A

Banned Broadcast

AND OTHER ESSAYS

by
J. B. S. HALDANE, ERS.

Weldon Professor of Biometry
in the University of London

Q0L LABOR

. TN

.ﬁ No. 2{2/0 8/0
&y 20 JUN, 1947 /
%

1946
Chatto and Windus
LONDON



PUBLISHED BY
Chatto & Windus
LONDON

*

Oxford University Press
TORONTO

y O ,’r":
¥ }
N

37

PRODUCED IN COMPLETE CONFORMITY
WITH THE AUTHORISED ECONOMY STANDARDS

PRINTED IN GREAT BRITAIN
ALL RIGHTS RESERVED



PREFACE

OST of the essays here reprinted were first published in

the Daily Worker, for which I write a weekly articlc on
some scientific topic. The five on dialectical materialism werc
published in the Labour Monthly. ‘I was a Biometrician”, and
“The Universe gets less Mysterious” appeared in the New
Statesman, “The Laws of Nature”, “Cleomenes and Christ”,
and “The Argument from Design” in the Rationalist Annual,
and “How to write a Popular Scientific Article” in the Journal
of the Association of Scientific Workers. The places of publica-
tion of others are acknowledged in the body of the book.

They cover a wide period of time, and some of them arc no
longer topical. I hope, for example, that the article on “Air
Raid Noises” will be wholly out of date by the time this book
is published. T have changed my opinions since some of them
were written. If I had not this would merely prove that I had
ceased to learn from experience. I have also made some mis-
takes as to what was likely to happen. It would obviously
have been unfair to correct them after the event.

But even when air raids are no more than an unpleasant
memory, they will furnish a more vivid exposition of some of
the principles of probability than does the drawing of black-
and-white balls from bags. And though Lord Birkenhead is
dead, it is worth pointing out that a Lord Chancellor-can be
dishonest.

If some readers complain that I have not covered so wide a
field as in former books, my excuse must be that some of the
most interesting developments of science are official secrets,
and that the flow of scientific publication has been greatly
diminished by the war. But the war has at least convinced
hundreds of thousands of people that they must take science
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seriously. And an appreciable fraction of these believe, with
me, that scientific method can be applied to history, economics
and politics. My main object in publishing this volume is to
increase their number.

J. B. S. HALDANE

October 1944.
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How to write a Popular

OS'T scientific workers desire to spread a knowledge of
their subject and to increase their own incomes. Both
can be done by writing on science for the general public.
If one can sell the article abroad, one can also be an “invisible
export”’. In what follows I shall give some hints on how to
do it. But let no reader suppose that my method is the
only one. Literary synthesis is like organic chemical synthesis.
The method to be adopted depends on the product required,
the raw materials, and the apparatus available. As my brain is
my apparatus, and different from yours, my methods will also
differ from yours.

The first thing to remember is that your task is not easy, and
will be impossible if you despise technique. For literature has
its technique, like science, and unless you set yourself a fairly
high standard you will get nowhere. So don’t expect to
succeed at your first, or even your second, attempt.

For whom are you writing? This is even more important
than the choice of subject. For you will not get an article on
the history of 18th-century physics into a daily newspaper.
The Times is unlikely to publish a sympathetic account of
Soviet work on mineralogy, nor the Daily Worker a highly
commendatory report on cotton breeding in the British
Sudan.,! Moreover the length of your article will depend on
where it is to be published.

Now for the subject matter. You may take a particular
piece of research work, or a particular application of science.
Or you may choose some general principle, and illustrate it
from different branches of scientific work. For example an
excellent article could be written on fruitful accidents. Priest-
ley broke a thermometer, and the fate of the mercury from it
led him to the discovery of oxygen. Takamine spilled some

t The Times has since changed its policy. But unfortunately the Sudan
is still some way behind Peru, the U.S.A., the U.S.S.R. and the West Indies
in cotton breeding.

3
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ammonia into a preparation from suprarenal glands, and
crystallized out adrenaline. Probably you will do better to
begin on some more specialized topic, unless you are 2 student
of the history of science.

Remember that your treatment of it must be highly selective.
So far you have probably written two main types of article.
Firstly answers to examination questions in which you tried to
show how much you knew about some topic. And secondly
scientific papers or technical reports which dealt very ex-
haustively with a small point. Now you have to do something
quite different. You are not trying to show off; nor are you
aiming at such accuracy that your readers will be able to carry
out some operation. You want to interest or even excite
them, but not to give them complete information.

You must therefore know a very great deal more about your
subject than you put on paper. Out of this you must choose
the items which will make a coherent story. A number of the
articles which are submitted to me from time to time are far
too like examination answers. They give the impression that
the author has looked his subject up, and tried to give a con-
densed summary of it. Such a summary may be all very well
in a text-book, but will not hold the attention of a reader’of
popular articles, who does not contemplate severe intellectual
exertion.

This does not mean that you must write for an audience of
fﬁols. It means that you must constantly be returning from
fo; :rlilgilcr:hatitf?:ts of('1 science t;) the familiar facts of everyday
elosim .a s ;g;)oon to start hrorn a knqwn fact, say a2 bomb
illustrate some scienti%i,cor fchosse: s will enable you 10

principle. But here again take 2

izrﬁa:oa?ﬁlgg}f". Corppari thclz production of hot gas in the
. at of steam in a kettle, th, . .
the bird each year to those Whici ta e changes which occur in

. ke place in men once in a
ilfct}llm? at puber ty, the precipitation of casein by calcium salts
ot ;bﬁie 2rmat1on of soap suds. If you know enough, you will

o : . '
Single longpi)xcri:;fl to your goal in a series of hops rather than a

If you try to write an article in this way, you will probably
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disgover your own ignorance, especially of quantitative
matters. How completely do a robin’s gonads revert to an
infantile condition in autumn? How much more calcium is
there in milk than in London tap water? What is the maxi-
mum temperature in an exploding bomb? It may take you
twelve hours’ reading to produce an intellectually honest
article of a thousand words. In fact you will have to educate
yourself as well as your public.

When you have done your article, give it to a friend, if
possible a fairly ignorant one. Or put it away for six months
and see if you still understand it yourself. You will probably
find that some of the sentences which seemed simple when you
wrote them, now appear very involved. Here are some hints
on combing them out. (Remember, by the way, that I am
only giving my personal opinions. Prof. Hogben writes
sentences longer than some of my paragraphs, and his books
sell very well, as they ought to.) Can you get in a full stop
instead of a comma or a semicolon? If so, get it in. It gives
your reader a chance to draw his breath. Can you use an
active verb instead of a passive verB8 or a verbal noun? If so,
use it. Instead of “It is often thought that open windows are
good for health”, or “There is a widespread opinion that open
windows are good for health,” try “ Many people think that
open windows are good for health”. Or “Most people”, if
you think that is the case.

Try to make the order of the phrases in your sentence
correspond with the temporal or causal order of the facts with
which you deal. Instead of “Species change because of the
survival of the fittest” try ““The fittest members survive in each
generation, and so a species changes”. Not that I like the
phrase “a species changes”. It would be better to say “the
average characters of the members of a species, such as weight
or hair-length, change”. Of course in the history of scientific
discovery an effect is commonly known before its cause. And
fairly often a mathematical theorem is known to be probably
true before it is formally proved. If you ecnunciate your
theorem before you prove it you are apt to give the impression,
as Buclid does, that you are producing rabbits from a hat.
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Whereas if you lead up to it gently you create less impression
of cleverness, but your reader may find your argument much
easier to follow.

In a scientific, and still more, a mathematical paper, elegance
of presentation, which often means the hat-and-rabbit method,
is always great fun, and sometimes desirable. How delightful
to produce some wholly unexpected function at ‘the last
moment by contour integration, to damn a suggested mechan-
ism by an appeal to Hearnshaw’s theorem, or to label a plant
whichavon’t breed true as just another case of balanced lethals.
By doing so you may help the serious student to short cuts in
thinking. But you will merely dazzle the ordinary reader.
Go slow, and show him as many steps as you can in your
argument or causal chain, even if, in your own thinking, you
skip some of them or take them backwards.

When you have written your article it may seem rather
gaunt and forbidding, a catalogue of hard facts and abstract
arguments. A critic may say it needs padding. I object to
padding for padding’s sake. It is characteristic of writers who
are more interested in theif style than their subject matter, such
as Charles Lamb or Robert Lynd, but out of place in a scientific
article.  On the other hand you must do what you can to help
your reader to link up your article with the rest of his know-
i?dg.el- You can do this by referring to familiar facts or to
a_mﬂl_alz,hterature. I have been severely criticized for “drag-
ging in” references to Marx in my articles in the Daily Worker,
though I think I refer to Engels more frequently. But a
nul}rllber of my readers arc familiar with the works of these
authors.  Engels said certain things about change, as Heraclitus

Said ve: Simﬂ th < .
head ager hln?r tBugs before him, and Bergson and White-

: t for one of my readers who has read
gem(l?ht\l& Bergson, or Whitehead, a hundred have read
ngets, so I prefer to cite him. I were lecturing on the same
matters to classical scholars I should perhaps cite Heraclitus,

even though I think Engels said i
T oy L hink gels said it better.

enetics,! th i
Danters Dy oo dg s, ere are seven quotations from
edy. 1bave been criticized for “dragging
* New Paths in Genetics. Allen and Unwin, 1941



A POPULAR SCIENTIFIC ARTICLE 7

in’, Dante. But I think it worth while to show the continuity
of human thought. I don’t agree with Dante’s theory that
mutations are due to divine providence, but I consider it
desirable to point out that he had a theory on this subject. I
think that popular science can be of real value by emphasizing
the unity of human knowledge and endeavour, at their best.
This fact is hardly stressed at all in the ordinary teaching of
science, and good popular science should correct this fault,
both by showing how science is created by technology and
creates it, and by showing the relation between scientific and
other forms of thought.

A popular scientific article should, where possible, include
some news. Itry, asa general rule, to include one or two facts
which will not be familiar to a student taking a university
honours course in the subject in question, unless his teachers
keep well up with the periodical literature. As there is often
a lag of five years between the publication of a discovery and its
inclusion in a textbook, this is not very difficult in peace time.
But it is not very easy at present, in view of the number of
libraries which have closed down, and the absence of many
European and some American periodicals.. Of course some
care is needed in appraising new work. A very large number
of alleged discoveries are not confirmed by subsequent workers.
One well-known English popularizer of science has a perfect
genius for picking out discoveries of this kind for announce-
ment to the public. If, like myself, the writer is actually
engaged in research, and has seen a number of his own bright
ideas go west, he is less likely to fall into this particular trap.

In the early stages of popular writing it is well to write out
a summary of the article, though I rarely do so myself. Here
is a possible skeleton for an article on cheesc.

Introduction. A well-known fact, say the shortage of cheese.!

Central theme. The process of cheese manufacture.

Why it is important. Cheese as the cheapest food containir{g
large amounts of “good” protein. Vitamins and calcium in
cheese.

Connections with other branches of science. Rennet compared
* This has lessened since this article was written.
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with other enzyme preparations used in industry, e.g..in
confectionery and tanning. Other uses of specific micro-
organisms, e.g. in brewing. Why putrid cheese is safer than
putrid meat.

Practical suggestions. How to increase our cheese output.
Combating mastitis in cows. Cattle feed and fertilizers.
Should cargo space be devoted to cheese rather than meat?
Need for scientific planning of national food supply.

How much of this you can get in depends on the length of
your article and your capacity for compression. If you are
writing for a highbrow journal you may quote the passages
on cheese from Euripides’ Cyclops, if for a lowbrow, any of the
jokes about the smell of cheese.

That is one way of doing it.  But other writers would show
cheese as part of the Mysterious Universe. We do not under-
stand protein synthesis, nor the extreme specificity of some
enzyme actions. Cheese-making is part of the pre-scientific
activities by which we still keep a communion with nature.
Cl}e@se is a natural food, and beefis not. Andsoon. Ithink
this is an anti-scientific attitude. But you can sell that sort of
stuff, and get over a certain amount ‘of genuine knowledge
while doing so. Everyonc must write popular scientific
articles in his own way. " Ihave only described one way, and I

do not claim that it is the only way, or even the best possible
way.



I am not a Magician

MONG the letters which I receive from readers are a
large number asking advice on matters of health, and
others making suggestions concerning aerial defence. I am
hardly ever able to give a satisfactory answer, and no doubt
my correspondents form a low opinion of my powers.

This is because they expect the impossible from me. That
is not their fault, but that of the people who write the scientific
books and articles which they read. The heroes of popular
“scientific”” romances invent machines with which they destroy
whole armies, lead expeditions to Mars, or create living beings
out of laboratory chemicals.

Mr. H. G. Wells bears some blame for this state of affairs.
A gencration ago he did a great deal to popularize science.
But in doing so he told some wildly improbable stories. Mr.
Cavor produced a substance which would screen off gravita-
tion, and reached the moon on his first ttempt. A chemical
change in the atmosphere made everyone behave sensibly. A
single air raid across the Atlantic almost wiped out New York,
and so on. What is wrong in such stories is that they are
idealistic. Once you get the right idea, it is supposed that you
can achieve stupendous results very quickly. As a matter of
fact science never advances in this way. A new idea, like the
theory of chemical atoms, of natural selection, or of relativity,
may make what is miscalled an intellectual revolution, that is
to say change the ideas of a few thousand specialists.

But even the intellectual changes take a long time to reach
the masses. Darwin published his theory cighty years ago,
but it is not yet taught in British elementary schools, though it
is in those of the Soviet Union. Very few non-specialists
understand the theory of relativity, though the “special
theory” as it is called, is not very difficult.

And the practical application of science gencrally takes a long
time, partly because of the great differences between laboratory
and factory practice, and partly because of the opposition of

9
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vested interests. A chemist may be quite satisfied if he gets
some new substance in a twentieth of the amount which is
theoretically possible. It is much better to waste some of the
materials from which he starts, rather than spend a year in
determining what conditions give the highest yield. But this
is very necessary if the chemical is to be made on a large scale.
Moreover the best method in a laboratory is not necessarily the
best in a factory. .

In a physical laboratory a researcher is delighted if he finally
gets an apparatus to work, cither to demonstrate 2 new prin-
ciple, or to measure something more accurately than before,
after many months of experiments which did not give satis-
factory results. Later on the apparatus may generally work
when it is meant to, but may require several days recondition-
ing after each time it is used for an hour. It has taken half a
century to make X-ray apparatus which will work as regularly
as an ordinary photographic camera. A

A biologist working with a strain of mice whose females
develop cancer of the breast in old age is able to reduce the
frequency of cancer to a small fraction by feeding them from
birth on milk of 2 non-cancerous strain. But we do not know
if the same principle holds for human cancer, nor are we likely
to for many years. And if we did, it would take several
generations to apply it in practice.

The purc” scientist in his laboratory is sometimes an
g’;ﬁ:ergi}éssiﬂled nianual wc_)rker, making his own apparatus.
But the o re temP o%rs a skilled worker to make it for him.
factory vs}DoP;k aluts 1; often ny frag1'le, and wholly unsulted'for
BeorY, work, et alone use by unskilled People. The applica-

science is at best a prolonged social process. In many

forms of soci sos T -
ms ociety it is difficult or impossible imitive
socleties it is o P . In primitiv

pposed by custom, often with a magical sanction
In the Middle Ages ; , o persccuting
ges 1t was opposed both by th
chtr;rc(}ix and the monopolistic gplfilds. O DY The persecnig
oday it is very often opposed b 1 itali

: y monopoly capitalism. If

iggurﬁi (ziut how to make diamonds tomorrov?r’ I sﬁould find it
malze aai' to put my method into operation. If I wanted to
ortune, my best plan would be to sell it to the diamond
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mopopoly, who would promptly suppress it to save their
mines from ruin. New methods are promptly applied if, and
only if, they mean quick profits, and some capitalist can be
persuaded that they do.

Another thing which my correspondents do not realize is
that science is almost always quantitative. It depends on
measuring, weighing, and counting. Now if I am asked a
biological question which involves numbers, I can sometimes
answer it at once, because I have been thinking in numbers
about living things for thirty years. If you ask me how much
vitamin B, would have to be added to our bread to suffice us
for a year, I can make a rough guess at the answer. I can also
estimate how much arsenic enemy planes would have to drop
into the London reservoirs to poison us (and it is a very large
amount), or whether there is a danger of suffocation in a
particular shelter. I can do this because I have made thousands
of calculations on such matters. But I am asked questions as
to the possibility of keeping off bombs with wire nets, or
stopping bombers by letting loose dust, wires, or chemicals
which would cause “knocking” in their cylinders.

I could make the necessary calculations, or some of them, in
a few hours or days, if I had the available time, though I should
also waste a good deal of time in hunting up the necessary
figures in libraries. Having made them I could be in a position
to say either “This is worth following up”, or “This would
need millions of tons of material to stop one air raid”. But a
physicist, chemist, or engineer with the right qualifications
could do the same sums roughly in a few minutes, and accur-~
ately in an hour. I know enough physics to understand the
principles involved, but I haven’t got the numbers at my
fingertips.

Still less realistic are some of the people who write about
their health. I would sooner take the opinion of a very
second-rate doctor who had actually examined me than of the
world’s finest physician who had merely read a letter about my
symptoms. For example headache may be due to eye strain,
digestive troubles, kidney disease, or brain tumours, to ta}(c
only a few examples. A doctor may give the wrong dia-
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gnosis, but I certainly can’t put him right from a distance, and
could not do so no matter what were my qualifications.

A few medical questions can be answered from a distance,
largely because normal people’s needs of food, oxygen, and so
on, are much the same, and because a certain degree of over-
crowding and dirt are bound to lead to some cases of disease.
But in a grossly overcrowded shelter, though one can be sure
that some people will fall ill, one cannot say which particular
person will do so.

If children were taught science in relation to their daily
lives and the work which they would probably do when
grown up, my correspondents would realize these facts. But
they learn their science from books, or at best from very
artificial laboratory experiments. And it is no wonder that

theY. attribute to me the qualities, not of a scientist, but of a
magician.



Lord Birkenhead improves his Mind

OPENED Lord Birkenhead’s book The World in 2030,!
with pleasant anticipations. “Here”, I hoped, “I shall not
be bored by a catalogue of possible improvements in engin-
eering and medicine, but I shall be able to study the views
of one of the acutest minds of our generation on the future of
politics and law, of both of which professions he has been an
ornament.” I was early undeceived. In the preface he
dashed my expectations to the ground by the statement that
“of all branches of human knowledge, law and politicsare . . .
Jjust the two that are least likely to sustain profound modifica~
tion”. His lordship may be correct, though I venture to dis-
agree with him for the following reason. Until recently
experts in two subjects only have enjoyed a pre-eminent
advantage in the field of politics. These subjects were law
and war. The power of the political lawyer has tended to
formalize politics and to spread in political circles the tenet
that:
The law is the full embodiment
Of everything that is excellent.

Today new types of expert are coming to the top in politics.
For example, the President of the United States? is an engineer.
The decline of the lawyer-politician is likely to have radical
effects on law and politics alike.

I read further, and a strange feeling began to oppress me.
Certain of the phrases seemed oddly familiar. Where had I
seen them before? Finally I solved the mystery. They were
my own. Here are some parallels between the two docu-
ments, of which B is the work under review, while H repre-
sents Daedalus or Possible Worlds by myself.

* The World in 2030, by the late Earl of Birkenhead. Hodder & Stoughton.
12s. 6d.

2 At that time Herbert Hoover,
13
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. The Cambridge biologists
bred and acclimatized a
lichen which bound the
shifting sands of the world’s
deserts, and made them fit
for cultivation.

. After the riots and civil dis-
turbances caused, in 2010, by
the introduction of state-

supported  ectogenesis  in
Nebraska. . . .

. They are minute bodies, so
small that, if a hen’s egg
were magnified to the size of
the world, one of the genes

H. Ferguson . . .

who in 3957
produced a lichen which had
bound the drifting sand of
the world’s deserts. .

. They certainly succeeded in

producing the most violent
opposition. . . . (There was
evenarebellionin Nebraska.)

. If we magnified a hen’s egg

to the size of the world . . .
we could still get a gene into
a room or even on to a sm

in it would Lie on a fair- table.
sized writing~desk.

The resemblance becomes more striking when 1 add  that
the first two pairs of excerpts are both from essays supposed to
be written by undergraduates, the one in 2030, the other in
1978. Altogether I counted forty-four coincidences between
the two documents, though I dare say the list is not complete.

