora-
toties do not really know why they are doing what they are
and have nerer known that science 11 anytheng more than the
msung of mare and more of this particular kind of informa-
don, 1t {s bardly surpnsing that the whole thing becomes
i ty obscure to the kity
phtlosophy of seience by which we conduct the material
aﬂ'xrsofmnm'utod:ynpthmmpommthmgxﬂm}y,
it says that a scientist may enquire about anything. Tts second
essenthal feature s that the results of its enquirtes must be
recorded and, as s00n a8 3 ‘way has been found 10 do so, re-
corded 10 quantitative terms as weights, measurements, wave-
4



SCIENCE TO LIVE BY

lengths, velocities, hemical n, stomie
conﬁgumﬂm—orwhuyouwﬂLThthlrdtmuof:dmh
that, basing his concluszons on the recorded observatons, the
sciennst am set up a theory ar hiypothens to explain the facts
be has observed and measnred. If he can devise an experiment
dependent on his liypothesss and the results of this experiment
come out a3 they shoukd, then be can be more confident that
the hypothess i3 correct.

But thia philosophy has one or two uncomfortuble conse-
quences for people who are prepared to face it squarely Itls, of
course, an eveellectzal philosophy! We have gradually come to
ecept sclentific conclusions for certaln aspects of oar hves. We
expect logical and systematic researches to be arried out to

prinaiples of thermodymamics to the calataton of the steam
requirements of a new factory dengn. But this logacal, rational
behaviour at times comes into collimon with fllegical ‘hrman
beharviour. Science, that is, with its conclusions based on facts
must ineviably be affronted by traditions besed on emotion
or perlaps on prejudice. We exhibit 2 sphit-persouahty when,
21 2 mation in a sdlentific age, wo build new seroplanes contam
Ing every technical refinement scuentific discovery am suggest
and at the same time baild new bouses with water-prpes
numnning down the outside walls where each winter they freeze
up and bunt.

Just as aclence may mk questrons about traditional hovse-
bullding, so also could it study the satement, democracy is
Lbemmtnﬁsﬁmoryformufgmermnmx This b for us a

tribal sssumption at the present tme, but it is by no meuns
mponsible to subject it to sdentific scrutiny Tho could be
done, for example, by comparing & series of factors selected
to indicate happiness, prospenty, freedom from eriminal
actrvities, educational levels and 80 o in broadly comparable
countries governed under democratic and under non-demo-
cratic systerm. Of course, we do not in practice do this sort of

5



NOTHING LIKE SCIENCE

thung with sclence. As I said before, we apply the sclendfic
phﬂomphyonlyto!hem:t&dzldﬂnglcflgpﬁymtdcdngh
thus we sometimes get into trouble. Our electric bells ring very
Ioudly and our jet planes travel very fast—but we are occasion
ally at something of a loss to know what to do with curselves
when the harve taken us to wherever it 13 they are going,
N we are compelled most grarefully to admit
that science s wonderfull We have restricted it to the nraterlal
phane and on that plane it has given us some remarkable things.
And the number and variety of these sciennific products con-
suntly increases. For instance, there are bicycles, motor-cars,
steam-engrines and acroplines. There are telephones, telegraphs,
radio and television. There 1 gastight or dectric light. Castor
ol is not a scdentific drug, but aspirin b, and o are sulphanil-
armde and penicillin and 1nsulin and cortisone. Then we have
nylon and perspex and bakelite and ball-point pens, all—to

varymng degrees—scientific products.

In the United States, they call the man who dnves a raitway
engne an engineer In Great Britain we would only properly
all him an engineer 1f he could design & railway engine as well
a3 drive it. There 18 some argument, even in Great Britaln, o3
to whether, even of he could deslgn 2 rilway engine, the
engineer would be properly called a scientist. In current
lmglugethccngxm—dﬂmisltechmu:mmddnmgmml

The engincer can at Least und d sclence even

thoughfewmginccnmdnocn@nedﬂm:,unlmthrym

quite exceptional, can do sclence—that ls, advance the boun-
daries of new knowledge.

I:lmb;ennldthz:n practical man is a man who is
ignorant of the princples which hs nmccl:bacd
The modern inst on"jpo'n } Dbet‘:vema
g5t (who doer und i scienufic principles) and a tech-
nlam(w}ndounl)dmdmwchavuod:ytﬂlhcddmn
pracical man bas his hmbatioms. After all, it does not ke
very long 1o teach 2 man born in the jungles of the Congo to
tundle a combine barvester or an sutomatic pom-pom ant

6




SCIENCE TO LIVE BY
sireraft gan, both of which are complex products of sclentific
gan, comp

school arrricnlam it will take Inm at lexst three years of further
education before he Is fully trained. Bt although be fy im-
portant in our present sclentific world, there are two kinds of
people who are more important sdil, The first i the person
who can make new nse of sennfic facts or who can discover
new facts for himself, No one can deny that Thomas Edison,
who invented whole hsts of practical things, inchiding the
electric bell and the telephone, has been weful to the world,
The work of Nobel, the inventar of dynamite, has had a coo-
siderable impact. Stephenson snd Wait and a bost of others
were heroes whose # fired the imsgimations of our
Victorhan grandparents.

This is all very exxiting, but is it sclence? In the eyes of the
world it fs. Or, at least, at its best 1t o the spplication of the
sclentific

all this ks obscured our mmds to the philosophy upan which
the whole business is based. We must not blame the scientiet
who has just set up & factory to make coal-tar dyes for belng
confised 3 to what the principles behind scence are, He iy

dealing it complex quesionn of packagin; and macketing

and sales and profits as well a3 with all the problens of chemical

technology He may not even remember why it is the people

who buy his dye want to colotrr the things zhsy make with the

particubr colour A puakes.

The mventors of stainlers stee! snd mylon and jet engines
7




NOTHING LIKE SCIENCE

and cathode tubes for television sens are the second most im
portant people in our scientific world of today These dedicated
men and women are the intellecrnal welter weights. To succeed
they must devote themselves wholeheartedly to their scence.
Their traimng starts young and is prolonged. And they can
pever afford to break training Tt 1 said in the United States
that unless a man applies himself wath such unswerving dik
gence to hus subfect that he becomes a professor by the age of
forty, he has ad it and never wll become a professor Under
these crrcumstances, 1t is not surprising that devonon to
business prevents these people from thinking about pnnciple.

The most important people in our present avilisation are
few They are thote who not only know some science but who
aho apprecate what sclence 1nvolves. The jet plane i3 a fine
way of travelling at 2,000 miles an hour and the family motor
car that can achieve 70 i1 also to be commended. But why does
the family want to trave! so fast and what will it do with {tself
when it gets to i destimation? Rudyard hipling once wrotea
story about a man who was smitten by an intane desire to
travel faster and faster round the world and who spent ks
whole hfe tn ships and trains feverishly studying timetables to
avold a moment s delay Evennnlly, a resourceful friend per
susded him chae if he g3t m 2 chair sspended over a sheet of
iron, the world would revolve free beneath him and he could
circummavigate the globe 1n a day snthout ever moving. There
fs a distinct danger that we modem urban dtizens, with
techmeal resources now much greater than those of Kipling s
traveller may develop the same neuross.

Buat the imsight of the important people abour whom I am
writing extends beyond an appremation of the purpose that
drives us 1o ekborate our mechanical gadgets and extend the
numbers of our washing machines and ball-point pens and
porable radios and automatic agarette lighters and patent
breakfast foods unill we are well-nigh cushed under the
welght of them. Therr insight con also comprehend the general
chancrer of sclentifit philosophy Thas &s, that off matrers

g



SCIENCE TO LIVE BY

without exception can be subjected to sclendfic scrutiny so
long as they n in some way be mexsared. Becanse we anly
apply scientlfic techmiques to certain material tungp, lke coal-
ar drugs or radio-actvity, it does not mean that this restnction
of scope 1 necessary

The top grade of scientist, about whom I have been writing,
extends his spprechation of the general philosophy of saence
to the particular aspects of it with which he is concerned in bis
day-to-day hfe. The nm-of the-mill research worker 18 the
backbench member of the parament of scence. His recorded
observations form the contimuots debate that fill the tmmense
Hansard of the overwhelmmg sclendfic hterature with which
mvuﬂpmm}nvctorm:ggletodxy But here and there are

padc-onzpeoplewhnmapﬂbleofw:hgdnundﬂ
lyu.ngrdaﬂoubctwmzpparmdydnconnomi These are

ministers who frame the liws. Ismmac Newton put

o:dcriumumof 1l facts and produced the laws
ofmodon.Dalmnngemhmofcbcﬂﬂnlcombtmﬂon.
Pastrur established general principles that at one and the same
tme exphined the abserved facts of fermentation and opened
up a new saence of bacteriology thar revohmonmed the
practice of mediane. In our own generstlon the
underlymng the scattered facts of stomic physics and of much
of biochernistry—t0 name but two toplcs—have been elucld
ated by men and women who saw beyond the immediate ex
perment to the general relationahip knkmg the observations
of many

Thete is an even broader aspect of life to which the philo-
sophy of scdence can be applied But when this terdtory is
reached the scentist must recognise his limitanons. It is the
common talk of all Public Persons that by sclence, and by
sclence alone, we can mme our stndard of living” ‘Incresse our
prodnetinity  and genenally improve output, security’,

in sclence, however 1 urmlly srsumed to be resmcted to the
wndening of our knowledge of Namre and the application of
9




NOTHING LIKE SCIENCE

this knowledge to material things. The purpose of our pursuit
of sclence and the influence of screndfic thinking on human
happiness is usually sgnored. The scenufic philosophy is 2 way
of atuning the truth about all sorts of the
atom of matter, about human health or aboat the human mmd.
But it has had nothung to say about the bezuty of a rose and
very Little to sy about right behaviour Yet, as the researches
of Darwin in biology and their relanon to the Old Testament,
or the studres of Margaret Mead in ethnologyy and their bearing,
on the marriage customs of the Wes, show, the rtoml
rozch of science must be viewed in the context of the total
aﬁlmcq:d'xyl:rywhichwegu.lrlccﬂ.u‘mcdm:s.
1t s mstructive to compare something of the philosophy of
science in the West with that in China, Since the elghteenth
cenmry our practice has been to apply sclentific knowledge as
soon as we have discovered it—or, at leasy, as soon as we wake
up to the fact that the knowledge &as been discovered and an
be applied. And the effect of this philosophical amitnde of
materiabytic hxt been to give ws our present
world full of thngs. The Chinese, an the other
band, have during their millenniunn of history made many
discoveries. But for them, the knowledge itself was the m-
porant thing, not its posible spplication to bum-drum affalre,
Foxemnple,tltydlmmcdd:cmgn:ﬁcmmpass;bmltw
‘Western mariners who used it for steenng They do-
covered gun-powder and exhibuted it in fireworks for rejoicing.
Weunpluyedhi.nwunlninnmmmlofpohua.
Our phil v of scientlfs
mccuuﬁ:LAndthe-peedof:dvancehaccdu-lﬁng.
New machines, new chemicals, new sources of power and thar
application are being developed more and more quickly The
steam engyne held its own for a bundred years, the motor-car
forﬁftif’fhapmpr}ﬂa;diulnvmmoplmeln:bemmcﬂ'eﬂive
means of transpart for only twenty and iy already being
superveded. Mass pmdncdonmcruz:n the effectiveness of 2
smgle man s work many times, automaton Is now developing
10




SCIENCE TO LIVE BY

the trend still further Obviously, we are proceeding towards
our goal 2t a very mapid pace.

Butwbuhou:gml?Wlmhtbecdumcd,nnemmdo{ng
in the warld of sclence? Joseph Priestley was peculiady gifted,
oot only with religious belief and sclentific genmms, but also
becsine be enjoyed daing Ids writmg surrounded by Ins young
children, his wife and all the tmriy-burly of nomy family kife.
In our own crowded century we too live surrounded by the
noises of omr generatian—the underground trains, the heli
copters overhead, the voices from the televislon and from the
successive strident editions of the evening papers. There &
nothing, 1 suppose, to stop the sane man living a sane human
life in this sort of world, provided be has the strength of mind
to do so,

There are occasions when we fail 1o conduct ourselves
sensibly in the midst of all our saennfic and technological
succemes, Sometimes we fail to remember that science, no
matter how technical and obscure its ternmnology may be, 9
after all only a Jogical manshallng of natural facts. It is un
rovsonahle to expect that o layman can know all the faces of all
the sciences. We do not pretend to understand in detsil bow s
moxrem motor-car works unless we are motor mechanics, but
at lesst we know that It cannot fly or anywer the telephone. On
the other hand intelligent laymen, unaware of the basis of
sciénce, are prepared to belleve that equally impossible things
can be done if only they #re wrapped up in pseudo—sclentfic
jurgon. A few chanters of this book cite examples of this un
fortunate credulity and of the paraphernalia that helps to make
it acceptable, But having dealt with thry, we should consider
some of the new things that are happening to justfy oor pride
in the rermriuble new achievements of sclence at this very
motment, Bexdes seven-kagoe strides in mechanical sclences,
equally important advances are taking place in the biological
sclences and these also we shall comider

In other chapters something of the facts of thus saence that
:Ecﬂ!mxﬂmunu‘ypdmmnbemvkwcdmnmhcw

1



NOTHING LIKE SCIENCE

they affect the philosophy by which we live. Is soesft
materialism a good philosophy? Does our growlng knowle
ofhio]ogzulsdmnczhmwmylﬂmmuuononmdnwbpd

falsm? When fon makes all the thmgs we ¥3z
and does all cur drudgery as well, shall we chunge for te
better or the wone?

Of course, we cannot hope to gve final answers 1o these
questions, But, as the White hung so apdy sud, Thers
nothing like eatng hay when you re faat. He did not sy tht
there was nothing berter, but that there was nothmg ke
And we also can agree that there s nothing ke science.




HUMBUG IN SCIENCE

Science, with all its great materdal successes to its credit, bas
become todsy an tmportant way of thought. Tt i indeed
probably the most tmportant intellectual inflence m our
modern philosophy There is a danger therefore, that it may
tend to be taken t0o solemly, too mnentially Sdence, 23 we
have sid, bs the precise sseskment and collation of facts. Any
conclosions drawn from these facts must be verifiable by ex
periment. But one thing which has been unduly neglected by
scientists is the old question xs to whether a tree thar falh in
the desert makes any noise when nobody 1 there to bear it
And this 15 odd becruse it was Einstein, the greatest of them

Quite recently, however, there is some evidence that the tide
of sclentific solemnity is turndog. One or two papers bave
s 3



NOTHING LIKE SCIENCE

d in the | in which humbug is senowly dis-
wssed.Anditmaynmhelougbcfmhhrwogmdthﬁ
immhugphy:mlmpomntrolelnueminbnndﬁuhdm

When a research worker sets out systemaneally to discover
whether vitsmin tablets—let us say—prevent your catching
cold, It s po good his giving them to a group of people
throuphom the winter and asking them at the end whether
they have had fewer colds than during the year before, Nerther
is it enough to give viamins to haif the people in a large group
and compare them wath the other half who are given nothing
The of the mind over the body is such that some of the
peomﬂngdnpﬂxwﬂlbenﬂ'eaedmelzymtbco&a
by the very fact that sometkmng 13 being done to them. This
belng 30, the competent experimenter 1 now trained to give
vitamin tablets, or whmever it is he may be testing, to one
group of people and dummy ablets to another exactly compar
able group. The dummy pills are commonly termed, in the
technleal vernacular,

Unﬁlhmlyﬁnhmdou}mbompddmthemmo&hc
phicebo waelf, Provided gt it was inert, that was all that
mattered, This 18 now changed. Although deseribing it as 3
‘humble hombug’, a writer in a recent number of the Trans
actions of the College of Phynaans of Phulodelphia polinted out
the necenity of close saientific study being made of the placebo,
pow dignified with the title of a resestch tool” Another writer
in the Aetencan Joernal of Medicmne goes into some detail on
the matter He conziders that when humbug is required for
sclemific purposes it should be efficient. A placebo medicine
should, it now appean, be red, yellow or brown, aot blue or
green, which are colours associated with Hniments or poisons.
The mate shonld be bitter but not unpleasant. Caprules or
tablets should be colonred and either very small-—implying
that they are excenively potent—or impressively large; and
they should not Jook ke everyday things much as aspinn.

Just as Elnsteln a events which happen in two places at once
may be influenced by the person who observes them, so, it Is

1




HUMBUG IN SCIENCE

now mgued, a particalsr drug cannot, in a scentific sense, be
sad to have a particaker effect on any organ of the body with-
out taking into account the personafity of the man or wonan
to whom the body belongs. The Jowrnal of Pharmacology

& Jexrned article not long sgo polnting oat that when
 drug is being texted for its effect, let us sy, on the pain from

water It is nearly always found that some of these patients
report that the placebo has relieved their pain. A srentific smdy
of these placebo reactors , as they are called, thows that, like
peopls who are accadent prone , they poseess certam character
Istica. These people who are particularly susceptible to hurm-
bug, we most ssums, are mare gratefnl to the doctors who are

on them, more co-operative with the nnres,
and more talkative than normal individumls.

As soon 1 ane starts to investigate hnmbug in sclence, it is
surprising how many scentists one discovers whose whole Fves
are devored to the subject, The mest cutlet of the vegetadan
renmrmx,oamqalmwid:mpapcrfd]lmdiuudﬁ:hl
‘bone’ of ke hleved without the aid of
dmm,bmthavbobmyufdmanhuhmyﬁbdaﬂngnﬂ—

engaged in hamessing saenttfic knowledge to the humbug
buaines

When we discom the shortage of sclentific manpower which
hh the full devel of this country in a com
peddvnvodd,ithnlmnytomaﬂdmhigh}quﬂﬁd
their talents and the fruits of
' 'tniningmd‘— 3 wnn:h blems as the best
mhodtoprcvemtheunngepu}plnom:ge-qwhnmling
to the bottom aof the botte. In the field of brewg, a grest
research foundation has been esablished one of whose major
ons i3 to prevent beer from becoming cloudy Not
E;:go,whmbcc:wnconmmdﬁmpewm\mh,
15
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sclence would have been relieved of the pussult of this prece of
amiable humbug.

The scientific problems which amse in the study of the hum

bug demanded by modem fancy are very real ones. No one
Tas ever been known to contract a disease from a foaf of bread
which is handled with reasomable care. But today, just a3 our
Victorln grandmotbers used to avold the improper sight of
uncovered legy—any kind of legy—by affixing litle akurts to
the legs of dinlng room tables, 50 do we eschew the sight of
uncovered food by inmsting that bread be wrapped. Thus Inno-
cent desire sets the rescarch chemists several difficult connn
drums. Microbiologlsts must be employed to study the types
of mould winch tend to develop innde the wrapping paper
Organic chemmts are required to investigate possible ant
miycotle agents which could prevent the moulds from growing.
Cerenl chemists must be d to h into the mature of
crumb toughness.
To ths sclentut, the natrre of the problem is everything.
The purpose for which the work is done is very Httle, He will
work with 23 much devotlon to perfect a colour or & varnish so
that & new model of 2 motor-car con claim to be the most
beautiful cbject on four wheels s he will to invent 2 new
amaesthetic. And this Is right and proper, for who knows what
may be the ultim of a sclennfic investigatlon?

&4y

Humbug, however, can come into scence in a different and
less artractive form. For example, a few years ago two yousg
men who were engaged o an investigation into the com-
positlon of woal discovered 2 new method of amlysts. Such 2
discovery Is of fundamental importance in sclence since pro-
gress is often brought to a halt by the inabillty of chissical

methods 1o sepanate chemical substances of distinct

men, Drs Martin and Synge, for which, very appropriately,

Lbcymt“rdcleOdeme,wamanﬂydmpkﬂ'o’

many strokes of genius often are. Its principle was a3 follows.

1f you drop red ink on to blotting-paper the mixed pigments in
16



HUMBUG I SCIENCE

the ink separate 1nto their differe=s cclenrra the Blot expands,
In the sme way, if a minture of, sz, e differenc srgars thar
occar mattrally In honey are allowe 15 sorad slowly down 2
strip of blottng-paper they aho vl segrrate cur and the
quantities of the individual sugt=-typer et ba messured, The
m'!g!mlfumufthepmcmmmdﬁgqmq,h,gm
scrp of paper ovemight in & contzzes o5 Fupr tfe armi-
sphere moist. In the lexrned paper sorenaafy

person ‘Tterature s a written record of s "”i’
saying, well said, T°'mh’“'ﬁ,dégkmy ""ﬁh
anything at all, important or unimportany mb:mm
m s technical journal about the subject undeg ¢, m
in this ‘Hteratnre ﬁedmktmywnpwmw"“"dm
himself away from reality in the litmrgy of

Hral payive
he is '
yoice, Oddly enough, cu:i;peﬂcdmmtn



NOTHING LIKE SCIENCE

form by the inalstence of saentific editors. But 1f he were
allowed to write straight down what he bad done, wathowt
humbug, be might not publish any report untll he really hod
made 2 ducovery Ay it s, we get this sort of thing:
The test was made immediately after the nbpeces had con-
sumed meals, the solid portions of which vaned from 6 to
18 oz. From the results ez wes found rhat the effect of size of
meal on number of words typed was highly sigmficans, the
typlst working best after meals, the portioms of which

weighed 9 to 12 o1 However, in further tests it was found
that the effect of mze of meal was rendered inuignificant if

motrvatton to do well were sufficiently great.

In other words, the sclentific nutrinon of one s typist helps
her with her wotk—unless it doesn &

Throughout the whole peniod of his academic traimng the
scientisy is gradually condinoned by the lingimge of brs text
books a3 well 13 by the kind of prose favoured by the editonal
boards of Jearned journah to use long, pompous, Lann words
when he conld use short Anglo-Saxon ones. The phrases to be
found in s lliterate ‘literature are usually long and involved
tather than short and puthy Dr Johrson {llustrated the effect
of this way of writing, In English, the sentence iss Tt has
not wit to keep it sweet. With the mssistance of Latinised
words thts becomes: Tt hat not vimfity to preserve it from

putrefaction.

Not Jong sgo R, Whitehead writing in the Lances pointed
out that sclentiss when they meant say’ would try to make
their statements seem more Impressive by uslng affrm,
allege,, assert, aver, claim contend, dechre, Intimate,
maintain, or state’ fnstead. Surely, this is humbug, Tostead of
mauch,, they write a conriderable amouns of®, a great deal of’y
a large proportion of’, or a large quantity of " and thelr
prose b peppered with phraser 23 circular In outline,
complex in character , large in shze, next in order, and most
popubr of all, red in colour

18



HUMBUG IN SCIENCE

This brings me to a difficult end tmportant aspect of hum
bug 1n science. The question whether a modern sclennst is an
educated mman. For a long trme 1t has been thonght that only a
Hbmlbovkdgeofdrmfumﬁcdlmcmdd:ﬂng
hrrself to be an educated the foll sense. Such an

unmdingofmmmdtﬁ{n,of
Eterature and philosophy, and of the languages and of
cmmtdaud)ﬂdmlﬂamlnmtyﬁn,&h{nﬁlﬂmnu:,
senior Civil Sexvants and other Powerful People have begun
to realise that sclence coald achieve material results vmattain-
able otherwise. The detomtion of the first atomic bomb really
brought home the fact that schentts were, at least on this
maternl plane, t0 be reckoned wrth,

Lhmeinpodﬁomofmﬂmdrymmtmﬂrdymwﬂﬂngm
bemvmmdbythcugummxputfwwudhyncmﬂmwhh
that a training’ was, in fact, a

liberal edncarron.

It is difficult to msert, in the face of the grest and

ance in hrerary style. Once upan a tme it was the custom for
sciennific workers to move about and study in other countries,
Most of the older generation of sclentists med to work for a

recognhedtobeofmmlmdngﬂﬁmccmdfrw]‘lngﬂsb—
rpeaking chernuts can do better than scramble through a
German tecimical with a dictiorary a3  cruteh.

We must face the fact tint in the practical world of affains

!hefamn]knavicdgetoemble}:dmm}nnd]cimﬂahor

or machinery in its varoms sorts. The

mimemﬂnx,hmbedmimd,mmry the sclemific

philosophers are few Sometimes, in the bope that the sserbon
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NOTHING LIKE SCIENCE

is true and not humbug that sdlentific educatlon firs a man
for the affairs of the world, the research worker 15 brought
from his back room and taken into the boardroom. There he
st fn barely concealed boredom while general matters are
being disarssed. Only when hus own 1ems are reached m the
agenda does he hold forth, ex catkedra—and then stops.
‘The study of Latin verbs or Greek syntax canmot of iself be
chimed to furnish the mind wath much else than a set of more
or less arbitrary sules. But the Odyssey (as has been shown by
the enormous sales of the Pengum translation) by reporting
the behaviour and feelings of men three thousand years ago
gives us ideas to gulde our own behaviour today The modem
teaching of chemmstry and physics and mechanics produces 2
) technologist. Sometimes it produces a sclentrst. Bat
if it produces a philosopher this iy quite accidental. The con
tribution of science has been the thens that Jogical study, &
p jon and the sccey of conclusions based o fact
no matter bow unexpected or unpalatable are the vy to truth.
Sclentific education teaches its pupiks to apply these principles

stand the word produces edocated men.

One more plece of lumbug might be included here: the
bebef that the scentlst, the dedicated rescarch wotker, does bns
job to benefit lmanity This extraordinary delumion is held to
1pply most directly to scientific persons involved 1n medicat

There are 1n hospimh whole kboratorles full of
scientifically tralned men and women, all basity engaged in
matching blood samples, amlysing what are euphemidally

specimens , looking at slices of flesh under microscopes
and carrylog out the whole complex programme of the tests
that prudent doctors dermand, not necessarily to help the

|
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HUMBUG IN SCIENCE

the patlert does not recover These sclentists do their jobs 29
well a3 anyhody else, but the messure of service to humanity in
their work i no greater than that of motor mechanics,
DrL.'W Batten in the coarse of a lecture to the final-year
medical students at St Bartholomew s Hospinl, London,

ity Partly, like the rest of us, they work for money and partly
they work for the praise of their peers. But though they do not
sy 30, the best of them #re dedicated to the practice of medicine.
That is to say, they are interested m their work,

It is 23 unreasanable to single out the doctars and nurses for
spechal granitude for sclentlfic activity on behalf of suffering
mankind, merely becaise we see them actually dealing with
sufferens, 29 it i3 to tip the waiter but not the coak or the
Kichen mad when we go to a restzurant. Louls Pasteur was
applying Ins chemical acumen to preveming wine going sour
when he developed the discovery that solved the problem of
infectious disense. Service to suffering humaniry did not vome
into it. The sclentist who did more to earn the grantmde of
suffering humanity than a complete Royal-College-full of
medical consultants was the engioeer who thought out the
process for making iron pipes and thus embled us 1o keep the
sewage from the dnnking water It was this sclentific
dmﬁ:mducdpodbhdngrmpop\ﬂmﬁadm
we fmd necessary for our happiness todsy

The on fs strange and unpredicmble, Tt is
traditlonal folk lore of our time to think of a civil servant xs 2
dded-up sort of fellow with a rolled umbrelh and 2 well
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NOTHING LIKE SCIENCE

developed contempt for the ordinary citizen, who amves at
tus office hate 1n the morning, continwowsly dnnks cups of tea
while be i3 there and enjoys six weeks holidays plus six weeks
sick keave every year Yet a civil servant s far more directly
concerned with benefiting humanity than a scientist. He often
s to think about humanity—or at least about that section of
it with which he is employed to deal. A sclentist engaged, ket s
say, by a great chermeal company may be far removed from
any thoughts of humanty, muffenng or otherwse. Yet, fust a
it was sdd of McCormack that his invention of the mechamcal
reaper stralghtened the bent backs of the peasants of the world,
50 equally could it be held that the anonymous inventors of
nylon allowed the weary housewives of at least a substantial
proportlon of the world to put down thelr daming needles.
Bat it is dearly Immbup to believe that the research team that
made the discovery, and the chemical engincers and adminis-
trators who made the nylon, and the investors and boards of
directors and shareholdens who made it possible for the
manufzcture 10 take place at all were impelled by altruisne
notions about the sufferings of mankind.

Thus we see that although science is a potent means of
making matenal thingy, of creating power and of coatrolling
Nature and, most important of all, is the dominant philosophy
by which our Western technology Is directed, nevertheles
humbug entera into its operation tn 2 rumber of ways. Humbug
Is a necesmary and uwseful feature 1n the controls sed to
rueasure the effectiveness of new drugs and new vimmins, the
very exntence of which it would sometimes be impossible to
establish without it. But humbug 1n science bz only a limited
fanction for good, Usmlly it ts bad because it 1 by its very
rature falie, and the core of sclence is truth, Elaborate and

essazily complex app designed to impress rather
than to enlighten is a hindrance to

gned to

discovery There 13 the sd
story from the United States of a first rate scientlst who was
studying the nature of the proteins m blood phsma. For part
of his research be needed to use a machine called an ‘ultra-
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HUMBUG IN SCIENCE

cemﬂfug:'l'hhis:hrge, ph ’mdvcry.__r-'
prece of equip which ded in
llquxdbyspmningnatmbefullohhcnnm:cnutmn&y
high speed. His studies yielded interesting results which were
published. But instead of being abk to proceed with the next
logacal step in hus intocate research be found himself bom-
badcdwixhnmpluofhloodphsmxﬁmnmhcrdocmn:ﬂ
hace who had half-roderstood the ngnificance of his
U.i]rf They had the 1dea that hns kind of studies
mgbhemfdfotxmeofdmpmimnhabcvelﬂ,diq
were imp his ive and unneral
bthmdofbcwunaupin-bigoﬂic:inmlnmnmw{th
four vt —centnfuges, 8o bambarded with miscellancons hlood
samples a3 10 have no time left to think or to carry out new
research,

adaptability of the modem cltizen to the stresses of the
crowded warld in which he s subjected to all sorts of selentific
marvels is remarkahle. He quickly tends to develop, to 2 greater
or lerser degree, a protective armour against a good deal of the
hmbug by which he is availed. The sclentist also mumst in his
profexsiomal life defend himself against the same infinences.
Sometimes he needs to use lmbug as part of his sclence.
Unnlly, however, he needs to be on the defemive againer the

activities, of windy beliefs m his mimion in the world, or, most
dangerow of all, of coming to believe his own humbug,
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THE COMIC ELEMENT

Ix its earhier days, science was a constant bunt for people who
wanted to make fun of it. Perhaps even the story of Tearus
who tried to fly up to the sun untl] his wax wings melted and he
was dashed to the ground has an element of the comic sbont it-
Nowadays, of course, aeronautics 1s a serious matter of soence.
The thape of wings and the materials of their comatruction are
matters for calenladon and wmlysts, We can today all ulk
[ aboat the toxmd barner and Mach numbers. The
thought that 2 man can stand up and shout and then get into 2
machine and overtake his own volee does not strike us o3
strange at all Preparations for the | jonal Geophysical
Year proceeded as unconcernedly and with as much dullness o
prepanations for an international trade fair 2t an indpstrial town
in the Midlands. But surely there is vomething of the comic in
the fact that the ten arnfical moons, ordered by the Undted
States Defence Department from a firm in Baltimore with 28
Eutle fuse us if they had been raflway Jocomotives, are being
hunched from Banara River, Florda,

We all know that the design of earth sxellites is a great
stride forward in technological schlevement. But is there not
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THE COMIC ELEMENT

something comic—or i3 it merely grotesque—in the report
oftheUS.AkaAzo-MuﬂalhhonmfyuDlymn,
Okhio, on the physiological effects of space flight? Moses,
vﬂlmembcrwbcnuounoﬂmgdxemlgnﬂunofd)elnﬂm
through the wilderness, sent ont sples into Canzan. The inttial
report of these men wa an unfavourable one and only one
eventually survived to reach the new country Today, in our
modern scientific context, we also have sent off spies intm the
promised land of oater space. Five monkeys were despatched
in an Aerodes rocket. This machine flew up seventy miles lngh
but on returning to earth foar of the monkeys were killed when
their parschutes falled to open. The single survivor of these
simian hemlds of lumanity landed safely but died of heat and
thirst in the wilderness of New Menico before help arrived.
The way sclentists restrict their thinking to material things
has for a long time been considered comie by non-scientific
people. Swift, In Gulver 5 Travels, rmagines scienthits wander
ing about with thelr thoughts on thelr expenments, each
requiring the sttendance of & servant to attract his attention to
everyday affaws by hitting him with a balloon. During the
Victadan age it was still quite the fashion to crack jokes about
sclence and scientists. Mr Pickwick Is an abvious example, with
his sclentific stndy of tittlebaty in the ponds of Hampstead and
Highgate. But nowadays science, the vuible sign of oar present
greatness and the only hope of an existence in the future, s a
solemn

It 5 often provided by the sclentist lumself
Formmple,dnehmd:h:g}m.u‘kﬂcm{nthe
thought of three German scientivts themselves to

St]ohno—wonforrwine v-hmtbdrﬁndlnpwaedm&

Joln s-wort has no nutrittve vahre for swine.