Applying John Stuart Mill’s method of agreement I formed
the hypothesis that the documents B and H were causally
connected, and noted that H was the earlier of the two. I
have forme;d three provisional hypotheses to explain the facts:
c(14) Lord Birkenhead and I both had access to the same original

ocument. This could perhaps be reconstructed, like Q, on
which Saints Matthew and Luke (I make the comparison in all
reverence) are said to have drawn. (b) We were both con-

g:ieed, when in a state of trance, by the same discarnate intelli-

In my own case this is extremely plausible. I am in

il}e}i C}E\btlt of ingesting substances, such asPcalcium chloride,
ok 1?’mp9rar11y affect the functions of my brain, and 2
pon ol” might well take advantage of such a condition.
it would be a tragedy if so brilliant a brain as Lord Birken-
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heacgl’s were interfered with in any such manner. However, I

am sure that his lordship has never even tasted calcium chloride.

Perhaps he is more psychic than I.  (c) Lord Birkenhead was

guilty, I will not say of plagiarism, but of a certain lack of
originality. I unhesitatingly reject this hypothesis, because it
carries with it corollaries which I find unthinkable. Mr.
G. K. Chesterton would have had some justification for
writing the odious lampoon whose final line, “Chuck it,
Smith”, I blush to transcribe. And it would be possible to
minimize the loss which the Unionist party has sustained
through Lord Birkenhead’s retirement from active politics.
Even on this obviously ridiculous theory, there would, of
course, be no infringement of copyright. The law is clear
that when sufficient skill and labour are applied copyright is not
infringed, and Lord Birkenhead’s legal acumen would have
gauged the necessary effort with the utmost nicety.

Adopting, as the least improbable, hypothesis (b), there
would seem (as is so often the case with such psychic pheno-
mena), to be an occasional failure in transmission. “Copper”,
we learn from B, “conducts electricity incomparably better than
any other metal”. In fact, aluminium is a better conductor,
weight for weight. “If intra-molecular energy be tapped and
utilized, the same state of affairs (unlimited, supply of power)
would arise.” Intra-molecular energy is today tapped and
utilized in almost all high explosives. From the pen of a
director of Imperial Chemical Industries such statements would
be surprising. From that of a medium they are not.

But it is in the sphere of law and history that the imperfec~
tions (inevitable in such supernormal manifestations) are most
striking.  “As equal citizens of the Empire, Saxon, Celt,
Semite, Mohammedan, Hindu, Chinaman, and Maori share
similar rights and are subject to equal responsibilities.” The
control may well have belicved this. A former Lord Chan-~
cellor and Secretary of State for India might perhaps have
been cognisant of the existence, in that portion of the empire,
of two highly complicated systems of civil law, defining the
rights and duties of Hindus and Mussulmans as such. “T.he
Roman Empire, however, stood and fell with Rome. The city
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was the only heart of the Empire.” Itis unfortunate that the
control had not learnt the mnemonic:

The Emperor Arcadius

Lived outside the four-mile radius,

‘Which made it very laborious

To go and dine with the Emperor Honorius.

If 50, he, she, or it would have remembered that the Eastern
portion of the Roman Empire, of which Constantinople
formed the heart, was separated from the Western before the
fall of Rome, and survived that fall by nearly a thousand years.

Between the psychically inspired passages there are portions
—in one case of no less than twenty-three pages—which
appear to be original. There is a eulogy of the tank, some
mild anti-French propaganda, one quite bright remark about
the League of Nations, some anti~feminism, and just at the
end, eight quite amusing pages on the application of psy-
chology to Jaw and politics, which go some way to belie the
statement which I have quoted from the introduction. There
are, it must be admitted, some curious gaps. One may not
like Bolshevism or Fascism, but a prophet who ignores both
in h%s consideration of world politics might be thought, by 2
captious critic, to be limiting his outlook unduly.

Whether these original passages are worth twelve shillings
and sixpence I will not attempt to decide. Butif readers of the
book should answer the question in the negative, one consola-
tion will remain with them—Lord Birkenhead has made the
acquamntance, whether from the document Q or from a dis-

c(:larnate 1_ntel]igence, with some popular science. And no
oubt this has improved his mind.

NoTEe

This review was published i iew i
publis ed in the Week-End Review in 1930,
gi;lg)las silso been reprinted in The Week-End Calendar (Geoffrey
ok reprint it here because it has some historical interest,

ause the incident was one of many which woke me up
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to the remarkable fall in the moral standards of the British
tuling class which has occurred in the last generation. The
law of libel prevents me from mentioning most of the others.
Given Lord Birkenhead’s record, I should not have been
surprised at his attempting to make a fortune “by some great
base mean”, but I was surprised that a former Lord Chancellor
and a Lord of Appeal should make a few hundred pounds by
petty pilfering of another man’s literary property. I should
not be so surprised now. But since 1930 I have become a

Marxist, and I must thank Lord Birkenhead and Adolf Hitler,
among others, for making me one.



A Banned Broadcast (1934)

EAN INGE, Sir Norman Angell and Lord Beaverbrook
D have told you some of the causes of war, but not all
Dean Inge dealt mostly with psychological causes; the other
two, who didn’t quite agree, with political causes. I am
going to deal with the technical and economic side. It may be
true that hate and fear are the root causes of war, but we shan’t
get rid of them in our time. If I were asked about the causes
of fires in houses, I shouldn’t tell you that the main cause
was oxygen in the air, because that is outside our control. 1
should talk about the use of too much wood in building, about
carelessness with matches and cigarettes, and lastly about our
system of insurance, which makes fires a source of profits for
some people.

The first thing to get hold of is that the British Common-
wealth is extremely powerful in attack, but is also extremely
vulnerable. We could attack any nation with a sea coast.
But we are vulnerable to blockade or air raids. Whereas the
Soviet Union, for example, is not so strong in attack, but
probably stronger in defence. Now this makes for war for
two reasons. It makes other nations fear us, and therefore, a$
Dean Inge said, hate us.  And it gives their politicians the hope
of attacking us successfully.  So if we can make ourselves less
vulnerable, and at the same time less alarming to others, w¢
shall be helping the cause of peace.

During the last war we were very nearly beaten by the
German submarine blockade, and Cabinet Ministers tell us that
];}tt}>1§r;1f>)s(towa£ th(ei cnemy aircraft may drop a greater vsreight
oo hn ondon in a single night than they did in the

¢ of the Great War. What have we got to protect our-
selves from these dangers? Very little.
eX;Xe]ﬁtsh::He L?sn:hof the }\;vorld’s two largest navies, but the naval
protect oup s l?o r\;;t out many more cruisers they could not
efficient air force, but iﬁmn}eme. We'have @ small th?ugh

) ¢ air experts tell us that a far bigger
18
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force could not guarantee us against raids, but only bring down
some of the raiders, and bomb the enemy in reprisal. In a
future war our shipping may be attacked by submarines,
cruisers, or acroplanes. We could probably overcome the
danger if we had time, as we did that of the German sub-
marines. But shall we be given time?

Our reserves of food in this country are very small. Some-
times we have only three months’ supply of wheat. If we had
three years” supply of wheat in national granaries we could
laugh at the threat of starvation, and no other Power would
be led into war by the hope of starving us out. The cost of
such storage and purchase- has been worked out. It would
probably run to over /200,000,000, but it would cost much
less than our navy, and would not frighten anyone." I need
hardly add that the wheat is waiting to be bought, and the
workers who -could make such granaries are waiting to be
employed.

Air raiders might attack us with explosives or gas. Besides
aeroplanes, balloon barrages, and anti-aircraft guns, there are
three other lines of defence. First, gas masks. Fairly good
gas masks could be made for about half a crown apiece. But
they could not easily be kept in good repair, it would be hard
to teach people to use them, and they would not protect the
skin against blistering vapours. Again, every house in our
large towns could be given a gas~proof room. This would
cost a lot more, and would be no protection against explosives.
Finally, all the thickly populated parts of our large towns could
be equipped with bomb-proof and gas-proof underground
shelters. This would cost a great deal, but it would be of
immense value. In fact, if such shelters existed, it is likely
that they would never be used, because an enemy would
probably not violate the laws of war by bombing civilians
unless he thought he could force a decision by so doing, as the
Germans hoped to win the war by sinking neutral ships.

If we had protection of this kind, we could afford to reduce
our expenditure on ships and acroplanes, and people in other
countries would be less afraid of us. But as you know, our
Governments have done nothing along these lines, though the
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need for such action has been obvious since 1920. I amnot
trying to make party capital. There is nothing to choose
between the Conservative and Labour parties in this respect.

Now why is passive defence completely neglected? There
are four reasons. Our politicians were brought up in the days,
of horse cabs, and won’t think in terms of modern transport.
The fighting services have that incurable prejudice in favour
of attack which sent infantrymen like me against uncut barbed
wire, and refused to give us machine guns for defence. The
storage of food would involve at least a partial nationalization
of the food trades, which is all wrong, because it is Socialism.
And above all we have a heavy and continual propaganda from
interested parties in favour of increaased armaments. I only
wish the farmers and the engineers who would have to excavatt
dugouts were as enterprising as the armament firms, and would
subsidize propaganda for the storage of wheat and the making
of bomb-proof shelters!

I notice that Dean Inge has no use for the idea that armament
manufacturers ever frighten us to make us buy their wares
They would be very remarkable people if they didn’t. 1 can't
open a newspaper without finding an advertisement intended
to frighten me into buying tooth-paste or pills. The arme
ment dealers are a little more subtle in their methods, but that
18 a]l.‘ After all, common sense tells you that when you find
fdeVll you shoul(} inquire who is making m'oney out of 1t
%I;e—iliesrc}rzoz lvlvtO{; (tl be far %ff its cause. If you want to catch
Ifyon Wantyto | fnd out who is making money out of ﬁrCS:

ch war-raisers find out who is making mon¢j
out of wars a:nd rumours of wars.
d oljt;)hvze ?sol?i:totg?all OEtyqui receiver in disgust because this
Marxism. But it ismil S omn, or Marxst propaganda‘. "
Christianity It was a’zchoinmon i ar%d e a0 800
treasure is, tilere will nour ir M;lrx w’}}o sald,‘ Wher.e you
Inge had had that texZ'm m'ezrth ¢ alko - ’ 1 think that 1fpcaﬂ
certain that armamne Sharlrll1 1de wouldn’t have been quite 0
armament.  Actually we k; . e}l;s would never obstruct di
ment firms do so. Our o fhat men Cmplqypd by arm#

. present naval competition with th
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Uniged States is partly due to the efforts of a gentleman who
was paid by an American armament firm to interfere with the
Anglo-American conversations at Geneva.

The men who framed the Covenant of the League of
Nations thought differently from the Dean. Clause. 4 of
Article 5 begins, “The members of the League agree that the
manufacture by private enterprise of munitions and imple-
ments of war is open to grave objections”. When Mr. Lloyd
George agreed to that clause on our behalf, he had learned a
great deal about armament firms while he was Minister of
Munitions. That clause, which is a Socialistic clause, was
drawn up by such eminent anti-Socialists as Viscount Cecil and
General Smuts. They realized that at least some kinds of
private enterprise are among the causes of war.

Of course, every shareholder in an armament factory dees
not go about clamouring for war. But he or she realizes that
if the promises to disarm made in the Covenant on behalf of
the nations were carried out, it would mean a loss of income,
and that a war, especially a nice little war on the other side of
the world, would mean a financial gain. Let us put the thing
as gently as we can. You can’t expect those people to' be
quite as keen on peace as the rest of us, and when peace and
war are in the balance that little lack of keenness may turn the
scale.

Let us see what else besides the armament firms has an
interest in war. Perhaps we haven’t been quite fair to them.
After all, an army needs boots and breeches as well as guns. It
gets better food than the civilian population. It needs trans-
port. And, above all, it does not compete with civilians in the
labour market. If you talk during a period of great depression,
such as 1931, with a man who is engaged in financing inter-
national trade, he will often say something of this kind: “T hate
to say it, but you know a war would set the wheels of business
going again. Of course, I don’t mean a war in which we are
involved. But look how well the neutrals did in the Great
Warl!”

If Japan and the Soviet Union went to war tomorrow, not
only would they want to buy munitions from us, but raw
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materials of all kinds. The Japanese would want their ships
for transport, and British tramp steamers would take their
places. Their factories would be too busy making army
uniforms and explosives to compete with Lancashire. The
immediate effect of such a war would probably be a fall in
British unemployment. No wonder, then, that some British
business men would not exert themselves to stop such a war;
even if they would do their best to prevent this country from
being drawn into it. In the same way, many Japanese would
benefit financially from a war in Europe.

That is rather a terrible situation. It means that wherever
you have unemployed labour and unemployed capital you have
a cause of war. When markets are expanding, as they wer
through most of the nineteenth century, this cause is absent.
As long as we could sell cloth and rails to the Russians and the
Japanese it was in the interests of almost every Englishman that
they should keep the peace. It is not so any more. And!l
need not tell you that wars have a way of spreading. If the
So_wet Union were at war with Japan, a European power
might be tempted to attack her, and we should find it very
hard to keep out.

Lord Beaverbrook thinks we could keep out by refusing to

commit ourselves to aid any other nation. Well, Americ
had no commitments, and President W

£ th, ilson tried to keep out
of the Great War, but he failed. If submarines were being

%sed against commerce in a Franco-German war, does Lord
eallf?erbrook honestly believe that no British ships would be
sunk?  On the contrary, we have a far larger mercantile

marine than the Americans had i
certainly be involved. ad in 1917, and should far more

When unempl i i
) ployment rises beyond a certa i ing$
get still worse. . B e

Germany had five or six million unemployed

in the winter of 19
32. They were d
wonder that many of th Y esperate, and no one cat

em supported Hitler when he promised
gff vaoiiée‘gn though his policy, which involves thI:: absorp-
Slovakia, Polansl,’r;l;g—Speakmg people of Austria, Czecho-

; Denmark, can only be achieved by war.
Isincerely hope that, in spite of this dechred poli:;,e GeZn;Nany
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may not go to war, but there is no question that the danger of
it is far greater as a result of Hitler’s advent. By the way,
Lord Beaverbrook forgot to mention that the Nazi programme
includes’the return of the former German colonies. Itisa pity
that he did not tell us how he would answer such a demand
were Germany supreme on the continent of Europe, with a very
large air force within striking distance of London.

Aslong, then, as we have massive unemployment, there is a
very good reason for war. Every unemployéd man or woman
is a cause of war. I see no prospect of abolishing unemploy-
ment under our present economic system. That is why I am
a Socialist, and it is one reason why more and more lovers of
peace are becoming Socialists. !

I notice that Dean Inge made the really amazing statement
that one cause of war was pressure of population on the means
of subsistence. Actually- the opposite is true. The world
contains enough means of subsistence for a much larger popula-
tion. Our Government is busy trying, by quotas and tariffs,
to keep various means of subsistence out of the country.. No
wonder with such an economic theory he was unable to make
any very constructive suggestions.

I want to deal with one more cause of war. Lovers of peace
are hopelessly divided in their policies. If peace is as important
as [ believe, we ought always to ask oursclves, “Does a given
policy make for peace or war?”” and act accordingly. Let me
give you two examples:

In 1921 the Greek Government rejected the British, French,
and Italian proposals for a peace with Turkey, and launched an
offensive into Asia Minor. In 1922 the Greek army was
defeated. There was a revolution, and the commander-in-
chief, the Prime Minister, and four other ministers were
executed. This was one of the most impressive gestures for
peace made in our time.

I think it will be many years before another Greek Govern-
ment enters into a war. What happened next? The Br}tlsh
Government protested strongly, and withdrew its Minister

from Athens. They had not withdrawn him while tens of
thousands of ordinary Greeks and Turkswere being slaughtered,
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but five ministers and a general were another matter. They
showed that they preferred the safety of Cabinet Ministers to
the safety of peace. Thilmann, the German Communist
leader, is in prison today. Itis reported that he is shortly to be
tried, and may be sentenced to death. Among other things,
he is accused of addressing a meeting in Paris, where he de-
manded international action for ‘peace by the working class.
Thilmann is standing for peace against the warlike policy of
Hitler. It will be interesting to watch the reaction of British
‘opinion if he is executed. Dean Inge says that friends of peace
may pray to be delivered from such allies. Yet in war we are
not so particular about our allies.

Two more examples:

The University of Oxford conferred an honorary degree on
Sir Basil Zaharoff, the eminent armament manufacturer. The
Vice-Chancellor of Leeds University has just censured Mr.
Dickinson, one of its lecturers, for making a very forcible
speech in favour of peace. I wonder if our Universities are
doing all they can to prevent the next war.

To conclude, if we really want peace, we must examine all
the causes of war, economic and technical, as well as psycho-
logical and political. We must be prepared to associate with
all sorts of people, from Bishops to Bolsheviks, who share our

aims.  We must try to convert others as I have tried to convert
you.

NoTE

I reprint this broadcast because

: it is of some sli istori
interest. e slight historical

I was asked to take part in a B.B.C. discussion in the

autumn of 1934. Dean Inge, Sir Norman Angell, and Lord

Beaverbrook had alread ke e Angel, anc Lot
: yspoken, the latter inf: .

The B.B.C. refused to permit r infavour of isolation

this broadcast here reprinted. 1
offered to tone down some of the Socialism and. to Eut out the
Eorit_rovi;rszlal matter at the end. They still refused. 1 did not
eel justified in cutti '

e broadcaggwfg out my pleas for food storage and A.R.P,,

. C $ not given. It , h .
in the Daily Herald on November 3, ‘I)‘;a;zi,. owever, published



A BANNED BROADCAST 25

I have of course reprinted this article without alteration,
though I have changed my opinion since, and would have put
several things differently had I then held my present views, 1
should have emphasized more clearly the distinction between
the private and public manufacture of armaments.- Above all
1 did not foresee that British Governments would violate
international law in favour first of Mussolini, and then of Hitler,
as they did from 1935 to 1938. Hitler was supported by
armament manufacturers in various countries. Herr Stinnes,
who financed him, escaped, but was handed over to the
Gestapo by the Vichy Government. This is the only action
of that government with which I have some sympathy. Lord
Riverdale, of Sheffield, was one of the British armament manu-
facturers who spoke in favour of German rearmament. Un-
like Herr Stinnes, he has found the war which resulted from it
quite profitable.

I should like particularly to point out that in 1934 (and

indeed earlier) I was demanding respirators and bomb-proof
shelters. In 1938 I was one of the founders of the National
ARP. Coordinating Committee, of which I am Chairman.
It continued these demands, in great detail, and of course in a
more up-to-date manner. Thus in November 1939 we saw
that underground shelters for all were impracticable, and urged
the building of reinforced surface shelters. These were begun
in the summer of 1041, after many lives had been lost in brick
shelters, and many millioh pounds wasted on them. In that
year the Daily Herald stated that the A.R.P. Coordinating
Committee was a2 Communist organization. Actually it in-
cludes members of several political parties and of none. And
in 1934 I had no connection with the Communist Party, and
became associated with it mainly because of its full awareness
of the dangers of Nazi and Fascist aggression. It also led the
way in demanding adequate A.R.P.

It would be interesting, by the way, to know just who was
responsible for suppressing this broadcast, whether he or she
was the same person who ordered birthday greetings to be sent
to the King of Italy in 1941, and whether he or she is still
directing the policy of the B.B.C.



I was a Biometrician

N November 1918 the staff of the German university O‘f
I Strassburg were forced to evacuate at a few hours’ notice,
and although the French university of Strasbourg proved 2.
worthy successor, the expulsion of the German professors who
were unable, so it was said, to remove their apparatus an
books, was regarded as a crime against learning.  Perhaps we
were over-sensitive in those days. Thousands of German,
Austrian, and Czech men and women of learning have been
expelled since 1933. Since 1936 their Spanish colleagues ha}’e
undergone a similar fate. Some of the Chinese universities
have been deliberately bombed.  Others carry on a precarious
existence. under the Japanese, or in Yunnan and Szechuan
The university of Warsaw is being destroyed as I write.!

Among the latest additions to the list of refugee universitics
is that of London. A skeleton staff has been evacuated from-
some of the teaching departments to Exeter, Bangor, Canv
bridge, and other towns. Except in the Imperial College of

~Science, and a few departments in other colleges which have
defied orders to evacuate, research has ceased. 'Libraries ar
closed.

In the case of the non-biological sciences the temporary
cessation of research is often not very serious. In my own it
would be fatal. Some of my pedigree stocks have been pre-
served so far. Others have found, or may later find, refugt
clsewhere. Other animals of known pedigree have had to bt
destroyed, and many years’ work will be required to build v
similar stocks again.” The enforced slowing down of my wotk
at least glves me an opportunity to review it. I came ¥

London in 1933 as part-time professor of Genetics, and sinct

1937 have been Weldon Professor of Biometry, a science which

is defined as the application of higher mathematics to biological
problems.

pee The success, such as it has been, of my department
15 largely due to two men, Adolf Hitler and the late John D

! September 1939.
26
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Rockefeller. The former provided me with personnel, the
latter with money to pay them.