'rbedntcdngofﬂy-uh,mltmdyofn&mhndscfpbm

of Parls wntten by two Japanese gentlemen at Tohoku Uni-

verdty, are obviously weeful contributions to knowledge. But
a3
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pethaps, a3 he parses on his way through the quiet comdons
of Tohoku Unlversity, one of the older teachers may allow
himself to smile. Plaster of Pans seems such an odd topic to
devote one s thoughts to at a univenty

The absent minded professor 13 a traditional figure of fon.
Long may he remain so. The world is full of senous matters
and among the most serfous are, unfortunately, many of o
modern scientsty who have no ume to remember that science
is o philosophy of men secking truth, In a more leisurely sge,
fishionable crowds used 1o flock to the Royal Instimtion to
enjoy elegant demonstranons of saence—of electrdity, or

g, or mstronomy Nowadays, much of saence 1

strictly vnlitaran. Many ists are, perforce, employ
For them, saence i 2 means of making theags—plastics,
chernicals, alloys, plaster of Pans, or explosives, Unfortunately,
these are not for elegant enterminment but for sle or for some
utilitanan purpose. The Gods may justly Lugh at the difigent,
scientfic blind men forever working away at thelr fly-ash
(whatever that may be), too many nmes without thought of
the structure of matter itself, or of systems of behaviour for
dvilsed men.

Buatapart from the wryly humorous aspects of the doinga of
;.‘l;edzdmﬁm,thueblummulymmlcdmmtinndm

Let me give some examples from biocherutstry Certain
foods, among which vweetbreads are probably the most
prominent, contun nitrog P alled purines.
These are degraded dunng the process of digestion. Man nd
anthropold apes excrete purnines in the form of a well-known
chemcal substance, urlc acd  All other mammaly—with one
exceptron—excrete them from the body in the form of 8
substance called alhintown. Birds behave differently from these
lower mammals and exerets thewr punoes in the form of unc
acid. There i3 2 good blochemucal reason for the cholce of urle
acid by birds. It arses from the fact that they live an appred
able proportion of their lives shut op in an egg-ahell. Many of
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the nirogenoas excretion products used by mammals are torie
and must be got dd of immediately If these were produced by
the chicken in 13 eggshell they wonld poson ir. Unc edd,
however a3 is well known by sufferers from gout, is highly
insoluble. It consequently crystallises out from the arculating
fimds of the chick and allows the young bird to dispose of its
surpho nitrogenow breakdown-products without harm to irself,

Now, a3 1 have said, other than man and the higher apes
all mgmmals—with ome exception—excrete the mtrogenous
putines & allantoln, the exception is the Dalmatian coach-
bound, it excretes uric acd like a bird. Surely there &5 some-
thing just alightly comnc in this antmal, of all others, having
been singled out for such a curions distmetion. And the m-
personal diligence of saentific research has further enriched the
point. A detailed blochemical study wa carried out in the
United States at the kennels of 2 dog fancier who had devoted
considerable effort to hreedmg thoroughbred Datmatian coach
hounds specally trined to rin under the back axles of buggier.
During the course of this investigation 1t emerged that only
cermain dogs could be tmught to run propery under back axtes.
These were the pure-hred Dalmatlans. If the line was sulhed
10 the least degree the capacity was lost. Perhaps most remark
able of all way the fact that the ability to kearn was also related
to the capaaity to perform the unique mammaltian bochemicaal
anomaly namely, to excrete uric acld instead of allantoin. The
ttle of the paper enshrining this sclentific fact is ‘Biochemical
factors related to the lewrmng abifity of Dalmatian coach-

Ore of the great comic conceptions of literatre o that of
Don Quixote and the notion of someonc continmng to pursue
® fixed idea—a fixed sale of values—no matter how in-
appropriate the time or o s been pted &5
comie for the last three hundred years. The fact thet the idea
in this story was a serious one has ot detracted from the comic
element of the narranive. The behavioar of the tnsect Rbodus
profizus might be sccepted 23 equally comic in the sclentdic
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sphere. Réodmas profixus hves by sucking blood It only eats
occamonally, but when It does it takes a full mesl. The effect
of the distenuion of 1ts stomach Is o cruse 3 gland injts head 10
produce a chemical hormone. The discharge of this hoymone
sets in train a senes of reactions which twenty-one davs hater
cane the insect to shed its skin. Tt has been shown by Dr
Wigglesworth of the Lorddon School of Hyglene and Tropical
Medicine that seven days are required for this sequence of
events 1o be tet m monen. He proved ths polnt in the follow
ing somewhat birarre manner After one of the insects had had
its meal, be cut off its head. He kept the body ahve for the
necessary twenty-ope days but the skin was not shed because
the gland containing the necessary hormone had been taken
away with the misung head. A second insect was given us
feed of blood el was keft for seven days with s head on, sfter
which ume it was aho decapltated, and within fourteen days
the surviving body of this insect shed its skin, The quixotic
determination of RAodhrus profixus to adhere to jts sclentiic
princrples no matter bow unpropitlous the i
demonyirated in the ultimate experiment. Two insects were
taken. The first was fed, lefi seven days and then had jo bead
cut off Then the second recerved 113 meal, and was mstntly
exeemed. The two were then jomed together The tran of
biocheical events set going in the first was so powerful that
foutteen days hater foth shed their skina. To many people Don
Quixote 15 not comie. He cerainly is not finny There i,
indeed, much of pobillity and virue in his eample. Perhaps
then the case of Rhodnmus profixas phiying out its blologreal
purpese regardless of interference by 2 human experimenter
ought to fill us with reverence rather than

But of course the basic prmciple of the comic genfus Is that
pride goes before a fall, Literature s full of examples: Shoke-
speare s Malvolio made to go cross-gartered, Kipling s school-
master, Mr Prout, mistaken for a poscher; Amsteys Mr
Bulitnde suffering the bumilatlon of being rumed into a
schoolboy Or, at its lowest denomination, the pompous citisen
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stepping on & banum skin, The march of modern science has
been 20 sure, $0 consequential, that no common mortal would
be surpraed f a quirk of crenmytance pricked one or two of
the bubbler. And bere and there, the progress of sclence
engimeers comic m thes veln, or 80 it scem to me.

Mrs Beeton advised the mother who is unable to feed her
own baby or to obtam a wet nurse to do it for her to use
ey milk. But ever since the second decade of the present
century the march of mutmtional sclence has been progressing

grow larger and larger quicker and quicker Let it not be

that T would for a moment belwte the masive

triumphs of this newer knowledge of mutrition—the virmal

of rickets and of infantlle scurvy, for cxample—

but is there not a tiny sting In the il now spparent—a
delicate joke on the part of fate?

Dr Clive McCay of Comell first showed that if you lavished
on rats all the avmhble knowledge of nutrition, you could
indeed caitse them to grow as quickly and proportionally as ng
and bealthy & modern children. But if, on the other hand, yoa
fed them less well, if, indeed, gave them from tme to hme
in early Hfe too little to ent, grew moze slowly, it bs troe,
but they Bived longer Now children are not rats; neverthelens
Professor McCance of Cambridge has recently pointed out
that by rahing the plane of nntridon of underfed children, one
could in one calendar year incresse by two years the physio-
logialageofthd:hmuhmy]x,thaefme,drﬂwhmw{dl
our sclentific nutriton we induce the muommum rate of growth
in onr children, at the same time we shorten thelr Hves. Clive
McCay points out that by a swmtistical study in London in
1842 Edmunds arrived at the conclomon that longevity was
best assured by alternative perrods of privation and plenty n
carly Hfe and, what is moce, he published the fact in 2 mono-
graph entitled. ‘Life Tables founded upon the Discovery of
a Numerical Law reguhuing the Existence of Every Human

9
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Being illustrated by a New Theory of the Cause produang
Health and Longevity

In this solemn twentieth century the purpose of women is to
ralse industrial productivity A new Lywstrata, exhorting the
sisterhood to strike, would find that she had brought to heel,
not husbands, but merely the Chief Conclfiation Officer of the
Minfstry of Labour Little wonder that we umnlly consider
science to be something senous. A hundred years ago, however,
Professor De Morgan, the first professor of mathermtics of the
then new University of London, thought that there was a good
deal of fun in 1t. In 1873 he published a book called A Budger
of Paradsves in which he expended a very sharp wit on all sorts
of scientific philosophers who were not nectssuily wrong bat
whose ideas were different from the beliefs of orthodax peaple.

A hundred years ago men were sl prepared o apply
scentific methods of thought to ideas in general. In our own
age we conmder it an orthodox sclentific procedure to wse
science to develop a machme for communicating fdeas from one
person to another The telephone wns ooe of the first marvels
of spplied sdence. We brought the accrued knowledge of

and magnetism to bear in orda- to develop the

bd‘L {sm. But the sclentific snail y drew in i horns

ore the problem of a 1y-mg1.oglmlupenmmcﬂdm:ght
tnvhaxvewmmny?:;othetdephmhiommﬂyd!
philosophy of science hay given m even more potent machines
10 tranymit cur thoughts. We kave radio to transmit speech and
cathode-ray tubes to transmit optical if not intellectual vrlon,
The electronic compnter 1s yet another aclentific thing that the
m:nnrhlinphﬂ.owphyof:hengebpmvﬂng Thus toof ean
be applied to the mechanical ¢

In earfier times, before mzcdarm: came down like a
shutter to focus the hght of sclence into a single channel of
thought, people could be found who did conslder haw sden-
tific methods might be applied to the transmiasion of ideas.
One of these, selected by Professor De Morgan as an example
of a paradoxer , wos John Wilkins.
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‘Wilkins was one of the men who contributed greatly to-
wards founding the Royal Soclety of London. He afterwards
became Bishop of Chester In 1668 he published a notion for
transnutting thought by a logical method far supedor to
Esperanto a1 2 universal saennfic langusge. His ides was that
thingy and thetr relations to each other should be denoted by
signs not words, Thus would allow any person, whatever his
mother tongne, to resd in s own words. Profesor De
Morgan cammenting on the notion says, “This is an cbviow
possibility and, I am afrsid, an obvious impractcability One
man may construct such a system—indeed Bishop Wilkins has
done it—but where 1 the man who will learn 1t?’

Anyone who bas attended an international conference
today where, even with the aid of mterpreters and micropbones,
progren b reduced to a xadl 3 pace becamse tamlations have
to be made mto llf a dozen different languages, could wish
that Bshop Wilkins pamdomcal wdez of thres hundred years
ago had been put into effect.

French logic at the end of the elghteenth centory began to
introduce sclentific philosophy into mundane affdn. It s
beartenimg to think of the diligent saennfic men mezsuring a
meridhan right actoss France m the turmoil of revolution smply
in order to establish the prease length of the standard klometre
upasn which all units of length and mass were to be based. The
English, however, with their peerlewm gift for keeplng different
toples in different closed compartments of their minds, had
firmly decided to restnct sclence solely to the manufactare of
steel and sulphnne and and cotton spinning machunery On
July r2th, 1854, the House of Commons was debating the
Introduction of declmal colmage. Needlew to sxy, this threatened
intrusion of sclennfic logic into the Bnnsh garden of {ltogical
u.niu,vbaenmmdgllb,fuﬂonpzdpmofg:ﬂum}mﬁc
with bushels, several varieties of quarters, drachms, cluins,
knots, long toms, baskets and quires for the nitle of princrpal
Jord of confunon and errar was eanly repelled.

A book called Ths Decimal Systen as a JPRole wes published
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in the following year, 1846, by a Mr Stster, about winch
Professor De Morgan wrote, “the propositon i3 to make
everything decimal. The day, now twenty four hours, is o be
made ten bours. The year is to have ten months, Unaber,
Ducber, etc. Fortunately there are ten commandments, so
there wifl be nether additlon to, nor deduction from, the
moral law But the twelve apostles! Even rejecting Judas, there
isa whole apostle of difficulty These polnts the author does not
touch,

We laugh, perhaps a lide sadly, at the savant deacribed by
Saki who aunounced his great discovery of having elaborated
a method of communicating buman speech to animbs, ‘Tike
the angel Gabriel ing the Day of Jud only to
be told that it clashed with Henley and would have 1o be in-
definitety postponed Poor Mr Statter! Poor wsl

The three blind men describing the clephant—be at the
trunk end, as a snake; he handling the leg, a3 a tree; and he st
the tafl, 23 & handful of wires—are a different form of comic

well

very many of us screntists,

figuration of methyl or the club mosses of
Kirkcudbright, and be awarded a PhD for the work, without
lig ppreck of the signifi of the study In the

affzins. Ernest Thomson Seton once wrote a parable about this
kod of researcher In the deserts of Nevada he came upon s
great rock in the shape of a buman toe. He stopped and set to

years the thing was perfect. He had on it the

ohkin.l'l:lndcvmymamof;i;w\mdatbemﬂﬁ

when the thing was done, he died a0d was buned under the

rock. Whik sbove him towered the mountmin hewn into the

tmighty sbape of a sublime human form by natons long past.
Moses on Sinal in the deft of the rock and covered by the

hand of God was allowed to see God s hinder parts = He
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passed by Though he saw little, be knew that what he did see
was part of God. The modern scaentist has ways of looking
Into the working of Nature more powerful than anything con-
celved of in the past, yet be often forgets that what he sess 13
part of a grester whole.

The hutory of the advance of science s intertwined with
the story of the increasing range and capabufity of the instru
ments with which the sclemific worker sees the structire and
mature of the materals with which he i dealing, These tnstra-
ments give expression to what Is in the mind s eye. Galiko in
1609 suddenly opened the door to the stars by mventing the
compoand Almost as an afterthought, he turned the
ﬂvlcthugu‘pudedawnmdinvmmdthcmicrmmpcuweﬂ.
Rabert Hooke tn England, who combi I akill,

brought to life 2 new and onsuspected umverss of the very
small

In three hundred yesrs the optical mucroscope has been im-
proved and from it 2 tool of a hgher order of precision de-
veloped, mamely, the electron microscope, This instrument i
capable of magnifications of the order, in map language, of one
inch to the mile, under which conditions a single paint film
becomes as thick as the span of a man s hand. With the electron
microscope the larger molecules of matter can be seen. Spectro-

scopic {nstruments reveal the detailed structure of molecules,
Soch}mmcnunnymevuﬂiehgln,ulm violet light, infra
red, X rays or magnetic resomance. They all reveal to the mind
of the sclenthit vibrations characteristic of the parts of the
les being inspected. Sc it is the carbon skeleton,
nomednmthcg;rmplngof:bemmmdmmaimuxhevfnk

Thaehnﬁndnmofmkdmmzbkmmmthevuy
electrons that are the nltimate particles of energy cirdling with-
in the atoms. In fact, we do not acmally see the
the place where they bave been. Much of Lord Rutherford s
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philosophy was based on the evidence provided by & streak
of light across a photographie plate—the path of a partice.

These refined tools and the complex methods by which they
are med are of great interest, They are the techmeal machinery
with which science is done. But they are not saence. Philo-
sophically an electron microscope or a 50,000-doflar ultra-
centrdfuge i of no more significnce to a saenust than the
clothes he wears. They enable lim to get abour among the
molecules, but fine feathers no more make fine birds in ths
husinets than 1n any other The ulnmate joke is the sight of
one of us diligent modern researchers amlysing 716 samples of
bath bnck and wnimg a report, with 1,102 references to the
literature, entitled, A prellnﬂmry comnmrﬂn::ﬂon on the

i-omdes of silicon as d ined by X ray
m:htpcdalrdmmthc]urmkmlnmlsofu:nml
ingeroke , without a gl 1z of any of the genenl

{mplications belnd our immedhx occupauon.MenEkcus—-
ardwedocxin—ncindetdmngadmmdnﬂﬂmmdlc-
power gas microscope of Aextry power to see through two
pair of stales and a deal door’, bur we sometimes overlook the
fact that our weson 1 louted
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TrE systemaric saemific stndy of patural

abiliry
early on by doing abstruse calcnlations with pehbles at the age
of four) to elucidate principles upon which the technologists
of a later day could base the invention of radio and televinon.

The philosophy of scence thus led to the understanding of
electronles. The effect of this understanding has, however,

eelectial aod culural aspects of daily Lfe. Sclenific develap-
ments in oar control over mect are, |
g!ingmlﬁ'cctanlivui.nthemnahllphachmumnd:.
The combinstion of & number of these new invennons and

1deas 14 today being called sutomation

Just over a undred years ago in 1821, Charles Bahboge,
professor of mathematics at Cambridge, bent his mind to the
problem of the nature of cakenlation. Almost every admindstra-
tive job that can be thought of bs a marter of calenlxtion. The
manager of a fartory has 1o caleulate how manry cardbaard
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cartons he will need to cope with next June s output. He st
alaulate whether if sales went up by 3§ per cent he would need
to put on a night shuft, and at every stage of his operations he
needs to work ont his costs. Generak know from bitter ex
perience that success in baule is a matter of the most careful
mlcuhﬂonmdinup—to‘d:tewanthhlmpormtfauh::bccn
d by the establish of a speaal section of the
gcnu:l-mﬁ'dcvowdwldym'logmb
Babbage, then, coraidered the nature of caleulation and saw
that it fell into three parts. Firntly, there were the proceises
of muldplying and dividmg, which in essentaks are merely
addmg and subtracting. The second part of a calculation is the
stoting of intermedsate results that turn up during the process
mdthmrcmcmbmngtbunmlzhcyummdcd.Andthe
{on m 2 calealation of any complenty fs the order
inwh!uhunqmnceofproctdmunmbemﬂedouLBabbagq
coridered the whole thing saentifically, came to the
conclusion that it dad not necessarily requre a human brain
but could be done mechanically He then satdown and dengned
a machine thar would do what was required. He called ft 2
dufference engane Tthasa mill capable of multiplying twenty
nine-figure mumbers; a store for the intermedate totals; and 2
control umit that would tell the machine what 1o do. In actwal
fact the machine was never built. And even {f It had been, it
could not pomibly have been made to work. The reason for
this was that it was perforce designed to be moved mechamcally
bt}iuﬁmufcopmdlummplcdrymnmlymchlhx
conapmn,dm:ghmmd,wmbeymdthemd:o{mhe
mechanical possibilities of

the times,

A somewhat more surpring thing was that Babbage never
mhﬁtdmp“hﬁlhmydur-:cmmtofhcwhhmmpmﬁ
was phoned to work. Parts of it were
ch:pmvof:dxﬁmmmhognphicalwmkupmwhlchhe
vnmmnd,mmdemguﬁmmLﬁofapwu
In 1824, be gave up his chair ar Cambndge and wccepted
invitation from some Trafian admirers who had been impressed
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by bs onglnality and mathermatical acrimen. While be was in
Rome, notes were taken of hus lectures and these were sabae-
quently publshed in the Italian langusge—and then almowt
completely forgotten. By a somewhat unlikely chunce, how
ever, they Laer came into the hands of Lady Lovelace, the
dmglnﬂofLmdBymn,vho,bymevmmmlmpmhblc

She matantly

Blhbageumwu:bl:mmﬂymmk:umpmufthe
machine, the mill th:thwwmd:eSdmc:Mman
Imdon.Moremeomn the report of Bahbages
work was thc for the demgn of the modem electronic
general-purpose computers that can todey be made to work
electronically, without the need for moving parts.
Ahhmghtuthewoﬂdchdmccthmghrhveryoﬁmthe
peehude to action, and although action based on thoughr is
sometimes of great practical importance—for example, when
Pastzur s recognition of the mature of infecnon enabled us at

new idea itself seems to me to be the

twumph.,

Calcalating machines were not entirely new m Babbage s
time, although he himself devised dgnificant advances in de-
sign. It b, for insance, by no means easy to wotk out how the
machine i to carry sumbers forward. But the Hnking of the
mill which an calculste with the store which can remember
mdthtmmbmmgofbothmthlmofimumdum,wum
And from the ption of combining the three
lvznetyofhnpommpncun]m}nhutdm‘vednﬂ
exxmine first the store, the so—called memary of the machine.

number of hours he has worked at the standard rate of wages
37
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by the rate, 3dd on the nurber of hours of overtime, caleulxte
the income tax, subtract }t, add on the shift bonus a the appro-
priate rate, tike off the rrade-umion dues, the hospual pennry &
week contribution, add on the holiday payment and make an
adjustment for under or over payment for the previous week.
Amhmetcally the whole thing is mmple. What makes it
ponible for 2 computer however, i1 its ability to hold in ity
memory the succemive intermediste results while the next
operation 18 being done on them. It can also store from the
previons week all the information about wage-rates and bonuses
and what the man was paud before. The operation by compare-
tively simple but the pomible practical applicanons of the
machine are many Just a3, m the field of mannal labour, the
lnfvmdonefd:empa:ndbh\dustmghmedthebqnbag:
of men and women 1tooping over the sheaves of grain in
Belds, 90 the < i computer 1 strasghtening the round
shoulders of the grear battalions of accounts clerks n the office
buildisgs of owns.

Computers can be more or lens complicated in construcuon
depending upon the work they are designed to do- A machine
for dealing with wages or stock records or for integrating the
flow of components on the conveyor belts in a factory need
have hittle ability for mathematics but rmimt have a long memory
On the other hand, a computer mtended for the contral of @
machine o0} must possess conalderable mathematical ability
dxAhhcn@Jinmdmwehzvebemmehnpmdﬁlh

clevernens and importance of mam-producing things in
large nombers, there is in engineering occasiomal need to make
 small number of thinga but to make them very well indesd
and with 2 bigh degree of precision. In fac-
torles, the Jigs and tools needed in the process of tooling up
o retooling’ before the producion of a new design are
examples of these. In aireraft factories the actual
thenrselves are made In small numbers (in comparison with the
numbers of motor-cars, for example, coming out of & motor
car factory), yet the accuracy with which thelr components
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must be made is high and the shapes of these components are
often very difficalt to machine, Up tlll now these special
objects have required great skill in their constroction and have,
in comsequence, been expensive. This has partly been due to
the difficnlty of training machinists capable of doing the work
md due to the high capital cost of the complex milling
with which the operation 19 carrled oat. Let us fora

moment vismbse the scene.

A complex aerofoil thape 13 to be art from a piece of solid
roetal composed of an unrmnl alloy A careful and
openator fis it into the machmne, takes a good look at the
blueprint and starts up. In a moment or 30 he stops the machine,
refers hack to the drawing, checks the work with a calliper
gauge and starts up sgain, After two or three goes ke this he
comes to a tricky bit an the drawmg. He scrarches his head for
a few minutes, readfusts the machine and starts off again doubt
folly It can be seen that even if all goes well, the output of the
extremely expemsive tool is very greatly below its potental

and entirely becamse the bmun of the mam con

trolling it is too slow By using an electronic computer and the
necesary gear this brain work can be mechanised.

hhdonelihthh.Aquyztzmmnhmnﬂchnmuprm
any line or corve in the form of an algebmic

whatever they may be. The instruchons given to the compurter
on & panched tape are therefore that it is to work out the
curves of which It has been given the algebraic formutac. This
1t.can, of course, do at very high speed for each of the three
dimenslons of the solid object that it is desired to make, for
that s what this particnlar compater has been comstruceed to
do. It gives out the answers to the cakeulations in the form of a
mdpﬂmmnmdcanupcgoahmdn
control gear of the millmg machine.

The movements of the controllmg gear that directs the
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milling machipe must, of course, be very acrurdtely directed.
One mgeniows solution to the problem has been to attach what
15 called an optical granng’, that is, a transparent stnp rubked
with great precision wth Lines extremely close together, to the
fixed part of the machine and another to the moving part.
These gratings are st a shght angle to each other and a1 they
move a pattern of kght is set up., Tins pattern is converted imo
dlectrical pulses by means of photo-electric cells. Tt Is these
pubses that fit in with the pubes carrying the instructions from
the computer that are sent ont by the magnetic tape. So precse
1 this amangement that in controlling the movements of the
milling rmachine it can take accoumt of the thickness of an ol
film on the metal.

The new scenc in the engineering works is now 2 follows.
The detigner at hus desk has translated s drawang into a st
of {rstructions about which curves and lines be wishes the
mactine 1o make. A gifl types these instructions a3 @ code on
a strap of paper like a teleprinter message. This stnp goes into
the computer that does the sums and issues the answers a3 a
length of magnetic tape. The tmpe goes into the milling
machine control gear and the machme then gess to work and,
without hesltation or delay, without having to stop and
scratch 113 head produces the part it has been told to make, If
a second part exactly the same as the first is required, all that is
needed is to put the magnetle mpe through the automtic con-
troller again. The expensive miling rmachine can be kept at
full stretch the whole time because the thinking required for its
control is done ically The expensive comp when
klmﬁ:ﬂshedwmhngoutdnamurequlmdmpmdmcn
tape to tell one milling machine how to make one partleabar
shape, can be set to work to calculate other tapes for the pro-
ductlon of other shapes by a senes of other machines that may
be either in the same factory or in other factones that have sent
in

The idea of of getting d

of hanfsation, a to do

the mechanical work of a th d men all gath ngﬂm
o
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in a factory rather than having each man do his own work
separately 1n his own workshop by muoscle power, was a
general ides. Tt was, indeed, the idea behind the Industrial
Revolutlon. Although 1t depended on the steam-engine working
with coal as the basic source of the power, very many ancillary
idess later became woven into the fabrie of industrialisation,
eventually to resch its final flower with Mr Charlte Chaplm
madly screwing up nuts at the travelling conveyor-belt In the
apotheosly of all twentlethcenmury factories. In just this same
way, although the new Industnal Revolution No 213 based on
the general-parpose digital computer worked not by coal this
time but by electronics, a number of supplementary idess bave
been added, of which the most important 1 the linking device.
The whole group of new notions has now given us sutomation
Up dll the present there have been a number of inchmtrial
operations that have been dane sutomatically Tin cxns in any
well-conducted cannery can be scen being made up aurto-
matically from flat sheets and then sutomatieally filled with
mutomadeally blanched (that 1s, scalded) pess, sutomatically
sealed, sutomatically sterilised, labelled and packed mto cartons.
Things Hke mulk bottles and electric lamp-balbs can amfy be
produced on an ecopomzc scale 1n very hurge factories in which
most of the operations are sutomatie. The manufacture of
motor-cars has perhaps represented the highest development
and the hat phase of Industrial Revolution No. 1
The two major categones of operation in makmg a motor
uraremadﬂ.umgmdmbly Although both of these bave
been highly mechanbsed, i each some element of Muman
milling machines have to think about putting the pieces in the
nght phe before the machmes are permitted to start the actml
work. On the assembly line, the men and women bxve to think,
even if by a minimal amount, about which screw to tum and
‘which bolt to nghten. The beginnings of Industrial Revolatlon
No. 2 are the great tramsfer machines that antomatically move
the metal preces from statlon to station where & whole senes
41
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of operations are performed. And in assembly we now have
thmmpumwchhgmmemmpomcomingalungthc
several diverse conveyor lines, 5o that a complete finished
article—or at least a major section of one—can he put together
without anyone having to think about it at all

In industmal operadons the margin between thinking and
not thinking is a narrow one. This is why, if we accept that
whereas the fint Industrial Revolution was the mecianiaton
of muscle power and the second 1 the mechnisadon of brala
power, it is not altogether easy to prove that there has been
& second industrial revolution at all. When the wise old man
who has lovingly dog the garden, putting forty years of ex
perience into every stroke of hus spade, 15 dmplaced by a motor
cultivator have we mechanised only muscle power? It Is lews
casy still to know what we have mechanised when the skilled
toffee bodler or Swiss-roll maker 1 displaced by a thermo-
electric cut-out or an automatic travelling oven 150 yards Jong.
But it s true to sy that these people, however akilled and ex
pumdthcymlginbe,m workers The orgimality of

the electrome computer, and of the ancillary devices it has
brought with 1t, is in 1ts ability to mechanise some of the
managenal, or whitecollar’ operations.

A computer with a long memory can deal very efficiently
with office accounting, In ceraln European banks all the
operations murrounding the cashing of a cheque have been
mechanised by using a sultable compater A slight modifia
tion o necensary in the chient s customary habits. Instead of
being lesued with a cheqoe book, he has to cope with 2 uraform
punch-card cheque mstead. Even thu minor inconvenlence
mxy be overcome if American investigators succeed m thelr
present efforts to make original documents capable of being
scanped by automatic readers. Current reports are that Bmh
banks, although willing to introduce individual pleces of
mechanical equipment, such s calculating machines and tele-
vision sets for verifying mgnatures, are proposing to defer any
attempt to introduce sutomation, and continue the present
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system, in which each of the several milhon cheques pesing
each day 1 six or seven tmes by a different pervon
each time, for the somewhat bumrre resson, it is wid, that they
want to preserve the traditional banker-costomer refat]

A computer cannot think in the sense that it can indulge in
any form of orginal cerebration. It can, indeed, only do what
ts designer has arranged for it to cary out and no more. But
the range of activities to winch 1t can be adapted Is large. For
exsmple, serious efforts have been made to design an electranie

hine for tramshating languages from one tongue to another
The impli of this are P bl

The present international teleprinter code for tranmitting
indrvidual letters by wire is 2 mumercal one. Instend of using
decimal mimbers the bmary scale 13 cnlly employed to give
ceraln technical advantsges but this makes no difference in
principle. To comtruct a machine 1o tramlate from one lan
guage to aother, It is not fessible to try to do it letter by letrer
The words and syntax have to be broken up mto semantic
units. In many languages, particularly German, there are single
words each of which includes within itself a number of separate
pleces of mesning, or semantic imits. On the other hund, there
are often words that posess no meaning at all The definite
article in Eoglish is often vacuous  es the techniclans put .
AndinFrench ne  pas abare only one semzntc unit between
them. Be that 23 }t may some success has slready been achieved
in designing a memory for a computer comprising the necessary
minirnm of English semantic units. These can be etored in 2
werres of apwdly revolving magnetic drums. A Russian text can
be fed into the machine, esther by being typed in on an electnc
Wwﬂmm,Hthhmnﬁimugh,bme
dmicqmmunthepmgeithddmdm In
the most ek ar L of the
Rmnhml’.nglnhw-ndmmdzvddo{:ymnor}imy
grace. But ht seems now to be meredy a matter of mlang the
necessary trouble and spending enoogh money on the machine
to obtain a rendering as elegant a3 » passage of Nacankry
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An electronic computer cam be et up to deal with any sima-
tlon for which there are rules. For example, Professor Wiener
of the Massachusetts Tratinute of Technology has worked out
the requirement of a computer capable of dealng with every
eventuality in the game of chess up 10 two maves abead The
muchine appears to any human opponent to play rather slowly
but it is in fact playing over ovry evenmulity in its head”
before it announces 1ts move, It can, in fact, on its own play up
o a good first~class standard but it drawt too often to be
accounted a master A more elaborare model can, hawever, be
mdcmnonnwzyhmdccnmﬂtmorycvtrygmhha
ever phayed. E iy, th this machine will become a
vaygoodplzyerindecd.

The ability to comtruct a machine capable ofdezﬂngvhh
the contngencies of a game of chem opens up some
pmhmmmhofwmmtqﬂmmd&umudmu
of chem but nevertbeless logmtics s now recognised o be a
systemanc study Mr Clwude Shannon of the Bell Telephooe
Laboratones s suggested that an electronic computer might
be wefully employed to evalmre a miliary sitwaton and
determine, fust a3 in chesy, the bett move at any time In &
campaign.

The last word, however, st be atiributed o the logleal
mind of & Frenchman. Pére Dubarle has pownted out that ex
petienced politiclans are well aware that the reactrons of
population groups to any particular polincal move are predict
able and follow certain rules. These, again, may not be quite
10 regubar a3 the rules of chess or the relations that link a word
o1 phrase in Russan to {3 corresponding equivalent in Enghish.
Gmutmdyo{thebdnvlcuro{thcd:::mwouﬁ,}w
ever, mke the niles govermng ther behaviour sufficiently

1o allow an astinte politichm 1o base his policy on the
:dviecofaunublycq-uippcdr.kctmdcmmpum

Perlaps these may weem
ﬁvt{nndnanﬂonofthepmmxmmnﬁheudnemnmﬂof
scentific thinking, If 80, we can kave them slde, for the
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implications of what we can all see happening this moment
before us are styiking enough. The mathematial and saenddfic
idmdmhzvelcdmthcdevdu‘pmemo{agmﬂ—pmpon
computer with the ancillary develop in Enling

and feed-back systerns that correct their own erron, combmed
wrth the social ideas that recognise the justice of paying high
wages, make it certain that sutomation will quickly and radi
ally reduce the amount of time that men and women are
required to spend at their paid employment. We alteady have
industnes in which the four-day week » sccepted. Next will
come, one cannot doubt, the three-day week. And there is no
reason wiry this ahonld not be turned foto the six-month yesr
Or perhaps people may prefer to work the twenty three-and-
a-half year lifetime and retire on foll pay at farty-ane. There
b 10 resson why they should not and still draw their

at poxty-five m at present. Whatever they choose to do, there
seerms Hitle doubt that the scentific thinking we have been
talking about, whether we attribute 1t to a few odginal people
Ifke Charles Babbage ar to the trend of phulosophical materlal-
{sm s 2 whole, Is goung to allow us for the first time in history
to free ourselves from mnch of the barden of economic need.
And when we do not Anwe to work, then we shall come face to
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Rowsar Lovis Srrvenson in his parable of Dr Jekyll and
Mr Hyde iflustrated man es & two-sided creature in whom the
good it opposed by the bad We have already referred to en-
other cmuse of lopsided human development, with sdlentific
philosophy applied only to maternd objects when it could
equally well be uted to reach decinom on other topics 2 well
But where we modem peopls show cur cloven personahides
most srikingly i when we 11y 1o grasp the undentable con-
chodoma of sclence abowr food and mmiridon while at the same
time prejudice, custom, folk lore snd all the dark motives of
ilogie pull us away from what we do not want 1o understand.

evidence who can rell?—convinced that white bread b polson
and brown bread with flakes of bran in it the only way ©
dietetic salvation. Then there are the otherwise inteligent
people who aveld pomtoa for fear of gerdog fat, and those
who claim that the only nounthment resides in food fertdlised
with animal ordare. Uracrupnions and cymcal men disgrace the
name of scdence by preying on this weaknen of human reason
45
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w0 that excellently well-fed Indies alall spend money on un
Decersary vitmms and ‘health foods.

Every natlon and every group within each naton 1 con-
vinced that it alooe knows what 13 good to eat. The paw-prws
and the fish sxuce, or the roasted pig and rice, or the pie that
mother used to make—we know by divine inspiration thar
they are the littke of what you fancy’ that does you good —
even If the infant mornliry is soaring, the teeth of most of
the middle-aged people in the community decayed and the
children afflicted with skin disease and pot bellies. We abo
know by the ame process of unthunk that horse flash is dis-
gusting and fermented beverage harmful to the indigencus

In view of this heavy pressure of emotion that besrs upon
each one of us when the natmre of our own food 15 comidered,
the scientific achievement 1n elucidating the facts of nutrition
during the last fifty years or so becomes even mare significant.
And the beuc facts that we need to carry about with us ssa
part of en ardinarily good education are these. All food, to
rank s wach at all, nust be capahle of being digested, absorbed
into the dreulation and there combusted for energy The
amount of energy availible from any artde, be it cabbege,
bread, mear or fat, an be messured in mnit calodes; in ke
manner, the bodily expenditure of energy, recorded In the
same unity—or any other appropriate units—can be msened.
Next, the wseful | of all foodstufh, wh thelr
taste, whether we eat them for breakfast or on toothpicks at 2
cocktai] party, are, besides those employed solely #s fuel, pro-
teins, mineral salty ar a groop of complex chemical components

history- the end of scarvy that once extermimated ships crews

and military campaigns and brought about the of

Scott s expedition to the South Pole and the death of its leader;
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Romznt Lovis StevENson in his pamble of Dr Jekyll and
Mr Hyde fhrstrated man o a two-aided cresture In whom the
g00d s opposed by the bad, We have already referred to an-
other cmse of laptided human development, with sclentific
philosaphy applicd only o matenal objects when it could
equally well be used ro reach decisions on otber topics 2 well
But where we modem people show our cloven persomalities
mort sirikingly s when we try 10 grasp the undeniable con-
clmions of science about food and nutrition while ar the same
time prejudice, cottom, folk lore and all the dack motives of
iliogic pull us xway from what we do not want to understand.

How painful s the sight of the letrbed man, an ornament of
tut College, a cdlerk in holy orders pechaps, who lr—on what
evidence who can tell—convinced that white beead h potson
mdbmwnhm:dw'hhﬂlkuofhminhthconly“ym
dietetic salvanon. Then there are the otherwise nwelligent
people who avoid potstoes for fear of getting fat, and those
who cleim that the onty nourishment resides in food fertifised
with mimal erdure. Unscrupulons and cynical men disgrace the
name of sclence by preying on this weakmness of buman reasen
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degree to the welfare of the people who e them. The key
point, however, is that the significant contribution that indus-
trmal nutrition makes In 1957 Is to the wadfare of people who
work in factories rather than to their health. On some occasions
there are contributions to be made to the physiological require-
ment for calories or protein, for mineral components or
viaming, but no one under Westem conditiors todxy ever
vees the disezse, unger oedema, due to insuffident alones, ar
beri-ben due to inadequate supplies of vitamm B, Scurvylsa
rare medical curionty m industralised countrles and the only
nutritional disease ever likely to be encountered 1 cbenty!

In medieval and anclent times, the children of artisans were
anght 1o work with their hands from the age of four or five
youo ds and the iceahip system meant that by
thed.mcahoylndm;ba:llmmhnwna]:ndynpai:wed
in his craft. A few yeans later, o & young man, be was a
master craftsman with all the satisfaction to be gained from
acknowledged akill and creanve ability All this became
changed in the nineteenth century with the mventon of
mechanical power and the rise of the indusirial wowm The
cmp]c;ﬁ:emofchﬂd:mmdcubocﬂngmndjdmh\&ﬁoda

of their use a3 avsistants, often to their fathers,
Ina vothhopth:wuinmmehmmmnmto-
dwelling house. Because of the bad conditions in factordes of
the Industrial Revolution many of these unfortunate ke
waifs never reached adubt ife. Those who did remained the
slaves of the machines and were derued the opportunity of
enjoymg the stisfaction of becommg eraftsmen.

It was pointed out in & recent article by Dr Lesle Banky,
Profersor of Human Ecology in the University of Cambndge,
that to the workers of the eady years of the last century con-
ditlons in Britam today would sppear Utoptan. Hours of work
are pow lew than hlf, wages are high, health and welfare
services are secure, houting is remsamably good, and there are
more facilies for the use of ledsure. Nevertheless, there s
something mimng. The mtisfaction of doing creative work
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Tus bheen wathdrawn, The secur feeling of belonging to
famfly group all engaged in a common endeavoar, of co-
operating with a master and hus men in a cearly discerned
purpose, 0o longer existy, The swang of the pendulum b
arried those who work in industry mto large and impersoml
undertakings, their homes are often in dormitory areas remate
from the life of amy aty or coberent community centre and
much of thexr lersure i3 spent in waiching football matches or
the trivial shadows o6 a dnema or televition screen, prlvely,
receptively and without the enjoyment of creanon with thelr
qwn bands or minds,

Today we are just beganning to reafise that people cannot for
long do good work in industry if they are merely spending
helr time in 2 factory in arder 1o be sble 10 spend what reama
of the week doing something that they realfy want to do afl the
dme. Professor Banks quotes Benfamin Franklin s saying
Dot thou kove fife? Then do not squander tume, for that ¢ the
staff hfe is made of. Those who work merddy to earn enough
money to ve while they are not at work are, in fact, wastng
half thele lives, The new thinking sbomt industry, afl the
modern talk abont incentives, is a re-appraisal of the gemiine
moﬁvudmkcepammamvemdwmm.&ndinlhk
maoxdern industnal envi in which
hgndmﬂytzﬁngovuboththehnvymmxhrwoﬂoﬁhe
panmdtbe(rdiousrcpctiﬂou)ohsnwcﬂ,thcmmmm
sibly deslgned o ensure don has & new role w
ﬁllupnpmchmtpdmlympmﬁdednphyﬁnhgid
needs of work-peopls whote halth and nunridonal statos
require supplementation, aithongh people will sl
uomembeicrvcd.ﬁmithmbe where part of &
menningful wotking day can be spent; where civilised men and
Women can meer; where it f3 reasonable to eat and be refreshed.
In ume, the canteen may even become a place where prople
can 1k and think as well 29 where they eat. Junt 23 in eaghier
days 2 master and his apprentices sar down together for thelr
reals m the muddle of « day spent in & common purpose, it s,
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INDUSTRIAL NUTRITION
of power for the investment of the supplememary calones
they would need to eat over and above what they were eating
anyway A balc shortage in an Industnal country is power

place to s¢e 2 woman of sixty currying on her head a Joad of
fsh up a hill. Coal has been a source of wealth to any country
exporting it, at least wathin the last generation, winch is, of
courss, merely 2 further reflection of the vahmble nature of
power The ingenious suggestion of the Zcomomust article was
that cyclo-locomotves be constructed, each capable of seating
forty or more people whose combined thigh-muscle power
would be sufficlent to draw a trin. By this means the coal
otherwise required for the railway would become available as
a valusble mtional export. Although the physological and
mectnical claulatons involved m this proposal Bave not been
scnomly dn]lcngnd., 1t 3 perhaps doubtful whether sochal

contiderations would allow the employment of even bored

daoger of arrogance. Basically, the question of obesicy is one
of aloris balance. The alorific value of foodstuffs can be
measured with some accuracy; the expenditire of calotles 1n
different types of bodily actlvity can also be measured, it there-
fore follows, in the style of Mr Micawber that 1f a man does
more work than his diet an support, he will become thinner
from the need to combust hus own tssues. On tha contrary if
he cats more than he requires for his daily energy expenditure,
he will ger farter The non-sclennfic implicanon of this logic,
13
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be it accepted ever 1o litle, m that fat people ace greedy And
%0 we have had the unseemly spectacle of the self-sansfied lean
man dining with a stont fnend who 13 achieving prodigies of
sclf-dental for which he can expect no prause or recognitlon.
Recent observatlon of fact, supported first by inference and
then by experiment, shows that the principle of alorle balance
1s 1odeed true, and that in most people an organ called the

1 the base of the brain enables them to ouintain

remawning,
girth throughout our adult life, it 13 a matter caly of good

fortune.

The principles of science are easy to undertiand, but o bea

ledge. That may be acquired by dihgence. The second s in-
tultion, This cannot be commanded. Poets call on the Muses to
agsist them. Not all saentists do. The third attribate for which
a sclentist must hope s negative; the abudity to avad the sos-
sequuar that i cbviows to everyone else.

During the 1914-18 war Embden, a disnnguished Gemman
physlologist, noted the recently discovered fact that phos-
phorus plays an essental part in the release of energy 1
muscle. From this be reasoned that {t was self-evident that

tevarsh 1

P y phosp t asust
Consequently, be used his considerable o
the German suthorities to provide a drink for Iage

almot all normal diets provide ample phosphorus, so his efforts
were wasted.

A similar lesson, 1t seems, comstanily needs re-learming:
Barnest dietcans of our own day have been known to prest
raw cabbages, satads, Graham bread, carrots and a variety of
other commodities upon workmen without first sedously 1

whether their pormal diet is detecuve. Muld-
nmnln\pmshav:bcmgavmm{ncmavlgan,ww:rdoﬂ'
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colds, to reduce absenteelsm and to prevent acadents. On
every occation when tmls have been planned with adequate
control and on a statistically valid basis it has been found that
under the ordmary conditioos of Bdtah industrial fife today no
benefit has been obtained. That is to sy when a man {3 obtamn-
ing adequate nutritdon from ordinary foods be gets no supple
mentary from eating vitamin palls.

Truth indeed lives at the bottom of a well. Remarkable
thimgs have been dooe with the methods and tools of sclence;
nevertheless, it is snll difficnlt for & scientt to be wise. For
exsmple, there are papers to be found in respectable parts of
the saentific literatnre of the West that purport to show that
the rutritional status and physlalogical efficlency of man, asa
biological species, is improved if bo eats a hot breakfast] Who
among the elect at the United Nations will be first to lead
the new crusade among; the cold-bresakiast and no-breakfast
eating infidels in the outer darkness of error?

An chborate sclentific experiment was reported In 1940
under the titls of “The Hawthorn Experlment A group of
workers amsemblmg telephones 1n 2 factory o the United
States was stuched m great detsil When they were given
additlocal snacks and cups of tea thar output of assembled
telephones incressed. Bat the ntmber of telephones they put
together became greater #iill when they were next given a short
rest without any food, and it rose again when the lghting was
improved, or when tha ventilation was changed. In subscquent
experiments all the changes previowly made—ths snacks, the
fresh air, the light, the rest pruses—were ooe by one unmade
but, to the surpmss of the sclentific observers, the mumnufacture
of telephones got faster and faster. Fimlly, the coocluncn was
reached that the true factor stimmhiting the wockers way ot
nutntion or bat the knowledge that they were
important and of interest to someone.

We are living in the age of the sasntfic specalise. Every
aspect of health is dealt wath by a different expert. The oto-
thinolaryngologist copes with 2 man s ears, nose and throat,
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the psychologiat with his mind and the carshologust wath his
heart. The work s engmeer 13 an expert on machinery and the
ventdlanng consultant is an expert on draugitta, The numnoont
may know all there it to know about calories and vimmins.
And the first prinaiple m feeding the people who work in the
modem Induttnal world 18 to see that they have the nutnents
they require for their age, sex, degree of activity and Individual
idsosyncrasies,

There is growing concern over the amount of food available
in the world, partlcularly when the vast increases in population
are taken into conmderation. Technologists have sudied this
problem in great detail and the following chapter describes only
ane of the blind alleys which await the unwary in the pursit
of thns clusive hare.



Ever since Malthus wrote his essay oa population in 1785,
we have had avathble the arithmertic needed 10 calculaze how

take Malthus 3 warning more serfonly than others. But most
of us, whether we view the matter a3 one of urgency or not,
have been struck at one time or another with the wastefulness
of namre which, in order to produce a single ear of corm,
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all this necessary, we may wk? The volume 10 which I have
refesred above summarises a large amount of modern sclendfic
information about the culivatlon of unicellular green crops.
‘When these are grown it Is not necessary 0 throw away the
major part and only eat a spechibsed organ, such as the frult,
or the sap (23 In sugar-cane), or a speczal leaf bud (a0 in the
brussels sprout). There 13 2 botanleal family which produces
only one cell. po leaves, stalks, flowers or gralo—nothing to
be thrown away—just itself. This basie prototype green thing
can be eaten, it appears. In general the phints now intenuvely
audied scientifically have been quite well known to the fayman
in connection with ducks, although completely ignored as 2
food for Inman beings. They are, indeed, algae—the green
scum oa ponds,

Humas bemngs eat all sarts of things a3 food, animals of
many different kinds, animal secretions such as milk, hirds and
their eggs, fsh and thar eggs (as caviar), crustaces, molfusca,
in some countrles msects, and in many countries insect secre-
ons, notably honey In the plant kingdom, very nny botan-
Scal famifies even including certain varietles of seaweed con-
tribute to the sustenance of tun. But from whatever source 1t
sy come, hunun food, 1€ 1t is to be defined sclentfically =8
food at all, must be composed of constituents which can be
used a3 fuel by a buman body or which can be binlt into the
structure of 2 man or i some way regulate his biologleal
machinery All of these comtments; the so-called nutrients,

substance, The energy for this process 18 produced by sun-

TQmmtoAlgalCulaw,themxhblefammnbomthﬂ
sppetrance of this dryly written technlcal book, edited by Dr
Jobn S. Burdew and produced by a bard headed scientific body
such =8 the Camegye Inatirudon of Washington, D C., s that
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today In the age of confid dentific caims to und d

slmost everything, the subject with which it desls seems to
possens a certain drearn-like character For example, Dr Burlew

this spparatus wera expanded to cover an area of an acre, he
calculates that 174 toms of materfal could be produced in fr1n
2 yeur, and if &t were then again expanded to the

population

A further suggestion made by Dr Burlew is that we may be
abls to use Chlorella, not only for food, but to make our own
coal without walting for the pasung of tedlous geological
epocha. Or, at least, it b seriouly saggested that besides grow
ing algae to ent it would be concelvable, provided the dght
kud of culture vessels and equipment wers designed, to grow
enough to barn a3 well.

Although the large-scale prodoction of algac demands
energy for pumping warrr and other necessary engineering
activitles and for drying the matedal grown, there is, of the
Camegle alclations are correct, more energy to be got back
than is pat in. And this book now solemnly suggests that an
algal culture nnit , 21 it 13 called, combined with a steam gener
ating plant using the algae as fuel coald one dxy be expected
to provide us with cur elecne power. It is all wocked out that
by the year 2010, when all our coal, oil and fissionable materials
may have been used up, we can get the energy we require if
we devote one acre per of the warld s popalation, amount
Ing to eleven milkon square miles 1a all, for the erectioa of
power statlons run on algan] This indeed is screntific plaaning
on the grand scale.

After this it is quite a contrast to read a chapter in the book
contributed by a group of Dutch saentists working at the
Agrcultural University at Wagrningen in Holland. In 1948,
they grew their Chlorella in pint bottles, but by 1951 they had
changed over to vesscls with a surface area of ong square yard.

x 9
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In the bottles they achicved an effiaency of conversion of Hght
energy into plant substancs of 24 per cent, but on the larger
scale they were only able to convert about 3 per cent of the
energy In the sunlight falling en to the tank. Very honestly
they polnted out that this was no better than the efficiency
obrained by growing grass in a field. They concluded, para-
domcally, that the efficlency of energy convenion would be
greater if sunshine were oot so hnght.

RBritish expenments carried out mnce 1949 are reported In
this same book by Dr M. ] Geoghegan. Agaln, the work
seems 10 have been done on 2 modest scale and the biggest
vensel used was a tank 4 feet 6 inches high, 1 foot 6 inches long
and 4 inches broad. All sorts of difficulties had to be overcome
ranging from ways to prevent the algae from settling on the
bottom to complicated tests to find out what mineral salts had
t0 be added to fertihse them while growing. The food value
of the final doed product was examined by feeding it to ram.
Although it was oaly 65 per cent as nutritious a source of
protein a3 dried skim milk It wes 3§ per cent mors utritious
than groundnnte,
After considering the science of Holland and England, Dr
Burlew turns to Japan and bis book contams two chapters
contribated by tigators at the Tokugawa Institute for
Biologrcal Research in Tokyo. There are photographs of the
apparm.uagamstabﬁgonmdof]apunueprdmmﬂy

The Chlorella is shown growmg in a concrete trench 45 feet
long and paning through a tower 12 feet bigh where it is
regmmmmdmthmdnndmﬂdn,thwholcamngmmté;ﬂng
con from a low bullding housing the pumps and filtere
Theso chapters are set out with all the academic punceilio of
Westemn sclence, chemucal formmulse, diagram, footnotes and
the wse of the pamive voice. But just occasionally a phrase or

ation discloses that this h has been done in Tokyo
mdmtSomthdng‘lm.'I'hcmvmofpkxﬂclhﬂinf
wiite Doy Minrys, Nyunoya and Tamiys, describng ther
outdooe trough, also caused some trouble. It was found to
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be resistant to hieaps of 0w, at least up to 30 cm. thickness,
but was eawly broken by such strains a3 those

often covered with water droplets, which appre-
ciably rednce the available hght intenalty are
necesqary to eliminam these

The tenor of the chapter from the Hebrew Unlversity at
Jerusalem beings us back agmn w the prevailing mood of
carnestness, The great possibilitles of trapping sumshine as
food and energy for man without the necssdty for walting
for the slow processes of nature have not yet been reallsed,
Nevertheles, the Iscael sclentlsts started wozk in 1951 with the
cansaous {dea in mind to grow algae to overcome thefr fack
nfmbhhndmdofwmmfuedthd:thnudngmulum
The onginality of the ides and its apparent sclentific loglc fiy
In well with their urgent needs and with the principal natuea|
resources of their mtoa—energy brains and above alf sy
light, They caleulatn that a plant with an area of about 1wy
and » half square anler would provide 30,000 tons of materl,|
ayear Butso far the algae have only been produced In & afgp
atory although a plot plant tank of mne square feet I
Az one reads their chapter, bowever inqﬂmoithadhpq,ﬂ
between g

like this. Theoretically it can be done: perhuyy (f
i -z'IZdolt.Aftzrau,h-nonohungnpmwmn::
only produced in vesscls the size of milk botiles,

In the long sectlon of the book costrbuted Ly Upieq
States scientists working at Cambodge, Massaclareqyy, (he
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tion of the Japanese dogs) Wind blew gravel on to the
roof and made punctures in the plasue pips ronfers, that i
microscopic animalcules wnth rotatory swimming organs, got
in and ate up the dlgae; the temperature of the brew got too
hot, or altematively, too cold, one complete unit was bailt bat
refised to work at all. Throughout the chapter, however, 15
tables successively appear showing growth per day rekated to
light intensity, or rate of flow and turbulence compared with
the concentration of Chlorella cells per cubic centimetre, the
impreasion strengthens that the technical problems can be made
to resalve through diligence and perseverance. It #s believed ,
write the authons, that although several problems remain to be
solved commerchl operation with tubes of this type is feasible.
Needlews to say, 1n this age of scleonfic feeding, a large
number of hboratory analyses have been made of the num-
nonal composition of the dded algae produced by means of
this acrangement of prpes. Besides the protein they contaln,
they have more viamin A activity than carrots and are nchly
endowed with a senes of B vitarmns—from vitamin B, all the
way to izmin By, An interesting section of Dr Burdew s
book reviews all the avaihable references to the we of algae
as human food. The seaweed, Insh moss, is 2 member of the
algal family which has been eaten for a great many years In
Japan, other {s are also considered to be delicack
Microscopuc algas, bowever, have apparently not been caten
before and the Amencan investigators consequently set out to
cxamine their taste with the usoal systematic and unemotranal
thoroughness. They described it a3 foodllke but wath some
unplesmantly strong notes A further scientifirally defined
attribute which they called the gag factor was & nghtenlng of
the back of the throat and a lingering mildly unpleasant after
taste. So it seems a3 if mealdmes In the year 2050 will ke a
listle getting used tol Other expenments showed that when
mixed to the extent of 15 per cent with what was described 23
chicken base soup, the disagreeable strong notes and the gig
factor were ‘kess evident
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The algae produced cxperimennally at Cambrddge, Massa-
chusetts, in 19§17 were not actnally used a3 hmun food. But
'what 18 in marry ways the most remarkable chapter in the whole
book is the description of a scheme to produce algae

consumption.

strength a3 one reads forther and further into this

It seema that 1n 1932, a certain Jorgen Jorgensen kearnt of
the demand m Scandinavia for viamin A for additon to
marganne, to replace the butter 50 largely imported from
Denmark, During his travels in Soath America he had ob-
served that m certaln regrons of Lake Maracaibo there occurred
patches of aguo espesa, which means lierally thick water
‘When this water was scooped up with a calabash dipper and
filtered through a couple of old felt hats® 2 material was ob-
tuned which was very rich in carotene, the yellow pigment
which gives carrots thelr vitamin A actinity Thus matedal was
n.lgpe.'l‘lnfoﬂowmgyu:,nbacfum,]ou-gmubmmdl

L Gove: for the recovery
cf:lgncﬁomthehknandmxg;Btl:uNnicnnlmegrmuf
Venezaela mtified an exclusve twenty year agreement for the
industrial use of the phyto-plankton, xs it was demgnated. Tax
was to be pald caly on the weight of materml first harvested
but not on any subsequent increme by cultvanoa.

After the agreement was ranfied all the difficuldes which
might have been anticpated in floating so romantic a project
arose. At finst the wholo idea was recelved with ndiculs in
Europe and the United States. A pharmeeeutical manmifacturer
who had encouraged the 1dea in 1934 was sceptical by 1940
when support was needed. A major food fim ex
Wmdntthepm}eawndmﬂﬁnﬂymnﬂMt
Woanotukzmytumn:ﬂdalmmmAndwitm
on untll in 1941 the Ve 1 Lexed at the
x:hcnncuoffomgnmddomadcapinﬁmmlnmmxhz
new wdutry, cancelled the concession.
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But Jorgenaen was not defeated. This time he persuaded the
Venerueln Ministry of Health and Soclal Welfare to finanes
» scheme for preparing coltivated algal soup @3 an addison
10 the diet of the leper colony at the Cabo Blanco Leprosarium.

The algae were cultured in two hundred large bowls of
unghazed baked red clay each et on top of 3 cement plller
three feet hagh. The bowls were filled with three or four gallons
of waater to which was added the seed culture of algae, obtaned
ether from 3 special tank or from Tlocal mudboles A Hude
chemnical feraliser was put i as well, After from nme 1o fifieen
days the algae were ready for harvesting Early 1n the moming,
before the scum floared up towards the light, mest of the water
was syphoned off and 1n this way sbout two and a half pints
of thick soup remaming was obmined. Certan bowls were
kept for seed to be used hater on and 1t was found that the best
growth was obtained in thess if the water which evaporated
was replaced by ondinary soda water, but not fresh soda water
Tt was speaifically stated that the best stimulant for algal repro-
duction was stale rods warer

From 1543 t0 1948, leprous patients of all ages from eght
to seventy recelved algal soup. It was baded for twenty
munutes and & Hitle salt added 10 improve the flavour Children
were piven thresquarters of s pint daily and adults shout a
pint. Owing to the Buchnnons i their disease 1t was difficalt
1o tell whether 1t did them any good but, as the authors report,
oo ill effects resulted from &t

For a long period m the history of human thought men
reached conclusions on the baris of many different kmnds of
philosophical consideranons. It is only durng the compara
ﬁvdymmdofmodemxdmdmwe}nveuﬂwdu
most of our maten] views an Namre on the basis of verifiuble
experimental observation. The method s simple, Let us once
mare repeat it. A senes of facts 15 recorded, 2 hypothess
depending oa thess facts 1 drewn up, ¥ speculative foreast
based on the hypothesis is thought ou, and sn expentoent
ddgndmprmcrdxwpmthehypothm&'rbemawsﬂph



SCUM

under review 15 a cae 1 pount. The facts recorded in 1t are
incontrovertible. Chlorella does make me of sunhght to con-
vert curbon diaxde from the atmosphiere mto carbohydrate
capable of being used as food by animals and man. The process
s more ecancmical than growing, sxy, whest, most of which
is inedible stalk or root or k. Chlorella does aho contaln
protein and vitamine, Since its growth does not require the
use of sail it oughs to be of value to a country like Israel which
1 shart of land. For all these reasans there ought not to be any
thing strange sbout this 35 7-pege volume of impeccable modern
sclentific remoning, But there i

Let us remember again the people who fived in the flying
ishind of Lapats, always 30 wrapped in abstruse caleuhnons
that it was necessary for a servant to attend them at all nmes
to prevent thetr tumbling over ordinary abjects m thelr path.
The description of Laputa was first in 1726. Now
m 193, Dr Burdew in all carnestness writes of the artificlal
satellite of the fmmre, A great deal of machinery will be needed
in the space statlon , he a1, to maintain a pseudo-terrestrhal
environment suitable for mam. The addidon of an algal culture
umt for production of food for the miabitants woald not seem
to increass in very large propartion the complexity of the
mﬂdduvhnhkmki,hhnoﬁnbn,wddthe
necessity for expensive poumeys down to carth.