The department concerned itself with the details of inherit-
ance in flies, beetles, mice, rats, and men, and also with the
study of natural populations of these animals. As an applied
mathematician I devised statistical methods, and applied them
to thework of my junior colleagues, to that published by others,
and to a little of my own. My chair was endowed by the
widow of the late Professor Weldon, a zoologist with a bent
for mathematics, who had worked in conjunction with that
great man, Karl Pearson.

Karl Pearson saw that mathematics could be applied to
biology. However his philosophy, which resembled that of
Mach, but was more consistent, lead him astray to seme
extent. He refysed to look below the surface of phenomena
because he thought there was nothing to look for. “This
honest and conscientious enemy of materialism”, as Lenin
described him (and Lenin rarely erred on the side of politeness
to his opponents), collected data on inheritance in men, horses,
and other animals, and attempted to describe the phenbmena
of inheritance in purely mathematical terms. He and Weldon
were violent opponents of Bateson, Punnett, and other workers
who followed up the clue which Mendel had discovered in
peas. Thirty-five years ago it seemed impossible that both
parties should be right. But they were. Bateson’s theories,
though fundamentally correct, were far too simple. Pearson’s
elaborate mathematical apparatus, when applied from his
essentially positivistic point of view, led to meagre biological
results. But once the more materialistic theory of the gene,
which Morgan built up on the basis of Bateson and Mendel’s
work, had developed beyond its early stage, Pearson’s mathe-
matical methods proved indispensable.

I have been applying and developing them. The last paper
which appeared from my department before the war, dealt
with the following problem. Haemophilia, a condition in
which the blood will not clot, occurs in men only, but is

handed down through women. A woman transmitter hands
itdown to about half her sons. 'What fraction of her daughters
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inherit her curse? o take a concrete example, Queen Vigtoria
had one haemophilic son, Prince Leopold, out of four; and two
of her five daughters, namely Princess Alice of Hesse and
Princess Beatrice of Battenberg, had haemophilic sons. But
we cannot say that only two out of five daughters were trans-
mitters. The other three daughters had seven sons between
them. If they had had more, one of them might have borne
a haemophilic son. Ina group of such cases we can make the
necessary allowances. And when we do we find that about
half the daughters are transmitters. The calculation, however,
involves quite difficult mathematical and, above all, logical
thinking.
~ My colleague Dr. Philip has been breeding wild mice. This
involved a study of their psychology, for they insist on being
let alone before they will breed.  Mice seem to act on the Nazi
philosophy. In onc Scottish mine there were both white-
bellied and grey-bellied mice. They will hybridize in cap-
tivity. But there were no hybrids in nature. On the other
hand a population of bectles with four colour varieties wert
found to have bred at random as regards colour. There had
been no tendency of like to mate with like. My colleagues
Gordon, Christie, Spurway, Street, and Rendel worked with a
wild species of flies all of whose members look very similar
But by inbreeding them they showed that many of them
carried recessive genes which made no difference to theif
gpgearapce, but showed up in their descendants as a result of
1;}11 reeding. A number of true breeding races differing from
ti type were established. Some of these were freaks, but
;ine]rls possessed characters normally found in other species
‘enita}i dr_nY colleague Griineberg studied a variety of cor
fn A rats'lseases, such as cataract, deafness, and anaemia, in mice
Apart from its bearing on evolution, this work was mainly

Kf;z?ll_e inbllnroviding a b"}Ckgmund against which to study
deal o ﬁl;;)n aimd?s eaTherf: 1s a congenital element. in a grea
infectious diseases OSC, vet a hundred people have worked of

f animals £ ;
. > to
their congenital maladies, r every one who has studied

So much nonsense has been talked
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aboyt race-crossing, racial purity, and similar topics in man
hat we are apt to forget that there are very real questions to be

answered in this field. For example there is certainly a Jewish

problem, or rather a number of Jewish problems. Perhaps

the central biological one is as follows. “Do the Jews taken as
a whole, differ as regards innate physical characters from their
neighbours, as for example the Red Indians of North America
differ from the whites, negroes, Chinese, and hybrids?” Only
if the answer to this question were affirmative would there be
any point in conducting research on the much more difficult
problem as to whether the Jews differ from their neighbours
in a similar way as regards innate psychological characters.

My department has attempted to answer such. questions as
these in the case of animals where no political, religious, or
social theories were likely to bias the investigators. I believe

that such work, if it does nothing more, helps us in two ways
with the human problem. It gives us a background, as the
study of animal anatomy or animal behaviour gives us a back-
ground against which to study human anatomy and behaviour.
And it enables us to test out methods on relatively favourable
material.

In the same way our work on congenital abnormalities in
animals, if it does not answer the problems of human eugenics,
at least suggests the methods by which they may be answered.
Above all it warns us that the answer may not be simple.
Some congenital abnormalities in animals can be got rid of by
“sterilizing the unfit”, others can be reduced in frequency by
preventing inbreeding. With others again, neither of these
methods is very effective.

All this work is what some people call pure science, but I
prefer to call it long-term science, because its results, though
ultimately of great importance, are not immediately applicable.
The action of the authorities of London University has shown
that they do not regard such work as particularly important.!
If, as some people believe, though I do not, our civilization is
about to collapse, they are doubtless correct... Horse racing is

* It is only fair to say that at a later period in the war they were much
more helpful. Some of them read this article.
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not, like scientific research, a prerogative of civilized peqples,
and some will think that so long as pedigree race-horses
continue to eat food which might be otherwise used, a war to
save civilization might respect humbler creatures which serve
science. Clearly this is the opinion of a minority.

I must however confess that among the reasons which con-
firmed me in my belief that in the recent conflict the defence of
Madrid was the defence of civilization were the activities of
Professors de Zulueta and Galan. At least up to January
1938 they continued to carry on research on heredity i
beetles and cucumbers within less than two miles of the
trenches, and under occasional bombing and shell fire. Madrid
fell, perhaps just because its people thought that kind of thing
worth while, and did not sacrifice all other considerations to the
successful prosecution of the war. Whether or not the policy
of the Spanish Government was right, London is showing

somewhat less concern for scientific research than did Madrid
two years ago.

NotEe

_ I have managed to keep my department going and most of
1ts members have collaborated as a team in the work described
in t'he next articles. I have deleted a passage which was
just1ﬁeq at the time, and was violently criticized. However it
played its part in causing the university authorities to adopt 2

much more enlightened poli i
policy. In fact since 1940 they have
served the cause of science and learning well. ) ’



My War Job
PART 1

N the course of the war millions of people are put in situa-
tions which endanger their life, health, or efficiency, quite
apart from enemy action. We have only to think of men
in overheated tanks, women exposed to T.N.T. poisoning,
children in overcrowded shelters. A great deal can generally
be done to protect them, but very often research is needed
before this is possible. I have been engaged in work of this
kind throughout the war, but much of'it is quite rightly secret.
However the Admiralty has allowed me to publish accounts
of one piece of work in Nature and the Journal of Hygiene, so 1
am free to write of it here.

In 1939, at the request of the Amalgamated Engineering
Union, I had done some work bearing on escape from sub-
marines, and the Admiralty asked me to continue it, while
Messts. Sicbe Gorman & Co. who make the Davis submarine
escape apparatus, put their works at my disposal.

If a submarine is lying on the bottom, say under 100 feet of
water, and cannot rise, the crew can get out by opening a hatch.
But they cannot do this until the air pressure inside is equal to
the water pressure outside. At a depth of 100 feet the air
pressure must be 4 atmospheres, that is to say a cubic foot of air
must be squeezed into } of a cubic foot. At 300 feet the
pressure must be 10 atmospheres, or 150 pounds per square
inch, and so on; an extra atmosphere for every 33 feet. The
pressure may be raised either by flooding a whole compartment
of a submarine, or by flooding a small escape chamber which
normally only holds two men. So my first task was to find
out some more about life in compressed air. We used a small
tank much like a boiler, 8 feet long, but only 4 fect high, with
small windows of thick glass, and an airtight door.

My colleague Dr. Case and I used eighteen volunteers as
“rabbits”, and one of us was always compressed with the

31
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“rabbit”. Our “rabbits” included such distinguished men &
Dr. Negrin, the former Spanish Prime Minister, and Col
Kahle, who commanded the International Brigades. Two of
the “rabbits” were women. One of the men was severely
injured, and many lost consciousness, but I never had any
difficulty in getting volunteers. ‘ .

How quickly can a man be compressed with safety? "This
may be a matter of life and death. 'We do not fgel the extr
pressure, any more than we feel that of the normal air, provided
it is evenly distributed. But everyone feels it on the ex
drums, because the outer side of the drum is exposed to a1,
while the inner side communicates with the throat by thF
Eustachian tube, which is generally kept shut. If this tube 1
nst opened, there is great pain, and an ear drum may burs,
causing deafness till it heals again. Experienced divers can
hold it open. T can myself. Most people can open it by
holding the nose and blowing, but this is often supposed to b¢
rather difficult to learn. I found that about four people out of
five need no training.

Certain people thought this was only true for biologists and
- medical students, so I got four men from the British Battalion

which had fought in Spain, none of whom had ever been in
compressed air, and compressed each of them to 10 atmospheres
In s minutes, a speed which until recently was thought danger-
ous even for experienced divers. The rate of increase of
pressure on the ears is the same ‘as one would get in a plant
nose-diving at 6oo miles per hour. I admit that one of th
four lost consciousness for a moment, but none of them asked
me to stop the compression.

You feel pretty queer at 10 atmospheres. The air is so thick
that you feel quite a resistance when you move your hand, and

your voice sounds very odd, as if you were trying to imitate 2
Yankee twang,

. and overdoing it very badly. But after 2
Jnute or two you also feel changes in your mind, somewhat

ut not exactly, as if you were drunk. = Americans and Irish-
men generally get ver

/ y excited and may be quarrelsome. S0
Src; s(ci)rr}e Englishmen. _ Others become miserable, and say they
ying.  Dr. Negrin was one of the few who preserved 2
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complete outward calm, though his written notes show that he
was feeling rather odd. In this condition most people can still
do fairly well on simple tests of manual skill, however (except
for one woman) they cannot do arithmetic or think of several
things at once—for example testing a “rabbit”, taking notes,
and collecting a sample of air. But they can carry out a drill.

This condition, as was first shown by Commander Behnke,
of the U.S. Naval Medical Corps, is due to the fact that nitro-
gen is a poison if you have enough of it. Four-fifths of air
consists of nitrogen, which is generally supposed to be inert.
But when you increase the amount in a lungful five times or
more, it becomes an intoxicant—a simple example of the
change of quantity into quality, on which Marx and Engels
laid such stress. It is easy to prove that the nitrogen is respon-~
sible, by breathing, not air, but a mixture in which hydrogen
or helium is substituted for nitrogen. One recovers in two or
three minutes.

So far we had not had a very difficult job, but when we got
onto the next problem, “What happens if the air is foul?”, we

were not so comfortable. I shall describe these experiments in
the next article.



My War ]ob
PART T

N my last article I described some work on which I hi}V:
I been engaged to make escape from submarines eastr
Since, before the crew can open a batch, the air pressut
inside must equal the water pressure outside, we had to me
vestigate life in compressed air. Now the air in 2 submarﬁﬁ
which has been under water for some time is fairly foul. The
men have used up some of the oxygen, and produced som
carben dioxide. _ i

The effect of a gas mixture on human beings does not depen
on its percentage composition, but on the amount of gas (1111;]1
given volume. So even if the oxygen has been a great C‘f
reduced, they will get all they need under pressure. Thuflfd
half the oxygen had been used up some of the crew wo "
probably be unconscious, and all would be weak and stuplé
But if this air were compressed into half its volume, they woul
get as much oxygen in a breath as in ordinary air, and recov o
completely. Unfortunately the same holds for carbon dioxide
If there is 2 per cent of this gas in air at atmospheric pressur®
you may not notice it at rest, though you are rather short_O
breath when working. But if you squeeze this air into a_thlf
of its volume, you find yourself panting for dear life, as if you
were breathing 6 per cent at the normal pressure. _

Our main experiments were on the effect of carbon dioxidt
at a pressure of 10 atmospheres, corresponding to 300 feet ©
Sea water. 'We worked in a little tank 4 feet high and 8 fect
long.  First my colleague Dr. Case and I found out how muc
was needed to make ourselves unconscious. Then we start®d
to work on others.

One of us would sit, breathing through a canister containin}
& miuxture of lime and soda to absorb the carbon dioxid
whilst our victim breathed it directly until he or she lof
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conssiousness. The victims were given a simple test of manual
skill to see how badly they were affected before they passed
out. They were almost all tough enough to go on with their
job, or try to, till they stopped with their mouths open (for
they were panting hard) and a glazed look in their eyes. They
did not answer when spoken to, or even poked. Then some
of the air was let out, and they recovered consciousness.

At least that was what was supposed to happen. But the
compressed air by itself made me feel so queer that I sometimes
forgot to breathe through the canister again after speaking to
the victim, and I passed out too. In this case someone watch-
ing at the window would lower the pressure. And occasion-
ally the victim vomited or'made trouble.

We found that people varied a great deal in what they could
take. I am no better than the average of our volunteers,
though I dare say I am better than the average man in the
street would be. Our two women volunteers were both
better than most of the men. The one man whom we failed
to knock out with a very high dose is a little International
Brigader called Jacobs. He was the only Jew on whom we
experimented, but he continued writing quite calmly when
Nordic blonds had taken the count long ago. As a result of
our tests we reached a definite conclusion as to the amount of
carbon dioxide in which men could not merely keep conscious,
but work.

We also had to investigate the effects of cold. Dr. Case or
I lay, dressed in a shirt and trousers, in a.bath of water and
broken ice, till we began to shiver. This takes about 20
minutes in my case, but a shorter time for most Englishmen.
I dare say many Russians would take longer. Then the air
pressure was raised, and ‘whoever was in the bath was given
problems in mental arithmetic or made to recite verse; for we
were shivering too badly to do anything much with our hands.
Sometimes some carbon dioxide was added to the air as an
extra. We found that the cold only made the symptoms very
slightly worse. ' '

When the war is over it will be possible to describe further
experiments; but at present I cannot even answer letters regard-
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ing the question of escape from submarines, much less witeq
full account of it.

But I can draw some morals. This work should have been
done in peace time, in a more leisurely and systematic way.
So should a vast amount of other work of the same kinds
Whenever men and women are to be put under abnormal
conditions, the effects should be tested before some of them are
killed or maimed, not after. No-one dreams of using a ship,
an aeroplane, or a car, till its various parts have been tested.
But we do not apply the same notion to human beings. Ths
is partly because we do not think of them materialistically, »
we think of machines, partly because the people at risk are
often “only”” workers, anthracite miners, stokers, or cotton
blow-room operatives, for example.

The necessary experiments are not quite safe or very com
fortable. Nor are dirt-track racing, mountaineering, or many
other things which men do for pleasure. I have no doubt
volunteers could be found. But nothing will be done withou!
pressure from the Labour Movement. When the T.U.C
appointed Sir Thomas Legge, our greatest expert on industria
diseases, as its medical adviser in 1929, it did a very wise thing
Unfortunately he died in 1932. Perhaps after the war it ma
itself start, or force the Government to start, experimen
work on industrial dangers, as straightforward as that which!

have described. .



What I am Fighting For (1942)

NFORTUNATELY I am not fighting in the strict sense

of the word. But my job is more like fighting than

those of most men of 49. I have to test certain appar-

atus used by one of the fighting forces. In doing so I have

been injured and might have been killed. And as faras I am

concerned this war began in 1936. I spent some time in the

front line during the Spanish Republic’s heroic fight against
Fascist aggression.

I want to see Socialism in my time in England, and would
be quite ready to fight for it if 2 minority attempted to prevent
its coming when a majority desired it. But that is not what I
am fighting for today; or at most that is only one of the things,
for a Nazi victory would make many other good things besides
Socialism impossible.

One of Hitler’s most striking achievements is the number of
nations, and the number of sections of opinion, that he has
contrived to unite against him. Primarily I am fighting for
something on which a Chinese peasant and an English factory
worker, an American millionaire and a Soviet Commissar, a
monsignor and a rabbi, would agree upon, the belief that every
human being has some claim to consideration. This is what
Hitler denies. Apart from members of the German Race, and
(for the moment), their allies, other human beings are mere
instruments, to be killed or enslaved as suits his purpose.
Today a Pole or Ukrainian under the Nazis has rather less
rights than an animal in England, which is at least protected
from some forms of cruelty.

Of course I am fighting for a great deal more than this. I
am fighting for all the principles of the Atlantic Charter,
though T wish that document went a lot further. However, if
itis implemented, it will meanalot. For example freedom for
India, and the impossibility of cornering raw materials, whether
by rubber tycoons in London or their opposite numbers on
Wall Street.

37
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As an Englishman and 2 Communist I have two specid
interests. 1 want to see my country free to contribute td
civilization as it has done in the past. That does not mean tha
I would have taken part in the wars against revolutionary
America or France, or against the Boers. 1 don’t believe in‘
the slogan, “My country, right or wrong”. But defeatin this
war would mean the end of everything that has made England
more worth while to the world than Bulgaria or Afghanistan.

My feelings about the Soviet Union are not very dissimilar
This Union has shown that Socialism can work, even if it
started in a very illiterate and poorly developed countr.
The heroic resistance of the Soviet Peoples has shown to the
world what I knew before, that by and large, they are pretty
satisfied with their way of life, and certainly not longing for
deliverance from it. I want to see Socialisth everywher,
though I don’t suppose Socialism in Britain would be very
much more like Socialism in Russia than the Church of
England is like the Russian. Orthodox Church. Hence I am
extremely glad to be fighting for the land of Socialism
Inc1‘dent.a]ly as a scientist [ am glad to be fighting for a country
which is already leading the world in some branches of
science, and is likely to do so in many more.

I am also proud to be fighting, not only to liberate tht
peoples of Europe, but those of China, which has the world’
greatest record of continuous culture, and for the freedom of
g;e United States, the first parliamentary democracy. And!

la?:lw enough decept Germar{S, Italians, and Japanese, to be
g Ththat I am fighting for their freedom too.
Hitleflfll%-ht I }}1101:16 we are going to concentrate on beating
the wo cS1 ’n: ti i:feat of Japan may be just as important for
e ¢ long run. In each case we shall have faile
s we take away all possessions and power from the clas
responsible for aggression—in Germany the big industrialiss
ai well as the Nazi and army leaders,—in jzpan the officer
class. You have a magnificent museum of oriental art i
Boston. “When I next go there I want to see the sacred
g:acsﬁms of Shintoism on exhibit, for that CUISSV_(? nou can
rdlly call it 2 religion—is a danger to the world. Y
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Finally I am fighting for my life. 1 know enough about
what has happened to professors in Poland and Czechoslovakia
to guess my fate if Hitler won, whether my country was
occupied by the Nazis or only ruled by Mosley and Ramsay.
If 1 have to die in the next year I don’t want to be beaten to
death or executed. I would rather die fighting.



. 2 .
THE UNIVERSE



What is Matter:

MATERIALISM means the belief that matter really exists,
whether anyone is aware of it or not, and that it was
there before any mind perceived it. Idealism is the doc-
trine that mind was there first, and that a thing unperceived
does not exist. If there is anything in an empty room, it is
only because God sees it. There are various intermediate
theories.

I am not going to argue the case for or against materialism,
but to point out what is meant by the word matter. It is
derived from the Latin materia, which originally meant wood,
but later any stuff of which other things were made. But the
Romans meant something very different from the modern idea
of matter, by this word. They took over a Greek doctrine
that things were made of earth, water, air, and fire, mixed in
various proportions, the densest substances containing most of
the “element” earth, and so on. We look at things quite
differently today.

The same substance, say mercury, can exist in states corre-
sponding to the four “elements”. When very cold, it is a solid
metal rather like lead. At ordinary temperatures it is a liquid.
At still higher temperatures it boils away as a gas or vapour.
And if we excite this vapour with an electric discharge it
becomes luminous or “fiery”. So it is more appropriate to
regard the “clements” of the ancients as qualities rather than
substances, and to say that mercury may be solid, liquid, or
gaseous, and that the gas may also be luminous. Of course
many compounds and mixtures, for example wood or leather,
can only exist as solids, and are destroyed if we try to melt
them. Others such as fat, can exist as solids or liquids, but not
as gases, except at very low pressures.

All this seems simple to us, but it took a long time to get it
clear. Thus three centuries ago “spirit” meant anything which
left a solid or liquid in an invisible form. It might be the
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human spirit which was supposed to leave the body at death
“spirits of wine” which left wine when it was heated,
condensed as brandy, or “spirits of salts”, that is to say hydre
chloric acid, which left common salt when it was heated wit
sulphuric acid. Our ordinary ideas of today only becam
possible when it was realized that there were a great man
different sorts of gas and vapour, and that they could allk
condensed to liquids or solids, so that they were just as materi
as anything else.

And this, in turn, only became possible when airtight tube
and particularly glass tubes, were available. For the progrs
of science, glass has been the most important of all materid
It made the telescope and microscope possible. It made
Possible to watch the progress of chemical reactions, even OYI‘
inflammable substances or those with poisonous vapous
Almost all the reactions which take place in metal containe®
in chemical factories were first carried out in glass vessels.
tl{ere ‘were no such thing as glass, I am quite sure that ou
scientific theories would be very different. I do not me*
that there are different kinds of truth; but we should have d¥
covered truths in such a different order that the world woul
seem very different to us. We should probably have quar
lenses, for example, but they would be so expensive the
microscopy would still be in its infancy.

. The k,n°W1Cdge that gases were a kind of matter convertitk
nto solids and liquids gave the clue to many properties ¢
nﬁatter, For example when gases could be weighed it %
Sb§wn that ghe;mcal or biological actions produce no meas¥
aTh:tCi};a?ge in the weight of the matter taking part in the?
dear B8 ! lz)lesameatt:l, measured by weight, is practically 1‘1‘
were thinkin ut only one hundred and fifty years ago peop!
. g very differently. Gases were described as fixel
31% dephlogisticated air, and so on, being thought to
iterent forms of the same substance, air. Now we %

tha
on.t th\xzr }f:: gzillseous hydrogen, gaseous oxygen, and
jective, ¢ changed round the substantive and the at

! ,
n the same way two hundred years ago men spoke ‘
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electrified substances, but now we think electricity is itself a
siibstance, and we measure its amount in coulombs. Similarly
we think of energy as a substance. This has become particularly
easy since energy became a commodity bought and sold in
sherms, kilowatt-hours, and other units. It is easy to think
of matter in this way, as composed of various substances which
undergo transformations. And this is how we think for many
purposes in scientific work. However this kind of thinking
leads in the long run to mechanism, that is to say the view that
men are machines and the universe is a machine.

But many facts cannot be explained on this view, and few
people are willing to believe that they are machines. . So this
view soon generates its opposite, that men and the universe
are machines whose working is constantly interfered with by
miraculous or at any rate immaterial forces. This means
giving up the scientific method just where it becomes most
important, namely when it is applied to human beings and
human societies. And it must be remembered that biologists
have searched quite vainly for any evidence of immaterial
forces such as a “life-force” acting on ordinary matter in
living things.

So scientists are more and more adopting the view of Marx
and Engels that nature consists of processes or events rather
than things, and that though hydrogen, oxygen, iron, and
so on, are much more stable than the so-called elements of
the Greeks and Romans, they are not the eternal bricks of
the universe. This was made fairly certain by the work of
Rutherford and his pupils. They showed that though atomic
nuclei and electrons were mostly very stable at ordinary
temperatures, yet some atoms broke up, without external
shocks, and all were liable to change at very high temperatures.
In fact all forms of matter change, and change is part of the

very being of matter. The change may be very quick indeed.
Some of the molecules which exist in a flame can only last for
a thousandth of a second or less.  Other material structures, for
example the fossils in old rocks, last for hundreds of millions

of years. None last for ever.
We have, of course, no reason to think that this is the last
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word about matter. A century or two hence our descendan
will probably think of it in ways which we cannot yet imaging
The important point is that each new way of thinking abou
matter increases our control over it. This is the test—in fac
the only scientific test—by which we can determine that we
are getting nearer the truth.



The Universe gets less Mysterious

NEWTON was something of a disaster for science. Not
becaise he was wrong. On the contrary, he had a
habit of being devastatingly right, even in his apparently
wilder speculations, such as that about particles of light bein.
subject to “fits”.  But he left little room for originality in his
immediate successors. For neatly two centuries astronomers
did little but illustrate, by ever more numerous examples, the
correctness of Newton’s gravitational theory. And mathe-
maticians used the differential calculus as one of their principal
tools, though it was two centuries. before anyone was able to
justify Newton’s intuitions by logical proof. The develop-
ment of science might have been healthier if Newton’s work
had been spread out over a dozen men and a hundred years.

_His immediate successors became mere commentators on the
man “Qui genus humanum ingenio superavit”, as his epitaph
quite correctly states. Later generations learned at school the
very ingenious system of rationalizations by which the com-
mentators had attempted to disguise his inspired guesses as
common sense. In the late 19th century; however, facts
began to accumulate which showed that Newton’s theories
were only approximations to truth. And if one had accepted
them as dictates of reason, a world in which they did not hold
exactly seemed to be irrational or at best mysterious.

I believe this mystery is merely a defence mechanism against
bringing our ideas up to date, and that most of the facts of
modern physics are as intelligible as those on which Newton
built his theories, though we are waiting for an exposition of
them as clear as his. Let us take the group of events described
as the transformation of mass into energy, and conversely.
Some prehistoric genius discovered that many things have a
practically constant weight. It is not quite constant. If you
put a man on a sensitive balance he can be seen to lose weight
so quickly that no two swings are alike. Further, things
weigh more when the barometer is low than when it is high,
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especially if they are bulky. This is explained by the incgeas
buoyancy due to displacement of air. On the other hand t}J
fact that things weigh less on a mountain than in the plain ca
only be explained as a real loss of weight taking place when thel
are removed further from the earth which attracts them.

However, Newton found another quantity, namely mas
which is constant when weight is not. The mass of a body
proportional, among other things, to the force needed to giv
it 2 given speed when acting for a given time; or to the amou
of work which a body will do, when moving at a given specd
before it is brought to rest. According to Newton, the m
of a body was absolutely constant, while the weight varit}
both with the mass and with the strength of gravitation in iﬁ\
neighbourhood. The idea of energy is also a common-sers,
idea, at Jeast in a mechanical age. And the acceptance of ti
theory that energy is conserved, and only changes from ox
form to another, did not contradict Newton’s ideas.

It now turns out, however, that energy has mass and weight
When. you wind up your watch you put energy into it. Asi
result it has more mass. That is to say you have to do mor
work in accelerating for a sprint with your watch wound tha
unwound. It also weighs more. That is to say it is mor
attracted by the matter and energy of the earth than it W
b‘efore.‘ Or if you like to put it that way, it canses more of i
distortion of space-time. Of course these,changes in a watct
are too small to be measured at present, but changes of thi
ht}’fPe In atoms can be measured with some accuracy. For the
thzs of me I cannot see any.thing mysterious in such facts
oy €. Itis no shock to my intelligence that, just as the spin ¢

e flyw!

e heel of my car makes it harder to turn it, it also make'
it harder to accelerate it.

One of the most famous of rgth~century calculations W8
glxif; %f }Il—Ielmholtz' concerning the solar syEZem. He showe
i lnetb jla matter in it had originally been cool gas dist ributed
could hav read}mg to the orbit of Neptune, its contractio?
its presente provided all the energy needed to heat the sun
siven lt)emperature, but that at the present day the energf

out by the sun could only be supplied by gravitation if
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he spyn's radius was lessening by about a mile per century.
This was a good theory in its day. It gave a possible rational
explanation of the source of the sun’s heat, but was unaccept-
able since it was already sure that the earth’s surface had been
at near its present temperature for millions of years. Chemical
energy was equally out of the question, since if the sun were
made of coal, at its present rate of energy production it would
only last for about ten thousand years.

So pious astronomers could echo Raphael’s words about the
sun in Faust:

Ihr Anblick gibt den Engeln Stirke
Wenn keiner sie ergriinden mag.

I sometimes wonder whether Goethe, when he wrote these
lines, was guilty of a low pun, and compared the angels with
vegetables that make starch when the sun shines on them.
Certainly ignorance is not a sourcé of strength to men, what-
ever it may be to archangels.

When Rutherford discovered that radio-active transforma-
tions gave out millions of times as much energy as chemical
changes of the same substances, it was clear that energy
sources were available which would account for heat produc-
tion on a vast scale over millions of years. But there do not
seem to be enough of the ordinary radio-active elements in
the sun to supply energy for a thousand million years. And
until the last few years the nature of the energy-generating
process was far from clear.

Then the work of Aston on the one hand, and Cockcroft
and Walton on the other, at Cambridge, furnished the neces-
sary clues. Aston, with his mass-spectrograph, found that the
weights of atomic nuclei were very nearly whole numbers,
when expressed in terms of that of hydrogen. Apparent
exceptions were due to mixture. Thus chlorine has an
apparent atomic weight of about 35%, and turns out to consist
mostly of atoms of atomic weight 35, with a lesser amount of
atomic weight 37. Whereas carbon, with atomic weight 12,
consists almost wholly of one atomic species. But as soon as
Aston’s measurements became more precise he found that the

E
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whole numbers were not exact. The nucleus of a carbonato

is very probably built up of 12 protons (nuclei of hydrog
atoms) and 6 electrons. But its weight is nearly 1 per cen
below the sum of their weights. The lost weight is due
loss of energy. The process of packing protons and electro
together gives out an immense amount of energy, and whe
this goes off into space as radiation, weight is lost too.. Th
weight of energy has been pretty accurately determined by
research on the radio-active elements with heavy atoms, ai
as it obeys an extremely simple formula there is little doub
that the same formula holds for all mass-energy transform»
tions.

Eddington had calculated the central temperature of the s
at about ten million degrees, though Milne put it somewh
higher. "We cannot get such temperatures in the laborator]
for obvious reasons. But a high temperature means rapt
random movement of atoms, and we can get atoms movis
though not at random, at speeds corresponding to these g
temperatures. Cockcroft and Walton were the first to do s
by passing a current with half a million volts’ electromotfi
force through hydrogen in a near-vacuum.

"Under these circumstances atomic nuclei collide with sud
violence as to be transformed. Some of these transformatios
involve a loss of mass and a giving out of energy in v
amounts. More accurately some of the mass and encrf
associated with the particles gets loose, and appears as moti®
of the particles and as radiation. These transformations ot
occur at huge temperatures, just as coal does not burn below:
;e’iﬂ}:egt- Gradually Atkinsop, Bejche, Gamow, gnd othet

ed out a theory of the liberation of energy in the

based on the actual results of experiments such as those {
Cockcroft and Walton.

The essential e i ; :
nergy-liberating rea be
transformation of h & Sooon, teems £

. ydrogen into helium. This does not
E;t:a;:lé‘gcélg,t hsave to a slight? extent. The actual prod
o ot nuce successtve addition of three hydrogen ni
A fourth colli eus, giving an overweight nitrogen nucke®

1s1on with hydrogen increases its mass still furth
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and it divides into a normal carbon nucleus and a helium
nucleus. In fact the carbon acts as a catalyst, speeding the
reaction up.

At the present rate of shining, our sun’s store of hydrogen
gvould last about ten thousand million years. Towards the
end of this time it should, rather paradoxically, get hotter, and
finally perhaps explode as a Nova. However, physicists are
getting more cautious about calculations concerning the very
remote past and future. We can only do so if we assume that
the “laws of nature”, f.e. the properties of matter, are un-
changing. This seems to be doubtful on theoretical grounds.
But just how they are changing is quite unknown. According
to Milne’s theory, the speed of light, measured in terms of the
sidereal year and a standard wave-length, should be falling off
by one two-thousand-millionth part per year. If this is'correct
our measurements are certainly not accurate enough to detect
it, though Bray thinks he has detected a much bigger change.

If Milne is right chemical processes are speeding up relative
to most physical processes such as the earth’s rotation, and we
cannot talk with any confidence about happenings more than
a thousand million years or so in the past or future. Once
again this does not strike me as mysterious. FEternal and un-~
changing laws are merely human attempts to ascribe to nature
some of the alleged attributes of God. A human society whose
laws were eternal would be mysterious in the sense that it had
supernatural foundations, as Catholics believe to be the case.
So would a nature with unchanging laws. However, we shall
have to know a good deal more about its contemporary laws
before we know how, if at all, they are changing. But it
seems likely that we shall be able to escape from the dilemma
that either the universe had a beginning and will have an end,
or else it is merely a repetition of rather well-worn themes,
including the rise and decline of species of thinking animals.
It looks as if the universe will turn out to have a real history,
but no beginning or end in the sense of a first or last event.

For such reasons as these, then, I believe that the universe
should appear less mysterious today than ten years ago to
anyone who tries to follow the development of physics. It is
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more complicated than it seemed, but that is a very differe

matter. The Newtonian universe was only intelligible as;
machine created and set in motion by a creator who then lcg
it alone. The universe of modern physics is something whid
develops, like its component parts, and for that very reasoni

intelligible if one regards change and development as fund:
mental realities.



The Laws of Nature

THE phrase “A law of Nature” is probably rarer in modern
scientific writing than was the case some generations
ago. This is partly due to a very natural objection to the
use of the word “law” in two different senses. Human
socicties have laws. In primitive societies there is no distinc-
tion between law and custom. Some things are done, others
are not. This is regarded as part of the nature of things, and
generally as an unalterable fact. If customs change, the
change is too slow to be observed. Later on kings and
prophets could promulgate new laws, but there was no way of
revoking old ones. Thus the tnfortunate Jews, if orthodox,
stagger under a burden of law which was increased over
thousands of years by ingenious rabbis. The Greek demo-
cracies made the great and revolutionary discovery thét a
community could consciously make new laws and repeal old
ones. So for us a human law is something which is valid only
over a certain number of people for a certain period of time.

Some people also believe in Divine laws which hold for all
men everywhere. The curious can buy a recent report! by
Anglican bishops and others who have tried to solve the
fascinating problem of where human law ends and Divine law
begins as regards marriage with relatives. God forbids you to
marry your sister, it appears, but it is not so sure whether it is
God or man who says that you may not marry your niece. So
many gods have issued so many different laws in the past that
a study of history makes the theory of Divine law a little
ridiculous.  Just the same applies to the Stoic conception of a
natural law incumbent on all men as men.  Even if such laws
existed they would not be eternal, for man has evolved and will
evolve. Actually they turn out merely to hold for a particular
stage of social and economic development.

Laws of Nature, however, are not commands, but state-
ments of fact. The use of the same word is unfortunate. It

Y Kindred and Affinity as Impediments to Marriage. S.P.C.K., London, 1940.
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would do away with the elementary fallacy tha!: alaw 11’111:)11ﬂ*i
a law-giver. Incidentally it might just as well imply a pal
ment or soviet of atoms.  But the difference between the tw
uses of the word is fundamental. If a piece of matter doesne
obey a law of Nature it is not punished. On the contrary, w
say that the law has been incorrectly stated. It is quite prob
able that every law of Nature so far stated has been stat
incorrectly. Certainly many of them have. Nevqthelﬁf
these inaccurately stated laws are of immense practical a
theoretical value. r

They fall into two classes—qualitative laws such as .AL
animals with feathers have beaks”, and quantitative laws suc
as “Mercury has 13-596 times the density of water” (at 0°C. ane
I atmosphere’s pressure). The first of these is a very gOOG‘
guide. But it was probably not true in the past. For manf
birds which were certainly feathered had teeth and may 0
have had beaks. And it is quite possibly not true tods;
There are about a hundred thousand million birds on ot
planet, and it may well be that two or three of them are freak’
which have not developed a beak, but have lived long enoug
to grow feathers. It was thought to be a law of Nature th;
female mammals (defined as warm-blooded vertebrates Wl‘hF
hair) had mammary glands, until Professor Crew of Edinburg!]
found that many congenitally hairless female mice lacked the“E
organs, though they could bear young which other femals
could then foster.

And quantitative laws generally turn out to be inex
Thus water is nothing definite. It is a mixture of at least SL‘,E
different substances. For in the molecule H,O one or both o}

the hydrogen atoms may be either light or heavy, and so ma“;"
the oxygen atom. Similarly, mercury consists of seve®
dlffer

ent types of atom. Thus the ratio of the densities ¢

mercury and water is not fixed, though in the case of ordina!
samp

les the variation i it o
\ $ too small to be detected. But it &
be detected if the wate fed. '

1 r happens to have b from ¥
acc‘%mudator Whjch has eerlirilsed f9or s;,:l:le et?rrrlxg.a Ken fe
¢ have, I believe, gained a somewhat deeper knowled?
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of the meaning of natural laws from the work of two living
English physicists—Jeffreys and Milne. In his Theory of
Probability * Jeffreys has something new to say about induction,
Two contradictory theories are in vogue as to the laws of
Nature. The older view is that they are absolute, though of
course they may have been inaccurately formulated. The
extreme positivistic view, enunciated by Vaihinger, is that we
can only say that phenomena occur as if certain laws held.
There is no sense in making any definite statements, though it
is convenient to do so.

Now Jeffreys points out that, if 2 number of observations'
have been found to conform to a law, it is highly probable that
the next one will do so whether the law is true or not. In
Jeffrey’s words: “A well-verified hypothesis will probably
continue to lead to correct inferences even if it is wrong”.
This can be proved in detail if it is stated with sufficient exacti-
tude, on the basis of some highly plausible assumptions. Thus
we can use the “as if ” principle without denying the existence
of natural laws. What is more remarkable, laws which
ultimately turn out to be inexact are often far more exact than
the data on which they are based. Thus Jeffreys remarks,
speaking of gravitation, that “when Einstein’s modification
was adopted the agreement of observation with Newton’s law
was three hundred times as good as Newton ever knew”.

Positivists and idealists have made great play with the fact
that many laws of Nature, as formulated by scientists, have turned
out to be inexact, and all may do so. But that is absolutely
no reason for saying that there are no regularities in Nature
to which our statements of natural law correspond. One
might as well say that because no maps of England give its
shape exactly it has no shape.

What is remarkable about the laws of Nature is the accur
of simple approximations. One might see a hundred thousand
men before finding an exception to the rule that all men have
two ears; and the same is true for many of the laws of physics.
In some cases we can see why. The universe is organized in
aggregates, with, in many cases, pretty wide gaps between

t Theory of Probability. Oxford, 1939.
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them. Boyle’s law that the density of a gas is proportionalt
its pressure, and Charles’s law that the volume is proportiom!‘
to the temperature, would be exact if gas molecules weljf‘
points which had no volume and did not attract one anothe
These laws are very nearly true for gases at ordinary tem;
peratures and pressures, because the molecules occupy only?
small part of the space containing the gas, and are close enough
to attract one another only during a very small part of any
interval of time. Similarly, most of the stars are far enough
apart to be treated as points without much error when we at
considering their movements.

And most men manage to protect themselves from injury 9
far as is needed to keep both ears; whereas trees cannot proted
themselves from the loss of branches. It is very rare to see?
completely unmutilated, and therefore completely reguls:
tree. Mendel’s laws, according to which two types occur
a ratio of 1 : 1 in some cases and 3 : 1 in others, are theoreticallf
true if the processes of division of cell nuclei are quite regulst
and if neither type is so unfit as to die off before counts at
made. The first condition never holds, and the second very
rarely does. But the exceptions to the first condition are verf
infrequent. In one particular case a critical division go®
wrong about once in ten thousand times. The effect of th
ona I:71 or3:I ratio could be detected only by counting
several hundred million plants or animals. Differences it
rele_ltlve fitness are more important. But even so the Mendclia?
ratios are sometimes fulfilled with extreme accuracy, andar
genera]ly a good rough guide.

Jeffreys points out that in such cases it is often much bett

to stick to the theoretical law rather than the observed dat

Fo i ing si
r example, if you are breeding silver foxes and a new colout
variety occurs which,

if crossed to the normal, gives 13 norm
i;ltcilolsfzﬁ the new colour, you are much moreg likely to get?
ratio of Oﬁt'l :1than13 : 10ifyou go on with such mating’
cven 1 li)lug if you breed many thousands the 1 : 1 ratio Wi
old exactly. The mathematical theory which Jeffreys

has developed concerni
nin - ; .
but can hardly be summiiz‘;ﬁhhgz.es  particularly beausf
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, Milnc’s theories are extremely revolutionary. He starts off
with very simple postulates. He assumes some geometrical
akioms—for example, that space has three dimensions—but
does not assume Euclidean geometry. He also assumes what
he calls the principle of cosmological relativity—namely, that
observers anywhere in the universe would see much the same
things. There is no favoured point or centre, no limit beyond
which there is no more matter, and no direction in which
matter progressively thins out. This is an assumption; how-
ever it is only the natural extension of Copernicus’s theory that
the earth is not the centre of the universe, but just one star
among others.