Algal culture i in many ways an atmactive ides, and from
what 1 have mid of the great compihinon published by the
Camegre Institution of Washington its study cn be seen 1o
engender enthastasm amoag those working on it. It i, bow
cv:rcnlyonaphascoflgmmlsdmﬁﬁcpmhl:m.hovm
obtin supp y sources of food {n addition to the articles
of dlet 1o which wo are alresdy accustomed. The unlversal
raw materlal from which all foods is detived 13 sunlight. It s,
therefore, reasonabls to base a scdendfic amemment of the
enthnglastle advocacy for Chlorela upon the degree of
effickency with which It transfocma sanlight mto food. N W
Piﬂg,wozﬂngh\d:o!datlumﬂ.ﬁcm:d:monfor
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agriculmre in the world at Rothamsted, has reviewed the
matter and his calcnlations come as a rather cold douche after
the exating writings of Dr Burlew and some of lus colleagues.
From such evidence as has been collected 1t seems that algae
are no more efficlent than the higher plants to which we are
d. The g of ahallow warmed tanks and

plastic pipes and the octamonal pumped supplies of carbon
dioxide gas are every but as expensive to run as the more con-
ventional greenhouse. And in additlon to the technical com-
plications invoived in most of the suggested methods of
cultuming algae, there Is 2 danger of infection by micro~organ-
ums. Although normal crop plants do saffer from diseases,
two thousand million years of the catchas-catch-can of evolu-
tion has rendered them remmarkably resistant to most of the
microbes floating about in the atmosphers or native in the

sail.
There 11 only one point which algae might be expected to

question

on the cob (as with maize), or cutting off the leaves and eating
the bulbous root (as with tnrips) or perhaps extracting only
the sugar from the root (zs with sugar beet). Faced with the
large amount of waste in our normal foods and the disadvan-
tages of trying to produce algae, which even after they were
produced might contin so high a concentmdon of gag

The first objective is to use sunlight more efficlently For
altogrther too long the people of Bntain have wasted their
exiguons supply of sulight, About half of the total annual
supply of Brituh sunlight is recetved by Midsammer Day
Yet scarcely any of it is used by mamy highly productive
crops such as potatoes, hecmme w0
photosynthens 1 achicved by grases during the fint half of
the year becanse the ground is too cold. Later i the yesr,

&L
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sunshine that mught be warking at photosynthesis b again
wasted, this tume because farmers are waiting for gruns to
ripen and during this time little new food is created. In add-
tion, the most efficient plant for catching and waing sunlight for
food mamnfacture would be one with its leaves growing all
the-way along a succulent stem, ensuring that Sittle light reached
the grommd, where obvimaly it wounld be wasted,

There is no reason why more efficient plmts should not be
found, The present planty we use a3 food were selected by
pdmtive man m a very haphzard manner Of the half
million or 80 known green plants, only a few hundred are used
on any significant scale and 2 number of these we enjoy
vicadously by feeding them first to antmals. Bat many of the
others grow hurantly, and 1f we call them weeds today that
in only because we have not yet mada use of them.

The second fine of profiable raearch woold be to e the
active protem-fch phint organ, namely the leaf, 23 2 source of
brman food, rrher than the miscellany of roots, grains, flowers
and jinces that are today s0 wastefully comsumed. It 13 not
suggested thar, ke Nebuchadnerzar, we should eat grass or
similar whole leaves. They are altogether too fibroms for human
stomachs. But then 30 are whole oats or wheat. Already, con-
siderable study has been devoted to techmeal methods for
araching pakatable protein fram leaf. The standard three-roll
sugar-cane mill was the resalt of five lundred yean of meclnn
ical tna! and error, and the screw ofl-expeller is abswo a tradi-
tonal machme, Both these machines cn be waed to cxract
leaf protein but they work inefbicently for ths purpose. An
earfier instrument, but one dengned for  similar e, has given
more promising results, This is the woad presser

This line of scientific thinking leads us to a rather different
concmlon than that of the algse enthusiasts, Increased effi-
clency in unng light to create food is to be achieved by using
the strangest growing, keafiest plant. This may be what we
now consider 23 & weed. The leat of a plant is analogous to the
Ever of an saxmal. In it takes place the synthesls of whatever
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EATING INSECTS AND OTHER
HABITS

Tuis Is 2 scientific age. Sdlence, however, develops unevenly
at its different pomts. Just now 1t is atowic physics which is
dnving forward. In a Httle while this drive will slow and stop,
and, perimps, a period of consolidation will take place.
In the course of the last two chaptens, I have been discossing
cerndn aspects of food saence. In thu aspect of sclentific
thought a3 2 whols there I3 some reason to believe that a pause
for thought and reflection 18 occurnng fmt now w allow,
pertiaps, for the new biochemical knowledge of what bs going
on in the antmal machine to be related to the more mumdane
mofhowwldvhepmpkmchmpmmmh
the 1920 8 and 1930 3 the mechanics of mutrinon were
being worked out, Fit came the turn of calodes and proteins
and then cama the era of vitamins which, indeed, b not yet over
Formmpk,tbemmd:y-to—dxydla:ovmaoﬁhcldm
whic pedodical [i 1 with the subdivist
ufﬁnminBu.Bnulmpommdnughxheﬁ:uofmuﬂnmal
sclence are for keeping human groups 1n & state of health and
&
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nutrients may later be sent to the roots or the fruits or the
sced. So mather than waiting for the transfer to take place and
thereby having to put up with a period of delay during which
the conversion of soluble substances to fibre takes place, or
maturity and dpening is catried out for the benefit of the plant
rather than the advantage of man (when the fields of green
corn tum golden, photosynthesis virtusily comes to a stand
sll), the milling of edible substances will be done at the leaf
stage. The exact method of mufling hay yet to be invented 23
an economic but, with the example of woad mann-
facrure before hnm, the moderm sclentist ought not to take Jong.
Inawkmﬁ'.u’r gr—l_l] rlll..l
1n Cambndge 10 1908, F M, Comnford wrote: ‘Nothing should
ever be done for the finst ume. It is eary to invoke the same
athtude to projects for the durect use of leaf proten. The
industrial production of leaf protein on a substindal scale &8
human food has not yet been acueved and nor bas culture of
the sulkless, hunkless, prpless and rootless algae. Bat the
economuc advantages of at least the former as a way of In~
creasing the yleld of food have been worked out. Malthus may
even 50w be proved to have been wrong for not having ke
account of the fact that before they reach starvation point
growing popalations might develop scientific forenght.
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Th1s is a sclendfic age. Sclence, bowaver davelops unevenly
at 1ty different pomts. Just now it 1s atomic physics which is
driving forward. In a linle while thry dnve will slow and stop,
and, perhiaps, a pedod of consolidation will taks place.

In the course of the hast two chapters, ] have been discussing
certain aspects of food science. In this mspect of sdentific
thought a3 a whole there is some reason to bebeve that a panse
for thonght and reflection 11 occumng just now to allow,

problems of how to advise people to choose proper meals,
During the 19203 and 1930 » the mechanics of mitnbon were
beng worked out. First came the tum of calorles and

and then came the era of vitamins which, indeed, i3 not yet over
For caample, the comrent day-to-dxy discoveneas of the sen
dﬁ:rJ Nl W are ‘W‘hhlhe bdiviad
of vitamum B,,. But important though the facts of nutriticaal
sclence are for keeplng human groupe in a state of bealth and

[
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efficency, the parallel mportance of food and meals 23 2 part
of a harmocious and civilised life in the fullest sense b sk

recognised.

The food science of today bas grown up in two mam direc
tions. The first has been based on the observations of Lavolser
at the end of the exghteenth century These fmphed that fire and
flame and combustion did not represent the release of the soal
of matter, the phlogiston, as had long been thought but
suggested instesd that whatever fuel was bemg bumed was

with oxygen, and they also demonstrated that when
such fuel is 2 food like sugar or flour or ofl and 1 ssaimilable by
the humsan body, 1t grves up in that human body the identical
amount of heat and combines m that uman body with the
{dentscal amount of axygen as it does when bumed outnde the
body Thu conception was the beginning of the mechanistc
wadition of nutnton which holds sway todav, a tradinon
which is correct 5o far & it goes and hos been enormously use-
ful. The engineer 1n charge of a power stahion knows the calor
1fic value of hus fuel and can calaulate the amount of electriaty
his machinery will g from it. Similarly, a Minlstry of
Food knows the calosific value of its stocks of whale-mear,
wheat and sugar and can cilenlate how much phymcal effort
cn be developed by a known population eating these supplies-
The 1dea 13 not new Indeed the philosophers of camical dmes
discussed the paradax of the rich mun whose needs for bodlly
Iabour were slight but whose tble was amply covered with
vaned dishes, whils the poar man who had to work all day
possemsed insufficient to assusge his hunger But the predson
and detadl of the modern nutritional saence 1 naw mnd 1 bs
thiy command of detailed knowledge which has captured the
of the tclenmst of today, even to the extent of

sometimes blinding him to larger eues.

The detsils of modern science are Infinitely mumerous but

capadity of the modern sclentist s mind Is not infinltely

Thus 1t has bappened that the experts on nutrition have

on o been so fully occupled with the details of nutrition
ey
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testing his theones m practice, These, based on a mass of
abservation and experience collected over 2 period of ane
hundred and fiftyyears, were found to be sound but
That Is t0 sy, although man s mutntioral well-being can be
supparted on a hasis of calodes, proteing, fats, minerals and
vitamins, he does not Hve on these things alone, The life of
the whols man includes matters dealt with by the anthropolo-
gist, the psychologist, the economist, the aesthete and the
philoscpher a3 well 1 by the nuintionist and the phyaiologist.
And within the realm of nutritional sclence, other factars than
mntridon must be considered. There 13 fittle food value in
pickles but demand for them is inustent m every war in which
Great Britain is involved. In fact, if one can believe the highly
experlenced catering officers 1n the War Office, Brtnh armes
cannot fight without them.

Thus 1t has come about that science has begun to take an
interest in the acceptability of foods as well 2 thewr chemical

Thelr ourdtional value is important but such

mportance ceases 1f peopla refuse to ear them. Some considera-
tion i now being given to new sources of foad, such as food
yeast made from sawdust or, a3 we have already seen, to protein
derlved from grass, And a few, a very few, glances are being
spared for foodstuffs eaten by other races outside the orthodax
circle of Westem civilisation, Of these classes of potenthal
edible commodities, one of the most interesting is the insects.

Man uses a3 food most of the important families of fiving
creatures on this globe. Mammals of all sorts are readily con-
sumed, vertebrate fishes, and invertebrates such a3 the octops
and the oyster But dlvilised man has 1n recent years
insects. Thas is peculiar in view of the currency of the hiblial
cliché synonymous with plenty, flowing with milk and hoocy ,
in winch bracketed together are the secretioms of a mammal
and of an insect,

has been remedied by the publication of a acholardy boak
entitled Jnsects ar Himan Food, written m English by F §-
~r
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Bodenheimer, the Professor of Zoology at the Hebrew Univer
sity In Jerusalem, and published by Dr W Junk ar The Hague.
As 2 genenat rule, dienclans and nutmtional sclennsts restrct
thelr reading to a fairly narrow range of text-boals and to the
pentodical scientific literature in which are pubhahed the reports
of vanous rescarches. These tend to deal wath such topics as
the Josses of vitamin C occurnng during the steaming of cab-
bages in industrial canteems or, alternaidlvely, with the ind-
dmc:uffo[ﬂmhrkmmd:(wh}chmbmdyhemrzpmnd
as goosepimples) among the middle sgegroups at a univer
n:yhmdngdcvdapmmdmhtbeUnimdSmﬂndm
Bodenbeimer s boak was calculated
mbrodmthnmﬁsmdnthenmtmmdcvdopdxhumﬂ-
1ty of professional nutrdtonists if they could be persuaded to
read It,

An increase In humility is an exsentlal feature of the penod
of comsolidarion and thought to which 1 have previomly
referred. Not long ago a dietary survey was made among the
Otoml Indizns in the Mexquital Valley in Mexico, The in-
vangatons were horrified to discover that these people ate
none of the foods famillar to dieticians, neither spinach, hrown
bread, orange juice, carroas nor cod-liver ofl appeared on ther

palque
made from the fuice of the century plint and the other mgre-
dients of which thelr diet was composed possessed a2 higher
murtritioaa] content than the dlet of a group of United States
twwn-dwellers surveyed at the same ume. Professor Boden-
heimer now points out that the paxzling results obtained by a
number of phymologusts who have studied the diets of tropial
races and found them to be apperently deficent in antmal
protein and fats, although at the eame tima the people were fit
and obviousty well fed, may well be cxplained by the fact that
these people were accustomed to termites, caterpillars, locusts
and other insccts m substantal quanducs as well a3 more
conventlonal articles of diet. Either insects were not Incinded

73
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m the questronnaires used by the Western sclentists or ther
consumption was ignored. Yet Professor Bodenheimer s book
very clearly shows that, where no preconceived prejudice
exists, men show no aversion to entomophagy We cutselves
consume both milk and the cow that gives it, can we therefore
object in principle to cating bees as well a3 honey?

John the Baptist lived in the desert on msects: locusts and
wild hooey Professor Bodenhemmer pointy cut that many
people eat locusts. In the palace of the great King Asurbanipal

locusts are still wndely eaten. With wings and hindlegs re-
moved they are roasted or fried m butter, when their flavoar
1 reminiscent of shrimps. Flying locusts and hoppers are dred
1n the sun and eaten a3 a flavouring for porridge. To the west
and south of Lake Victorda, green grashoppers are eaten m
large numbers either fresh or dried and a gant cricket is dug
out of the ground, roasted and caten a3 a relish. Professor
wntes that many observers have found that in
the Sudan and elsewhere in Africa when the locusts armve
the people eat them in such quantities that they grow fat within
a few days. Dr Livingstone reported that roasted locusss
pomessed & vegetble flavour, and coesidered that, on the
whole, he preferred them to shtimps. M. le Vaillant, wotng
of Soath Africa in 1782, described the joy of the local inhabl
tants at the appearance of locusts. Their flavour, be sald, was
Tike that of the yolk of a bofled egg. Another French writer,
Dagun, compared the taste of locusts to that of caviar!

M. Decary, In two recent papers, one publshed in 1937 and
one 1n 1940, describes bow locusts are caught in Madagascar
where, together with other grashoppers, they form an im-
portant local food. The French mitway suthoities apply the
rame transport charges to deied locusts as they do to game and
fish. Decary compares their flavour to that of hazel muts. Father
Camboue in 1886 0ld how Queen Ranavalona IT employed 2
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band of women whose dunes were t0 scour the fields for
Jocusts 0 that the royal table at Tananariva might always be
well

It seems that loants, with or without wild honey, may be
mada into an attractrve and nourshing dsh. A traveller in

pounded bread fned brown ar with & purée of dee. They
were then replaced m the saucepan and thickened to & broth
on the stove but not allowed to boil. Fimlly, the broth was
strained and a few croutons added. A further recommendanon
for the we of locusts w8 an arcle of diet b that they are as
and nournhing for camels as they are for men.

Termites are also widely eaten in the countries in which
they are found. They are insects wiuch organme themselves
1 elaborate colonles and which often bufld ant-hille’ of con-
slderable size, In May one can find at the market at Leopold-
ville in the Belgwan Congo baskets full of fried termites which,
0 Professor Bodenbamer tells s, are 0l for fifty four cen-
times a small handful. They are also used a3 a soarce of o,
which {s stated o be of good quality end excellen: for frying.
He quotes Sir . W Baker who, wotmg in 1881 reported
that in Central Afnca termites fried in butter are considered
a very deficate meal He himself found that they had a Tight
flavour of burned plums At certain setsons of the year the
winged termites swarm. Great excltement ensues among the
local inhablmants and all vorts of methods are used to catch

Henry

thpcmhtlnPhluaépldemafnhRaquSomqy

in 1781 In the part of Afri where he was the people dried

the {nsects In {ron pots over a gentle fire, stimng them about

as bs uszally done when roasting coffee. Tn that state , he wrote,

without sance arany other addition, they serve them a3 delicloas
r 75
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food. And they put them mto their mouths as we do comfis.
T have eaten them dressed this way several nmes, and think
them both delicate, nournhing and wholesome; they are some-
thing swester but not 30 fat and cloylng as the maggot of the
Rynchopkorus palmarwm, which 13 served up at all the hoxunous
tables of West India.

A specles of ant which has 1ts attractions xs human food s
the socalled sugar ant of Central Australiz. These 2ni3
select from among the workers of the colony certain mdividuals
wham they proceed to stuff with food until thewr abdomens
swell o the nze of marhles. “The ant in thns condiden , says
Professor Bodenlieimer, 13 naturally unsble to move from the
spot. It appears that the inflated ants in tins extraordmary way
provide for the needs of the colony dunng the barren season
of the year, acting as Living barrels which can be tapped a3
required. The honey with which the creatures are filled orig
Inates from sweet exudations of cerain plant galls and from
the honey-dew of other insects. The local Australians eagerdy
consume these ants by grnppleg them by the head, phdng the
mflated abdomen between thetr ips and squeening the contents
into thesr months. As regards taste, the first reaction the palare
recetves is a dustinct prick of the formuc acld with which the
ant hopes to protect itself, But this is both shght and momea-
tary; and the instant the membrane bursta, 1t i followed by a
dellcions and rich flavour of pure honey A simular ant is also
found and eaten 10 Mexico.

Another insect dehicacy of winch the Western table has been
too long deprived 13 the palmworm. As with so many dishes,
it » to a Frenchman that we owe ooe of the earliest descrip-
tions, for Pére Labat, who visited the West Indies at the be-
gloning of the eighteenth century, appears to have been the
first Enropean to try {t. This insect iives in the heart of palm
trees and is obtained when they are felled. The palarworm, s0
he reports, 13 as thick a3 1 finger and about two mches Joog
“It may be compared’, he says, to a lump of fat from a apen
wﬂppcdmavu'ytendamdmmpa:mrpeﬂﬁ:h’l'beym
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placed In 2 row on a plece of wood and tuned over a fire,
When they begin to get hot, they are covered with bresd

author, M. Ghesquitre, writing m 1947, says that the common
palmworm of the Dutch Esst Indies is recognised a3 & most
fortfying, eaily digested food which bs given for
to weak and consumptive persons. Malayurs in Enrope often
onder them to be sent to their home. In Madagascar, the palm
worm Is consumed raw or fled. In the Belglan Congo lt s
greatly prized. The collectors search for them by putting their
exr to the mmks of the palm-trees. An experienced operator
can recognise the right moment for cutting down the treo and
obudning the larvace in the best condition for eating by the
noise the insects make in nihbling at the fibras of the wood.
the matkets of Afnca the plump larvae may be
found elther altve or fried in ofl.

Bat imects are not only canght wild as food. They are abo
firmed a3 domestic animals. In Mexico, there is & variety of
which 1 known locally 23 chwais or Medo dol agms.
small insects provide food for man by the prodigious
ty of ther eggs, which are collected as if they were a

FEEREEY
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bundles of a certmn species of rush In the
bugs bay thelr eggs on the rushes, which are then
of the laka and beaten on great sheets of cloth to
myrads of eggs with which they are covered
rushes are replaced in the water to gather another

There bs an fosect which, Iike the sheep, bas been for many
centurles farmed both for the textile fibro it supplies and for
the meat a3 well, this 18 the silkworm. In the process of reeling
7
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quotes.
foodbangcooknd,wbmpzningthmghamding&m:y
Tt is deady apparent from this revsew that in different parts

the Hmits reported in the Bible, namely Elim, now alled
Wadl Gharandel, snd Rephudim, which is roday the cawus of
Teiran.

Fimally, as is Inevitable in the mid-twenneth century,
Professor Bodenhexmer quotes his saentific authorities who
have analysed insecty; L. Tibon, who in 1946 determmed the
dry matter, aab, fat and nitrogen content of termutes, and
yrovedthanmgnmsofﬁudmmﬂmwpp&cdmalodn;

horities, who established the prozein, carba
drmmdphosphmmconmc[d&mpupu;md
nummnmihonduwbohwe}hmd:hecbmﬂalwmpd
tjon of locusts and gramb

Bmx:bnm{wxhbtypcoflnformdm,vﬂmblc:hmgbk
may be, that the thoughtful sutritlonist will thank Professor
Bodenbeimer most. It i probably from the reference to the
rare book by Mr V' M. Holy, published in London in 1885 and

sow anly avasble tn the Univensity Library a5 Oxford, that
xhephhnplﬂalte:duwﬂobtﬁngmmmnhm@cm
mtes , says Holt, are freely eaten by many persons w part of
xbec.bm Ind'semcwxycahbagcwmmonly part of
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the cahbage And then he coutinues by desarlbmg bow
1 cockchafers and

TR are
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Fricassée of chucken with chryzalids

Bodled neck of mutton with wreworm sauce
Duckling with green peas
Cacliffowens garnhahed with caterpillars
Moths on tomt.

which scsence will contribute to the kappiness o well
a to the mriton of mankind,

But bere once more we find the of 8 clush between
dherl r‘_“of A1, F-d 11, OdKrLl ‘LI
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they could see the chocolate, the taste of the white ona was
described a3 farty’ or mllowy and it was classed as genenally
mferdor,

Sclence can provide preense information about mutritional
requirements and thelr effect on phymological processes, but it
18 Jesa mure in decdding berween good food and bad food.
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It was Montleur Jourdain, in Molitre s Le Bourgeos Genn/
Aomase, who suddenly discovered towards the end of his career
that he had been talking prose all his hfe. A similar discovery
has recently been made by the sciennfic nutrddonists of roday,
that in spite of the ementhl need for calordes, protein and
viaming, we bave bern eating food all the tmme—even 1n
peziods of disaster and ahortage.

It is universally accepted that the sclentific principles of
numton enabled the people who administered the food sup-
plies In Bamam duning the 193543 war to provide a remarkably
sound dlet even dunng a period of great scaraty It is kess well
known that this was due, at least m part, toa that
in order to be nourithed one must eat, bot that in order to wans
10 eat one most cnjoy at lesst some measure of contentment.

There was, for example, the remarkable incddent of the dogs.
At one ime a keen young Sclennfic Officer suddenly got the
sdea that {t was very wasteful of food, in & country populardy
contidered tm be fightng with 1ty back to the wall, to suppoct
s0 many pet dogy. This young sclentist caused & survey to be
made in order to find out (a) how many dogs thers were
altogether (8) what was the average werght per dog—humping
her, for the purposcs of alaulanon, big dogs and Hnls

8
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ones mdiscnminately, and (¢) the average number of alodes
caten per dog per year With this information at hes disposal
bie was able to calculate that 1f the food being fed to the dogs
were given to hens instead a significant increase 1n the basic
egg ration would be possible. Some of the best brains in the
country were put to work on the jmplications of this caleu-
hadon. After 3 somewhat agonising appraisal they resched the
conclusion that natfonal well-bemng was best served by leaning
the dogs alone.

Nutrrtion, as a branch of biochemistry, which 1 itself an
affiboot of physlology, can be described as an exact sclence.
That 13 to &y, the necessary fuel for the efficent fimctioning
of the human body can be exactly worked out provided thar
the body is that of an unconsaous patient or, that mathematical
abstraction, a statistically significant sample of an average

Nutriional pdmﬁu hold good for an individual, just as
the moral law Highway Code holds good, but the
mdividnal may not choose to comply Even under conditlons
of impending disaster, the chosce of what to est may be m
finenced in & remarkable way by consideratons other than
those of notritional orthodexy
In 1945, I had soma responsibility for advising the milimry
authoritles on the feeding of the aty of Vienna, My French,
Amdmmd&mmmﬂagmumdlmmdauhhmd,
3 ‘h ekl i il)ntlﬁﬁ
g.mimccdrompplyﬂmpomhﬂcmwid:nﬂtbanntdﬂmnl
neads. There was no meat, but we Issued beans instead to an
amount calculated to provide the exact protein equivalent.
But there and then in the face of disaster, the inhabirants of the

is & war—and at no other ime—do we get beans?

There seems hitle doubt that our atitude to dw;sb
changing. Joseph, when he was appointed Minister of to
Pharach, esablubed in Egypt a sysem of bulk buying for a
single commodity m}y—wm.[nl9;3,wbm$l:ﬂmryf'rm:h
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mayonnase, molasses, cookies and spaghettl with tomato suce
have not been fargotten. The hst of beveragey 1s also of interest.
Besldes dned milk, powdered tea and coffee, and chocolate
syrup, canned cream is also to be stored xway For the saff
ofhfc,on}yanncddat:—aml-mnhrud,m&mmdpmhgnd
cereals are recommended. And finally, brunging up the rear of
the column of muscellaneous items’ 1 the first essential for
survival in a saientific world, a can opener
‘When food is 50 scarce that there really i too httle to eat,
and when the shartage is to prolonged that the stats of affairy
13 that of famune, people will eat almost anything, But at levels
of depovation only just removed fram famine the innate
complenity and uratiomllty of buman behaviour—particu-
hrdy on matters of eating and drinking-—quickly become
apparent.

People cast away 1n lifeboats are, perhaps understandably,
prone to pesumism. Neverthelesy, it 13 In some ways 2 srange
thinthu,lnt:hllagcofhlghtu:hrﬂmleﬂidcncy,ofnd:o,md
and rapid movement about the globe, they are 23
pcsdmudcnnbcymAfmal],dmkahmnulpcnod
when it 13 the general rule that we are surrounded by social
organmations designed to help and protect each other
Yet in this environment, people in ships’ Iifeboars tend to
behave #s If 0o one wern ever Hkely to come to their rescoe.
The butter paradox 1 often aeen after the loss of a ship, when
men are rescued from boats suffering from acute Iack of water
and yet with most of the boats water supply sl intact. In
peaceume, ships m distreys are osully located before they
unk and survivers are not likely to be addft for very long.
In the last war some men were, it is troe, left floating for three
weeks or more but the great majonty were picked up withm
a few days. Yet vichms of shipwreck so canmstently tended to
antdpate the worst, that instructions had to be lssued telling
them to dank reasonable amounts of their boat s emergency
water supply each day and not to subject themselves to acute
thirst undl o made it inevitabl

26
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At a mther different level of dlssster, there come to
mind an incdent in the last war when people under stress
themselves of food for reasons that the scientfic




NOTHING LIKE SCIENCE

nutrinon that almost up to the hst extremity of fimme and
disaster ordmary people go o exhibiting the familiar character
istics of personal idiosyncrasy and humn peculiarity that
they show 0 clearly in ordinary life. The sclentist now knows
that a ration, be it ever so perfect in chemical composition,
cannot contribute to well-being if it is not esten. In one respest,

this modern enfightenment 1 to be regretted. By
adopting & Httle cardboard bax full of good thing to eat as
the emergency stion for battting soldlers cut off from thels
supplies, the British have sacrificed the admiration of foregnars
that they enjoyed up to the 1914 war then, their fighting men
carried in their haversacks as protection from disaster a lump

cxpress

I was once involved by somewhat pecubar arcamstances
in 3 sedes of relipom broadeasts. The purposs of the sexdes
was to explain how a nnmber of vadious philosophies of living
fitted into the profestion of religious dogma. It mught, for
example, be thought somewhat paradanaal for an individual
who coosidered all ife sacred to be employed ay a butcher Or
for someons whose persuasion forhade the holding of posses-
slons to be a bunker But in fact this is not so. People are
unally able to divide their activitles {nto completely separate
compartmenty, There are mrmetons veracous accounts of men
crying broken-heartedly over a sentimenral piece of mumc or
a dead kitten who were capable 8 moment later of buckling oo
thelr revolvers and marching lnto the street to perpetrate
monstrous croelties and infustices. There are luge mmbers of
people who feel sincere grief and remorse at bringing about
the death of a rabbit by means of a virus, myxomatosis, and
yet who emlt without tremor or qulm st kiling rats with
Liverpoo! Virue. Bat ramy are abo God s reamres and maks
excellent and intelligent mothers.

Similarty, sclentists whose professional wark b a model of
:ys\cunmdlogmunybcfoundmdnlmﬂ:mymbﬁwpic

88



BREAD AND SCIENCES

than the object of their work with mnthinking emotion. Yet
sclence s not of fmelf a topic or a saubject, it bs 2 way of
thinking. It o treated as if it were wdeed a0 occupation or
profesdon. This popular betaviour anses from the very fact
that anly certain kinds of things are treated scientifically and
abo becamse oaly certain selected, professlomal people trear
these selected things In this scientific way Yet even so it1s not
always easy to deparmentalise affairs into thote that are and
thase that are not to be considered with sclennfic logle.
During the courso of the last three or four chapters, it will
have been noticed that food b a topic that from time to me
embarrames sclentists by edging imelf into the field where
sdentific and non-saentific ways of thmking come into con-
tsct with each other In the serdes of broadasts to which I
bave referred one of the speakers sad that the fact that e was
a sclentist—a haematalogist, no less—and spent all his fime
countng stamed hlood cells under a microscope, had no bear
Ing at all on hus rehgions views. I myself had been suffiiently
mive to admit that if, as a scentific person, one spent onc's
hfe axessing evidence and collecting facts, one s belief in a
Devil with horns and a tay] and a Hell smoking with brimstone,
which is the archale term for the element salphnre,

ably tended to be weakened. 1 mxy say that thrs
innocaous remack brought down on my bead quite a batch of
mdignant letters.

There 1z, however, no real ause for surpeise at a haemato-
lognt whose profexsion has no beanng on his views of life.
Even the grear Professor Soddy discoverer of isotopes, had
several hobby horses that in a kesser man might have been con-
sadered to verge oa the ridiculous. The food man, hawever,
has much more difficulty in keeping sdennfic y
separate from all the other influences and pressures that
people In the ordinary course of non-scientific Hfe. Let us take
bread 21 an example that has caused a remarkable amount of
heat.

Bread is suudied by 2 oumber of kinds of sdenthny, each of
%
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whom would be quite content to devote himself to his own
parncular and Interesting research, But he never seems to be
keft alone 1o do s0 Take the rheologisss, for erample. Ther
interest is m the firmness and elstiaty of the dough and the
bread derived from it. To them, a loaf of bread 13 simatar to a
plece of sponge rubber It comsists of a petwork of protemn
fibres with starch granules m the mterstices between them and
endclosing a regular system of bubbles. The purpose of rheo-
logical research is to achieve the manmum expanmon of the
ehytic proteln balloons so that the membrane of each ahall,
when fimlly fixed by the beat of the oven, be thin and delicate
1n structure. One of the difficulties of achueving this fineness of
textre, which 1 the interest and pleasure of the scentut, is
that when the protein fibres are stretched by the kneading of
the dough and the expansion of the gas from the yeast they
may become, a3 it were, tangled again before the bresd texmre
o assured. To the sclentst, the protein of dough and the pro-
tein of balr posesy certatn similanties, For example, each con-
tams what are called in chemical jargon cros-linkages. It o
poselble t0 bend baur, let us say, and then establish jts structure
m the bent form by joining together oppasite members of the
molecular crom-links. This 13 done by the chemutry marketed
today in ‘home perm sets. The same chemustry cam be used to
stabilise the stretched dough protewns, only in this case, the
reagents are called mprovers  But just a5 so0n 13
the chemist bas in this way brought a very difficalt and com-
plex htoa factory Jusion and elabomated 8
Iighly effective improver, a distingunbed physiologt arives
on the scene and publishes Azs elaborate and detailed research
to show that bread treated with this particubar mmprover is
capable of giving dogs fita.

Then the whols research into the physical structure of
elastic dough fihres has to start agan, anly this time the rheo-
logist whase interest, I repeat, 13 m the stretching of the protein
and the getting of it to stay stretched, has to work in collabara-
ton with enother kind of scientist altogether This Is the
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The pharmacologis: 1 interested as & general
rule m the mesn lethal dose of some dmg or other, The mean
Jethal dose s the precise amount that will kill exactly 50 per
cent of a group of expermental muce. The problem of hread
improvers, bowever, s not 30 easy To start with, the chemaal
improver iiself may not be touc. It was a part of the wholesome
prover, & gas named Agene, was converted Into a different
substanice that gave Sir Edward Mellanby s dogs fits. The
toxicologut s therefore set the job of determining saentifi
ally bow much of this stuff will be harmful to people. Hu
task is indeed a difficult ane. Although compantively herosc
quantiies of bread treated with Agene lave been eaten by
Inman volunteens, 0o dexs endencs has come to Light thar
they suffer any harm at all. On the other hand, mbhrts, ferrets,

H;hnd.mﬁumhwmmadeofmongutmﬁ'mdmtnnﬁ]
the fall Hst of zoological susceptibility had been dmwn up
did they, after ten years of doubts, change from Agene to
chlodne dicaide as the poncipal improver But now the
scientist s berng put to sl more arduous triak. He can apg
biy sclentific methods and his objective thinking, and be
done so. The effects of chlorine dicxide on dough elasticity
and viscosity have been established ~—chemically physically
rheologically The toxdcologist hay done his best too. No
animal species, it appears, &8 harmed in any way by bread
treated with chlorine dioxide. What more could the layman
ask of the sclentiar® And yet the layman—Everyman, the ong-
inal Adsm, cll him you will—n not sarished. His
philosophy inchides bread a9 part of hfe. He refuses to leave
alone the bread-scenmt who, of course, deals with bread as
lﬁsmﬂﬁ:wbmandnotmanyxhingwdavimhoanﬂfa
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You will remember my hacmatologist who stated in hus rell
gious broadcast that his scentific pursuits had no bearlng on
iy general views of hfe outnde the blood cells, And now,
even after the scientists have done all that was asked of them
by way of demanstrating the innocucusness of chlorine dioxide,
the French——that is, the whole naton of Franks—decree that
they will use no improvers whatever] Neither chlodne diaxde
nor apything else. They just do not like the idea of them.

Thus atritude puts a disaple of sdence into a false position.
It is, of course, impossible to prove a negatrve. For example,
1 spite of what The Ingoldshy Legends may say, spontancous
combustion does not occur That is to sy, & man cannot take
4 deep breath, burst Into flames and disappesr It is impossble.
But suppose someone wrtes to Ths Times and says if people
mbmdmnninlngd:lormediaﬂdedrymydmlop:ymp—
toms of spontancous combastion , 1t is quite i
pmwthanhucmnot,uwmenmeoranothcrocm:Aﬂdm
the scaeatic investigator can do is to say, [ have examined a
group of seven hundred and fourteen people of whom three
hundred and twelve were men, four hundred and one were
women and one a baby of ten weeks old. These expenmental
mb}emwuefedmmdbmduameqmvalmtmdw
two per cent of ther total calone intake aver a perod of
seventeen monthy, During that time none of them was ob-
served to carch fire nor was there any marked increase In
body temperature, Back comes the answer from non-scientific
Everyman, ‘Your experment did not go on long enough.
You did not dessgn it nght. Do it again and soms of the people
sill at the very kst stast to smoke,

This 18 Indeed what occurs, Chlotine dioxide has to be tested
on all sorts of animals, by all sorts of methods, No barm has
been discovered to come from 1ts use. ‘But, say the French
authoritles, it mughs be bad for yow. So it might.

When we were children we were told that one cannot do
two things at once. Even In the nunery we realised that this
mﬂmwﬁhc.Forcnmpk,kmmdﬂybcpmvcddm
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one can eat a bamina, read 2 book and whistle (after a fashion).
And in later life there are plenty of ladies who are convinced
that they can kmt effectively and listen to the wireless at the
same tme, What our mentors ought to have told us i our
youth was that effective wzewfic actvity mist always be
restricted to one topc at & wne. The scertius who are devot
ing themselves to the degn of  jet alrcraft to travel faster
thin ever before cannot concen themmelves profemonally
with what they will do with themselves when they get back
roand the world the day before they started!

The intellectnl confinion into which sclennsts get them-
selves when they do try to think about two Jands of thingy at
once can bo demonstrated by reference to vitamin B, The
existence of this matenal wes first demonstrated i 1898 by a
doctor in the Dutch East Indies. He showed that when this
polynendns. And he, that 1 Dr Eyjkonan, also showed that
the lack of this same substance was the cause of the widespread
and senous Aslatic disease, bed-beri. Starting from these
brilliant saentfic discoveries, a generation of the consistent,
logscal and highly technical research for which our age v
famous Jed to the elncidation of the chemscal nature of vitzmun
B,,ia"—“ in the blologscal chemi yofbvmgccﬂ:md

£ 1

”‘ by ach mg what it s s Lweﬂﬁmuimdo
whmﬁnt-dummdlmwﬁhblemlpplyzhamdmmin

problens.

But at this point eciennfic philosophy bamped up agunst
sochi philosophy—and unless steps ars taken to make them
do 30, oll and water do not mix. At the time these researches
were belng brought to thelr trumphant coadimdon, the white
bread eaten m Britaln by most people coatadned about a renth
of & milligram of vimin B, in 100 grams. Brown bread con-
tined abour a quarter of a milligram, or two and a half times
as mmuch, There were a whaole serles of other differences: mare
good things in brown bread, other B-vimmuns, won and
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protein, and also more ‘bad’ things, fibre, phync add (an
anti-calctom factor) and a tendency to became randd. But
the public debate started with viamin B,

It was never suggested that beri-berf had ever been seen m
Botiin or was likely to ocarr But would not more of this new
vitarmin be good for people? What about the poor? Should pot
bread, of all foods, be made into a complete food, a compen-
drum of all noudshment? It was not suggested that in the new
welfare world of scsence anyone woald be avked to Live on
bread and water alone. But if they were, should 1t not be the

can achieve useful and important things when used to smdy
materhal food. Science, a1 a way of thinking, a3 a kind of

§
i
g
?
j
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§

saennfic methods of thinking and acting in the wider context.
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Trx Reveread Thomas Malthns made a good deal of sur
at the time his ey on ke priscipls of populanion as ot effacts
the furure improvement of society was published. Yet the un
fumn:nmpp]laoﬂmpormdgnlnmimwﬁunﬂnAmai
cas postp 1 of his theory that if
popu]aﬂomi.ncrmenﬂidmﬂycvmmzllythnunmtmmgh
t© eat. Otherwise he might have got more credit for accnratn
prophecy in Jus own liferime. And the contirmous and acceler
anng increase in the mumber of people m the word woald
again have run up against an inadeqmatn food supply befors
in spite of the opening up of new knds, kad it not been

for a senes of major sclenuific succenses.
It fs ooe of the paradoxes of human behaviour that mechani
al devices like stram-engines and tin-plate strdp mills, rotary

ements, whereas
the sclentific undersanding of biology—that i1, knowledge of
the working of ife iself—are lcuc‘}:md.‘{c( they repre-
lm:lun::cfdrmjormlmnpln !hoog!n,amlhxvn
had great p 15|
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Adam was told 1o dll the earth by the sweat of Ins brow
At finst, if Ins wheat crop were poar due to duease, e would
need to tll more ground and sow more wheat or go hungry
Until the day came when he could treat his seed chemically
and 30 destroy an 1t the mucro-organlsm caunng the disexse.
And within our own generatron there has been sudden great
flowenng of chemeal products for Adam s garden. He need
o longer use simple and obvious things like copper or arsenic
on his food. For instance, tetma-methylthturam— thiram , for
short—can be used in toy amounts (2 to 4 [b per acxe) o
destroy fangus in the soil and thus increase the yield of sugar
beat. Peas, beans, carrots and spinach seeds can be treated with
it, and afier use on flax seed bigger crops obtamed.

To prevent scab disease on the apples in his garden, Adam
need 0o Janger spray the trees with large quantines of sulphur
In America they we fernc dimethyl-dithio-carbamate—
ferbam , for short. Ferbam, untuckily, makes a black spray
and coasequently makes black marks on the apples. In Brtun,
therefore, we are trymg znc dimethyl-ditho-carbamate—
nram , for thort, of course—s0 that we need not see it on the
frunt.

There are many wib with long un| bl
mu(mxewiﬂuhbreﬁmommdnomewtbout)ofnrying
degrees of tomaty, winch are being designed for application
to seeds or leaves to cope with the diseases which affiict crop
plants. Other even newer chemicals have been mvented which
ﬂrplmudﬂwupﬂlrmxghtharroou,theymthmimmmt
to diseases that they mught contract In later life. Tomatoes—
and camations—have been thus dered to wilt,
and strawberries to a dosease called red core
The magnitnde of this aspect only of the chemial revolu
tion which is increasing the world s supply of food and at the
sams time relieving man ¢ labours in the fields is most dramad
in soms ways most unexpectedly—shown by the
fact that the country m which the use of synthetic fungicudes
seemns to bave made greatest headway so far 1 Japan. Most of
o6
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the Japanese rice crop is grown 1n flooded fields under con-
ditlons :deally favourable to fingus-born diease. The degree
of loss from this cause was not appreciared unn! tnals of the
new fungiades were started. The young dee plants were
dipped in dithio-carbamatr salntion before being transplanted.
In some instances, the yield of rice was increased by 30 per
cent, Today, the chemicals are imported by th:lnmd.red:of
tons and the average amount of extra rice reaped has increated
by more than 10 per cent, equivalent o half the country s
desperate need for lmported rice.

The Introduction of new, spacfic chemicale—that 1 chemicals
designed to cope with one special infection—to prevent plant
diseass s only part of the sclentfic revolution we are dis-

copper and arsenic known m Pams Green and Bordemnx
Mixture held the field from 1870 and 1885 respectively Then,

phosphorus
absoth through thewr roots and which render all their tisues
toxic to insects. The Insects leave them alone and we eat them,
foctified in our mind by the assurance of a monograph of infor
mation collected by the World Helth Organusation of the
United Nations that they are not toxic to us

Inoneufhh—P G Wod:hmnalfzhluubounheidlench,n
versatile , Whose
Testorer was pmvmg a financial f:ﬂm-e, marketed it wnh

sucoess a3 a depihatory A third imp sclentific

advance, whkhucxcrﬂngnm:}armﬂnmmuuanworld
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todxy, was—it must in embarrassed homility be admitted—
Inmnched in just this manner In 1953 a report was published
in a Betlln jourmal that certain synthetlc organic substances
possensed the power of samuloung the growth of plant cells.
Before very long, however, these substances and others Hke
them—these botamcal hadr restorers—were being used a3
weed kiflers, The ponsiulity of using them in this way arose
from the fact that they affect only certan vaneties of planty,
including many to which common weeds belong, but do not
affect the botamcal varieties of which the crops themselves are
members. And their killing effect i3 due to thelr sumulating
the growth only of certain types of cells m the plants that are
sensitive to them. Consequently, the orderly growth of thess
plants is durupted and they die.

If ever a man looking for a needle in a haystack discovered
a crock of gold, It was the blochemist invesngating phnt
growth stmmlants who found that he had weed killers instead.
By 1947, the area of crops m Great Britain alone treated with
these ch

Is could be d in the lnmdreds of thoos
ands of acres. By 1952 more than two million acres were
covered and in Canada one substance alone, 2 4-dichloro-

phenoxyacetic acd, was reparted as being used to keep the
weeds off five to ten million acres of grain!

All Xinds of weeds can be encheated chemically without the
need for lnman sweat: charlock, poppy ragwort, horsetadl,
buttercups, nshes. And many types of crop can be mifely
protected, not only com but tomatoes, cotton, rice and sugar
beet as well.

Weeding by chenustry, although a remarkable way of in
creasing yields of food and saving work, is not being achieved
entirely without difficulty To start with, you need to be care-
ful what you do with these new and powerful saeanfic tols.
In the United States there have been occadonal acadents when
weed-kller sprayed on to Hee has drifted on to neghbouring
fields and senously damaged the cotton crops growmg there.
Then agam, jst 23 the American house-fly has today mansged
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toldap(mdftolwholzblnu'ynfthtncwerimccﬂdda,m

mmufdefwdingiwdf:gﬂmtchlomphm c acld
herblcides and, after rmava{ng&nmxminmnluxymubtk,
again come to grow, & they sy, Hke a weed. Another odd
trouble b been the ohservation that hens which roam about
where these woed-kllers have been used sometimes fafl to lay
a3 many eggy & before and the eggy they do bry do pot harch
30 well

Most subtle of all, of course, for the thonghtful scientst 19
the philosophical question of defining what a weed is. Ir s all
very well to sxy that it 18 # plant out of place. Bat, then, are the
wild flowers of the hedgerows out of place there? In Gloucester
shire and some other countles they have been studying the
effectiveness (fram the polnt of view of a county sarveyor, of
course) of conttolling’ the vegetation In ditches and on roed
side verges by these new techniques. And a spary of selective
cbanlmlwccdkiﬂawxﬂatumlnmthewﬂdﬁawmuweu
as the other planrs you

m:ﬂm:dhnﬂnlrcvolnuaninfoodpmdmdonmdln
ﬂvlngoldA.dml&vmdﬁhbouuobeeﬁd.dhnrcmnhhh
possibllies. stic bebicides can be d 1 not only
tokillwuzphuumdlawodnsalmc,baukomaﬂ’aﬂ
oaly certaln parts of a particnlar plmt. For instance, oneo has
been used with some success to cruse the leaves of the cotion
phant to fall off so that the cotton can be barvested more effec

by machinery The ame pandple is belng studled In
Kenyawherea 4-§ trichlarophenoxysacetcaad s being sporyed
from meroplanes to canse the leaves of a whole range of trees
and shrubs to fall off 30 that the teetse fly aball be prevented
from sheltering under them.,

The most remarkable fexture of this whole business, this
schentific advance, fs it speed and its silence. We seem to have
looked roand and found it suddenly upon us with all its
extraordinary umplications: the fingicldes, the lntectrades and
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It is 2 happy event that the great practical mgnificance of
what has been achieved is, on this occaslon, conpled with the
connderable phulosophncal ugni of the discoveres we
have been describing, The inventlon of a steam-engine or an
acroplane had an immense practical effect but nelther machine
represented much in the way of an advance in human thought,
One could imagine that if a Chinese philosopher had hap-
pened 1o design either machine he might have constructed it
for the amusement of hus friends but would hardly have used
1t as 2 means of revolutionising civilised life.

The saentific developments that we have been discuming
in this chapter represent a remarkable degree of biokogical
control, that ia, the control of cerin chosen living cedls in
the presence of others whose normal fife remains unaffected.
It is malutary once again to recall that the potent effect exerted
by micro-organisms on lbirger Hving creatures, whether they

the graln or fruit to which the spechally deslgned chemlal
andseptlc 13 applied.

Development of the power to kil hat been 2 conustent
feature in the history of man. To the natural philosopher the
attenition given by men to kdling other men s a dull subject.
Few people can serlonsly interest themselves in the squalid

quarrels of insgnificant Scottish clans,
and the same type of activity multiplied to the larger scale of
recent wars is equally uninteresting, The blologyal struggle
berween the human species and the insects b, however, 2
topie worthy of intelligent though.

H. G Welh once wrote a vivid and fnghtening story called
The Kingdom of the Ants A broken-down gunboat commanded
by an incompetent middle-aged captain with a Scottrsh englneer
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and a cew of South American milita was sent & ten-day
journey up the Amazon, There they found a township on the
verge of the jungle forests deserted of all human Hfe, It was,
however inhabited by ants of a new vanety allied to the leaf
cutters. Their behaviour was commanded by soldier ants of
high intelligence and equipped with posen carmed by certain
of therr numbers. Their advance through the jungle showed
every sign of being a planned migration. They showed them
dmaplhleoftmmﬂﬂ.ugnndcrdm:ofconddcﬂhledu——
and they expenenced no 1 despatching the chief
mmofthegunbnuwb:wunm:hyﬂmmmmndumm—
noltre the sitmation. The gallant commander then fired the
brasa gun with which his vessel was equipped and, after this
weffectial demonstration, withdrew down rdver
But it Is not ecessary to call upon Mr Wells 2 imagination to
appreclate the evenness of the struggle between these two
powerful groups of crestures, men and insects. Part of the
history has been told by Zinsser in hus clussical book Racs, Lacs
and Hissory In it be recounts some of the great phgues that
bxve mvaged humanity ax mere mcidents tn the efforts of the
diminintive louse to find space to live a Jousely life. Mankind
to have achleved victory in this battle by invent
lngD.rs Another contest aguinst an insect lns not yet been
there are etlll termtodes where man cannot Live xa
mtzrbu:meofdrwnﬂy The biblical plagues of locusss
are also atill to be reckoned with, Mankind has the sclentfic
knowledge to settle this bartle, 53 was demonstrated by the
entomologuts of the Middle East Supply Centre dunng World
x::ILUnfommndyzhcpoﬁdulmmmonmem:Emw
%02 to be Iacking. Agamst thus background, the new
ldm&gﬁrh;wkdgncfbwmkmimamthnwmﬂmhﬂ
wue est the phints we need for food ourselves is & worthy
achievement.

tdenﬂﬁcadv:ncummlynpmuhlxgcrunda
standlng of life. Blologists, and philosophers for that matter,
have for long been interested in the respective influences of
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beredity and envirenment an living creatures and on the cells
of which they are composed. The fungicides thar attack the
plant disease organiems, the insecticides that destroy the para-
sites and the chemical weed-killers that cut down the compets
tors of tha growing crops all brnng their influence to bear o
environment,

The single higgest influence we wield on the environment of
growing things, whether they be bables, plga or fields of com,
18 that of nutriion. So far a8 man 18 concerned, the most Im-
portant contribution that natral philosophy, a3 expressad
through chemistry has made to nutrition has been to increase
twtal food production. The findamental nutntoml deficlency
in the world todsy is, as 1t hes always been, a defidency of
calorfes, that ia to say, too litle to eat. In 1946 & Cambridge
sclentist wrote as a preface to one of his papers a review of the
history of luman lumger He started mernly with a repost by
Heslod of a famine in 700 p.c., continued with a drcumstanthal
account from the Second Book of Kings and, after nodang
586 other references to the scientific lirerature, ended wnth the
medleal account of the famine in north Holland in 1945

Living plnt celks, like the living cells of anrmabs, must be
nourshed. Plants create calorles from mm and sir and con-
sequently do not need to be supplied wath them, but they
posess other wants, True, sclence has systematised the know
ledge of plant notntion and extended 113 bounds, bat we must
always avoid the danger of belleving that we moderns have
done it all.

We thiak our fathers fools, s0 wise we grow,
Qur muer soms no doube wall think us so.

References to mamning occur in Chinese and Egyptan
Lteranure as well as in that of Greece and Rome. Liming b
abso of some antlquity snd ground bones and guano have been
used at least since the beginmng of the nineteenth century
Since the tame of the field experiments of John Bennert Lawes
at Rothamsted and his patent for superphosphate taken oat in
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1842, the e of arnficub ha become ono of the great
examples of the applcation of scientific thought to the practical
improvement of mankind—ar if not the improvement at least
ths preservation of munkind from hnnger

Sir William Crookes, in his presidential address to the
British Association in 1898, calculated thatif tha supply of wheat
Was 10 keep pace with the growth of the world population, it
would be necessary to increase the yield of gramn from the then
level of 127 bushels per acre up to 20 bushels per acre by 1928.
To do this, wid Sir Willam, would require a total dreming
of twelve milkon tons of nitrate of soda, & fantastlc quanty in
the scaentific eyes of 1838, Today, of coune, mare than twice
&3 much can be made each yesr in factones that fix’ nitrogen
from the air, and the total manufacture of chemical fertilisers in
1950 was about forty million tons. In addition to this, nirate bs
mined in Chile, while whole Pacific shnds composed of the
acommulated droppmgs of myrads of prehistonc scagulls are
carted away to keep up the productlvity of Austrulian farms,

Bat blood will out, as they used to wnte in the romantle
novels of a hundred years ago. In these stones, environment
was nothing, The bero, stolen from hs cot 23 an infant, spent

under

gentleman of refined taste and sensibility and showed no tmace
of having picked up bad habits or a cockney accent during
the lang years spent a3 a kitchen porter in Stoke Newington.

Paradagicall lthoagh the 1 m-

o4 -
fluences brought to bear on plants by the genius of sclence
Bave had impormant results, 1 we have already described, the
greatent ncrease i food has been achleved by In
fluencing hereditary mather i 1 factors. The
yreld of wheat has, it is true, been subsanmally increated by
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the und ding of the req of plants for nitrogen,
phosphorus and potash and the invention of means to

these needs as artficial ferthsers. Nevertheless, the major in-
crexse In the world s food supply has been due to the sdence
of genetics, By the direct applicanon of genetical principles
it has been found possible to breed varietie of wheat that are
capable of growing in parts of the world where conditions are
too dry and the teason too short for normal varieties to thove.
In Canada, for example, enormous areas of what were barren
plains in the west and north of the country can now be used
to produce these new vanetles of wheat. It is the ‘blood lnes
of thess strains, that is, their hereditary background, that ha
been the dominant feature in the practical succes of thiy
apphcation of sdentific philosophy to practcal affairs. Bat
the chosen strains do not possess their noble blood by accldent.
It is pat into them by the logical applicanon of genetcal
science. And not only can breeding give Marquis wheat the
ability to grow In countries where no wheat grew before. It an
do more. Between 1925 and 1933, the snnual loss of wheat
from a disesse, rust, in Manitoba and Saskatchewan was thirty
five milion bushels, Chemiaal fungicides to remove rust
disease from the environment were ineffective, A croms-bred
grun from the {rregular union of two separate Marquis
matings was made. The offspring of this union was called
Thatcher and it s resistant to the most damaging of the fongus
diseases afflicting wheat. Phint breeding can help to Increase
food supplies in other ways. Wheat, for exmmple, can be
modified to grow with z short stalk, long enough to allow It
to be garnered with a combine harvester but not so long that it
would be beaten down by wind or raln,

That the sclence of genetles could, by increasing the wodd's
wheat supply, have thin so significantly contributed to human
mutntlon would have come s 2 surprise to Thomas Malthus,
Of all men, the clergy tend to be most bomocentne. Living
creatures to them are people oaly, not Hee or plnts. To the
natural philosopher, be he a blologist at large, 2 genetlast o

104




CHEMICALS FOR ADAM 5 GARDEN

a chenst, the mechansm of plant genetics Is as wosthy of in-
vestigation as are the genetics of a winning Derby home or a
man. And genencs is beng increanngly recognised a3 a field
for ckewncal study

Ageuehpnnof:chmowm:wﬂchbdnmunmﬂtln
the plrysiology of a celL. In certain types of chromosomes that
bave been very closely studied there appear to be abouat 30,000
genes In each, And each geno is approximately the same sae
132 chemical molecule of protein. Furthermore, it is now clear
that the way genes affect the appenrance and character of the
Living creatures whose destiny they control is through the
exercise of & specific chemseal function.

In 1936, Rose Scott-Moocdeff in Cambridge was invesd
gating the factors controling the anthocyanin pigmenns in
plants—and what better pumut could be concelved for
mmn! philosopber than to study the colours of flowers® As
a result of this work 1t wes s0on possdble to give an account of
thirty-five different genes concerned m the vananoa fa colours
between different kinds of flowers. Each of these genes was
found to coniro} a precise chemical difference berween the

calar place—and the flower coloar to be affected accordingly
Another gene added a CH, groaping at another part of the
molecule. And 30 oo

The Abbé Mendel founded the scence of genetics by study-
10 the colours of sweet peas. The prisciples by which coloured
sweet pea parents influence the colours of thelr offspring are now
known to be the same as thoss by which amumal parents transmat
thelr inherinance to thar progeny Nowi:rppundmthe
Mendeian genes, which are the active agents carrylng the
duncterstics we wnhent, atuin their remls by a specific
chemical effect—and thus produce improved wheat, or per

baps an improved man.
Of all the chemicals in Adam s garden, the one mast worthy
of the attention of the philosophical sclentist is Adam himself
10
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MICROBE CHEMISTRY

ScigNcs has been used very effectuvely to do practcal, in-
dustra) thingy, to make stexm-engines and motor-cars and
clectric lamp bulbs, We have also seen how sciennific thinking
can be apphed to problemy of humman notriton and food pro-
ducnon. These are, of course, aspects of applied bulogy But
having discovered how hving cells work and bow they maau-
facture for themaelves the substances they need for ther own
well-beng, «t has not taken s long to bend the biology of
other creanres to our benefit.

There u a well-known story of s man who furnnhed a room
with all the horories of civilised living, There were orpaments
on the mantelpiece, carpets, curtzing and fusmsture of all sorts;
the table was faud with the finest cutlery and glass and covered
with 2 damask cloth. There was & prano and 2
bookcases filled with bound volumes fned the walls and 3
bright fire burned 1a the grate. Into this roam the man wntro-
diced a cinmpanzes. Then he locked the door and went sway
After a while he crept back 10 observe what the monkey i
downg. With the greatest cantion he applied hus cye to the kep-
hole, And all be saw war—another eye.

In 5665 & thirty year-old Englshman, Robert Hooke, who
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combined mechancal akill, inventive genius and extraordinary
sasnufic inught to a high degree, pubhshed a book, Micro-

new and unsuspected universe of the very small. One of the
first deawings be made of this fairy woeld thar he now maw
existing in the very sama living-space a8 his own was of the
compound cyes of a dragoafly Eyes winch, ke those of the
dog m the falry-stoty, were a3 large as cartwheels; although
they bad been looking at us for ages they were being scen by
us for the fint ume.

The first men to fly did so panly for fun—as a matter of
E.t—andpardym:eewhﬂhcrﬂyingmuldbedcmc;whcthﬂ,

o, it was sclentfically feaible. Soon, however, avianon
became a matter of everyday commerce. Space travel looks =3
1f it may never enjoy even a bnef interval as an achievement of
buman thought and firs but wall start nght off s a businenlike
affatr of economics and palincs. The little wodd of micro-
argantims has been explosted almost 23 soon a3 1t hae been dis-
covered. Neverthelem, its discovery and use 13 a remackable
eumple of sclennfic achlevement which has not received the
general recognition 1t deserves.

‘The 1nit] spark of mmition that started the whole traln of
discovery must be attribated to Louds Pasteur, then engaged
as & chemist in the hnmdrum task of investigating the rexsan
why wme went sour. From ks ongmal noton that the yemst
first seen by Antond van Lesuwenbock in 1680 o ded
egg-haped bodies, and only recogrused 1 being a living thing
by Cagntard de la Tour in France and Schwann in Germany m
1335, was the active creature that was changing sugar into
akeoho] in beer wort cams the whole sdence of microblology
¥ we know it today

Telsi ing to ber that the inhat of the in-
vasible underworld that enjoy the carth with us are as vaded
in size one wath another 21 we aro In comparison with the
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anumals of our vimble word. For example, x yeast cell is one
of the elephants of the microscopical underworld, if it were 33
big ay a fiez, 2 man would have (o be 600 feer all to maintain
his exuung advantage. Besde it, these are bactersa causomg
gangrene. They ave as big as horses. The psiteacosls organbsm
capable of tranxnutting pacrot disease 13 the size of 2 guinm
Pig. A scale smaller ace another whole group of living things,
the viruses. The wifiuenza virus 13 a3 big as & Immmmg bed
or a small mouse compared with ous lumbening clephantine
yeast cell, but the foot and mouth disesse arganism, pawedil
and destructive though 1t 1, would only seem as Luge @ &

gnat.
A philosopher, 1t 13 sud, 49 2 rman m asmour He can defend
himself agansr the troubles that beset an {udsvidual becanse
his philosophy teaches ham to expect the sort of things that
fe can bring. The t, the nameal philosopher of today,
carmies equipment more up-to-date than armour Galiko,
Hooke and van Lesmrwenhoek in the h cronsy
m;g,hxhxmm:mdytbcmnmafmmumhfew*ﬂllﬂm
mcroscope and the great Newton showed hum what kind of
things Light rays wese that were focursed through the com-
pound lenses of s matrument. But hght rays are too coane
allow us to tee the detailed strucure of hving matter of ©
identify the smallest fwing bengs there are. So, 1 our cwn &,
we needed to mvent the electron microscope. This s nuds
m principle to the opucal -pccxmpnhmtmuw
?fm?ykuimdofbnmofhghhmd)ﬂcb?;eﬁ
ocussed by sumbly arranged magnenc systems in
thclzmuthanmlzbeapumlrynqn“:fammﬂx!ﬂ]
mstroment. An electron microscope allows oue, if 6oc 19 ¥
‘Wrguo{mdiuorgamofbcomouou,atlmtomww
#rap! .
T'bemotﬂhwny:thmaﬂmmbﬁmﬁ’&md“?’l'
asly some are more equal than others, Perhaps the gres®
pbil phical d v of } ‘T'sdcnc:indwtfw
century ss thas what consttutes life on earth, whethes it b¢ B
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a King Soloman, a fruit fly or a micro-organism, is chemically
the sams thing, although m some bacteria it 13 a litthe hfferent.
In the words of Szent-GyBrgy1 quoted in the next chapter, tha
energy for fiving is obtained either by combusting some fuel
matedal in one ¢ cells wath the cxygen n air, or by the splithng
of the maternl into parts. And in both processes, a
similar et of blochermcal tools is used by all sorts of creatures,
large or small, warm or cold, microscopic or macroscopic.
When a man s fn a great iy to get energy and has no
time, or for some other rewson, is umble to wse the more
efbdlent procens of combining his blood s sugar with cxygen
—for example, if he is trymng to run & hundred yards in mmne
sccoods—smatead of combusting sugar he merely splits 1t and
Iactic acid accummlates in Jus blood. Yeast, which after all hey

although it was only recognuced in the nuneteenth, can respirn
ks we do. Bur, as has aleo been notlced since the days of
Noah, when it splirs its fuel instesd of fully burning it, it pro-
duces, not lachc acid Hie a mam, it aleobol
Furquhnlmhmﬂzlpdodofhumrlnlmymum
among the of the
wurchnwehnnnnbdugrnndeuuoEWeooﬂmn:dabohol.
thelr wasts product, and drank it for its taxc properties & wine.
The other by-product, carbon dioxide gas, bas been employed
to Jeaven bread. But the use of yeast in this way derives from
the tma before micro-organisms were domesncated. Nowa-

md, surprisingly enovgh,
more mutntious than those from the jungle fowl In just the
wame way yeasts have been domesticated, although it takes ten
mﬂﬂunofd:nedq:hamohhemnubewddallmndmg

Ider to shoulder (a truly Kipli conception) to be

st vasible 1o 13 a3  speck on the back of our thumb-nsil

Yeast, this oldest of man s micro-friends, leavens hrs dough.
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He uses 113 excretlon, alcohol, to drink; or, as industral aleohol,
for 2 motor fuel, 2 a solvent or as a raw matenal for a host of
manufactured chermeaal products. Nowadays, even its breath,
carhon-dionde gas, is compressed Into 2 sohd and used for
maling we-cream, or cooling machine tools,

But we are not sansfied to stop at wing the natwral hfe-
chemicals of the yeast—the carbon dicxide and the alcohol—
a1 major indnstmal commodities. Scientlfic knowledge of the
mechamsm of life now enables us to interfere with it to oar
own advantage—and the interference about which I wish to
wnte now had that most potent of luman motives, war The
chemical reacvity of sodium sulphite is such that 1t could be
deduced that it would paison yeast in a particolar way And m
fact when the experiment was tmied it was found that it did so.
Now, if one goes into the nght chemical factores and looks
in the right place, there can be seen great vars in winch yeast
intoncated with sodium sulphite is struggling to ‘breathe It
cannot grow 1n the presence of the sulphite but it does not die.
Instead of producing aleohol, it major by product becomes
glycerol. A harmless, sweet msting, sticky hqusd, 1t might be
suxd, sometimes called glycerine and used in cough Jozenger.
And why be sentimental about using our knowledge of tho
chemistry of hfe 1n this way since yeasts cannot feel? Is ftnota
triumph for the sclentist that the giycerol is converted mto
explosives of war?