He then imagines observers on different stars communicating
by light signals. This is, of course, unrealistic. But I have
little doubt that, if his cosmological views prove valuable,
later workers will be able to replace it by a more realistic
hypothesis. Given this possibility of signalling, and clocks, he
shows how the observers can graduate their clocks and establish
a geometry. There is nothing very surprising in this. What
is remarkable is that Milne claims that he can deduce some
physical laws as necessary consequences of his basic assumptions.
In particular he deduces a law of gravitation which reduces to
Newton’s at “small” distances measurable in units less than
thousands of light-years. _

This does not seem impossible. The law that the angle in
a semi~circle is a right angle was first observed as being at least
very nearly true. Then twenty-five centuries ago Thales
opened a new era in human thought by proving that it must
be true. Milne may be a new Thales. Of course, later
mathematicians showed that Thales, and Euclid too, had made
a number of concealed assumptions. The proof was not as
simple as they thought. And even if Milne’s theories meet
with no stronger criticism they will doubtless meet with this
one.

Milne claims that some, and perhaps all, physical laws are
inevitably and rationally linked. He accuses those who say
that laws might be otherwise of using “magical”, not rational,
thinking. Dirac goes even further, and suggests that therc is
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g in
nothing chancy about the distribution Qf d:gulnclla:lt:jucc
universe, and that an all-wise mathematl%;nd b
too from a few postulates. I must say I ol lnowlele
to swallow. Laplace’s theory , that given 2 tate at all
the universe at one time one could ded}t:ce 1tsbse e
past and fucure, was difficule cnough o hese theories &
worse. But in so far as any clements in t eahsm e mé
accepted this will be a signal _tnur‘nph for ration: e
theories which recognize an irrational element_l{ll ot
However, if Milne simplifies natural laws wit g:deﬁne "
complicates them with the other. Lengths n'l:ly e
two ways. They may be referred to a material o {u st
the standard metre, or to a wave-length of hght;uw g dar“
merit that it can be reproduced anywhere. I'f t ecurac}’f?
metres were lost, they could be reproduced with 12: ac .
about one in thirty million by reference to dO\_’VT::d o
lengths such as that of the red cadmium line ; cm{culatioﬁ‘
spectroscopic observations.  One result of Milne’s ga pg
is that the length of the metre, measured in stan: arthousm
lengths, is increasing by .about one part in tW}? i
million per year. If you like, you may say that the et
including the standard metre, is expanding. But it is Fer. |
for most purposes to say that atoms are vibrating qullC h'cn(*
makes not the slightest difference to any. observable p i
menon which of these statements you choose. In fact, On;keﬁ’
theory, and indeed on several others which have been wo i
out in less detail, many of the laws of Nature are chang ¥
There is nothing arbitrary or haphazard about thls. Changeémi‘
simply an increase in certain physical constants with the >
his has important philosophical consequences. If truc”
rules out any theories of a cyclical or recurrent universe. i
a sufficiently early date the properties of matter Wer ﬁaﬁl
different, and in particular chemical processes so sluggish, &

X C C .
life must have been impossible; or, to be accurate, rnat}j’v
systems similar to any existj_ng organjsms could not 1
lived. Thus we can

i see why, even if the universe had ‘“‘,‘
beginpmg, life has not got very far yet. And in the far ﬁlt“i‘
life will also be impossible for beings constituted like oursel™®



THE LAWS OF NATURE 59

though it may be that our descendants will keep up with
changes in the laws of Nature by natural or artificial evolution.
Once again, I am sure that Milne’s theories, even if they are
partially correct, will turn out to be too simple for the immense
gomplexity of the real world. But they give us at least an
inkling of how posterity will think. of natural laws. So far
from being laid down by the arbitrary word of a creator, they
may prove to be a system as intimately and rationally knit
together as the propositions of geometry, and yet changing
and evolving with time like the forms of plants and animals.



Cleomenes and Christ

IT is obvious to any intellectually honest man or woman tha
the gospels cannot be completely true, for the very simgh
reason that they contradict one another. This is, of cours
independent of the difficulty of believing accounts of mirac
which would remain if there were only one gospel. To o
who approaches the gospels unhandicapped by a Christ
education, they are obviously highly suspect. But man
people educated as Christians would have been able to accef
the miracles if the accounts of them, particularly those of th
resurrection, had agreed. In fact, from a rationalist angle,!
might almost be said to be providential that the Churd
. accepted four gospels, and riot one; for this rendered some kinf
of criticism inevitable as soon as it was possible without t
certainty of death as the penalty. i

Most biblical critics have been intensely interested in religior
so that they had a fair knowledge of non-Christian religios
So when it was admitted that the bible was not wholly uw
and a search for sources began, it was natural that they shoul
first turn their attention to non-Christian religions. - Th
T. H. Huxley drew attention to Itnapishtim, the Chalde
prototype of Noah, and J. M. Robertson in Pagan Chris
pointed out the number of incidents in the gospels which wer
paralleled in earlier accounts of non~Christian saviour-gods.
do not, I hope, underrate the importance of this work, but?
this article I wish to suggest that there are other equally
portant pagan sources, and that the affiliation of Christian ¥
pagan myth may often have been a secondary one.

It makes no claim to originality. It is intended to call &
attention of rationalists to the theory which was first presentcd‘
imaginatively by my sister Mrs. Mitchison in her histori®

novels The Corn King and the Spring Queen, and The Blood of
Martyrs, and later in a more scholarly manner by A. J. Toynh
in volume 6 of A Study of History." These authors point 0
I Oxford University Press, 1939. '
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the extraordinary number of analogies between the story of
Jesus’ last days, and those of a group of historical figures.

* These figures belong tothree groups. Agis and Cleomenes
were kings of Sparta in the 3rd century B.c. who attempted to
restore the ancient political and economic equality of the
citizens of their country. Tiberius Gracchus, Gaius Gracchus,
and their companion Marcus Fulvius Flaccus, made similar
attempts in the Roman republic. Lucius Sergius Catilina was
more openly revolutionary, and Marcus Porcius Cato (minor)
was one of the last defenders of the republic against Julius
Cacsar. Aristonicus was a possibly illegitimate member of the
royal house of Pergamus in Asia Minor who founded a “city
of the Sun” in which equalitarian principles were' put into
practice, and which was soon destroyed by the Romans.
Athenio, Eunus, and Salvius were leaders of slave revolts in
Sicily. The objectivity of the analogies found is, I think,
supported by the fact that Dr. Toynbee is a Christian, whilst
Mrs. Mitchison is not.  Thus any bias in these authors will tend
to work in opposite directions. .

The reason why the very remarkable correspondences in the
stories were not earlier stressed is, I think, to be found in two
historical facts. In the first place the earlier students of
Christian origins were more learned in religious than in secular
history. In the second place they had not been appreciably
influenced by the Marxist theory of the classstruggle. Accord-
ing to this theory the struggle between classes within states has,
for'the last several thousand years, been the main motive power
behind historical events. Neither Mrs. Mitchison nor Dr.
Toynbee are Marxists, but each has been influenced by Marx-
ism, as have the vast majority of thinking men and women of
our time.

It is quite clear that the class struggle is one source of the ideas
of the gospels. Throughout them the poor are represented as
morally superior to the rich. They are told that they are going
to triumph over their oppressors. However this triumph will
occur in another world, as with Lazarus and Dives, or after this
world has been transformed, not by a human revolutionary
effort, but by a divine miracle. If the gospels have many
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different sources, as scems pretty certain, it is of course qu
possible that some of these were a good deal more r,e,volutlo
ary than the existing documents, and that the “left” elemer
may have undergone a process of censorship. ‘
Christianity spread among men and women who wege di
satisfied not only with themselves, but with the wor‘ld. '5
Paul did his best to centre the Christian life round dissatisfact
with oneself, that is to say a conviction of sin. He was largeli
successful, and in consequence we probably underestimaFC 1?9
the extent of the revolutionary component in primi
Christianity, and the cheerful character of most primit®
Christians. For not only was Jesus described (if the gosp
are to be believed in this matter) as a gluttonous man and wirt
bibber, but in my own experience men and women wh
subsequently dic for their convictions (as a fair number
today) are considerably jollier than the average.
But let us turn from these questions to the correspondene®
We must realize, to begin with, that the stories of such meﬂ"*‘i
Cleomenes and Catiline, as they have come down to us,
highly mythical. These men were certainly historical figu®!
and Jesus may not have been one. But the story of Ckv
menes’ death, as given by Plutarch, who probably wrote W’l
than St. Mark and earlier than St. John, seems to be taken fron
an older writer, Phylarchus, who lived in Egypt during i
3rd century B.C. and is said by the slightly later Polybius f"1
have distorted the truth in the interest of his hero Cleomen®
On. Fhe other hand we only know of Catiline through b
political enemies such as Cicero. The authors of the gOSPd(
had almosF certainly not read books on the lives of such men¥
these, but it is highly probable that, as members of an oppres®
class, and personally conscious of their oppression, they ¢

acquainted with the stories of their lives and deaths.

‘Toynbee lists no léss th e _ J
Jesus which are ss than 87 points in the gospel story

paralleled in those of one or more of the pagy
il}i:;crc;es.8 'Oi these 26 occur in the story of Agis, and no ¢
ofTil?; er?&stGita of Cleomenes. The next highest score i tht

of resembl cchus with 15 resemblances. The main po®
mblance to Cleomenes are as follows:
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Royal descent, a fore-runner, a mother who (according to

St. John) believed in him, denunciation of the ruling class,
proclamation of a new society whose membership is based on
merit, not birth or wealth, personally a middle course between
luxury and asceticism. Such are resemblances in the earlier
parts of the stories. Naturally enough they lead up to an
attempt by the authorities to kill the hero, which is difficult
because of the hero’s popularity. I do not regard these re-
semblances as very striking. The resemblances in the last days
are of a wholly different character. Each hero has had a last
supper with twelve companions on the night before his death.
At each supper one of the twelve lay on the hero’s breast, and
a traitor went out. However the traitor to Cleomenes was
not one of the twelve, but a slave. Soon after this they meet
the forces of law and order, and shed a little blood with a
sword or swords. But the hero commands his followers to
cease fighting (in Cleomenes’ case because the people of
Alexandria will not rise in his support).  The hero is mentioned
as wearing a seamless shirt. He is crucified (in Cleomenes’
case after death). A miracle occurs (in Cleomenes™ case a
great snake winds itself round his head). Hence he is hailed
as the son of God (in Cleomenes’ case ““A hero and child of the
Gods”). The victim is afterwards given religious veneration,
and pilgrimages are made to the place of crucifixion. The
victim is not mutilated, as was usual, and gives a sign of life (in
Cleomenes’ case a twitch) when pierced after his apparent death.
Toynbee further Lists 14 close verbal correspondences be-
tween the gospels and the stories of the pagan heroes, of which
6 are with the story of Cleomenes. Quite frankly I think that
he has slightly overstated his case, as I consider that Drews,
Robertson, and other christologists, have done in the past,
even though he might have added another parallel, a ﬂighf
from enemies into Egypt. Nevertheless the case is sufficiently
impressive to make me at least fairly sure that the legend of
Jesus’ last days is in part derived from that of Cleomenes, just
as the legend of his early days, including the episodes of Simeon

and the diabolic temptation, is in part derived from Hinayana
Buddhist sources.
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Further, a certain number of the analogies 'betwcen Chry
and pagan divinities may be derived indirectly througé.
Cleomenes. The Spartan kings were supposed to be descen
ants of Heracles. Cleomenes, who on the Wholq looked
the past for inspiration, probably took this seriously, o
identified himself with Heracles to some extent. So probab']
did his biographers. The analogy of Christ and Heracles %
of course obvious even to some of the fathers qf the Church‘

The resemblances to Agis, another revolutlon’ary Spart
king, are very striking. For example Amphares betr.ayal ‘
Agis resembles Judas’ betrayal of Jesus in several detalls,ﬂl:
Agis was hanged (not crucified) with two others. IfIdo i
give these or other resemblances in detail I must remark i
Toynbee devotes 164 pages to his argument. ' ‘

How were these stories transmitted to the compilers of t?
gospels? It is very unlikely that an early Christian had. i
Phylarchus or Plutarch, and deliberately incorporated incide*
from their works into a proto-gospel. Mrs. Mitchison malt
the brilliant suggestion that these legends were passed do¥
among the illiterate slaves and proletariat of the Rom
Republic and Empire not only orally, but by pictures. PfOt‘
Toynbee develops this suggestion without reference to b
work, and may have reached the idea independently. ?
lustrates the frequency of Graeco-Roman mural and Othf;
paintings of episodes both historical and mythological, bY(’
wealth of example. Once such pictures were emotion®
associated with social unrest and aspirations for a better socit”

they might very easily, and perhaps even without delibe?*
falsification, be transferred from one legend to another, a5
example, the clothing

m and scenery of pictures of the s
religious episode varies from age to age. ,
. In this way Toynbee explains a number of curious and of¢
wrelevant episodes in the gospels. For example the stor’
the young man who left a robe of fine linen in the hands of¥
officers of the Sanhedrin and fled naked could be based o

pict}lre of Tiberius Gracchus leaving his toga in the hands Ofﬁ{
assailant and flecing in hi ’

of his k. s shirt, and Pontius Pilate’s wash®
s hands could be based on a similar action by Catiline.
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, “These seenes”, writes Toynbee, “which he had failed to
knit up into the main fabric of his work may have been virtually
irapossible for him to leave out for the reason that his public
may have expected to find them in any Volksbuch in which
the hero was presented in the role of a saviour.” Rationalists
will find it harder to follow him when he suggests that God
may reveal himself through folklore as well as through history.
If God is revealed through unconscious or semi-conscious
falsification, why not through deliberate falsification? Mrs.
Mitchisort has no doubt embellished the story of Cleomenes
even further than did Phylarchus or Plutarch. But she does
not claim that her novels are history, much less revelation.

The fact is, I suppose, that in the last few centuries our
standard of truth has risen, not because of any great moral
reformation of humanity, but because science is only possible
if what many people regard as a meticulous attention is paid
to truth. Scientists learned the importance of accuracy from .
manual workers, not from philosophers or historians. Insome
of the work which I am undertaking at present my life quite
literally depends on an almost slavish respect for facts. If I
had distorted certain facts in a way which might have suited
my preconceived notions I should now be dead, instead of
merely having had convulsions. I find it difficult to suppose
that, if we can only reach the truth about parts of the universe
by extreme accuracy, folklore is likely to help us to the truth
about the universe as a whole.

However this may be, Dr. Toynbee has, I believe, done a
service to truth. He has thrown a new light on the origins of
Christianity. He has also helped in a field of investigation
which is Jikely to become more important as Christianity
becomes less so, the study of the lives of the poor and illiterate
workers who formed the vast majority in the Roman Empire.
The New Testament, and particularly the gospels, stands out
from the rest of ancient literature by its peculiar directness and
vigour. This has been ascribed to its divine origin. But 1t
can be explained more convincingly by the fact that the books
of the New Testament are the only ancient books that have
come down to us which were written by proletarians for

F
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proletarians about proletarians. The workers’ movement
the Roman Empire finally developed into the Christian Chur
which abolished or absorbed its competitors, and finallysd
itself to Constantine, leaving the workers little bester off.

is of great importance today to study how this movem
developed, how it was canalized into a religious channel s
finally betrayed. Perhaps a study of these events may I
the workers” movement of our owntime to avoid a simb
fate. .

In this connection it is necessary to study the origin of vari¢
Christian doctrines. ““Clericalism”, wrote Lenin,! “. 1
course has epistemological roots, it is not groundless; it ¥
sterile flower undoubtedly, but it is a sterile Hower that grof
on the living tree of fertile, genuine, powerful, objectH
absolute human knowledge.” A geneticist can increas
knowledge of fertility by studying sterile flowers, such
those of double stocks. And those who are most concet®
with human progress and with absolute truth cannot negk
to study the sterile flowers of theological dogma.

1 Selected Works, vol. 11, p. 85.



The Argument from Design

HAVE recently been reading Paley’s Evidences of Christianity,
I as cvery good rationalist should. Paley attempts, with
very great skill, to prove the existence ‘of a creator from the
design of living organisms.

Of course a good many of his arguments were met by
Darwin. It is clear that, given the facts of heredity and varia-
tion, organisms tend to adapt themselves to their environment
without any conscious planning by themselves or anyone else.
But it is by no means proved that the whole course of evolution
from single-celled organisms to oaks, daisies, ants, and men
can be explained on these lines.

There are real difficulties in the evolution of such an organ as
the eye, where many parts must vary together to produce an
improvement. I have tried to meet them from a neo-
Darwinian standpoint, but my argument is not so strong as
the general argument for natural selection. Again the evolu-
tion of instincts presents great difficulties. They cannot be
inherited memories in the most interesting case, that of social
insects. For since the ancestors of worker bees and ants were
not workers, the workers have instincts quite different from
any of their ancestors. The chemical organization of a cell is
immensely complicated, and it is hard to see how an organism
could work at all unless it were of extreme chemical com-
plexity. If so the very first steps in evolution are the hardest
to explain.

I think therefore that a reasonable man should be prepared
to examine arguments which assume a measure of design in
living creatures, even though I do not personally think that
they are cogent. : o

Now Paley imagined an intelligent savage picking up a
watch, and concluding that it had been designed. He then
argued that animals show far more evidence of design than
watches. And he next argued that the designer had many of
the characters of the god whom he worshipped.

67
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To my mind his argument leads to a radically different coi
clusion. Let us suppose an intelligent savage to come upoif
one of the African battle-fields of the present war, and!
examine tanks, artillery, rifles, land mines, and other weaper
left behind in the desert. He might well conclude that th
weapons had been designed. But a slight further exeraxt
intelligence would convince him that they had not all be
designed by the same person or group of persons. He WOUI:
conclude that the British weapons had been designed to deSFIi
the German ones, and conversely. He might have' 2 hm.
difficulty if he got evidence that the Germans and Italians
had a scrap on their own, but we may omit this COmPh_Can)F

Now the most conspicuous features of animal organizai
are those which are designed (if they are designed) for compe
tion with other living creatures, and often for their destruci®
All animals live by eating other animals or plants. They ™
kill them, as we kill rabbits and potatoes, or merely eat p
of them, as we eat parts of the apple trec and the flea dri¥
parts of us. A few, such as the blow-flies, beetles, &
“worms”, actually mostly insect larvae, which eat our bodlf
if they get the chance, only eat dead food, apart from backe®
And these exceptional pacifists are not the noblest of anim¥
The plants generally compete by pushing rather than it
Look at a plantain spreading its leaves over the grass of YOL‘E
lawn, or a tree cutting off the sun from the plants below 1t }
th_eY die. Though only a few plants, like the sundew and ‘hi
mistletoe, actually eat other living things, they are all eng#®
In a merciless struggle for life. ,
. Of course biologists have devoted much of their time t0 thf
Internal coordination of organisms. If this is attributed ©°
designer it shows very great ingenuity, and no malice. HO"
ever a tank resembles a motor car or a tractor in many OfIE
features. But its essential function is to carry a gun for
purpose of destruction.  And when we consider animals B
gt}fg?riigf aihe flelations of their parts, but of their relations*

If o a;’j Itn :1 Ssame 1s true of them. Y
mutval destruct; were designed, they. were de:qgne i

raction.  If there was one designer, he is or W



THE ARGUMENT FROM DESIGN 69

Yeing with a passion for slaughter like that of the ancient
Romans, and the world is his Coliseum. A much more
reasonable consequence of the hypothesis of design is poly-
theism. If each of the million or so animal species were the
product of a different god, their mutual struggle would be
intelligible. One must particularly admire the ingenuity of
the creators of some of the parasites, particularly those with
several hosts. For example the digenetic trematode worms
such as Bilharzia, which pass one generation in a water snail,
and another in human beings, causing an extremely painful
chronic disease often terminating in cancer, are amazing pieces
of work. So are the malaria parasites, which live alternately
in mosquitoes and human blood.