In studying the basic blochemistry by which living cells ive,
it Is Jegimate to argue from what happens to white rats and
guinea pigs to what is likely to happen to men. And with only
2 comparatively few reservatiana, it can be assumed that, by and
large, what goes on in the cells of microbes will also be occur
ring 1n our own cells. Yet there are certain differences which,

of a special and peruliar chemical substance.
Fmrs lives in soil and 18 30 far undomesticated but it is well
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known for the specal compound it produces. There is a report
m a sdentific text-boak of 2 woman who opened 2 contatner
of bottled stnng beans that she was going to cook for the
family s dinner Notlcing a fimny smell about them, she took
a plece of raw bean and pat it in her moath. It tasted a ‘bit off",
50 she threw the rest of the bottle sway But the plece she lad
ndum borafmum, ooe of the most posonous substances
known, and 1n five bours she was dead.

Clostridium acetobugyEcum 13 3 member of the same family a3
Chostridizm boruEmon but merdifully is not endowed with its

grimg energy by
breaking up sugar molecules intoakohol (tutis, ethylalcohol),
a two-cabon substance, it varied the process and produced
butanol (a four-carbon substance) plus acetooe and & miscel-
lencous collection of other marerials. Thus peculianty in be-
haviour was first abserved 1n 1861 by Pasteur but it was only
10 1910 that the 1dea occarred to ane or two reflective sclentists
that Clostridivm ccetobutyficum mght be tamed and put to
wotk to produce batanal commercally In fact, it needed once
again the spur of war before the bochemuaal philosophers
acldeved an mdustrial process out of a biological mechanism,
And the operatson was put into sction not pomarly for the
butancl but to help relieve the shortage of acetone that was
hampenng the memufacrre of cordite wed to propel nfle
bullets] Today thers are large factories in Great Britun, the
United States, Canada and elsewhere in which thousnds of
tons of acetone and of batanol (often osed to make synthetic
rubber), produced Jennlly by Clostrzdi buryii:

pat to all sorts of indusirial purposes. And just as with other
damesticanimals—the milk cow the bacon plg or the champlon
bhen—se have employed sdeanfic specalnts to breed and
train the organisms. They have now spent years hunting the
lovisible workd—or perbaps 1t would be better to call it the
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subvisible world—for Chstndium m such apparently im-
probable places as the roots of French beans, m stored grain,
even on the akin of goosebernes, n search of strains that will
produce more acetone and butanal when brought into a factory
and fed sugar in the form of, say, molasses.

Of all the drugs fa d by the facturing drug
gut of the Western world today, pemcillin 15 the one of
greatest commercial Imporance. It even outstrips aspirin. And
yctd:hefactthnltw:sbdngprodncn‘lbyamc:f:lﬁoaﬂng
invisibly in the atmosphere was only discovered thirty-odd
years ago by Fleming 1n his Jaboratory at St Mary’s Hospital,
London, W.2. The story of the discovery that this partcalar
and rather unusual microbe, Pevalfum aotatum, wes making
thns peculiar and most complicared chemical has been told
many times, But it Is nevertheless worth repeating again.

‘When a microblologiat 1 studying microbes he usually gets
them to grow in a shallow layer of gelatin, or similar materal,
1n 2 glass dish. Each single microbe grows oa the gelatin untl,
where one microbe was before—only visihle under a micro-
scope—a colony develops that can be seen with the naked eye.
If the microbiologust then picks off this colony with a needle
and grows «r m a flask of sugar or geladn or broth of some
kind, instead of having a mixture of different microbes be bas
enly one sort. Now in 1929, Professor Fleming was doing this
very thing. He was growing a mixture of bacteria in one of the
shallow dishes that bactenologists call Petrie plates By
accident, however, a mould was fiying about m the air of bis
hbonatory and happened to settle on the dish. And there, ike
a cuckoo s egg 1n & nest of sparrows, it ‘hatched” and grew into
a colony along with the colonies of the microbes Professor
Fleming wanted to grow This sort of thing is 2 common
laboratory accident. And Professor Flemmg’s first reaction was
todow’@lmynurmﬂmﬂmhwmkﬂwu}dhnndcmundu

the tances: that ls, put the Petriedish into the sink, wash
it dﬁ;&;;g‘lh]imthmhclmppdmddﬁwhnmmd

re;-e’;rch aften do not do—he looked at the spolled
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plate and he began 1o zhoek abows what he ssw And the coo-
cluslon he reached was that the mould that had sccidentally
gotm,Poualenmmm,mpmvmnngmyoﬁanﬂcmbe
growing near it This meant, s0 he reasaned, tha it most
be produang a chemical of some sort that stopped other
microbes growing near 1. This unknown chemical he called

end of the story A grest deal of hard woek was dase by a
number of people, just to show that it Wi a dificult wabstancs
to punfy and solite for use. Indesd, It was difficnlr 1o deal
with and so easlly destroyed in the laboratory that for dght
years the idea of malang use of it at all was abandoned. Thea
the war began in 1939. Amoag a gumber of others Profesor
Florey and Dr Chawn in Oxford, realisng bow very important
it could be 1n preventing infection in war wounds, began to
undertake 1 serions attempt to get Pencalinm notatin to grow
In such a way that remsomable amounn of the remarkable
chemical it produced could be chained
In 1944, the first commercal supplies of peniclilin became
wvalable, By 1951 the value of the penlcillin prodixed in the
United Stares alone, which is stll the blggest
country, was 137 million dollars. Todsy it 18 used for all sorts
of medical purposes, in some of which it has clanged the
ennre character of a previowly killing disease, pocumoaia for
example, in others of winch it does no good at all and is tossed
m by the physidan for luck (sometimes good Inck, sometimes
not). It {s employed in mamve quantitics as an addidon to
Pig food or poultry ration to exert us effect, sometimes neeful,
' doubtfnl, on the micro-organisms in the digestive
tracts of farm Lvestock. And once the discovery of an antd
hotic substance produced by a mould had been mada by one
of those flashes of intuition which the of sclence
depends, the swarms of w P descended on
all the likely and unlikely moulds and miero-arganisins to see
whether thgy also make something of wse to ourselves, And
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m:ofdmudo,a:i:wnmmcdbydxmptmnyummd
and benicols and many maore.

An:h:rdl&'crmicnmpleofdzdmﬁcmmof:wﬂd
microbe and 1ty hamnensing to the industrial charlot of man o
contained in the modemn hutory of Eremotkecwn askii. In
1928 2 French botanlst was studying a disease affecting the
cotton plants m French Equatordal Africa. He discovered that
thuy disease was due 1o a nucrobe parasite, Eremotkecrom achbd.
The abject of the exerase was to get nd of the nucrobe and
grow haalthy cotton, Other French botamsts got drawn into
the research and 1n 193§ they noticed that nnder some crcum-
stances the mlcrobe contained quite hrge crystals of a yellow
substance, They were cuncus about these crystals and set out
—purely in the mierests of saennfic enquiry—to discover
wihat they were made of. What was their surpmse and, 1 may
sy, that of the rest of the saentfic wordd, when 1t was dis-
covered that they were nuggets, as 1t were, of & pure vimmn.
This itamin, now called rboflavm, was at one time known a3
viamm B,. At once, researchers in Japan, m Swirzertind and
in the United States set t0 work to see how ZEremorhecrzm
ashhi could be tamed. It was taken away from its mamral
habitat on cotton plants in Africa and, just like a wild animal
brought into a 200, 1t was fed on a vadety of artfical diets 1n
an atrempt to discover what 1t would grow on mn captivity
Many kinds of regimen were used, ranging from sugar with 2
mixture of pure chermeal substances added, all the way to 2
thin broth made of kentils. But today ths micro-organism
shares the fate of the penialim micrebe and 19 grown 1n great
vemels in large factories. And when it bas been grown the
vitamun is extracted from it and can be sold by the pound.
In 1948, more than 130,000 Ib. wert manufactured in the
United States alone and used either to mprove bumen diets,
23 2 mediane for people suffenng from vimun defidency, or
in animal and poultry-feedmg rations.

We are genenally aware that the whole of bologyeal creation
1sin astate of dymamic equihbrinm. If the Red Indians are given
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nfles and with them extermmate the baffalo the equilibrum
between buffalo and Red Indlans is upset. If the Earopean
rabbit 13 introduced into the Australaswn continent, its nombers
will increase until a bological balance o once more struck.
And man 100 is in balance with the microbes. They break
down ks sewage and fix nitrogen for hls crops. Some sewage
organisms even do work for hrm.

M, omelzansku can split the molecular substance
of wet dead leaves on marshes and produce the Inflammable
gumuhneuanofthnbypmdumofdrmtﬂon.Smm—
times the ignited gzs flckering in the twillght will give a
will-o the wisp or Jack o hntern The 1dea of nsing ths
3 to do work was first brought to practical frartion, 8o far s
1 am aware, in 1897 when the gas coming off sewage tanks in
the samewhat unexpected envircoment of a leper coloay In
Matimga m Bombay was collected and used w ddve a gas
engine. At about the same time the municrpal autharties in
Exeter m Devonshire used this same microbe chemistry for
heating and highting. In 1927, the engunes used to work the
sewage disposal plant in Birmingham were nun on the methane
produced in the plant itself while in Essen the gus was
piped 1nto the town malns for cooking and lighting

of this chapter surely rep a substantial achi
thinking. Although Antonl van Leaurwenhoek fint saw the

nraitways had already been irvented and the modem industrial
20 was getting Into full swing) that Lows Pasteur realised
that thers was 2 workd of invistbly tmall creatires all around

might be domesticared and he muds to yield sher
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milk or other appropriate secretion. Now, dotted abour all
over the country we can see the gaunt walls and towenng
chimney stacks of mdustrial alcohol plants, penicillin factores,
mamufactories of industrial solvents, or sewage works—and
remember that they are all carded on the toiling shoulders of
the little micrabe people who hve in the interstices of the wotld
m which we kve and thmk,
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Nowanars, in this age of sclence, we expect the food we eat
0 be processed. Indeed, wrthout the modern developments m
artificlal fertifzers to Incresse crop yields, without the di-
coverles of plnt genetics to creare vameties of wheat capable
of growing in northern htitudes of Canada where no wheat
ever grew before, without chemical meecticddes and syste-
matle weed-killers to prevent Joszes there would not be encugh
food to go round. And without the techniques of canning,

dehydntion and preservation by varlous means
it would not be possible to distnbute succensfolly the food
we have to the crowded populstions of our present urban
dvilisation.

Similarly, with clothing, none of the natural fibres which
we use in tzxules are kefi 1n thelr natfve state. Woo! 1s defatted,
bleached, dyed and blended. The producton of cotton is cven
more technical The bactedology of fax wretting is » subject
for a PRD thems. And beyond all these, of course, we now
have so-called man made, or artifichal, fibres. Artifical silk—
or a3 it Is now politely termed, rayon —made from sawdust
a3 been with us for a connderable time; nylon b gradually
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becoming a familr maredal, ardil from peanuts will soon
fulfil some of the functions of wool, and terykene xnd perlon,
to name only two, are knocking at the door All are produc
of modern saence.

Three of the primary objects of man s endeavour on thy
earth are the provisien of food, dothung and shelter Shelter
eould be defined a3 the creation around oneself of an artdficlal
environment more suited to ones comfort than that of the
surrounding out-of-doors, The fire in the centre of the baro~
atal ball soon gave place to the more avilsed fireplace. But,
as we who hive in northern hinnudes know very well, this s
not a completely sansfactory answer to the problem of pro-
vidmg comfortable surroundings. It Is interesting 1o recall thar
during the mghreenth and ninetsentls centuries 3 grear deal of
sciennfic effort was devoted to the improvemnent of fireplaces,
Many of the earhier paients deal with improved dumney pots
and other devices to prevent fires from smoking

Todzy, 1t 1 reasonable to beheve that even the long
safferng Brituh are becomng dumatisfied with 3 system of
warming the environment that, while mingatmg the more
exrreme rigours of the climate, fauls to aveid 2 large measure
of cold and draughty discomfort and 1 accompanzed each year

apply scence and techrology to our food and to our clothing,
w0 an we with equal logic apply the same kund of modern
to the air we coasume. Civilised man considers
that almost all of his food needs 10 be processed and cooked,
Will be not In the future refuse 1o take hos alr raw?
Before the 2939~45 war about 100 mullion dollars worth of
machiery for ar conditioning was sold i the United Stares
each year Most of this, however was for factories and com-~
mercal buddings. By 1953, the magnimde of the business bad
expanded 1o 1,700 milion dollam—more than exght times =3



AIR

out from the wmndow-«lll in a block of flars has becoms in
Amenca as important a soctal symbol and s essentul a featnre
of the good [ife 23 Ias a televasion aerlal for the Bansh semi-
detached bome.

'n:u:mvmmuty'peofdomﬂﬁclir—mnd]douingplmn
on the market in Amenca, A gmall,
n—aﬂed'wmdow—bux’—com:bout;ﬁwomddahwiththe
ar in a single room, A bigger one of about fifteen homepower,
Jooking ke a glant refrigerator wall cope with a tmall hotel.
And then there are several types of central aur.
systems winch will cool the whole atmosphere of a private
house m summer and warm 1t in winter It is esttmared thar,
just a3 all good howses in the United States are now equipped
with cenmal heating, within five years at lesst half the pew
bouses bullt wall have air conditioning as well

It only within the bt hundred years that we have sedously
begnn to apply sdlence o our hves and now that, at last, after

bound to go with a nnh. A basic premise of saence is that
nothing is ever lost. For example, if one warms & room with a
radiatar, the heat ganed by the room is merely transferred
from the water in the Contrarrwise, when the ir1n 2
r:ﬁ-igmmrhcoolcd,'g

up by the cois in the refrigerator Thms baslc and simple
prinaple having been recognmed, it was merely a matter of
sciennfic thinking for there to be invented a new device about
which we are certain to hear & great deal more before long.
Thus bs the so-called ‘heat pum)

Omofdrﬁmofthmm mstalled was in the Fesuval
Hall in London. When the hall gets too hot, the machinery is put
to workand the heat is, 23 it were, pumped out. Becmuse saence
decrees that nothing am disappear mto notlung, the hest bns
to go somewhere—and it goes to warm the dver Thamas.
Should the Hall be too cold, the pump can warm it by gomg
into reverse and extracting some heat from the river. For a
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prvate house, s machine of the ame sort 1 now available,
capable of pumping heat aar of the refngerator in the katchen,
and henoe keepang the food cold, and delivenng it into the
deawing room which is by this means kept warm, Unforume
ately, up to the present, hest pumps are sull somewhat ex
pensive to nun m the domestic home. Nevertheless, when, &
w goon must, we overcome the human inertia which we have
inherited from our pre-scentific ancestors, the equipment for
procesung the air around ur 13 ar hand.

The educated man s views 2 10 whether ar 18 o1 s not good
for him have fluctuated quite widely during recent rimes, In
the early mneteenth century, Emma s father Mr Woodhouse,
was hormified that anyone thould be s mah o to open 1

throughour
Europe and beyond by wsnsting in the weth of local oppost
tion that ralway carmage wmdows should never be closed—
except, of course, when pasning through 3 tunnel. Saennfic
opeuon bas also shown some vanability Barely 2 generation
ago there were serious discusnons a3 to whether 2 phace was
relaxing or bracing  And many a seaside resort made great
play with the beakthful smell of czone on 19 beach unnl 3t
gradually became apparent that it was not orone but decaymg
waweed.

The Bnmbh, belatedly following m the wake of all other
dvilsed countnes of siouley hadtude, have ar bar reached the
conclusion that ft 15 teasonable to make the air in which they
Lve comfortable, It hus been estimaved that, fudging from the
present e of progress, Americans bom in 1960 may expect
10 spend thew eniire lives in #n ar-condinoned atmosphere~—
az home, at school, at work and in all places of enrertzinment
at every season of the year The Anglo-Saxons do niot expest
o achieve 5o complete a degree of techmucal control %0 s00n,
not may they whh to do so. There {3 cune, boweves, 10 nke
the matter renouly

Disagreeable feanires of untrtated air adse from cuses
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other than the weather ‘The Bonsh domestic hearth, wnth its
allegedly cheerful coal-fire, renowned though 1t may be for
nourishmng solid virtues, consumes a great deal of solid fuel and

some 500,000 tons—abont Mlf the total—to the
annmal outpat of Botish smoke. The smokeless zooes esab-
lished by the dlty fathers of Manchester, Coventry and other
places only apply to industry and commerce and have linle
cancern with home firea

Asa genenal rule the mhubltants of great towns just manage
to establnsh a workable modus vovendi with thelr urban ammo-
sphere. In the London area, for example, the norma/ concentra
thon of smoke between Westminster and Beckron in December
may reach seventy milligrams of smoke per cubic metre and
twenty parts of sufphur dioxide per 100 million without caums-
Ing comment. But m December 1943, 2 serdes of metearologyaal
coincldences caused the mmoke and sulphur dioxde to incresse
five-fold and 4,000 people were killed. Although some of these
were old people who, 23 was painted out by certmin commenta-
tors who wished to avold causing alamm, belonged to the
cegory of those who were going 1o die in any event —
others were infanty or merely sufferers from bronchitis.

It was recorded by John Evelyn some time ago thay the
Betish wrap their cites in a hellish and dismal doud of sea-
coals In spitn of a sertes of ineffective legislative gestures since
Evelyn s dme, culminaring in the Beaver repost of 1954 which
confirma the fact that air pollution i m cvil which thould
00 longer be tolerated” it Is probable that the degres of con-
tamnation has grown heavier through the centuries. The
blackness of the buildings and the state of the atmosphere
would have shocked our pre-mdustrial forefathers very much.
It i foemate that the twentieth-century ditizens can at lesst
still be shocked at thelr predecessors drains.

Artifical textiles created by saence ame here to sty w0
supplement the wool and cotton, flax and leather of agri-
mhunhmmnybnmddnmmm’:iﬁwe-
ment on namre. Processed foods are safer, more and
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often more nourishing than the natnral article. The nste of
tinned pineapple 13 not quite ke sams a8 that of the raw frnt
bat many people conaider it 18 ncer With anulogres such as
these ready to hand, we surely cannot avold the conclusion
that processed air Is safer, more agreeable, more sweet smelhng
and in every way betser than the medivm to be found in the
twenteth-century out-of-doors. The domestic alrcondmoner
13 obviously going to take ity place with the refrigerator, the
washmng machine, the mfra red cooker and the television a8
ementlal © cvihised hfe. All the evidence shows that i the
new technological age the widespread suspiddon of fresh air fs

Science has been applied to the study of air in many other
ways than just to consider its qualities as a comfortable mednmm
for Inrman exstence. Air has been hquefed and used 23 2
refrigerant for substances that require to be cooled to low
temperatures. It 18 now being used as a fuel for rockets. The
separate components of air lave been botled off one by one in
just the same way that the hrandy is boted off wine when it is
distilled. And so the oxygen, the nitrogen, the argon, the helmm
and other rare gases, only discovered to enst on earth after
they kad already been :dentified by thetr spectra as existing
the sun and other stars, have been

It is a very characteristic feature of scennfic thmking, a3 I
have mentioned once or twice before, to consider facts and
observations 10 the absolute, as it were. We ordmary mortals
are always modifying the way we recogmse facts by a whole
series of extrancous considerations that really have no bearing
on the matter in hand. ‘My dear says the grand lady refemng
to her party of the night before, there was nofody there at all.
But nobody! She does ot mean, of course, that the roon was
empty but merely that there was nobody present whom she
considered to be mportant. For a very long time the bnck
maker and the concrete manufacturer, like the soaety leader
at ber party would have ignored glass as being merely some-
thng to look through or make bottles out of. To the sclentist,
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its tensile strength, compresmibility, im weght and hear
resipane qualities can be assemed along with the quakties of
other substances to see whether 1t 1 fitted to be tsed 21 2

building materfal.

Nowadays, the phyncal properties of air have been smersed
in a like manner and it is being waed as pt one more aw
matersl on the basls of s mechanical strength. At one ime the
posibility of constructing a heavier-than-alr machine capable
of flying was conndered to be a3 remote as the idea of an iron
ship. Bat the mccessful experiment having been camed out,
the screntists have now collected a large amount of data on the
precive properties of air as a supporting medhmn.

Alr, like concrete, does not possess mnch temails sirength
but is valmable on account of It rensmnce to

mechunical devices to which power is transoutted m such a
way that they can pick up, put down, tum over and genenlly
abour tha comp that are undergoing the process
of mamifacture, These tongs and gmbs and pwbers and
pallers can ba powered by mesns of rods or wires. But in
marry arcomstances it i found mare convenlent to move them
abont by rods (or columms, if you prefer to think of them s
such) of air. At one time the brakes of ralway traing and beavy
commerchl velicles were wurked by means of metal rods or
wire cables. Nowadays the same work is more conventently
achleved by using ar as the material transmitting power to
the brakes.

Professor A. M. Richardson of the Univeruty of Tlimous has
recently in a stdking manner taken advantage of the mechanicl
propertics of alr to use 1t &3 @ structural materal When the
snffness of ar was considered in 2 saentfic manner and
corapared with that of other substances, it was found that 1t
could be employed as a filling for pocumanc bicks The
bricks are triangular about thres feet on each sde and four
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phade soch a8 Mylar, polysthylene or samm Needleas to s3y,
the pocumatic hacks, though found to be strong, are very
rmch Hghees than conventiona] backs and can be used, for
example, to construct very luge domes, ‘Endrely new possi-
bilitles i hotnes, schools, storer and commerdal and factocy
bulldings may be provided by the hricks, writes the technical
journal reporting Professor Richardson s project.

It was o anracls of rare devecs,

A sumny pleasxre-dome wazk caves of we!

Bat the scdennfic achuevements m the we of air &3 2 structural
materal, whether for building purposes, for the working of
machinery for supporing actoplanes or collecung the dust off
carpets, are not by any mesns of equal nterest 10 those that
have raken plce in our understanding of the function of alr
for b

The active consniment of air is the oxygen m 1. Almost ay
000 33 oxygen was ducovered to exist at all a major advance in
sdennific phiosophy occurred with the recogminon that the
aappung together of carbon and oxygen wes one of the base
chemical sources of all energy on earth. Every schoolboy now
koowa that when you warm up a thin sack of wood hotter and
hotter, suddenly a point w reached when the carbon of the
wood and the oxygen of the alr begin voraciously to combme
together and go on dong s with so greas an evolutian of
heat-energy that we sec a flame. In 1780, Lavolsler, the first
man to apply the balanee and the thermometer to the investiga-
won of the phenomenca of hife, opened the modem et of
the suence of biclogical energetics. L2 vie est une foncton
chimique, be wid. And he mesmured the amount of oxygem
consumed by a man each hour and refated 1t to the food con-
sumed, the wark done and the temperature and from ths be
saw that bfe was mnderd a fame in which carbon i burned 1n
oxygen. The carbon comes from food, the axygen from sir
and the amounts of each can be meagured,

Lavolier’s flsh of jnught was 0 indersand that Bife wara
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burning, but slow and contralled bumning compared with the
abrupt and catastrophic chemustry of fire at 700 C. Food is
caly the hnlf of fife. Without air, with its active fllmg of
the combustion of the carbon in food cannot

‘wenty years or 0 230 a number of those who had worked
with Sir Frederick Gowland Hopkms at Cambridge combined
together to celebrate hus seventy-fifth birthday Each of them
wrote an essay touching on some aspect of the new ideas on
Life that this one nun s ideas had in whole or in part imbared.
One of hus disciples, Albert von Szent-Gydrgyl, by then pro-
fessor in the Univernity of Szeged in Hungary wrote about the
glimmezings of a fresh conception of how mr and 11 oxygen
works in our tusues. What Szent-Gytrgyi wrote aboat a3 new
m the fourth decade of the centnry can now be seen in the
sixth t0 be only part of an elegant ity of binlogical mechan-
m exrending from the timmes of man to the leaves of the pink
flowering glamicus stone-crop.

Szent-Gydrgyl wrote that whatever a cell does bas to be
paid for in the currency of energy If there 13 no free energy
avallable there is no life. The animal cell does not generate its
own energy It obwins energy ready-made from outside m
saull parcels which are the molecules of foodstuffs. The cell
knows two methods of getting the energy out of these male-
cules: it exther fragments them or buma them.

The first method ix feomentanon. It is much the simpler of
the tw0 processes but at the same time it is very uneconomical

a undred without breath—as all good sprinters
do—gouﬁuxygmmhvamo(hh un-
burat In the form of hatic aad.

The way fermensation works is pretty well known. The
splitting of the food moleules takes plice In a mumber of
stagrs. The energy i released bit by it Phosphate in the
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Hving cells 18 intimately concerned in the process and works
like the twusting and untwisting of rubber bands to tranamit
the energy a8 it is llberated. The process of fermentation does
not require air and the oxygen it carnies. There is lirde doubt
that it is ane of the older processes of life capable of main-
taining only the simplest kinds of organum. The develop-
ment of more comphcxted and pretentiows forms of Life
became possible only after Nature discovered amdation by
molecular oxygen, brought to the Yiving cells by the air that
the topic of discussion m this chapter The course of events is
still reflected in our own cells, in which we find axidation and

energy-producing system. About thirty imes a3 much energy
13 released by oxidation. It has been found that i order to
eoable us to make use of oxygen in our nssues we possess &
whole group of peculiardy reactive substances in our cells each
of which forms a connected senes. And these enzymes, 23 they
are termed, are brought to bear on a senes of substances that
form and re-form a3 a kind of cychal conveyor system. The
nature of these compounds only differs in a subtle way—the
elegance of the chemistry can be appreciated by a chemist with
the same thrill of delight felt by a senmtive reader who firt
reads a new poem—from the simpler substances In the fer
mentation system. But these differences allow the wss of alr,
that 13 of its oxygen, to unlock energy for life.

“This simple concluslon wrote Szent-Gydrgyr, gave me
the grestest mennal stiafaction which Thave expenenced in my
life & a sclentific worker. That is why I now offer it to Sir F G
Hopkumns. I would Iike to end by giving expression to my most
sincere desire that oxidation and fermentation alike mxy long
conturue to mteract harmonioasly in the cells of our beJoved
teacher

Since 1937, when this was written, the philosophy of bio-
chmﬂalndmoehmundagoneyﬂmmhcrmmfizadb:
The respuration by which energy is released
knnwumindud?fkmmddmmnpr:nmmbmmach
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differing by one chemical stage from the lnat. Each of these had
been identified and s place m the process assured. Then,
within the last five years or 0 it seemed a3 i too many sub-
stances were to be found. The mechanism that made blological
Tife tick In adr had been naken apart and put together again, but
now there were several little wheels left over Gradually, from
a pumber of confusing observations of different types of living
cells, antmals, yeasts, plants, 1n reports coming from different
nrversities it began to be apparent that a new system of energy-
relense existed, 1 y to that glimpsed by Szent

D alled sedo-hepull This had been first du-
covered by & botanust and s isohated from the leaves of the
peok Aowering glaucas stone-crop. Sedo-heptulose collects m
the leaves when the sun shines on them but disappeans at
night. Hers then was a clue. Our own celb, those of an
inseet, a yeast cell or of a leaf all share much of the sme
mechantem,

In the leaves, Natnre bas srranged a senas of enrymes that
buﬂdup&nnmpknmthdtdbyth:nmmdfm
them Iy 1!

into the p b we so thought
lexy eat, Sedo-heptulose is ane of the intermediate substances
m the chemical chaln by which plants manafactore sugar from
Qﬂ)o‘ndhﬂ.d.egu.mhﬁnglafc:ﬂpommxnglﬂ
ita enzymes oae that gives rise to sedo-heptulose and one that
takes this further into the next stage of sugar synthesls. Thus
the living phant creates sugar But when we eat it wo braak 1t
dcwnnpm,ﬁ:mbythcdmpkmtnmof{mmmd
then using alr and the first type of resplration cycle. Latest stage
of all m our evoludonary development, We use i OuUr OWD
bodies some of the same entymes possewed by the plant. Bat
'hﬂmdnpcnkafma-mofﬂnk:dxmdnmmb\ﬂld
Upv.rgnr,wn:htheenugyofthqmnmmhthcp:mgn
Indt.helmnge"' ._1,.v.r 1 2 an b dL
ungn,ve—nmw;ppan—nnk:mo[meo[dtnme
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enzyme, and have in our nesues this same intermediasy when
we hreak down sugar and get the energy out of 1t again.

A wize man once said that all thought and philesophy was
joined together n one long strand fike a ball of wool, that one
tad only to pull steadily ac ooe end and 2l idess and know
ledgre would eventually be deawn out. Xf this be 0, we mught do
wone for the philosophical sciendst than give him alr



THE DEDICATED CELL

Wien T was a child, forry ar so years ago, and used to a3k the
sort of questions children do—for example, “When a worm s
cut n half, how do the separated parts know whether to grow
anew hiead or a new tailP —people used to tell me, “That s one
of the mysteries we are not miended to understand. Nowadays
we all know that science 8 wonderfol and can answer every
question, Or to put it mare senomly, the philosophy that we
of the automanc age belleve is that thers is no subject that

Bat iz is not 30 very Jong since 1905 It was in that year that
Ehmdnamnmdrmndndm,wldybucdondubw,lh;
mays and encrgy migly be interchangeable. This process
thought could be followed by any capable mathemancian with
astump of pencil and a plecs of paper Iis perhaps unnecessanly
d h firmation was d d to the wodd =
Hirothima. Today we know so much about tho phymcal
structitre of mater that we can elther take 1t apart—and set
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up a Calder Hall—or pat it together, uung,ny,hyd:og:nat
Bikinl or in the north west of Australia.

“Nature and Natnre s laws , wrote Alexander Pope, hy ud
mnigh:;Godnid,LaNewmbdmdaﬂwuhghL Thatis to
say, three hondred years ago or 5o, Isaac Newton firted to-
gether the masm of unco-ordinated information then existmg
about phymes into a logical system. Ever since, phywcs has
been 10 2 large degreea rldymdlog;uz]lymﬂxfymghnndmf
sclence. By the end of the elghteenth centiry,
wdlwumncmdmdmmdmryohdmﬁﬁcmwhdgeom
which the tidy minded hnman intellect could, without exces-
sive concet, claim domindon. It is mteresting (and perhaps

xs well) to notice how there were among the

Elnstern was, 13 we know, a fervent believer in peace, And in
chemsstry, Joseph Priestley, whose contribution to the dis-
covery of axygen was of major importance m the history of
scaentific thinking, made Birmingbam too hot to hold him
by reason of his perfervid Low Church views as a clergyman.
]ohnDihonwh.o,noLo-pak,invmmdchﬂnmlfommbemd
thus tpalation of chemical ideas rational and
mmagublcwanuakzr

The htest branch of chemistry to achieve the status of a
more or ks completed set of dogmma, capable of being taught
munch:rgnd\maudxacc:ydemd:,vhﬁ capinl T, s

m:dvzncemthcba:kgrmmdofknuwlﬂdge

wxnchfomdnmnmnlmwmwofmmmmdzy
unswand—likeDarwmlOngmafSPwuh)mdly—ﬂ
worth construing for the ordinary non-scientist. Besid
whlch,itfomthc:pnngboa:dforadhamimofﬁdll-hh
difficult for sciennfic people of the 1950’ to pat themselves into
the position of their equals of the 18505 But it is highly
sahrtary for them to do so from time to time.

About 2 undred years 2go, there was no understanding of
the nature of disesse. All the knowledge about infection that
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we take n our stride today oanly began to be discovered in
1860 or thereabouts by Loas Pasteur, And unnl sbout the
soc date it was grnenally belleved that living bodles were

hutberto been considered to be strictly animal substances, it
coald be said that biochemustry had been bomn.

This new branch of science started n a quict way Chemical
substances m fiving tisucs were identified one by ooe. The

of a mosaic of amino acids , fat-conatain-
ing were investigated, and the namre and vardery of
bryd: and docketed. More and mare substances
became avaihble for mchndon m the approp chapters of
text-books to be leamt by t of ed

Sterals, complex components of certun fan, came into the
pleture; bormones and enzymes secreted by spechalised ghmds
such 23 the thyrowd, the liver, the suprarenals, the pancreas,
the duodemim and other parts of the digestive machinery were
characterised one by one. Then came the vitaming,

As the aclemific tools berame sharper and berter analytical

hniques 1 flable the und ding of what all
thess things were doing in living tusnes began by fits and stasts
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Buuhmhvtbcmoncormpcadhrmbmhintbu
march of

or Insance,
dmemtbepemﬂxrwaofdlccbolamm“nthcbﬂeofﬂt

ippopotamus.

Durdng the desenptive phase of biochemutry the sub-
stance chalesterol was discovered in bile, the digestive juice
produced by the Hver And it was granfying to eardy invesd-
guors to observe that into whichever animal they focked
chalestero] was to ba found m its bile. Bur then came the
check! A great hand-book of physiological chemistry, 2 it
was called, came out in which the chemical compoaition of the
bile of a long series of beasts wi reponiad. In ol of them but
onie, cholesterol was duly listed. Only 1 the bde of the hippo-
poamus was it stated 1o be absent.

For some years, e 11 1 1:0&‘.1“1_
lows of miscell formation for mark producng pearly
of wisdom, used to rreasune this extraordinary amtssion oa the
part of Creation. Undl, upon the timely death of & kippo-
poramus {n the Londoa Zoo, the matter was reinvestigated.
Then, 33 might have been prognosticared, the cholesterol was,
in venty, d }in s Dule. Apparensly, the Grst texs
book wnter had, in all diligence, huted every ammal sbout
whose bile mformaton was available and found the mforma-
don—if not the chol b—lacking for the hippop It
only required a {fic suthor to misphrase &
dx@cmfmz&emabomwgmmlmm:ﬂnﬂ
to be started on its course.

Buzdﬁ:wnjmadpphmthcdmngﬁdnofhimbcmbﬁ?
Seventy years or 80 #go, Darwin and the great naturiliss
dtnmemrhmmyr&dmhowwcgmbmmunth
are nov, they said, angel, but mesely members of the animal
H@omwboowemxr:pndﬂpommxhupmmof

1 Todzry bioch th equat tefls us
chwoxt.']’hcmlmmmofﬂvbghnmxxpcdﬂ‘ﬂfc
force It 13 an explicble set of ¢t

mgnhbkﬁmlﬂxiuopmﬂm.mhmdimvm‘yofﬂ-
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biochemutry i now proposing to explamn how it bs we are like
we are,

Present in the nncleus of all Hring cefls is a special compound
called deaxryribonncledc acid’—DNA for short. (Once upoa
a time, chemical compounds were given trivial names, like
hespendine, ionone or obtusatic acd. Now that sclentific logic
demands that we give them systemanc names, thero is a gum
in meaning but, unfortunately, a loss in eophony ) Thus staff

lecule, the stomic

P an of which
b in the form of two cockscrews twined together Experd
mental evidence is gradually accrumg that it is this DNA that
its bereditary ch istics from one generation to an-
other At the Royal Socety s Conversanone, held in London
in 1956, there was a model of a molecule of DNA. It portrayed
the helical cofls, each consisting of at least a thoosand twists
and made p of links of phosphate, 2 rather umnmal sugar,
tibose, and a group of nitrogen-containing bases arranged and
rearmanged in a sequenco of code words , a3 1t were. This code,
we are now to sppose, spells out what kind of cells oar cells
are to be. "

It s interesting to see the odd parallelism between the way
biochemists are beginning to vismlise this long, varied and
twisted tape of DNA and the way in which, m quite a
different field of thought, physicists are todsy—very much 1
the public cye—asing & not widely dissimilar arrangement. The
modem electronic computer is capable of doing a long sencs
of quits complicated things. It b, within the Imits to whch 1t
is deugned, capable of meeting a varlety of external challenges.
And it 1 prepared to cormrect {ts own mmiakes—sgain withn
the Emlts of ats bailt-in capablities. The memory umt of this
maching may be a magnetic ape or drum. Such a drum i, ke
the DNA moleculs 1n the living gene, a hellx conmining 2
vaned pattern in code that tells a whale factory 1t may be,
what to do. The pattern o the memory’ drum is lsid on by
rcurh] P Ity The

patmof:DNAnmla:uhhaEvmgcd],;ﬁwdngofdt
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order 1 which the molecular groups are stung together, ft
derlved from the same pattern 1n the mother cell from which
it was derived. We mught argue that 1f 2 man-made maclone
can already work out P.ALY.E. and pay the wages, play a game
of chen, and make motor-cars, thete 1 no reason why such a
machine should not be made able to reproduce lmelf. If 2
suitably patterned muagnetic tape can enable it to do this, a
sulably camposed DNA molecule can make another cell like
iself.

The electronic computer that {s set up to do accounts, or to
control the marmfacture of motar-ary—or of other clectronic
computers—s programmed by a man who has designed It to
perform 1ts purpose. But who has dengned the DNA mokecule,
in all its elegant complexity, for 1ts purpose? Scientists can give
some sort of an answer to this quesioo. The DNA molecule
is produced by the parent cell from which 1t came. And this
parent was in 1 turn the child of the evolunionary proces by
winch Jiving things of Increaung complexity have been de-
veloped through the ages. Pursumng the matter still further, the
scientist now has a hypothesls to exphin the orgm of bio-
logical life. Thrs hypothesis is supposted on quite reasomable

vid and some experd: 1 abservadons as well In 1953,
Miller in the Umnveniity of Chicago succeeded in demonstrat
ing the synthens of amino acids, the hasic comsnmnents of
protein, from water, hydrogen, ammonia and methane m the
presence of ultra-violet light, These gases and this Hght could
be found m an uninhabited phmet.

Biology, 3  science, 13 1n the middle of a vista in which the
evolutionary process, winch can perhaps be defined in bref 38
fitness for purpose, show Inorganic gases forward
1o the most complex forms of life. In the other direcnon, back
wards that 1, the astronamers see the ‘blology dm&m

atoms constantly being created in the expanding
g::bangbom,uwngounhzhﬁvuhthemormmﬂyﬂﬂﬂ'
ume-scale of this astro-blology and finally,it appears, dymg—
10 become the dense, cold, dark bodles now known t be
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hamgiog mett m space. But with all this knowledge at hand
prudent saentists are not 30 nalve as to believe that they are in
sight of the answer to the queston of bow the DNA molecule
became what It is.

Today the biologists know a grest deal about what happens
when cells become fertilited, about how they begm to develop
in thewr eaddy stages, and about what can bo done 1o interfere
with thelr development by expenmental means at each sage

the kind of environment in which the whole system is
living exert, for thelr part, & reciprocal influence oo what the
tucderns does. Bicloguts know quite a Jot about the geograply
of the single fertifised cell “Thus part of the they an =y
‘B8 going to mem fnro a foot and this part into a And then
they can 2dd some foregn matedal or ct the egg shout and

can Hdensify an centro which makes other thisues
grafted pexr it wm into whatever kind of toue the particular
bedlt-in ouy be argandsing, nerve cells.

b will n the descriptive There are some biologiss who
think that i+ abways will be. But this is, perhaps, unduly pewi
misnc. Be thar as it may in spite of what eeeos  be very
pm:hnmdd:ﬁnic:liochcmhlbﬁmmm.mqimo[dmkd
Ynowledge of the fanction of photphste in the cell 23 the basis
Ofvhzlmcrgy,mdmnavdmdrmomwm,mph
mh-upufdhmddcaddslhtﬂnpﬂdtdtmiﬂlpmmof
living has been elucidatnd—yet the vague blological coneepts
of genes, organisens and ooplasms may explun what the
beologst sees fust as accurately—or just 33 Iozily if we see 1t
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better that way—as the superficially more precise terms of

Newton s lawa of motion, hailed 30 enthusizsucally by Pope,
wero in fact a simphfication of the tmth. About this dmpliaty
J C. Squire wrote, Tt did not last; the Devil, howlmg Hof Let
Einstun be/ restored the status quo. The establishment of
biochemistry as a science m its own right has been a remark
able development 1n intellectinl thought. The understandmg
of the chermstry of how hfe works 15 a major achievement of
the luman mmnd. And the clucidation of the structure—and
probably the function as well—of DNA presages great things
to came. But, before we become too srrogant in our scientific
successes, we still have with us some few remaining students
of what used to be called natural history to tell us that biology
1 2 science s well ws chemistry And even if we know all
about one, we certainly have not begun to know all about
the other Here for us to wonder over, is a single cell irre-
vocably dedicated to ity future. A mogle, fertile cell, cnly
propedy vishle under the microscope. It divides, and dividea
by ltself m 2 pond, or an egg-shell, or a womb—and becomes—
what? A fruit fiy? An elephant? A man? And the &4,000-dollar
question remains to be arrwered. ance 1t has started, how does
it know what to do nexs®

Now we have travelled a very loag way towards being able
10 answer this question. The answer 13 certainly going to bea
great deal more compHcated than we at one time supposed:
The i sae of such sub 13 deaxyribonuclas ackd
and ther possibility of existing in as many permutations and
combinatioas a3 a football-pool coupon makes the chance of
being able to solve an individual problem somewbat remote.
Nevertheless, the purpose of this chapter 11 to show how very
far in this findamental field of biology the sclentfic under
standing of the facts of hfe hus progresed. Indeed, we can take
pelde in the subsantnl advance of sdeatific knowladge that
has been achneved. To my mind, however, the solution of
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material problems, even such complex anes as the nature of the
builtdn gndance that durects the ulimats development of a
growing cell, 13 act the most important challenge to sclence, In
my view, the top problem 13 how to bring the truly immense
depth of sdentlfic knowledge about Namre that our new
tools and increasing experience are adding to every day into
hammony with the other philosophies by which we live? Let
me give xn example,

In paralle] with the stodies of the embryological develop-
ment of creatures from their original cells that wo have been
discrming in the last few pages, there has abso been a lot of
work oa the factors affecting growth 1n animals and those tha
infirence the ultimate ageing of the creature and its length of
Iife. T will take coe aspect of thix.

In 1955 a long sedes of beillfant researches reached o

concinsion. In 2 aowded lecture room in Brusscls
the separate rescarches of three groups of Brtish chemists, of o
chemical team in the Unlted States, and of a new type of X

the same hrilon about the ck 1 fi fon of
vitamin B,,. Tho romantic chain of events had been as follows,

The disease perniclous asaema was first shown in 1926 10
be dus to the lack of sn actve factor obmmable from lver

Tiver and gradually more and more potcat preparations were
prepared, At last 1n 1948, after twenty-two yan work, the
pure substance, now caled vimmin By was obualned, [l
gified chemist who first obtained a few milligrams of it from
some toas of Liver succeeded where lesser men had failed hegairse

actrve mn}wlpxd.Comcqml}yhm
ommmlveprwﬁwfiﬁ‘zﬂmhgﬂmmm
red fractions, and by sy y pumning the red eolour be
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The purpose of the work on vitamin B,, was the treatment
of pernicious anaemia, and this purpose was safely achueved.
Buat within a year of the discovery it was shown that when pigs
or chickens were fed on wholly vegetable diets wath vitamin
B,, added their rate of growth was markedly accelerated. Now
speed of growth i obviously a good thing for a farmer who,
m the twenteth century, 13 occupled m applymg the most up-
to-date sclentific methods to the manufacture of meat. So,
spurred on by the hope of glittering ecanomic prizes, pharma-
ceuncal mannfacturers—end univernity research directors as
well—set their sclentists to work to find the most economic
sources of vitamin B,, It was soon found that a cheaper and
more convenient source of the vitamin than liver was the by
product keft over from the manufacture of the antiblotc drugs,
streptomyan and aureomycin. But while vitamin By, concen-
trates prepared from these residues were being tested, it was
quits unexpectedly discovered that the antiblotics themselves

grow faster, the up-to-date agnenlimrabst can also add penl-
cillin, aureomycin, terramywin or bacitracin, and it can be fed
not oaly to chnckens, bur to nrkeys, pig, or rats for that matter
23 well

Saence is an excellent and effective philosophy as long a3 2
dear purpose, preferbly some cbvious material objective, is
to be almed at. As T have just sald, the farmer s purpose is 1o
mannfacture bacon, pork and pouliry as economically a3 be
can. Provided, therefore, that the continuous addition of antl-
blotics to their food 1 not gaing to encourage the emergence

10 encoursge their mare mpld growth in this way But baving

seen the effect of vitamin B,, and antibiotc drugs on the mte

of growth of anmals, the scientific physlologist next extended

his scope to study therr effect on children. It bas already been
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reported from the United States that the additlon of vimmin

the Bristol Channel, Be that as it may, the avenge Glngow
schoolgid of nins yeass old was, in 1955, 4 feet 3 inches rall
and weighed 4 wone 6 pounds. In 1913 when the Corporation
of Ghagow first began to measure children, the litle girt's
wvenge mother at nine years old was anly 4 feet mll and
weighed 3 stone 12} pounds. Now a great deal of scentlfic

bas been given to the problem of bow to make the
Glasgow achoolchildren bigger and much of the merease in the
shte of the lttle averege nme-year-old gid 1 amributed to
sclenific nntrinon. But although every one in the 19509 bas
10 doubrs that to be kygger Is to be better, very httle thought or
10 thought at all hus been given to the reason for thus belief,
As I huve sald before, science, as curreatly concerved, can oaly
deal wath ooe thing at 1 dme. Of conrse, the child 1 not really
Sugper What has happened 18 that she has got bigger quicker
In fact, at nine years old she i physially, and probably

lly a3 well, Identical with her gmndmother at 51 yeas
old. And now there Is the new sclennific informatica about
vitamin B, and antiluoncs that enables us to cause her to grow
even faster Butforonc:mothﬂmpafmm
knowledgn has that may throw an unexpected doubt
into the mind of the orthodax one-problem-at-a-time scientific

If you keep water-fleas and by restricting thelr food supply
cause them to grow more slowly than they otberwise would
thyﬂvenhanppcrccmlongmﬁmﬂnly of you feed the
Lrvae of the caterpilars of Lymenima disper ooly cvery other
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day, they also Hve longer Onecznpmmdmynndplcm
various parts of the zoologieal Jungle. For ple, ticks,
Dermacentor varabks, wi]llivefouwayunormmcpmvided
that they do not get any satisfactory feeding Once let them
atnach thenuelves to an adequate bost, however, and they will
aver~cat and die wnthin 2 few weeks.

I referred carfier to the classscal experiment of Dr Clive
McCay ar Cormnell Univensdty He showed that if the young
s were given 3 balanced diet with the tomal amomt re-
stncted, thar lengrh of hfe was very greatly increased. There

Hife merely accederates the passing of youth and shortens the
toral fsfe span. Professor McCance of Cambridge b pointed
cut that mothers wha have been livmg ona ‘low plane of nurri-
non h:wbabsa:huboﬁlmmmlmﬂymdphyﬂob@aﬁy
posscsa & hiological sge younger dhan ther calendar ages.
sid, x5 we saw that the phywmologucal age o[d)cbonuOf
European children m 1946 could be inareased m one calendar
year by the equivalent of two years agemg when they were
g;i'vm:dxm@pddﬁpmidiugtmm:dabﬂn.ﬂem-
mented—and the idence from many di con
firms the deduction—that the modern desire to attam the most
napid growth in chddren 13 likely to shorten ther eventual
lpmofhﬁ:.
fi philosophry must be considered in refanoa w pur
pwc.Whaththepurpoaeoqudﬂngknowiedgcobecb&o-
chemisuy of the life procen? What fa the purpose of studying
the mechanisms contralhng the development of the cefl? Why
are we interested in researches about the rate of growth and the
contribution thereto of nitamin Byy? Are we wapply ous undes-
standing of the chemistry of growth rate in order 10 get
children to grow faster and faster even ar the cost of malung
Efe sharter?
Modern orthodox scence has nothng to say about purpose
10d 1, 1n fact, thy and embarrassed at the very suggestion that,
130




THE DEDICATED CELL

& a0 important

been phaced by God ca this globe to spend kis days diggmg
in 2 codl mine or screwing up muts at a travelling bel, the
sacnufic confe took the g and i implication as
0 arzant piecs of bad taste. The prolongation of life is a matter
of saence, The purpose of the extended Efe ks nothing to do
with the case,




SLEEP

Scrznce i todav applied to almost every aspect of civilised
life. The effort to manufacture and export oare goods, which
18 the princpal actrvity of mdustrial civilisation, is suppocted
by scendfic endeavour applied not onlv to the mechanical
techniques employed but also to the people using them. The
art of mamgement is nowadays a science. The bealth of the
wotkers is intensively studied in relation to thefr productvity
The science of nutrition is harnessed to the outpat of industrial
operatives. Housing, the provinon of créches, physical recrea-
tion, right motivaion—all are co-ordinated according to the
conclusons of saentific discovery

At every point, saence can dum sucoesses. But thero are
fields 1 wiuch scientific endeavour, in spite of the collection of
a connderable maxn of information, has failed to achleve any
advance at all. As an example, let 13 take sleep.

Thirty years ago and more, the Industral Farigue Research
Board studied the maxmum number of hours of work which
would give the maximum output of work by an Industrial
operative. Cleazly 1f t00 many bours of overtime are worked
the law of diminishing returms will begun to operate and eficc

12



ence to show that slesp was due to amemia of the brain. On
the other hund, by about 1914 other Investigators came to
quite the opposite view and concluded that it was due to a
rather than a shormge of blood in the brain. In 1935,
a report was published to show that there was 0o
difference in the blood flow to tho head in skeep and in wakeful-
pew. ' We e, therefore, start to think again.

Pavlov, the great Rumizn physologst, whose words are
todsy tken a3 holy writ over the eastern half of the glabe,
mﬂdadllmptobethcmﬂtofltypeofmnﬂidmtd
refex. Pavlov of course, himeelf developed much of our
views on conditioned reflexes and it is therefore not unnatural
that he should have viewed sleep from this aspect. The type of
condioned reflexes which made Pavlov most widely famous
mhscdonapmmenuwhhdop-md@m‘ﬂbd
10 2xs0clate the sound of the ringing of a bell in onc carer of
Lhrmwhhthcappmofthdrdinm Agonglolmdtd
1 the other comer of the room an the other hand connoted po
mdlmﬂﬂiveexpedcm&\vhmthemimkbdlﬂmtddﬂr
lexwon, that 13 to 3y, when they bad acquired 2 conditioned
reflex 'm which tho bell, cven without the dlaner, caused thelr
gautte fuices to flow, the experiment was changed. Nov, the
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gong meant food and the bell disappomtment. In due counse,

, this second conditioned rflex’ was acquired and the
dogy were trained sutomatically to go for thelr duner o the
comer wheve the gong was. Finally, however, both bell and
gong were sounded together The dogs becarne tom with
indectsion, developed neuroses and evenrually suffered nervous
breakdown.

Be thar ax it may, Paviov considered that sheep was due t0
what be called internal inhibidon which is widely irradiated,
extending over the whole mass of the cerebral hemispheres and
mvalving the lower contres of the bramn as well As this

difficult to mietpret. They were based on the face, that dogs,
put on 3 stand and subjected to monctocous sound, ar,

exp , freq peated, were comidered by
Pavlov and his schoo! to set up 3 conditioned reflex’ 1 which
dheep was 20 element.
A theory of aleep, advacced by Clapardde m 1503, 15 that it
nan msunet “We sleep, be said, not because we are iotod
cated or exhausted, but in order 10 prevent cur becoming
wnoxicated or exbausted. According to this thews, aerp results
from a Joss of interest m one 1 enviconment, and we wake up
beesnre we become tived of
A fusther postulace winch lna from tme to tfime recelved
sciennfie suppart w that sleep is due o the accumalation of
some sort of taxio i the system. No research worker, however,
has yet been able 1o give any idea of the nature of this kypo-
thetical substance. One of the prindpal arguments against ths
thenry s that Slamese twin, who ahare the ame hlood supply
mﬂwhomﬂddxx&mbcap&ndwbetﬁec;;deqmﬂm
thes alieged do not peerssasily sleep at the \me
MWombothwitbtbcmah&dwbyBam:
and at the of this century and in 1938 by
Pﬂwsmy%wmhmwmhiww
Another reason for doubting the toxin theory 1 the poor
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performance of many people inmedutely after getting up in
the morrung, when It might be expected that such a toxin would
be at 113 Jowest concentration.
Having dealt with anaemta, conditloned reflexes, instinct and
tomms, ket 03 now tumn our attentlon to an American Invest:

theary

of aleep in an mmportant monograph published in r935. He
soggested that it 1 not s/ap that needs to be explained but
y I -N3 Am L J Y afin; mhmaf

wiat he alled sn evolutloary theary

The theory of biological evolution s nowadays a part of the
geoeral intellectnal context in which we live. At the botom
of the evolnanary tree we have single-celled organisms such
@ amochae, then come the sort of creaturs one sees through

what discredited by modem blologists but it nevertheless
porscases certain potnts of Interest. It implies that each indl
vidral man himeelf undergoes the entire system of evolution.
When a man s concerved be exists fiot a3 2 o5

organixm. This organism multiplies and develops until it pamses
through the maccesive stages of fish, frog and ape before belog
borm 1 an infant man. Kleltman in his theory of skep implies
that tha great fracnon of beological crearlon which includes
what we call the lower organisms cannot be said to be zwake at
all. Even s0 advanced a creatura as u baby which, if we accept
the theory of recapitular] we coald der to be near, if
zen,dnnpexofthnevd\xdamrymwd’mdh

Asﬁmaﬂdxmaofdmp,zb:xof}ﬂdmhmlﬁ
plctdyconvmdug.l“o:mmp-‘ﬂ.'m-hﬁ“rm‘“w
Swift a8 to the relative positions of bosscs and men in blo-
logical adyacennent, the amount of sleep they each take bardly
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supports Kleitman s hypothesis. If men were bigher up the
do not. There 1, however, a cunows phenomenon which does
mmmmlﬂdmnns evolunonary theory of sleep and wake-
If you scratch the sole of the foot of a healthy, sleeping man
he will bend s big toe back. This1s called a posttive Babinskd
sign. If you scratch the sole of the foot of an omng-outang,
he will bend s big toe down, which 1 called a pegadve
Babimki eign, Now if you deal mmilidy with a slesmng
infant, when he I8 very young be will give a negative Babinski”
sign like an anthropold ape but as be grows older, and pre-
sumably passes from a lower to a higher evolntonary level, s
Babins sign becomes positive. Side by mde with this evidence
of advancing stams there is the diminunon of the need for
sleep and an i i capadty for wakeful

The deure for x hypothens to umfy the groups of observa-
tions which he mkes on the world » happemngs iy a universl
craving of man. And scientists, who attempt to deal objectively
with the facts which they cbserve, have a special Intellectal
need for workmng hypotheres. Nevertheless, although correct

are more vahmble than mistaken ones, the history

of scsence is littered wnth incomrect theorles some of which
have been found useful. For example, thirty years ago the
empty spaces of the unrverse were filled with a

ehastic finid called acther which has since dimappeared from the
t:n-boohofphyﬂuwhhom}av-ingamchmhdm,in
its time asther was a useful intellectiml }uhd.m:whidlguﬁed
the direction of a ot of profitable experim Tt is, there-

ulesp. Omutting cerain classical suudies which could Bacdly
3



the saensists got to work.
nm““nnlmwmdlw:mmdnof‘h:dmp{ng
belrviour of cleven people who were sufbckently puble
xpitied o submst (hemselves o comination. From all thes,
hhmﬂpmmhmddm(hcmmofm
dning which 1 sleeping person remained without maving was
d’”’“’m%dxylnd,bydmw,f
'hmmﬂm,obuimddﬂxﬁctﬁndnmcordthcypro-
wm‘hmmdth:mthf'm&mdrymncmd
2 group of ninety people whom they described s represcnia-
thve groxps of healthy sleepers And from thus party of volun-
teem they come to the following conclusions. Middle-sged
m:n,mh meﬁnmmhmwo{9
the wives of men for 1o-5 mumtes; and
anaclected college men for 12 8 minntes. That 1s 1o sy, the
men Iud §3 pedods of movement dunng 3
vight s lerp of exght boun duration, the wives 46 and the
38
Klertruan, the

mm:lhxvg.]_mdy 4y 3 » tooet complicated

= pparats for g y
mmo{d@aﬂymoftﬂsbdndmdthn,ﬂﬂn@:
People move about a good deal when they are mleep, and
1m0ve increasingly as the rught parses, nevertheless they caly
perd 3 1o § minotes 1n making thelr 40 ar 5o mughtly move-
wen, Another Amedan scentise, Giddlnga,
erent type of instrument which he called 2
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‘This was used 10 measure the activines of twenry~sight sleep-
ing clnldren. His discovery was that the amount of movement
wwreased during each successive hour of sleep. He also found
that glrds slept sounder then boys. One fimsl Ameriean research
worker, with a taste for mixed classical nomenclatiire, fnvented
yet another saentific imrument which on this occation was
called 2 sompokanetograph  With this machine he ducovered
that the average skeeping person moves from 10 to 12 tmes an
bour He also found that people move in thedr sleep more and
soare often s the night goes on. To this phenomenon he gave
the techrdeal same of crescendo

It Is not enough for one scsentist to find oat that people
mowe when they are sleeping, and another to count how often
they move. Thi merely stimulates other rescarchers to go
more deeply into the business and try to find out whar kind of
movements slecpers make and some of the fictar which in
crease or decrease the actvity of the movements they under-
take, In 1932, 2 group of sdenthyns came out with the discovery
that certn types of moving plcrures led to disturbed sleep
and n d motlity in child Tbcylbo 1, d that
other moving motures had what they described @ 3 sodapve
effect Thus effect u ocrasionally observed by noo-saentific
people who have exposed themselves unwitdngly w the wrong
type of film,

Apart from studies of the oxdinary sorts of movernents that
wcxllxpparmdypaﬁumwhﬂeulxp a number of specil
ks of bave been myestg d.uziﬁgthﬁmuncﬂf
sleep h. An Tadian gator called Mad published 2
learned paper about 2 young man wha rolled his bead from
dd:tnndendma:minumw{ﬂkbemung:iﬁmdi
savant, Bertoye, abso observed this
dignified as pactane capetns wm—hadﬁld,]nboﬁm
xbcmdmvmnnahkwmpdxhadmﬁng:htbwﬂ
perbaps be sad that the victima slept perfecty well in spite of
thelr activides,

T should like 1o tum now from discussing ail these difigent
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sacntific studies that have been made 1nto how people move
about while they are asleep to the equally senom researches

hammer in arder to wake a aleeper at different times of the
mght. The results cbtained by this somewhat primitive tech-
nique are today considered to be swspect. What we mat, I
EIppose, consider to be a more refined and scentific method
was wed In 1930 by two other German workers, Endres and
Van Frey, who clcnlated tha depth of skeep by measunng the
ﬁl'tﬂrtq\ﬂredmw:kcapﬂwonbyproddhghimwd!l
braatle. Kleltman and his colleagues mn Amenca, an the other
band, measired the volmge required to produce sufficent
nowe from a loud-speaker to wake the sleepenn they were

And what was the result of all this?