A seaman dying of thirst on a raft may well curse White-
head, who invented the torpedo. Trematode larvae surround-
ing a water snail and ramming their front ends into it look
remarkably like little torpedoes when seen through a micro-
scope. And unlike the human creation they multiply inside
their victims and produce another generation which kills men
or sheep. In fact Whitehead was a mere amateur compared
with the creator of Bilharzia. o

Wherever Paley’s argument leads, it does not lead to Christi-
anity. If pushed to its logical conclusion it forces us to
believe in a malignant creator, or more probably, in a number
of malignant creators. Certainly this creator or these creators
are not wholly malignant. The world of life contains a great
deal of beauty and pleasure. But one can only admire the
beauty by closing one’s consciousness to the pain and injustice
which are bound up with it. A biologist who has spent his
life in the study of parasitic animals must inevitably smother
his feeling of pity to some extent, and tend to take human
misery and injustice for granted.

But the moral effect of the belief that the world was made by
a benevolent and almighty creator is vastly worse. Mr.
Lewis’s recent book The Screwtape Papers, is a good example of
its effects on an intelligent man. The book is supposed to be
written by a devil. 'This devil is strongly in favour of modern
medical practice, which in many cases has robbed death of its
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pain and terror. He is by no means enthu;mst&s: gﬁotﬁe\e’?&‘
which gives man(;ir peogledthe experiences of suffering
turn their minds to God. .
* If the world of nature is God’s plan, then attempts to banflsk
pain are contrary to this plan. So are attcn}l{)ts t}?icgernjet
human society by eliminating the various evils w L
inflict on one another. The religionist can point out t 1et :
possibility of eliminating cruelty ‘and injustice comp) &:[\
Nor can one eliminate pain completely. But it is possibict
reduce it to such a level that for years one may have no
which interferes with normal action and thought. t:é
Marxists, among others, believe that by applying scien
method to human affairs, it will be possible to cut down ’;{‘
justice and cruelty to a similar extent. Aﬂ Bud'dhlsts,H{A
if not all Hindus, and most Christians, believe this to lﬁiﬁ
possible, and further, that it is a dangerous illusion to 11tS e
possible. Conversely those who think that t.he estab mtd
of “heaven on earth” is something worth trying, must fegge‘
the religions as dangerous' illusions, whatever services ]
have rendered to men in the past. b
Darwin made it reasonable to reject the argument gte
design, and the evil God or gods to which it leads, if cartie .
its logical conclusion. We have not yet realized wha’fbl
immense advance in our moral ideas this has rendered poss f%
Naturally enough many of the early Darwinists reta,med t(h
veneration for nature which is justifiable if it is God’s han {
work. They therefore used Darwinism to justify var®
forms of human struggle, including war and me‘stnct;;
economic competition. T, H. Huxley, by contrasting

ethical process and the cosmic process, did his best to combs
this tendency. But as he

 tend took so much of the structure of E
society in which he lived for granted, he underestimated !
power of the ethical proce

ss.
Today we see that cu

.. f
. t-throat competition, both bet#®
species and to a less exten

' t within them, was a necessary cot d
tion of evolution. We also see that it is so no longer. V.,
can control the evolution, of animals, and make unPICCCanm,
creatures, such as the Jersey cow and the Angora rabbit,
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our needs. 'We shall be able to control our own, though very
fortunately we do not yet know how to doso. My own most
important scientific work has been to accumulate some of the
preliminary knowledge, for example to map some of the genes
on a section of one of the 24 pairs of human chromosomes. It
is abundantly clear that the amount of such preliminary work
needed is so great that we shall not have the necessary know-
ledge for some centuries. By this time a Marxist may reason-
ably hope that human society will be so far improved that there
will be agreement on the innate characters desirable in man,
and willingness to alter our breeding habits accordingly.

We can look ahead of this. If human society is brought
near to what we should now regard as perfection in the next
few thousand years, our descendants will find nature pretty
revolting. The scream of a rabbit caught by a weasel will
be as horrible as that of a rabbit in a trap to sensitive ears today.
Ifwe abolished weasels, sportsmen, and other enemies of rabbits
today, rabbits would increase till they did vast damage to
crops and trees, and were finally kept down by disease and
starvation. Over-production, as Darwin saw, is a universal
character of living things, and a necessary condition for natural
selection.  To abolish the needless pain of nature we should
need to check this over-production, as we already do to some
extent with our domestic animals. The lion and the Jamb
will be able to lic down together when we can provide the
lion with a diet high in proteins not derived from lambs, but
from vegetable or synthetic sources. . ' .

Speculations of this kind may seem ridiculous in the middle
ofa war. T believe that they are justified because we are apt
to think that since widespread misery is part of nature, it is
therefore unavoidable. Those who are opposed to 2 radical
reconstruction of human society naturally take this view.

Itis also important that rationalists sho_uld examine the argu-
ments brought forward in favour of various religious dogmas,
and see where they really lead. Defenders of religion n-
variably stop in the middle. Thus the argument from des.lgn
leads on to polytheism; the principal arguments for the 11;)1—
mortality of the soul also prove that it is not trammelled by
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space, and therefore omnipresent. The argument, which sz
essential part of Catholic theology, that God must b
founded an institution to proclaim his will to mankmfl leac
directly to atheism. For if there is such an institution it ms
be the Catholic or the Orthodox church. And their recor
prove that they are far from divine. Similarly an ideds
cannot logically stop short of solipsism.

It is essential that we should study the economic and socs
origins of religious beliefs, and the irrational but profous
psychological needs which they partially satisfy. But as lf‘fi
as these beliefs are alleged to be capable of rational proof, 1
our interesting, and sometimes amusing, duty, to study thes

alleged proofs, and to see what, if anything, they really pre®



Planets of Other Suns

COPERNICUS, who died four hundred ‘years ago, made
it highly probable that our earth and the other planets
go round the sun. Soon after his death other scientists
sggested that the fixed stars were bodies like the sun, sur-
rounded by their own planets, some of which might harbour
mtclligent animals like man. This was one of the opinions
for which the Pope’s executioners burned Bruno.

In the 18th century, materialists generally believed that there
were man-like creatures on other stars. This belief was
stengthened when, in the early 19th century, the distances of
some of the fixed stars were measured, and it was found that
they gave us about as much light as the sun would do from the
uame distance.

However, cven a large planet moving round the nearest
of the “fixed” stars could not be seen or photographed with
anv exuting telescope, much less with those of fifty years ago.
And awronomers tound it very hard to explain how planetary
witems could originate. A collision between two stars, or a
very close encounter, might account for a family of planets,
but 1t 1 unlikely that they could arise through the condensation
“f maner originally dispersed round a stgr. The stars are so
far upart that collisions or closc encounters are very rare.

S some astronomers took the view that our own planetary
WRem was unique, OF very exceptional. If so, it could be
#rgucd that, in spitc of appearances, our ‘earth was the most
mportant object in the universe. Cunously enough, this
arument was used in support of religious beliefs, a}though_ of
¢oune Christianity, Islam, and other religions agree in teaching
thut cur world was created much as it is now.  So any argu-
ment hased on its being duc to a chance collision is definitely

at-rehmous.
n lun ; made which suggests that, after
] In Junc 1943 a discovery was e or erhags -

4l plancts may be quite common, P
majenty of stars may possess them. K. Strand, of Swarthmore
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sl
Observatory, in Pennsylvania, made a verylaccuraste sle)ri)elsl lﬁi
observations on the movements of doulile star o
stars, that is to say, pairs of stars about as eavyfa i 6
sun, and revblving round their common centre o 1llg( Si;I k
it n. To the naked eye they look like a sing
quite common. o them,
star, but a moderately good telescope separate e S
One of the nearest pairs is in the constellatlond(? enco
and is called 61 Cygni. Strand found that the dista e b
of these two stars did not vary in the regular way \iv o ifz‘
been calculated. But the irregularity could be e};p ali: o
large planet were moving round one of therél.h :):n ok
strictly true to say that a planet revolves round the sun. b
both revolve round their common centre of grav1‘ty};Lt i
example our sun does not move in an almost straugSli o
relative to the ‘neighbouring stars. It follows_ a ngit ;
tortuous path because of the gravitational attraction }?jchwaf
the planets.  Strand calculated the mass of the body w e
throwing the star out of its predicted pz_tth, and 'foun Fes
was about 16 times that of the planet Jupiter. Itisa goo y
nearer to its sun than is Jupiter to our own, and moves in
nearly circular orbit. )
T\ZO other double stars show irregularities of the same kl’t‘i
but the measurements are not exact enough to determlnz g
mass of the planets as yet. They do show that planets ar .
uncommon. In another ten years we should know the m ; U.\
of a number of further planets of other stars, _and, abovever\’
Strand’s theory will have been tested by prediction, as fikfl;'
scientific theory worth anything must be tested. Very ¥
Strand’s planet is not suited for life any more tl_lan are mo stﬂ
the planets moving round our own sun. But if even qnﬁson
n ten in our own galaxy has planets, there must be million i .1:\
which life is possible, and probably many thousands wher
has develaped further than on earth. P
In his Dialectics of Nature Engels stated his belief thatht\'i
Wwas s0.  Many centuries will probably clapse before we 12

; ; S W ;
any direct evidence of life in other planetary systems than @
own. But we can

. I
certainly say that recent work makes
more probable.
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If there are intelligent beings in other worlds, this does not
lessen our responsibility for our own world. It does mean
that we have less reason than ever to regard the opinions of
eminent men of the last two or three thousand yeatswas “eternal
values”. They are the opinions of inhabitants of one particular
world at one particular period of its history, the period of class
society, which is now coming to an end. The study of
astronomy may make man feel small in comparison with the
universe, but it should also make him feel great when he
considers his responsibilities. We are fighting today not

merely for ourselves and our children, but for the future of the
star on which we live.



Mr. Bolfry and the Sun

EST week I went to James Bridie's Mr. Bolfry, WI_IIth
about two bored soldiers who conjure up a devil in:
Free Church Manse in Scotland. I didn’t think it was?
good as Dr. Faustus or Man and Superman, let alone Faus; b
it is rather hard to fit the devil into a play of the present dﬂ‘

However, I thought the non-miraculous portion was ¢
a good show, and particularly enjoyed a conversation whete
minister got the better of his sceptical opponents. Asi
counterblast to doubters of the story of Jonah, he produces e
life history of the liver fluke, which he gets badly wrong, &
minister well might. But neither the other characters in
play nor the dramatic critics know enough biologyto catch
out. In fact Mr. Bridie pulls his audience’s leg rather neat

The Reverend Mr. Macrimmon also asks a young woté
how far off the sun is, and when she answers “90 milie
miles”, she has to admit that she believes an important o
gbout the world without any idea of the evidence forit. A
if Shct swallows that whole, why not the biblical stories of t
creation and flood! The moral is that if you must argue ™ ‘
clergymen, you had better know some science.

W1thput being an astronomer, I could have given the We
Free Minister four reasons why people belicve that the sun'
average distance is about 9o million miles. I assume that ¥
purposes of argument he would grant me that the rough shap
of the solar system is known, that is to say that the planets
round the sun in nearly circular orbits, that of Jupiter be
nearly five times as long as the earth’s, and so on. ‘
ifgrl tl}:;llt case we can calculate any distance within the sy

¢ know one, for example, that between the earth and M¥*
at one particular moment. And this can be obtained on e
principle of the ordinary range finder. The gunnery offict

ﬁgrtgicﬁg}ieao{ aYOf k ngt the Scharnhorst’s range by looking®
the rays of Tight Iclge- inder so designed that the angle betwet

oming from the Scharnhorst to two points @
~A
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the Duke of York enabled the distance to be calculated auto-
matically. In much the same way we automatically judge the
distances of near objects from the fact that they look a little
different from our right and left eyes. Ifa planet; say Mars, is
photographed at the same time from England and South
Africa against a background of faint stars, it appears in slightly
different positions, just as an object 10 feet away does against
more distant things when we shut one eye at a time. More
accurate results are obtained with smaller planets, invisible
without a telescope, which come nearer to us than Mars. But
all measurements give much the same answer for the size of the
solar system.  However, the history of science shows that there
may be some error common to a whole class of measurements,
s0 it Is always well to check them by some other method.
The planet Jupiter has a number of satellites which go round
it as our moon goes round the earth. Some of these often
enter its shadow and are eclipsed. The times of the eclipses
were calculated, but the eclipses are about a quarter of an hour
late on schedule when Jupiter is furthest away from us. This
lateness is exactly explained by the fact that light takes about
aquarter of an hour to cross the earth’s orbit. And as the speed
of light can be measured in a laboratory, this gives us our
figure of 9o million miles by an independent method.
Again as our planct moves through space it sweeps up little
particles of stone or metal which we see as shooting stars Whe,n
they enter the air at high speed and flare up. As the carth’s
fotation on its axis is related to its passage 'round Fhe sun in the
same way as the spin of a ball-bearing to its motion round the
axle, we can see that the largest number of shooting stars from
vertically overhead are to be expected about 6 a.m. This is
ome out by actual counts, and observations on tl.le speeds and
numbers of shooting stars show that the earth is moving at
about 18 miles a second, as it must if it moves rognd an orbit
of 180 million miles across, each year. The estimate is not
very accurate, but it is clear that the speed is not far from this
value, i .
Again, light reflected from an object moving towa'rds us is a
little bluer than if it were stationary, that from a receding object
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a little redder. For the waves are crowded together byt
approach, since each one has a slightly shorter distancet
travel than the one before it. Once more, this principle g
about the right speeds for the relative motions of the planes

A number of other figures agree, for example a compari!
of the earth’s gravitational pull on the planet Mars with §
known pull on the moon. But one attempt to get an estind
of the earth’s speed gave the wrong result. In the 19t
century it was thought that light was transmitted through
ether, which was fixed, while material bodies moved throu
it. Ifso it would be possible to compare the apparent spec
of light in the direction of the earth’s motion and in_thf
opposite direction. The latter should have been bigger, J*
as a wind seems faster if you are cycling against it. B
Michelson and Motley found they were the same, and it fot
the genius of Einstein to explain why this was so.

'1"'hat is why it was important to confirm the estimate of t
sun’s .distance in as many ways as possible. The rangt’—-ﬁﬂfiﬁ
principle turned out to be quite reliable. And we are geit
more and more evidence that the same principle holds for t
dlstz_mces of the farther stars, using the diameter of the ca™’
orbit, 180 million miles, instead of the 6000 miles or so betwe?
two points on the earth, as a base line. ,

Ishould like to have a chance of debating the questions whit
Mr. Macrimmon raised in the play with a well-inforn®
clergyman. Unfortunately such debates are not held in i
country. In 1918 the present Metropolitan of the Orthod®
Church of Russia held public discussions with the S0
;omrmssar Lunacharski, and they drew big audiences. U?‘f‘
ortunately the B.B.C. was always chary of broadcasting d
cussions on real_ly. important matters, whether of pol®®
; Chonoxmcs, or religion, and has now given them up complete!”
Bi 01;36 that as soon as the’ B.B.Q. governors cease to represt

g Business, free discussions will be allowed. particulatly ©
the basic tenets of religion. This would lo 5 to a high®
standard of accuracy both by the ¢l P id theie ¢ o
and clear up a lot of 5] kY. gmd ches oppor ‘

p of sloppy thinking which does no good"

anyone.




Naming the Stars

FIRE watchers get to know the look of the stars, even if
they do not learn their names. When the Daily Worker
isa full-size cight-page paper it will probably publish a star map
several times a year, with notes on the positions of the planets,
and other matters that change from time to time. But by then
the majority of our city dwellers will see little of the stars.

Without a map it is hopeless to try to teach star naming.
But I have been asked to write something about the names,
for the benefit of those who know them. There are 78 named
constellations, or groups of stars, though only about half of
them are visible from England. Primitive men probably had
wmes for a few striking groups, both large ones such as the
Plough and Orion, and small ones such as the Pleiades.
Natwrally they were called after a fancied resemblance to
common objects. Thus Orion and Canis Major were called
a hunter and dog in the northern hemisphere. In the southern
hemisphere they are seen upside down from a European
point of view, and the dog becomes a boat, the hunter a net
¢t down from it, in Maori mythology. :

Most of our names are derived from the ancient Greeks, and
the constellations visible from Greece were described about
350 B.C., along with some only visible from further south.
Naturally those round the South Pole were not named, so
there is an empty space on a Greek star map. But this empty
Space is not round the present South Pole, or that of 500 B8.C.,
but round the South Pole of about 3000 B.c. For the pole
of our earth does not always point in the same direction. On
the contrary, it traces out a circle in the sky, Wi-th a period of
26,000 years. The present pole star is a fair guide to the true
north, being only one degree away from the true.pole. It
Was not such a good guide 2000 years ago, a}nd will not be
2000 years hence. In 13000 B.C. Vega, a bright star in t}_le
constellation called the Lyre, was pole star, and will be again
in A.D. 13000.

79



80 THE UNIVERSE

So the constellations in the north, round thede?lléztr:?r,sﬁ
immediately south of 1rfi musIt havcrIl?}f:ré Irl::l;: e m};n",'d
0, almost certainly in Iraq. |
z}f:rrri ar%ev’v names, but stuck to the old arlrangemzltl}tls;lm'(limE
sun, moon, and planets all appear to move a oni; a Puch "
the fixed stars called the zodiac. ”Some peolll) es, son 2
Arabs, divided it into 29 ‘“‘houses”, so that t 1c mo .
into a new one every night. The Babylom?s an G
divided it into 12 signs, so that the sunisinadi irentl o two&
month. 'We have adopted their scheme, thoug 'Oél y i
the constellations, the Scorpion and the Crab, remind me it
animals after which they are called. Many of the §onGmk
tions outside the zodiac were called after figures in
mythology. )
3(X/heng]guml:)eans sailed to South Africa gnd Souctlh };‘1&1;6121;
they saw a number of unnamed constellations, and the .
to be named. In addition a few names were given to SPdCI-
in the northern sky with no bright stars. There was con5111 1
able competition. An English astronomer tried to caherf
group of stars “Robur Caroli”, after the oak tree wdid
Charles II hid after his defeat at Worcester; but this .nairlle :
not stick. The only modern figure to get a p}aCe in eathe
was the Polish king John Sobieski, who saved Vienna fri)lm'on
Turks in 1683, and whose shield is a southern conste anncl;
Many of the southern constellations were named by a Frehas
astronomer called de Lacaille in 1763, and have names sucS
the Telescope, Microscope, Airpump, Octant, and Compas .to
In 1627 Schiller attempted a revolution. Heaven Wasthﬂ
be made Christian. The signs of the zodiac became ﬂ
twelve apostles, Orion’s dog was called David, Androme

the Holy Sepulchre, and so on. But as far as names lclf:
concerned, heaven has remained pagan. In June 1943
Herbert, M.P., made

suggestions which are probably likely*

meet the same fate as Schiller’s.

Besides the constellations, a few fixed stars have names 1?;
their own, mostly Arabic, for example Algol, meaning t(v
demon, a variable star in Perseus, whose light is dimmed evev,l
69 hours by an eclipse. The brighter stars are named by
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Sreek letter and the name of the constellation to which they
belong, For example Algol is called Beta Persei. Others are
cllled by Roman letters and numbers, but the fainter stars are
listed by two numbers corresponding to latitude and longitude.

Why has not this ancient system been superseded by a more
scientific one, as with animals, plants, and minerals? One
reason is that the constellations are not natural groups. They
ate merely sets of stars which happen to be in nearly the same
direction from the sun at present, though one star may be a
hundred times further off than another. There are natural
groups of stars. Thus all the Pleiades are at much the same
distance, and the five central stars of the Plough, with Sirius,
are moving parallel to one another. But only a few stars can
be grouped in this way. So at present one can suggest no
satisfactory method of renaming the stars.

Perhaps in the future, when men have agreed among them-
selves as to what is most worth commemorating, the stars will
be named afresh. Thus the Hyades might be called Newton’s
Prism, Orion Lenin, and the Swan the Aeroplane. But we
do not know what human achievements posterity will wish to
honour, and we have many more important things to do at
present,

Even if the constellations are named afresh, they will gradu-
ally change their shapes and break up. If a competent
stronomer from ancient Babylon could be resurrected today,
he would certainly notice a slight change in the shaPe of t}}e
Plough. In a hundred thousand years the constellations will
probably be unrecognizable. But long before that time our
descendants will probably know enough about the stars to
name them in a more rational manner than after Greek demi-
gods and out-of-date scientific apparatus.
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Machines that Think

EVERY anti-aircraft battery includes a predictor. This is
not a mathematician, but a machine which, when pointers
on it are turned so as to correspond to the direction,
height, speed, and so on, of an enemy aeroplane, predicts where
It is going next. More accurately it tells the gunner the
irection, angle of elevation, and fuze setting, needed to
bring it down. Corrections are made for the wind speed and
other factors,

Of course the aeroplane is seldom brought down, partly
because the observations are seldom quite right, and still more
because the pilot who is being shot at may change his course
while the shell is in the air. And a modern bomber travels at
quite an appreciable fraction of the speed of a shell, so he has
the needed time. Fortunately a doodlebug cannot dodge.