1t was found that when a person was moving in bed he wm
very easily wakened. Drurlng a period of stllness, the depth of
skeep increased continuously up to a point shortly before the
Bext movement was due to occur, and then it fell ro a low
valse when the person was actmlly moving, Since people
mave less frequently at the beginning of a night s sleep, they
‘bmﬂml‘:rpmoudup}yaﬂyhcheniglmblgmml

tile, we sleep less a3 the night pames and wo move
Mmm%’ Sometimes, contrary to the
two, compantively

approximate
dunng theep, tha time occupled in sleep and the look of
&%mw@mdlhmm
anaeria of the bealin, let us sy It is then examined and found
10 be wrong, What of the other hypotheses, thar slecp Is 2
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habi? A reflex? Evolunionary? To check each, more facts are
and must be collected. But while this 13 being done,
thero iy 0o reason why we shoakd not asume that one of the
exphinuions for sleep may not be right. If it b, we can logk at
the way sbeep fits into the rhythm of daily Bfe and then use our
discovenes about tloep and i G o change ths daily
rirythm—that is, of our conclusions on the subject are nght,
Tt bas been known for #t least & hundred years that there 53
momoxknwguhrdzymdnlgh!madanin:p:mmvbody
low finr thing in the
moming.dsamnnnﬂmumdmngtbcdxymddnh&om
towards bed-time, reaching a munimum at three or four
o dock 1 the morung This is why life seems az ins lowear at
this ume. This crythm is closely related to skeep. Whena man s
body temperature falls below 2 centxin point in the evening,
b:gbamdeep,wbmitemee&ummnpaimmdtmomhg,
be wakes up. Kleltman and one of his collaborators, howevet,
ardcdthemtwmlmuchmembdcmnchm’l‘bq
permaded six people to undergo a series of st They had
mda]d::mpachofurddnmfouhmd:,mpyamhm
word, multiply two 8-digir numb
Lhdxeyudowdunmhsmmanwhichmdedcvuydnx
they wobbled. Kieitman and his sssistant persuaded their
exarninees to do these tests five times 3 day—immediately they
got up in the morning, one hour hter, immediately before
funch, fust before their evening meal, and at bed ame. When
the results of the tess were cxamuned it was found thar the
freedom from mistakes and the speed with which the testy were
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Now:dzy,,whmdmvhokﬁ:mmofa:hﬂdmybe
dﬁddadatckvenymo&dby)mpa{unmumhm:l-
Emmﬂmedmnunadnglgdzy,kmldbembb
mﬁmngeahotomhhnmnpenm:ethmsorfwrdnn

hﬂmmpahxhof:ﬂﬁnidm:;im‘m ks
fellow cave-oats now oaly cared
Al sorts of other rescarches havo been ;:xou
pecp bealdes thoso that wo have iouched on In i cspeen
Even 50 the sclemific expert s not yet o
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knowledge to enable him o make any practical recormmenda-
twa 23 10 how the tme now spent unproductively 1n aleep can
be reduced. Almost the only practcal step which sclence could
immediarely propose would be to sort out those individuals
whose rrythms ate the more readily capable of being changed
and 1o use only these for night-shift work or watch-

in ships, The test of 18 can take comfort from the sensitive
mumosa which continmes to fold and unfold 1t leaves by night
and day long after it kus been removed from the sunshine into
a greenhouse whera the artificial light 13 on all the time,

This then {s an account, albext a brief and superficial one, of
a long-continued research 1n progress. Perhaps from time to
ume it is salntary to recall that occamonally sclentists mm on
therr battery of toch, apply their methods of systematic smudy
and experimentaran and, after all, do not succeed in malung

We are nowadays 50 surrounded with the ostenta-
tous triumphs of sclence that the possibility of anything less
than success s almost forgotten, The plastc motor-cam, the
colour television sets, the garage doors that open by them
selves, the acroplines that fly faster than sound and the
poliomyelitss vactnes appear o shekly one after the other that
1t sometimes seems that anything we want can be got merely
by telling the scientist to produce it. In wuth, however, du-
covery 13 not to be had for the asking. It is not very duficult
to find out how many times an average forty-two-year-okd
bachelar moves in bns aleep, nor 18 it & marter of great intel
Jectual skill to measure the exact degree of ripeness at which a
field of hay supphes the yield of dugestible fodder
when given to milking cows, but it Is very dufficult 1o solve the
problem of what sleep s, just as 1t is to elucidate the sdlennfic
causes of ageng, whether of a stalk of grass or of 2 buman
brain cell,

There are two kinds of saentfic achlevement. There is
hooest donkey work by which thousands of sclennsts exn
thelr hving; for example, the carrying out ot satistucally
deugned tnals 1o determine the appropmate temperature re-
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qured to obtaln the maximum yied of pemalln in the

venel of a pentcillm factory And then there 15
the flash of intmtion by which sclence 100¢lf is advanced—the
onginal sndden concepdon that a Penicillium mould mght
produce & drug capable of controlling infectlon in human
tremes.

Sclence t one of our modern religions- It 1 by definition
Good. It o capable of achieving all things. It 13 only necermry
10 train more sclenpsts to abtan mors Good. Once upon a
tima I proposed to the broadaasting anthonties a senes of talks
entitled “The Fallures of Science The idea was insanily
tumned down—and oghtly so. It was heresy
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Owmx of the most remarkable characteristics of the age in which
we live Is 1ts desire and tendency to connect itself

with preceding ages—to ascertain how the state of thungs that
now it came to be what it i And the more camestly and
profoundly this problem s stndsed, the more clearly comes into
view the vast and vatied debt which the world of today owes
to that forewarld, 1 which man by skill, valour and well-

fim

known. They tamed and harnessed thelr animal antagosiss
and vent them down to us as ministers instead of rivals 1n the
fight for life. Later on, when the claims of luxury added them-
selves to those of necenslty, we find the same spurit of Invention
at wotk.

“There are persons bom with the powes of intespreting
patural facts, as these are others smitten with everlnnng in-
competence in regard to such interpretadon.

“We have been scoarged by invisible thongs [the refereace

1 J&Om'_r Hhl ‘mbm_

4 1 infe
Bt ol ction],
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cades, and 1t s only today that the light of sence Is bemg let
in upon the murdersus dominion of oar foes. Facts like these
excite in e the thought that the rule and governance of this
eniverse are different from what we m our youth supposed
them o be—that the iscrutable Power, at once terrihle and
beneficent, in whom we Hve and move and have our being
and our end, 13 to be proputiated by means different from those
usally resorted to. The first requinte towards soch propeta-
ton by Imowdadpe; the second acrzo, shaped and illummated
by that knowledge, Of knowledge we akready see the dawn,
which will open out by-and-by to perfect day- while the actioa
whuch is to follow bas 1ts unfailing source and sdmubms in the
moral and emotional nature of man—1n his desire for personal
well-belng, in his sense of duty, in his compasdonate sympathy
with the sufferings of his fellow men.

To my mind the three passages above say some important
things about scaence. Throughont ths book T have been trylng
to grapple with some of the things which modern aclence b
achieved. Here and there, I have pointed out some things m
which it has failed. And from time to time I have attempted

The sentences [ have quoted were wntten just over dghty
years ago by an Engiish physicist, John Tyndall, who himself
mads important contributions to the study of the rols of micro-
organitms In disease. They are taken from a lecture in which
he reviewed the significance of the then new conclmions of the

hsgow
19th, 1876. The lapse of time gives somewhat qmmpd:xi;,
to the thooghts then expremed. The frut of
the dependenca of present dbxcoveries oa past knowledge—
Is today, as {t was in 1876, an ementlal festure of soence. It is
Indeed one of the bawic features of the modern aga of discovery
What 1s known can be used 23 a bans for what next becomes
L 15§
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koown, Trade secrets handed down by word of mouth are
unlikely to lead 10 any improvement. Interesting observatons
made by soe crafumman wil be forgonen if they sre not 1~
mediately suted 0 current clramstances and will need to be
sediscovered all over again # generation hater when droum-
stances anee o which they would bave firted. Even today
there are industries bedevilled by cxperts , who come and look,
consider and give sdvice. This advice may be sound or 1t may
m:,baxtwlougudtﬂxdmuponwﬁchitum&cbm
disclosed 1t 13, 30 far »s p
neﬂle.hlmempomtmﬂ,danmmdmbhmd
of the past has a ferubsing influence on the many diverse
minds of the present, Men who are working o the same prob-
lem from different saandpomts may get from the sclennfic
Hrerature the ooce illuminanng fact dat will spark off that
Aash of Intuition thas » the essenmal fearure of the act of

There is wgent waming m ths for twenneth-century
soence, Trade secrets when they become known ace almost
alwrays seen to have been not worth knowmng, Usally they
bave stultified the secret traders more than those supposedly
kept m the dark. Ir arises from diiy that comsmnt vigilance
must be mainnined In the cauae of the manmum freedom of
the mind in every country where knowledge of the atamx
geography of the structure of master is comsidervd o0 be of

mulitary significanee.

Sclence i3 a dynamic philosophy Just 23 we sre the product
of all that has gone before in the past, so we saentific people
benld the discoveres of the future oa the knowledge of the
pruenLBmtomakepxogrminmwhuﬂdmgwemedx

of inlk brllance, N days m the mud
rmmhcmmryTymhﬂ'lm&mumnmxxbmtd:w
srutten with everlasting i P wae
it may be—has a r kably b and undiplomat

%enovknawdnnbc man in the street, and even more
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the great disancion of bemg the rudest man In the public
service, when he felt ke {t. But even though burdened by the
administrative cares of a great Department be managed o
achueve some distingimhed scentific discovenes. And he also
satd some true and trenchant things. One of these was that
new scientific discovenes were not made becanse some Govern-
ment committee decided that they should be, and voted funds.
The big new discoveries are made by this mrysterious spark of
inuntion gaven to the few prepared and dedicated intellects,
For inmstance, we should fike to find a cure for cancer, and many
worthy people have given money for that purpose. We should
1ike also 1o be able to prevent carchung cold, and at Sahsbury
devoted volunteers have spent an aggregate of thousands of
fortnights isolated in pains to that various vaccines and extracts
could be tried on them. And progress up to now has been re-
stricted o finding a way to give a cold to 2 raw eggl The dis-
covenes have not heen made, becainte the insight has not been
vouchmafed to thote working on the prablema,

But Tyndall’s third paswage of eighry years ago Is of greatest
importance 1o us today It is right and proper that scientists,
immensed i the intellectnl intricacies o?u\:hd: immediate
prablems, should think of nothing else. The X ry crysuflo-

armanged in porphyrm confguration around a single atom of
cobalt in the molecule of vimmua B,,, must concentrate all the
force of her mind (the research in question was, in fact, led by
a brillant woman, Mo Dorothy Hodgkin, FRS.) oa the
problem in hand. And many a lesser worker most argue and
suugg]:mlhd@hofimmldbuhhbcudlmiﬁlubﬂm
and melnng pants., But nevertheless something fs surely wrong
with serentific professonalism if {rs activities are untramlatable
into the plain speech comprebensible by the noa-sceatific
educated man. And wont of all, if any mention of Divine pur

Today, no one of Tyndall's sclentfic stature would refer

10 2 modem discovery = having modified his viewa of the
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rule and governance of the inscrutabls Power, at ance terrible
and beneficent, in whom we live and mave and have our being
and our end It 13 a carlous paradax that althoogh scrence 1
the twentleth century in its practical manifestations affects our
Fves wath unique directness—here 23 2 domestic deep-freere,
there 1 & hydrogen bamb—st s become mcapable of stimng
our feelings. We view science 23 a tool. A spade or a typewnter
or an aeropline Is merely 2 skmg We peglect the fact that
science {nelf 18 2 way to the troth,

Not long ago, Mr Exic Denchas wrote a ketter 10 Tha Times
in which he deplored the action of a school headmaster, a
scientist, m restncting the teaching of English and history to
sixth-form boys. “The saendst, he wrote, nceds preasion
and cadty for comnmmicaring his cbjective kmowledge of
men he needs to understand what artists and philasophers are
trying to communicate about thelr scarch for truth in langnage
which, being subjective and poetsc will aften require skill and

rience for 1ts und E)

In 1951, 2 meeting of a leamned sclentific soclety took place at
Aberdeen University A sexles of papers was discumed cover
1ng such topscs a3 “The mfh of lacal nitrogen cn
the proteln content of gram-lind heshage  “The relatdve body
dimensions of Cheviot ewes raised under range coodinoes and

of ceniral-pervour-sysiem dysfimeon 10 homan - subjects
subsisting on a Vegan diet The Vegan 1 should be ex
wummmﬁquwmmbmnﬂne
10 eat mifk and eggs as well as meat. Tho general ntle of the
meeting—somewhat fanciful in companson with customary

Tl chorire phy ‘;V and bloch m ooe of
the ancient halls of the Universiry There, one of the Fellows
of the College, 2 non-scientist, banded 1o the Secretary of the
mduga,mg{gmmlinmmzhcwmpnym
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ancient Bible and begged hum 10 read from it. The passage was
of course from lrauh, “The voke mid, Cry And he s,
What shall I cry? Al flesh is grass and all the goodness thereof
13 at the flawer of the fild. The gras wathereth, the dawer
fadeth; became the spirit of the Lord bloweth upon it, surely
the peopie is grass. The grass withereth, the flower fadeth, bur
the word of our God shall stand for ever
wanggo{oo[ar theSec:unrywuovtzwmewnhan-
bar His vowe dropped and be refised to proceed
further The scientism, after a alight hesitant paurse, resumed
thelr laterrupted conversatrons. No ane could bear to con-
simue reading w the subsequent verse where the poet bad wid,
“Who hath measured the waters fn the bollow of his kand,
and meted out beaven with the span, and comprebended the
dust of the earth 1n a measure, and weighed the mountains in
scales, snd the hills ko a batance? Who hath directed the Spirit
of the Lord, or being his counsellor hath mughr bim?  Have
ye sot known? Have ye not heard? Hath it not been told you
from the beginning? Have yo not understood from the foun-
danons of the eacth?
bxm}meyndﬂLmkﬁnngunnmﬂlua:;

nxguy,oould:ppmhmdtbd:;dmﬂﬁcmdhmﬂccmﬂdb
gance and at the same time feel tha faces ke these showed tha
the inscrutable Power govemniog the unfverse was to be pro-
pitiated by knowdedge and by scrion flluminated by that know-
ledge. The way John Tyndall f2lt 1 xaﬁbagh:yymor
more past. His kind of reaction to sdennfic discovery bas
evaporated from the mid twenneth-century present. Much of
scientific. thinking and almost alf of sciennfic doing are pes
formed in a philotophical vacuun rodsy
Wcamnpeamnmzbaﬁmwnhaﬂcmmm
to relate the understanding of the workiogs of Narure 2 re-
vealed by ssennfic discovery 1o the purpose of the univense
inmaiyzhcnm:w:ythn}obaTyndaﬂMNevmbduﬁ
Lbutnemmegoodmguuafcrzmommp&hwphy
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@ meet it. New paints and phstics, wead-killers and ‘wonder*
d:uglﬁ:!}cwclchodnincoﬂmlﬂm&uindl
science of beology there is no room for warkery lackmg in
the bealthy humiliry that is the begunmg of wisdom.

The further sclemific biology advances and the more
blochemstry becomes used to mterpreting the phenomena of
Iiving cells, the mare closely will the topics studied progress

chemiat and physicit who now work with him, come to man
1 2 serdous tople for smdy, their sciences will evolve mto
gnantties.,

If this posaihiliry of success In sclentlfic progress s ons of
the great hopes for sclence b # sastsactory phikosophy
far the fisture, another of i powerful atractions for the himman
mind bs tha depth and complexizy of the ultimare problems it
sers. For instance, no master bow saccessful the practinoners

e Yorks.

378 (=2 !Jzﬁ mﬂ,]xo 2
m’bc’mlhnadpwpkn;bmmdlodieofnmhq{“‘
61



NOTHING LIKE SCIENCE

hundred years ago, the brrth of bacterlalogy saw the conquest
of infectious diseases begm. Fifty years ago, the newer know
ledge of mutntion heralded the end of defictency diseaser—or, at
least, it provided the mformadon that made them prevenmable,
The advent of the sulpha-drugs duplaced pnsumoma as a
Killing drsease. The production of antibiotics radically changed
the lethal nature of a dozen more of the scourges of mankind,
It s only a matter of time before the virus discases are brought
under control like the bacterdal nfections before them. And
yet people sl die.

Not long ago, Dr Alex Comfort, of the Department of
Zoology of Univermity College, London, delivered a leamed
Jecture to the Royal Instiution in which he reviewed the
saentific knowledge about ageing. The cumulative impact of
al} the mformation had a sahutary Jesson for those people who
tend to assrme that scdence can do aoything, Like the researches
on sleep duscussed cardier, those on ageing represent one more
in the falures of scdence senes. For inmsance longevity, it
appears, tends to nm in familles. But saence can hardly take
any credit for this, Or again, smallish party of an anmal or &
man can be cut off when be is young, stored carefully under

cooditions or preserved a3 2 tisue colture and
Later grafted back on to the sme man or animal when he b
old. He would then be an old man with certain young parts.
There scems, however, to be no possibllity as yet of ever
restoring to bim enough of his lost youth o make much real
difference to his old age. At present, there 13 no graft, harmone
or preparation known which 18 capable of producing more
than a limnted reversal of a very few senile changes in human

bemngs.

The only way in which biologasts have been able to postponie
death by scentific means has been by slowing down the ratm
of development in youth, I have already referred to the acceler

adopt so enthusindaally for children today and by which we
shorten their Lfe span. Dr Comfort pomts out that besides
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wang limitation of dlet In youth a 2 means of prolongmg life
it might be theoretically possible—fudging by results on
animals—to prolong life alto by cold storage. He comments,
however, that though this s now withm the boands of pos-
afbilliry and mighr be important for astronauts or pertups
politictans, #t would be unlikely to be generally popular.

It was once widely believed that with the removal of patho-
Iogical’ canses of death—that is to szy when mediaal science
had at has been compl ty ful in all its end
the life span would rise very rapidly in man and spprosch
more and more closely the recorded manmum of about one
hindred and twenty years. But it now seems morw likely that
even with Increased contral over malignant nmours, harden-
ing of the arterles and high blood-pressure, the sge of death
may oaly come to be more and more narmally distributed
abont seventy-five ar elghty years. Nowadays, in spite of all
the new saenofic knowledge that is avallable to doctors o
prolong life, 1t 13 common to find that the disease that actually
Xills an aged patient is only one of several, end of the patient
Ind survived the finst, one or other of the rest would soon bave
proved faaal,

The medical sclences have achleved great thinge How
often , sxys Dr William Budd n his celebrated work on typhold
fever, —how often bave T seen 1n past days, in the single
narow chamber of the dry-kbourer & cattegs the father in kis
coffin, the mother in the sickbed in muttering delirlum, and
oothing to relieve the desalation of the children but the de-
votlon of some poor nesghbour who in too many cases paid
the pemalty of her kindness in becoming herself the vactim of

the mame disorder
The scentific philosophy that we have been discussing in
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truth, bor for the rest of us it is smply the source of our
material supplies and comborts.

The extraordinary enthuslasm for  tranquillineg’
1hown by the inhabitants of New York City and Hollywood,
whese sctennfic living has probably reached a lngher level than
anywhere ebse in the wasld, makes one stop for 2 moment to
think about where our sdence is laading us, I an't make up
my muind whether to take a benzedrine mablet and go to a party
or take a sleeplng piil and go to bed, is what the brght young
thing’ 1 the New Yorker was saying a year or two ago. Now
1t 19 reported that & synthenc mardni composed of gm zod
meprobamate {s all the rage. This beverage b dasigned w0
stmulate and to tranquillise at one and the same tme.

Why do people take these drugs? You would imagine that
18 the scientific amenunes of civilisation coatinuously meressed
and we all presumably become hapmer—we should be con-
tent o see life with our unaided senses. But we know tt
dvﬂlsedli&,uuinﬁdlemlvmmmuupammdus,nﬂm
alrogether cusy to live. So it 1» interesting to sten to vt Mr
Lzus Muncs Mazin, the Govemor of the new commonwealds
of Porto Rico, had 0 say ahout weience and tranquillicy when
be recerved an honorary degres from Harvard Univessry vome

months

sclence in just the way we are going about it in Boom By
3QENCE We O raite our standards of Hving, and a8 the st
dﬁdlr&eandwebemmencba,theﬁgh:apiwm
approaches dloser o 103 wlumate success. Bu M Marin 1
anather farget fn view Tt {3 a basic duty’, 12t e, 'to fgft
poverty Prionty cbvicusly goes to fighting the old fso0od
poverty that conxists of vast masses of people bang
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selective weed knllers keep the fields free from unwanted
mwmmv_ IIL‘:de 1e1d
desiroy disesse and ingect pests. Sclennfic methods are apphed
to food storage and procesing. Even the choles of the diet
we eventially eat 13 based on calcnlations of viuming, protsin
and calorific content. Woal, cotton and flax are 5o longer
safficlent for our clothing and s0 we go to saence for mylon
stockingy, terylene shirts and phstic mackintoshes.

The mottve force that keeps our whole modem sodety
going is & prodoct of science. The word ‘horsepower is just

derived from coal. Today, we are getting 1t from our new
sdleniffic understandmg of the bamc structure of the amom
staelf Even the control of our complex sclenttfic economy it
scenm, 1s w0 be dove in the near futore withoat the need for
wuch hirnan effort: Antomation dxmm:.‘gz;:
complex factory operation by efectronic computers
Id-cnnﬁ:dn{:u,ba]rad!;ybemgappnn‘]mmlnﬂ'ﬁnng
sale.

This is saentific progress. This kind of thing ia the source
of our ecooomic wealth. Without an adequate sy of
scientlsts and technicans we cannot enjoy a standard of liviog
capable of giving us televison sets and bicycles, ball-pownt
pens, motor-cars fitted with sutomanc gesr-change, jet planes
and atomic power satians.

We have become 30 accustomed to living in a predomin-
antly scientific environment thar we tend to forget that for
mm:ofmmlmhmlyumﬂmwmmd.'l‘bewmp:md\dy
few research workers who make the baslc discoverles of the
facts and workings of Nanure follow science a3 a punsult of

16§
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truth, but for the rest of us 1t is simply the source of our
material supphies and comforts.

The extrzordinary enthmimsm for tranquilhsing’ drugs
showm by the inhabitants of New York City and Hollywood,
whete scientific living hay probably reached a hrgher level than
anywhere else in the world, makes one stop for a moment to
think about where our saence is leading ws. ‘T can t muke up
my mind whether to take a benzedane tablet and go to a party
or take a aleeping pill and go 10 bed, s what the bnght young
thing m the New Yorker was saylng a year or two ago. Now
1t is reported that a synthetic martnd compased of gin and
meprobamaie Is all the age. Thu beverage 15 designed o
stimalate aod to trnquillise &t one and the same time,

Why do people take these drugs? You would ymaglne that
a the saentific amentles of avilisation continuowsly increased
and we all p bly become happ should be con
tent to see Hfe with our unaided senses, But we know that
civilised life, a3 it msidiowsly mounts up around us, is not
altogether easy to live. So it is interesting to listen to what Mr
Luns Munos Marn, the Governor of the new commonwealth
of Porto Rico, had to sxy about sclence and tranquillity when
be received an honorary degree from Harvard University some
months ago-

The fist duty of any modern State is what Mr Marin called
Operation Boowstrap This is to pall the country up by its
own thoelaces, to develop new industries, produce millions of
Yilowatt hours of new electne power build efficdent airports,
good roads and barbours, and develop better systems of market
wg,. In fact, Operation Bootstrap is the utilizarion of apphied
sclence in Just the way we are gong aboat 1t in Britain, By
tcwence we can ralse our standards of living, and as the stan
dards rise and we become nicher, the fight aganst poverty
approaches closer to its uldmate succese But Mr Marin b
another target in view It s 2 basic duty, sud he, to fight
pomryPnoﬂtyobﬁmﬂygoamﬁghﬂ.ngdxold-ﬁshnwd
pavatydmwnﬂmofmmaofpwpbbdugiﬂ-&d,
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{ll-housed, lllchad, ignotant, Insecure in illness, orphanhood and
oldage.  There is room also , he went on, for an awareness
of a new fangled poverty, that of the feverish desires out

inventing new dexires that must go for many unfulfilled. He
called the campmgn against thus sort of poverty Operation

Mr Marin g to seremty 1 different from anything
o te et of ity e T ks e
as we do, to ths highest develop of modemn sciennfi
machinery, but from Porto Rico his prospect seems somebow
different. “We Wearernen tend to pursue happinens by m-

progression from the no-house family to the three-car family
and

G&dy,dxmadmth:zhrm—mnﬁﬂmn!nmmﬂqu
leads also to the tranquility of the new tranquillsers
therefore, interesting to lock a Hittle more closely at what they
do.

Thetr primary use 18, of course, for the trestment of psycho-
tic patients tn mental hospltabs. Cleardy 1f, under proper medical
coatrol, they can relieve sufferers from some of the more
agoossing aspects of mental disease, they are to be welcomed.
And good results have been repocted with them. On the other
band there are some people, it secrs, for whom thesa drugy
are arther too good or too bad. For example, out of 8,000 odd

parncular chemical mole~

not only bow difficult it is to relate 2

form of o lmﬂ]tﬂ;i,_hnlhﬂy

Qe n the form of 3 4008 10 peopl g among
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different individuals, An extreme example of this is shown by
the sciennfic assessment of the offect produced on certin
people by dummy wblers not consaimng any dsug at ail, This
is called the morals factor

The public wterest in the new tranqunfhsers 1 good tu so
far a8 1 has directed attengon w the relatiomhip between
chemutry and the belrviour of the mind. The Ford Founda-
tion in the United States, to name one agency only, is already
sporsoring an investigation mto the powible biochemical
basis of meanl and emononal diserses. And there are a number
of research workers studying the suggestion that 2 twiseed
thought may be due to a twisted molecule

The first approsch of the cold dear logre of the research
aclennst 15 abways strtlog to the ondinary liyman. For
cxample, people are someumes shocked to overhear the
professional gusto with which one cliucizn will ralk to another
about 3 really lovely se of chiropomphiolyx, or idiopathie
hypocalcaemsa, or whasever it may be. My dear old boy, an
absolutely typleal caset Every symptom as clear 2s 2 belll
And then there are the experts sdyng the influenza virus,
whosz greatest success 1o date s to grve influenza to a ferrer.

The same thing hay happened in the rescarches oo tran-

Meprobamate has been tried on Siamese fighting

fish. Besulos bave been hughly graufying When these fih are

30 calming, These fish can be made to swim backward when
they are given 15D, but when they receive a dose of reserpine
33 well they stop swmming backwards, Research workens
wiio have used duckBngy 23 thelr hboratory animals have also
made some pecubar observations. Under normal drammsances,
mallard ducklngs learn to follow their mothers when they are
revelve bours old. If they are gaven a dose of the tranquilliser
meprobamate, bowever, thiz admirable mother faadon fils

develop.
mmwofwd;ldxugbyunlnuimdcwhoflmg
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standing. Tea, from which we obtawn our daly dose off cafferne,
dates back at Least to the first century 4.0 Akohol bas been in
vogue smce the ame of Father Noah, Nicotine has bheen used
in European conntnes since the sxreenth centary And In our
own time aspirin and the barhunrate sleeping drugs have
become commonphice. But there I, perhaps, something sp-
proaching the sombre prophecies of Aldous Huxley s Brave New
Forld in the thought of huge numbers of peopls having to
steel thernselves to face the tenian of the modern busy scleatific
2ge by aking mranquilining’ drogs.

Our efforts to develop new applicanons of science and
technalogy are obviously mmed o incresse our happiness.
High productrvity based an sclence can contribute much to our
matensal welfare. But perhaps we cught at the same tme o
remember the good advice we used to get when we were
children about hugh thinking and low living In Mr Marins
words, it is beyond the imsgination what freedom and hap-
Pty great science can produce for a avilisaton of fine
modest wants, Pertups the formula for serenlty that be is
advocating for the new commonwealth of Porto Rico may be
?fmnregcnnﬂd‘ﬁdmcydnnmyofdrhbomfyf“mh‘
ar

The study of mankind his bebaviour his troubles, his
43 and his weak fs traditionally sccepted as
being at least a part of a lnmans and Hberal education. Thn
“mm{n,l’moﬁhgpudmnﬂcacmmth:uﬂwnlam
from history s that we learn pothing from story—that
history in the words of Gibbon, whnch is mdeed, Futle mors
llnndmre@u:ruf!h:mma,fnﬂbmdmhfommaof
mankind’ The blological sckences have soms way yet 10 go
before thelr techaical tndies bring them fully tnro tho feld in

whether shall be dark o fair, choledc or
orellocnaally snclined or addicied o golf, we bave already
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discursed. The neurologists who are investiganng the mechan-
iswm of the braln and the nervous system by which we percelve
the existence of the cutnde world bave equally far 1o go, but
dicylbomadvmmgahngth:mdbywbkhdmm
develop from being an ad d exercise in hanics or the
solving of an intricate crom-word purmle and become 2 worth-
while bumane study

Mot of rwenticth-cennury sdence, however, deals with
things. And the danger of this kind of saience and the saenting
who work it is that It is weated 33 an activity of a mosnlly
neutral colour like dheaning one s teeth. It is cuvtomary for 2
mom—drmm&mm(odacdbehnpmduunthcmw
elegant and y sausfying open to man on
thhphnu,hninfn,aweaﬂmhmmnmomzduh
moments, it is merely a devace for moving about. The scientific
phﬂasoyhyumnraﬂynmnﬁwbmkhmdtomakcw
By sysematic on, the study of metalhirgy, a
knowledge of the chembstry of combustion, the theology of
rubber and the mechanies of moving bodies, the motar-car
manufacturer can produce care that are capable of gomg faster
and faster year by year Byxpplﬁngsdmnﬁcdﬂnﬂngwme
manufacturing process 1 a whole, the men who run mdustry
can make it mare and more into a completely antomaric pro-
ca:.'l‘bchiolagxmmdthcyumchcmlmmdphyxlcknan
fay their daim to be pursuing a P

whom we 3o urgently seek o uce our economic wealth
for us and who, with ther automatic factories, ther earth-
moving and their combine Inrvesters, provide
with mechanical slave hbour, have in their work no useful
phidosophy to Live by Their contribution is that they gave us
ietsure; the freedom from the need to pay away our iva as
hired hbourers. The purpose 1o which we devore our spare
et s, the time when we we free people—1is our own
sffsir Tt may be very different from the pursalt of truth 23 the
sclennist tees it
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‘The Devil 13 alleged to have described the Ten Command
ments when he first heard of them a1 a remarkably mixed bag.
Mmyofdxprm‘pcromtwmﬂuh—cmnnydﬂmofmhy
whether consclowsly or unconsdomly, canduct themselves
to avoid If they can the seven deadly sins of the clrsical age:
pode, wrath, envy, lust, ghittony avadce and sloth. Peraps

OB}mﬁthhcpnm.dtoiadvmwdeucmc,drmndeo{
behavionr that gives us our matersal comforts, has not, in the
senise mwiuch it is interpreted bylts more orthodax exponents,
much to sxy about any of these. On the other band, if we can
allow the sclentist just a Jittle roow for manoeurvre, a5 I bave
tned to show in ths book, there is perhaps something of each
in b

‘We an stidbure good humour to the diligent purveyors
of chlorophyll socks and the disciples of wience who believe
in them. The Dalmatan coach-hound, the rppoposamms with
allegedly deficient bile and the coloured dummy medicine, all
10 the fnvolons mind have something of the amiably comic
bou them. chim for scentisty

If we are intellectually honest we cannot or
21 2 group, that therr prme and basic motrve 13 to benefit their
fellow men. And yet this 1r 8 motive of some foree, and sclence
bes contributed many benefirs. Jt is, therefore, not unfair to
chim for it a measure of the virme of kindliness

Lavely by&ywmmdh'panlofmmdthe
:;meﬁo?:wmymNm‘h’Whhm
a thrill equal to that of a plecs of music of 2 sumet.
Thhbookmkawchhnmbgndc:pphﬂmophiﬂlm
T hixve merely tzied In It to show that science 1 samethung more
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NOTHING LIKE SCIENCE
than a process for invennng ussful things—tlat It is, indeed, one
way of finding out the truth. And besides trymg o show some-
thing of what I beheve science is I have, I hope, been able to
demonstrate that some of the things that are atiributed 1o lrare
ofien nothung Hke scence.