The necessary calculations would take an expert some
minutes, or even hours, to do, yet the machine does them in a
fraction of 2 second. The predictor is one of a number of
machines which today are doing work which was supposed
o be possible to the mind only. For in mathematics theory
g0t divorced from practice for a long time, and has still not
been fully united.

We know a good deal about how mathematics, as opposed
© arithmetic, began. If you had asked an ancient Sumerian,
ving in what is now Iraq, how big a field was, he would have
amswered “6 bushels”, this being the amount of seed geeded
tsow it. After a while some bright man found that if two
elds were rectangular, but one was twice as long as the other,
and three times as broad, it would need six times as much sc?ed.
Insuch ways as this geometry began. But it took 2 long time
efore people measured fields in acres or other measures of

area, instead of bushels, and discovered how to find the arca of
afield by linear measurements with a cord or a chain.

For thousands of years mathematics remaihed a mere collec-

tion of rules, even if they were very complicated rules for
85
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. - s to hof
predicting the position of the stallf)s. No or;i ;::fc‘}llanwt\
tried to show thaththese]lrde% m‘il:t Wci:ti:)’baz:ibones must b
to show that all animal )

f:Zjaglood, or that the earth must have only Onilm(::;' Th}g:
the Greek philosopher Thales ma_de a great IISCWaSrZ' il
showed not only that the angle in a.sermarc'; o i
angle, but that this must be so. T_‘hat is to say it y lix;)es mn%
two ends of a semicircle to any point on 1t, the_ t‘go overy
always make a right angle. Starting fr.om ﬁlhli ls(():st C;ZHPE
Greeks produced a science of geometry in wi ﬁ Illilnes ok
cated properties of figures made of straig t : ,m o
and a few other curves, could be proved, starting fro
simple laws which were taken for‘granted. ed adva

This was a great advance, but it was a one-si i s
for it made them despise any scientific truth which co o
be proved in this way. This scorn arose from a conterﬁpe
manual labour which was inevitable in a master class w erodﬁ:
the hard work was done by slaves. And so the ancient v:hoﬁ‘
made little technical progress, and did not get far in i
branches of science, that is to say all branches but mathema !
where technical means, such as telescopes, microscopes, gcchef
ate balances, thermometers, and so on, are needed. An tthC"
philosophies were generally idealistic. That is to say, ¥
believed that thought came before things. I

Then the slave civilization collapsed, and in the SO_Caﬂm
dark ages little intellectual progress was mgde. But I
workers gained a great deal of freedom, and during this Pde )
such great inventions as the horse-shoe, horse collar, winds
clock, and rudder were made. ) o

When mathematical progress began again, it was st s
the Greek lines. Everything had to be proved fromhiné
principles. Only a century ago the first calculating mac y
were made which really saved an appreciable amount of hun ‘,
labour. At first they were simple, and did not involve ;ndf
principles beyond complicated systems of cog-wheels.
later on el

i : 4
ectrical as well as mechanical methods were ¢

ployed.  Using such methods we can solve problems in 2 fet
minutes, which would have taken many days on paper.
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cxample we can find the answer to twelve simultaneous
equations,

For a long time the “pure” mathematicians despised such
machines, saying that they were only good for engineering
problems. But there are no “purer” problems than the
propertics of whole numbers. And one of the latest of these
machines will find the factors of very large numbers, which is
no joke to do by ordinary methods. For example if you’
want to find out whether 10379 has any factors, it is enough to
divide it by every prime number up to ro1, its approximate
square root, that is to say by 2, 3, 5,7, 11, and so on.  Butif we
try this on a2 number of 21 figures, we may have to divide it
by every prime number up to ten thousand ‘million; and there
ate several hundred million of them. Yet the machine in
question, which includes a photo-electric cell, will give the
answer in a few minutes.

Other machines solve much more practical problems, for
example the problem of how best to regulate the temperature
ofa furnace, or the course of an aeroplane flying blind, 50 as to
give the quickest possible return to normal after a deviation,
without oscillations round the correct temperature or course.
This particular machine will also do work cor.respox.ldlng to
many months’ calculation in a tew minutes. This entaxls_ some-
what of a revolution in mathematics, which seems dcstuzf:d to
become more like the other sciences, and less based on “pure
resson”, which of course is a fiction, because you can’t reason
about nothing, ‘

In fact mathematics is coming more and.mor.e to _rely on
instruments, as the other sciences do, and is being liberated
from the extreme idealism which it inherited from the Greek
slave-owners. Among other things this will probably mean
that children in future will have 2 good deal less mathematics
to learn by heart, and will be able to make a great deal more
use of them than today. So the anti-aircraft predictor may be
astep towards the goal of making mathematics the servant odf

umanity, instead of a source of puzzles for professors an
dreary homework for children.



Measuring Time

HEN we use such an expression as the progiss
science” we are apt to think, on the one.hand, d
inventions such as the electric motor, the microsco
or the aeroplane, or of theories such as the theory of gravie
tion, of chemical atoms, or of evolution. But besides thﬁ&
qualitative steps, we may roughly gauge the progress of scm;:‘v
by the accuracy of measurements. Every skilled wor¥
knows that these determine the accuracy and efficiency ’
craftsmanship to a large extent. But they also determime th{
progress of scientific theory. A theory which has been g
enough for some centuries may at once turn out to be i
quate when the accuracy of a measurement is mncreased ¥
hundred times.

A historical survey of some kinds of accuracy is givel bf,
H. T. Pledge in his historical work Science since 1500,' 2 boo%‘
written for scientists rather than the general public, but Yet@
of interest for skilled workers who want to understand o
science developed. He devotes considerable attention to®
measurément of time. Some unknown man or men of gen*
invented the sun-dial thousands of years ago, perhaps in EgYP[1
This- enables the time to be read within ten minutes or s0,
is very useful in countries where clouds are rare.

But in the cloudy countries of northern and central Europfl
the st.m-dial might be useless for weeks on end. So the doc_
was invented during the Middle Ages, almost certainly b\;,
‘monks. This was an enormously important invention, '
led to such relatively complicated principles as that of gt#

The early mediaeval clocks might gain. or lose a quarter © :
hour per day, and had constantly to be set by the sut- /

And even at the end of the Middle Ages the best church do

sorInne of which survive, might be out by five minutes in 2 A

11657 the Dutchman Huyghens first used a pendula’
regulate a clock, and a few years later Hooke, in Englﬂna
! Stationery Office, 7. 6d.
88
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employed a spring like the hair-spring of a watch. As a result
the error was cut down to about ten seconds per day. And
now a great possibility opened up. The measurement of
latitude is relatively easy.. In principle one could calculate it
most simply from the height of the pole star above the horizon,
if the pole star were due north. Actually the method is more
complicated, but it does not involve accurate knowledge of the
time.

A similarly simple method of finding longitude would be
tofind out the time.at which the sun was highest, provided one
had a clock keeping a standard time. The actual method is
again more complex. Now the earth turns through an angle
of one degree in four minutes, so an error of only ten seconds
of time would mean an error of one twenty-fourth of a degree
in latitude, * This is three miles at the equator, and rather less
than- two in the neighbourhood of England. But unfortun-
aely in a voyage of several months the clock’s error nught
mount up to hundreds of miles, so the early clocks were little
use for navigation. However, within a century the accuracy
was still further increased, mainly by compensating for the
changes caused by temperature in the length of the pendulum
or the elasticity of the spring. _ .

In 1761 Harrison produced a chronometer W}uch received a
British Government prize, ard played a big part in founding
the British Empire. Its daily error was about a _fifth of asecond,
0 even after a month’s voyage the error of distance was only
about 2 mile. Greenwich mean time and the meridian of
Greenwich became universal standards. ‘

Measurement is economically necessary in the case of
commodities, and just as wheat is measured in bushels, cloth in
yards, and meat in pounds, so labour power 1s measured 1ri_
houss. In the class struggles of the 19th century the length o
the working day was one of the main questions. This was
only possible because clocks which were accurate to a minute
or 5o were fairly cheap by that time. .

By 1900 the ?i,aily efroxy had been reduced to a hundredth of
asecond by keeping the air pressure constant, and the n}odel_fﬁ
Shortt clock, whose pendulum swings in a vacuum, Is sti
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more accurate, though no clock is y;; :g(r)rz(c)g to a thousandd
d per day, or one part in 86,400,000. e
Of];jf Cti)lr; bgst clo}crks are probably rathe‘r bflttc:r tlntiet}ie;ﬁf&
than the earth. The day must lengthen if t he ice a»ator | thall
melts, and the meUk}ilng Wate:i ﬂozgéoglzigzotreetiqeuearth slow
i ove farther in a day, -
3501;13151"60 IItnis at least possible that such changes are now being
ted. oy

de;)elfadge also gives figures for the accuracylr3 of gf:}lggﬂﬁ‘
Numerous ancient weights and balances have eezll e,
in the dry climate of Egypt they are little cor_rc})ﬁi "t Tes
can say that as early as 1000 B.C. the error in weig gommodi'
reduced to 2 grains, which is good enough for most cS e
ties except precious metals and drugs. The Ron?(zigl ot
this to about half a grain. By the end of the Mi ellfmfe-
was a tenth. The modern chemical balance, with stccl:e il
edges on agate bearings, came in abo‘ut.1825, and re .uceeeded
error to a hundredth of a grain. This is better than '1S}ﬁn j
for any economic purposes, except perhaps the welgD altgo .
gold. But it made modern chemistry possﬂ)l«‘:. For e
atomic theory was just being accepted, and it was nec o
to determine the ratios of the weights of different atoms

reat accuracy. : : {
g Towards t}z’e end of the 19th century another great step };J?;‘
taken. When the barometer is high, that is to say the al]osf
denser than usual, a light substance such as glass appears t0 -
weight relative to a brass or platinum stanflard be\causle ;'1“
buoyed up by the air, just as a pendulum swings more Sd Otoﬂ
So by Weighing in a vacuum the error was redu’cef e
thousandth of a grain.  Since then there have been still fur -
advances. One result of accurate weighing has been to pff .
that atomic weights were nothing definite, since most 1 :
all elements are mixtures of different kinds of atoms wan
different weights.  So just as the day is proving u§eless S §
ultimate standard in time measurement, though it is the Ohlt%
possible practical standard, atomic weights have no abso
values, though every chemist uses them in practice.

i . . ents
This seems to be the general fate of scientific measurem
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People usually make them first for some economic reason.
Then they prove to be of importance for settling scientific
problems. But after a while they become meaningless because
the standards are variable. Yet though completely accurate
measurement is impossible, fairly accurate measurement is
essential. In the last century we learned to measure things
like electric currents whose very existence was unknown until
the 18th century. Today psychologists are trying to measure
mental abilities. The attempt has been largely made in re-
sponse to a demand for psychological tests of suitability for
jobs. The first rough tests proved unsatisfactory, and were
biassed because the qualities characteristic of university pro-
fessors were labelled “‘general intelligence”. But if these
ifficulties are overcome, and real measurement becomes
possible, psychology will take its place among the sciences.



A.R_P. Fallacies

ODAY every gossip column-writer in the capitalist pr,

and every minister, is pouring out soothing syrup ot
cerning shelters. Some of it is obvious nonsense. Reynolk
News tells us that someone in Whitehall has calculated that e
chance of being killed in an air raid is only one in 8000. k
much more than 5000 out of 40,000,000 English civilians hare
already been killed, this is as out of date as many other Whit:
hall calculations. ‘

The Evening Standard tells us that every trench has 2 f*
tective wall of earth thousands of miles thick. The plain fie
is that a trench is less vulnerable than a surface shelter 1o &
blast, or air wave, from a bomb bursting on the surface. BU
it is more vulnerable to the shock, or earth wave, from a bo
which buries itself before bursting.  So unless you have privé¥
information from Goering as to which type of fuze willk
used tonight, a sensitive one causing a burst on the surface, ¢
a tougher one causing a burst below ground, there is lifle®
choose between a brick shelter and a thinly lined trench.

But Fhe worst fallacy is the fallacy of dispersal. M
Churchill, Mr. Morrison, and Miss Wilkinson, all say that ‘hlf
makes for safety. This is untrue, as any statistician iil
them. I published the relevant mathematical theory in Nt
our leading scientific weekly, two years ago, in the hope *
(Abtalmng criticism, but no-one challenged it. ~Since then M
eel;l':rﬁ)ghlzrsl j:v\lfe(lioped it in much greater detail, using his engﬂ"
of di edge, which greatly exceeds my own. The¢ «
of dispersal, provided the type of shelter remains unchang®
ll: thabt EO single bomb will cause many casualties, but al
te?lrcrllenci easS C;tn Clillgger chance of causing some. And t*

I you dons ::Dne afr_lother out very exactly. i
experiment. D ':ge or mathematlc:}l arguments, 1y
lines ruled « hlw ¢ a piece of paper into 400 squares by?

cach way. Put a figure 2 in 40 of these squ®
I October 1940.
92
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Then drop a small object, say a threepenny bit, a hundred times
on the paper at random. If its centre fails on a square with a
figure 2 in it, count 2 people as killed. You will probably
“kil” 2 little less than 20 people. Accurately your expecta~
tion is 17-7, allowing for the chance of hitting the same square
twice. Now put a figure 8 in 10 of the 400 squares, and drop
your “bomb” a hundred times. Your average number of
“casualties” will be just the same, but the fluctuations round it
will be bigger.

This is an example of what is called a model experiment,
which has proved very useful in science, though of course it
may leave out something important. 'The main thing left out
in this case is that if one bomb wounds 200 people, there will
be a greater strain on the stretcher parties and hospitals than if
it only wounded 20.

Behind the fallacy there is of course a truth. The truth is
that any large shelter, unless it is completely bomb—proof,. like
the deeper parts of some—but by no means all—tube stations,
is more dangerous than a small one. If I am in a cellar 10 feet
Square with a stout reinforced concrete wall round it, a
medium-sized bomb must fall on the shelter or within § feet
of it to kill me. That is to say the danger area is about 400
square feet.  But if the shelter is 50 feet square, the danger area
is about 3600 square feet, or nine times as great. That is to say
Tam nine times as likely to be killed. But I am no more hkel}{
o be killed if I am one of a hundred people in the shelter thari
ifTam all alone. _

The moral is not that people should be dispersed, but that
shelters, unless they are really bombproof, should either be
small, or divided up into small compartments by really blast-
proof walls, not thin brick walls with very poor mortar be-
tween the bricks. I am certainly horrified at the large size of
some of the non-bombproof shelters. Thg upper partof a tube
station is often close below the ground, with only a foot or so
of concrete above it. A bomb bursting inside is in an er}closgdi
space, so the blast cannot escape, and may cause fright 1;1
damage, Yet some people think they get security In Slﬁd
places, or on escalators, which are only a little safer. I wo
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much sooner be in a small brick surface shelter than an unde

ground “‘shelter” of this kind during a raid. Indeed if 1 badt
steel helmet 1 think T would as soon be in the open air. T
deeper parts of tubes are of course much safer, provided the
are protected from flooding, which is not always the case.

Why do so many people believe that dispersal makes f
safety? Partly because they say that a bomb falling ony
shelter containing two hundred people may kill them 2
This is quite true, but it is an argument not against having me
than half a dozen or so people in a shelter, but agamnst ts
shelters with a large area, unless they are really bomb—proof:

The theory of probability is largely a history of the fallac®
which have deceived quite able men in the past. Some peok
have thought that, because if a coin is tossed often enough, &
number of heads and tails is roughly equal, this implies th|
after a run of, say five heads, there is an unusually big chane
of a tail. This is certainly untrue. Others think that i
five heads, there is a bigger chance of another head. Thist
true if the coin is biassed, and though I know of no thorough
tests on coins, careful investigation of dice has shown that the_y’
are often biassed. One reason is that a face with six holes?
it is rougher than one with one hole. The die is therefor
more likely to turn over if it falls with the six downwaré
than' with the one downwards. This causes a bias in favor
of high scores. But this bias is generally very slight. 4

'I_‘he corresponding fallacies about bombs are that a bomb
unlikely to hit the same house twice, or that it is very likely

0 s0.  Once again the latter is more nearly true. For ¥
alrman aiming, say, at a station or a factory may make %
same mistake on two different nights. But the extra prob
ability is not worth worrying about.

Some people think you can come to no certainty abot*
né‘_‘t,ters,Of probability.  This is not so. The theory of prob
ability is as exact as other branches of mathematics. But ¥
t;kes longer to test. If we want to test the truth of ¢
fati(;ﬁl?rsi thai: 15 X 14 =6 x 33, or that all the angles of an equr
roughl i;nghe i&re equal, we can easily do so, though 91}15'

y ¢ latter case. To test a theorem in probablhff
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we might have to spin a coin ten thousand times. Neverthe-
less I think probability theory should be taught in school.
Perhaps when stocks and shares and compound interest are
out of date we shall find time for it. Till then I fear that

people may go on believing such statements as those of
Messts. Churchill and Morrison on dispersal.



Samples

AMPLING has recently become important in two @
texts. In the first place a small sample is taken froplﬁ
large number of mass-produced articles, and the mﬁl:
in the sample are tested, often to destruction,  Second!
samples of the population are taken. The Gallup Poll 3311_‘7‘.‘“:
or the Ministry of Information employees, ask their po 3}‘1‘
views; or workers for the Ministry of Food find out how t
spend their points. t
Is this a reliable and scientific proceeding? The EmSWﬁflt
that everything depends on getting a really random 5"““?(
This is fairly easy in the case of bolts or screws. One can®
care that they were not all produced from a particular piect?
steel or by one machine. In agricultural research very s
care is taken to get a random sample. Suppose we are test
five varieties of potato on soil which has been manured in ¥
different ways, it will be desirable to grow each of the twer®
possible combinations on four or five different plots scattefﬂ
about a field. If the same variety with the same manure g“;
very different results in different places, we cannot conc?”
much about the value of the manuring or the po¥
breeds. .
If your sample is really at random you can reach conclusio®
of great certainty about the population or other large gro¥
from which it is taken. 1If 22 out of 100 turnips are disess®
there is only about one chance in twenty that more than )
per cent or less than 14 per cent of the batch from which &
sample is taken will be diseased. If we took a larger samf*
the limits would be closer together. This theory of sampl®
1s Important in anthropology. We measure, say 20 sku OE
one island and 35 on another, and find a difference i *
averages. Can we conclude with fair certainty, that, owing"|
Tace or environment, we should find a similar difference it™
96
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measured hundreds? This is the sort of question which a
professor of biometry like myself has to answer.

The success of sampling in many scientific fields led to
attempts to apply it in politics and economics. But here we
have to be very careful, Suppose we took a really random
smple of 100 voters in a constituency, and 70 supported the
present member of parliament,-there is only about once chance
I 50,000 that he would be defeated in an election, if all the
constituents voted.  But how are we to be sure the sample is
really random? If the investigation had mixed up all the
voters' names in a box, pulled out the first hundred, and
hutted them down, we should really have a random sample.
But this is never done. In practice some people are harder to

than others. Perhaps they are Labour voters working
overtime, perhaps Tories away for the week-end.
 This i one difficulty. Another is that, even where secrecy
$observed, some people do not believe it.  Certainly they are
more likely to lie about politics than about points. Finally,
perimental tests have shown that the way a question is
amed makes a great difference to the number of people who
answer it in the affirmative.

The ancient Greek democracies, such as Athens, chose many
of their officials by lot, for a period of a year. They were, in
% 2 tandom sample of the citizens. This system could only
work where, as at Athens, every citizen had to attend thg public
sembly from time to time, and was fined if he did not.
Similacly in the Soviet Union today all citizens get at least
“me politica] education from attending public meetings to
%ide on local as well as national affairs. But they do not
gt jobs by lot. o

Britain criminals are tried by a jury which is supposed
9 be a random sample of their adult fellow-citizens. Un-
Otunately this is not the case. The list of jurymen is con-
derably biassed in favour of the well-to-do. The situation
5 still worse regarding libel actions where a large sum of
Money is involved. These are tried before a §pec1a1 Jury
omposed of men and women with very substantial property

Qualifications. 1t is unusual or 2 special jury to mcludeH even
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one trade unionist. The injustice of this is obvious when, ff
example, a rich man sues a working-class newspaper for li
though it may have been reasonable when most people cotl
notread. A democratization of our jury system should be pz
of the programme of all democrats.




Statistics

STATISTICS is the branch of science, or perhaps of applied
mathematics, dealing with large numbers of individuals.
Originally the word meant the compiling of numbers
sbout the state, for example censuses of population, production,
wdsoon, Today it is applicd to many other fields.

For example biologists use statistical methods. They shoot
birds and count the numbers of various kinds of insects which

ey have caten.  They compare the average yields of different
k}ﬂds of wheat, and the effect on them of rainfall, fertilizers,
tme of sowing, and other influences.

Modem physics is largely based on statistical mechanics. A
liquid consists of millions of molecules in rapid motion. Any
one of them near the surface may pick up extra speed as the
tesult of collisions with its neighbours and fly away as vapour.
One can make no prediction about a particular molecule.
But one can predict very accurately what fraction of a large
mumber will fly off in the next minute.

Astronomers also use statistics, because by now so many
stars have been photographed that it is a hopeless task to
Gtlogue them all. But we can count their frequency in
iflerent directions, compare the average speeds at which

crent kinds are moving, and so on.

There are two essentially different kinds of statistics, namely
those based on a complete investigation of a group, and those
%ed on a sample. Government statistics are generally
supposed to be of the first kind. For example the census
(which by the way ought to be taken in 1941, but will not be)
Ssupposed to cover the whole British population, and pr obably
085 not miss one in ten thousand.

But statistics of this kind are often inaccurate. In some
Countries more births of girls than of boys h.ave b’e.en reglste.red
ecause boys were reported as girls to avoid military service.

British figures of unearned income are too low because, for
xample, a capitalist can invest in a new insurance company,
99
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drawing no dividend for some years, but be fairly sure that e
shares will increase substantially in value. If he later sells ou,
he can pocket the profits without paying tax. s

One might think, however, that it was always etter
investigate a whole population than a sample. This lﬁ ot
necessarily so. Some official statistics are very dubiots,
notably the causes of death which are reglstered.' A doctﬁi‘
sees that a man or woman is ill, does his besF to diagnose tht
disease, and if they die, fills in a form accordlr_lgly..

Even the best doctors, with X-rays, bactenolqgmal laborﬁ-
tories, and other such facilities, make some mistakes. hrl;s'e
average doctor, with no such help, makes many more. Ths!
probably specially so with young babies and old people. :

Old people commonly have weak hearts, and ‘whateverfaﬂ
the ultimate cause of their death, their hearFS will ofte\r;l i
sufficiently to justify a doctor in ascribing their death to ﬁfl
failure. Others die of pneumonia though the organ whe
first faileéd is not the lung.

If I were dictator (which heaven forbid) one of the reaso®
for my unpopularity, and I hope, for my violent r§mQV;
would be that I should insist on post-mortem examinatio?
being made of everyone who died during a period of, sy ¢
month. If I did, they would very likely be faked, as ma!
things are under dictatorships, but we should perhaps g
more knowledge of the true causes of death. »

For many purposes we can only study samples. For examPft
a few towns have been studied intensively to find out Wh%
people actually eat, and from them rough calculations ha

been made to determine what fraction of the whole P‘iOPle ﬂe
undernourished.

In the same way numbers of people have been carefull

weighed, measured, and tested for colour-blindness, membe"
ship of different blood groups, and so on. If the set tested ¥
really been chosen at random, we can calculate with gr¢*

accuracy to the numbers in the whole population.

For example if out of 10,000 men tested, 250 were colod”
blind, then the odds ar

) e « e several hundred to one that in a pop®”
tion of a million the number of colour-blind men will ¥
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between 20,000 and 30,000, provided the first sample was taken
at random.

But it may not have been a random sample. A large
number were tested at an exhibition, but perhaps men who
suspected they were colour-blind took the test more frequently
thin normal men. Or perhaps normal men took it, and
colour-blind men did not, for fear of looking silly.

Such a test is only valid when it is done on a group selected
in some other way, for example on all the children in a group
of schools. And of course no amount of care in selecting your
sample at random will get over other kinds of bias.

The Ministry of Information collects data on public opinion.
Various people are asked their opinion on political questions,
and are told that their names will be kept secret, and only
total numbers given. Now I personally belicve that this
promise is kept.  But it does not follow that the people who
are asked the questions believe it too.

I they don’t, some of them will give the answers which they
think will please the Government. And so if more people say
that they approve of official policies in January than in Decem-
ber, this may mean that the publicis getting fonder 'of Churchill
or more frightened of official spying. And there is no way of
finding out which explanation is true. o

Inquiries of this kind can hardly claim to be scientific.
Observations of actual behaviour can. A comparison of the
fumber of people who go to un-reinforced brick surface
shelters as compared with basements or trenches w01.11d f:ell
a very clear story of the small confidence which they inspire.
Lenin was talking scientifically when he spoke about people
voting with their feet. . 1 bi

In agricultural experiments great car¢ 1 taken to avoid bias.
Thus if you are testing three kinds of wheat in a field, it is
useless to divide the field into three strips of equal area. One
may be drier than others, or have better soil. ~The field muslz
be divided into about thirty plots of equal area, ten sown Wit
each kind of wheat. ) ) - the

It will probably be found that owing o differences 1
soil, one or two plots of the best wheat will yield less than some



102 MATHEMATICS

of those of a poorer variety. There are, however, mat
matical tests which allow one to say whether the obser
higher yield of one kind of wheat over the others means ay
thing, or is due to chance. o

Unfortunately tests of this sort are rather rarely applied
official statistics. That is one reason why people say that y
can prove anything by statistics. Actually you can prov
good deal. But it needs a lot of training to avoid pitfl
In a later article I shall write about some of the methd
which scientific statisticians use.



More About Statistics

CIENTISTS aim, so far as possible, at clear-cut experi-

ments. A plant is grown in a solution of various minerals,
including iron “salts, and is healthy. The iron salts are
left out; the leaves of a similar plant are yellow, and it dies.
A sufficiently strong electric current always acts on a compass
in its neighbourhood, a man always loses consciousness if he
breathes nitrogen, and so on. But very often this cannot be
done. Sometimes experiment is impossible. You can’t do
experimental astronomy. And an experimental study of
human heredity is impossible in practice. Sometimes the
experiment is not clear—cut. For only some, but not all, of
the variation in the result is due to the experiment, and the
temainder cannot be eliminated.

Here the statistician comes in. He may be asked
Wo questions. The first is whether the experiment has
had any effect at all. Suppose five rats fed on one diet
weigh 6-5, 6-8, 6-9, 7-2, and 7-5 ounces and five similar ones
fed on another diet weigh 71, 74, 7°7, 79, and 83 ounces
of course in scientific work grams would be used for
weighing). Can we be sure that the diet has had an effect
on the weight? )
No, we can never be absolutely sure. But we can be quite
sure enough for practical purposes. The statistician does not
sk the question in this form. He asks what is the chance that
two groups as different as these should have b.ee.n picked out;of
the same population by mere luck. The statistical method c;r
answering this question was devised by the late Mr. W. 5.
Gossett, who was employed by Messrs. Guinness, the brewe(:irs.
The firm did not permit its employees to publish ’yvork under
their own names, so he signed his papers ““Student”’, and marlljy
satisticians only learned his name when he died. In the
particular case of the rats, the odds are about 40 to 1 against t ;
difference between the two groups being due to chance. 4
good biologist would be fairly sure that the difference was due
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to the food, but he would repeat the experiment once or tw
before publishing his result. isticians is “How much oft
A second question asked of staristicians o et
variation in one quantity is determine f thz variation %
another?” In the above case only some o d deal of varii
due to the diet, because tgierc was still a goo
ong rats on the same diet. ) b it o
amHUI%lan height is to some extent -heredltarg’ott}}i:rgfactorsf
depends on diet, and probably on climate a thousand boy
present unknown. Suppose we measllire ?1 t is the differen
the same age, and their parents, we as v;ba s whose fat
between the average height of a group oh O}f,athers are 51
are s feet 6 inches high and of a group whose inch”. Auk
10 inches high. The answer is gbout one averige®
crease of an inch in the fathe{’s hC_lght means ar%he mothe
crease of about a quarter of an inch in the sonsf; emblanct !
influence is about the same. The degree o rez correlitt
measured by a number called t.he coeﬁ‘icilerig o
which, for parents and children, is about a <a1 ite anotha!
It is one thing to state a statistical result, an Cl(‘i11 esembli
interpret it. The first statisticians who measured holly
i them down wholy/
between parents and children put t - cularly when
heredity. * This is correct in some cases, partic i‘gﬂz‘unaﬁon
people concerned are taken from one class of a par l'tio o amo
For example there was probably little malnutri
students of Oxford University in 1900, ans
But it is certainl in other cases. The Jap
nly untrue in ith Europe®
mostly have slanting eyes when compared wit be rach
They are also shorter. Both are often thought to couft
characters determined by heredity. If a Japanese o shar
emigrate, their children stil] have slanting eyes, so th?ify B
may be regarded as a racia] character fixed by here fk}l’ o
their average stature may be greatly increased, as Suskl bt ©
after measuring some hundreds,” The average helgftho.«'
Japanese boys of 154 born in Japan is s feet 2-8 inches, 0 st
orn in America s feet 4-4 inches. The weight is mcr &
from g9 pounds to 114 pounds. What is even more fc“; Je
able, the American-borp Japanese at this age are slightly
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and heavier than American boys of European stock. This
may be due to the fact that the whites lived in many different
states, the Japanese mostly in California, where conditions
seem to favour rapid growth. The few adult American-born
Japanese measured averaged three inches taller than their
parents. A

Results like this make it rather hard to believe most of the
stories of racial superiority and inferiority which are spread
by conquerors, whether British or German. If a small fraction
of the sum spent on the Chinese war had been devoted to
feeding the people, the Japanese could probably be converted

omashort to a tall race. Let us hope that a Japanese People’s
Government may soon try this interesting experiment.

This example shows the value and the limitations of statistics.
ltisacommon gibe that “you can prove anything by statistics”.

that you can prove is some fact such as that the children of
tall parents are generally taller than the average. To find out
why this is so, you must experiment yourself, or take advan-
tage of a natural or social experiment such as the transplanting
of Japanese to California.

Butif you can’t prove much by statistics alone you can prove
hothing 4t all in some fields without them. Among a thousand
badly undernourished children a few will be taller and even
Stronger than the average. If they are picked out they can

e used for 2 ““sunshine story”’ about the adequacy of our food.
¢ sunshine stories which we read in the press about shelters
tome into this category. We all know of cases where a house
s destroyed and a shelter untouched. 'We also know of cases
Where the contrary happened. Only a statistical investigation
could tell us which kinds of shelter are of any value. Such an
nvestigation would have to be carefully done. If we merely
compared the fraction of people sleeping in shelters who had
been killed to the fraction sleeping in bed who had been killed,
We should find that bedrooms were much safer than shelters.
is would be unfair to the shelters, because few or no peogle
sleep in shelters in country districts, while many dosoin heavily
ombed areas. For a fair comparison it would be necessary
to compare bedrooms and shelters within a number of small
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districts, say within each of a hundred wards in 'dﬂﬂ?
boroughs. I do not know what the result would be, though!
think it would $how that some kinds of shelter are wors tha%
useless, whilst others give partial protection. Very lnad"'q”zﬁ:
surveys seem to show that the Anderson shglter cuts dOWIl1 :
chance of death to about a quarter, while brick surface she WE
without reinforcement are useless, as are many .base.ments.du
the Minister of Home Security has made an inquiry of t
kind he should publish its results, if only to let people 1‘?{“
which kind of shelter to choose. If he has.not yet! ma C%L
he should be replaced by someone who will apply scient™
method to this vital problem. o x

These examples prove, I think, that statistical n}etho Sda[_
indispensable. But they also show that they easily 165:1 0‘
false conclusions, and that everyone in the intellectual sided

X 3
the Labour Movement should know something about the
and abuse of statistics.

I January 104I.



Millions

ON one page of a London evening paper I recently read
the following two sentences. ‘“The Geneva municipal
council are pressing for a special tax on foreign bank
fieposits in Switzerland, which total about £3,500,000,000.”
‘Almost £25,000,000,000 in uncommitted balances now held
by the War and Navy Departments, the Maritime Com-
misions and the War Shipping Administration, will be in-
vestigated to see if the amount can be returned to the Treasury.”

Itis quite clear that the sub-editor who passed these items
hadlittle idea of what a million means. The Nazi leaders may

ve banked a lot in Switzerland, as the headline to the para-
gaph suggested, but the sum mentioned is about the value of
the total annual production of England before the war.
Intemational payments on this scale are impossible. The sum
5 more than half what Germany was supposed to pay in
“parations after the first world war.  As for £25,000,000,000
even although it is the American, not the British Treasury, this
dmounts to about L 150 for each American citizen, and the
et of it to the Treasury would nearly make the war
profitable! o

Some readers will say they can’t imagine a m}]lion. This is
inftee. You can’t imagine a million things in a row very
asly, though a million halfpennies would only stretch lfess
than 16 miles, which is an easy day’s walk. You can easily
imagine 3 million in a square, for example a square rx;etre.of
paper ruled in millimetres. And you can very easily imagine
a million cubes, say lumps of sugar, arranged in a large cube
with 2 hundred in each side.

Now scientists have to think in millions, and to get the feel
of them, so to say. When the millions are arranged in a l}ne
this is rather hard. For example light travels about a million
times as fast as sound, sound about a million times as fast as the
second hand of a watch, and the second hand about 200,000
times as quickly as a human body grows.

107
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When the millions are arranged in a lump, the tbmkmglﬁ
often fairly easy. For example a human body contains st
thing over 10%, or 10,000,000,000,000,000 cells. "This seem
hopeless number to grasp, but it is quite easy when you
of it concretely. All these cells arise from one smglccs
This cell divides in two, and so does each of the new cel)

That is to say after 1 division there are 2 cells, after 2 divisi
4, and so on. It would take only 47 divisions to produce‘
the cells of the body, and a representative cell has about §
generations behind it, though some have more, and some le
For a small insect the corresponding number is about 25.
A scientist is constantly thinking in such numbers, ¥
because he is interested in how many matches laid end 0n@
would reach to the moon, but because he may have to ¥
with a ton of matter one day and a milligram the next; o
there are a thousand million milligrams in a ton.
Anyone who is going to take economics seriously ¥
learn to think in millions, because the population of states?,
reckoned in millions. Incidentally such numbers of b
beings can never be quite accurate, not because they 4¢ ¥
countable, but because at any moment some are being b
and some dying; and neither process is instantaneous. ¥e
must be dialectical about large numbers. ,
One of the first things you must do in order to unders®
€conomics on a national scale is to get the habit of translat®
backwards and forwards from millions to sixpences. ¥
are 40 million people in England, so sixpence for each of™
a million pounds. For example the war costs about ©
mﬂ!i_on pounds a day. This means that Mr. Chambedﬂf
political opinions cost each of us five shillings a day o1
average. It also means that if the productive forces eng|
I war were switched over to the needs of peace, there ¥
be five shillings 2 day per head to be shared out, or over*
shlllhngs a day per wage-carner. Again when a man e
2 frz‘fg;ztffui r?rllhon pounds, this means that, by a]lowlnﬁzui,
Britain is, on anansactlon, cvery man, woman, and ¢
It is wo h fLcrage, giving hlr_n sxpence. b
orth while getting this habit with millions of po”
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because the opponents of such necessary measures as the
Beveridge scheme will try to frighten us with its vast cost, and
afigure of hundreds of millions of pounds sourtds impressive.

Any student of science can get a grip on these big numbers
by making a guess a day involving them, and then checking
up. For example, roughly how many safety-razor blades
wuld one make out of the King George V2 An acre of English
ploughland contains about 800,000 carthworms; how many
uc there in England? How far does the hour-hand of 2
wach go in a century?  If one part in a million of the earth’s
aust consists of gold, how many tons of gold are there in the
first ten miles for each member of the human race? (about 40!).
 Only after you have done this, and got happy with millions,
Bitany good trying to grasp the large numbers which occur
in physics and chemistry, such as the number of atoms in a
gam of hydrogen, which is 6 x 1023, or nearly a million
nillion million million. But'millions are not really difficult

o deal with, and to learn to do so is an essential part of
education,



Infinity

CIENTISTS are not dirqctly cogcerqed thvrlntghs mmf’;lr
S because we have no experience Ofl‘nflthCthods whi
numbers. But scientists use mathem?ucf mr?liar with theié
volve the use of infinity, so they are qu1ti a their work et
What is more curious, they find 1 n;a CS+ 141 tel

Let us see why. Take the series pA +if ﬁrcellb and 5o
can sce that the sum of two terms is §, 0 d‘tﬁ'eren?:’e from @
That is to say at each step we halve .the di umber of ¢
We say roughly that the sum of an mﬁmtel that by s
(or of all the terms) is one, and.accurate fy m one to
enough terms we can reduce the difference rfo the sumd
small a number as we choose. If I ask you d o 1 the ans®
million terms you will never be able to write meinatof ]
for it is a fraction whose numerator an_dhdenoo Ald core
have 301,031 figures. That is to say either :}Vler gmall |
whole issue of a newspaper, even l_f Pnnted ;}anitc numbet
we simplify matters vastly by taking an in
terms instead of a very large number. . long time,

Mathematicians have used infinite series for a .On%aﬂy 18
without them they could not calculate such umn‘ier used t
numbers as common logarithms. But they o ly'd dowa
3s a result of breaking the rules which had been falhe wan
former mathematicians, This indeed is one o tsago o
which mathematics progresses. Two thousand )éea}iavc o
mathematician, except perhaps in India, would er of B¢
that the sum of two numbers was larger than eit Ciﬁc v

¢n some Indian genius invented a sign for zero, WL -
it possible to write every number with only ten 51gnS;) biog
aiso meant that if you added zero to a number it got n o ;ﬁod

Later still, negative numbers were invented, and rsviarx #
rules were broken. This is a dialectical process, as 7
Engels pointed out. And now mathematicians de2l i

happily ‘with infinite numbers. Let us see what an
number meaps,

IX0
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If we say that the number of whole numbers such as 1, 2, 3,
4,35 infinite, we mean that this series has not got a last member.
If somebody said that a trillion was the largest number, we
could answer that a trillion and one is larger. In fact an
infinite number is the expression of a possibility, the possibility
of always adding one more. But it is not the expression of a
fact about nature. We can never prove by observation that
Space is infinite, or that the number of atoms in the universe is
infinite.  Some day it may be possible to prove that this
Number is finite, though this seems to me rather unlikely.

Engels wrote about “bad infinity”’, by which he meant a
Mere absence of determination. And the word “infinity” is,
of course, used very loosely, especially in connection with
eligion. Let us see how it can be used exactly, how for
Xample, we can say that two infinite numbers are equal, or
that one is greater than another. _

There are two ways of finding out whether the numbers in
tWo groups are equal. We can count both of them, or we
@ arrange that each member of one should correspond to one
ad only one member of the other. For example, if I am
addressing a public meeting and want to know whether there
e more seats or people in the audience, I don’t have to count
tither people or seats. If there are a lot of vacant chairs I

ow there are more chairs than people. If there are a lot' of
Pople standing I know there are more people than chairs.

fact this is how audiences are roughly counted by reporters,
W%ho know the number of seats.

Now we cannot count an infinite set, but we can compare
™o infinite sets in this simple way. For example the number
of even numbers is the same as the number of all whole
Qumbers, even or odd. For we can call 1, 2, 3, 4, etc. the
Wdience, and 2, 4, 6, 8, etc. the chairs. We then put 1 on 2,
2on4,3 on 6, and so on. In this case every member of the
Wdience gets a chair, and every chair a mem})er, so the |
Numbers are equal. This means that some infinite numbers
% equal to twice themselves, which need not, of CoufS}flt,
Srprise us. We can’t expect all the ordinary rules of arith-
Wetic to hold for infinite numbers. But it does not mean
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that all infinite numbers are equal. On the contrary, it @
be shown that whatever system is tried of labelling all &
points in a line with whole numbers, there will be some poit
left over. That is to say the number of points in a lin
greater than that of whole numbers. And plenty of st
larger infinite numbers are known. —

Someone may well object that calculations of this kind £
mere jugglery with words and symbols, and have no relano..
to reality. The answer is simple. The theory had 1 b
made to meet a practical need. If we have a record such?
that of the height of the sea water at Liverpool over mat
years, we can analyse it into a series of waves. For examﬂi
the tides show a principal wave with a period of about twi,
and a half hours, another with a period of about a fortm%h‘i
and so on. The theory of disentangling these waves is 2 %
difficult one, but a very practical one too. It comes up ¥
in connection with the oscillations of a suspension bridge o
steel-frame building, or the interpretation of the X-ray phot
graph of a crystal. ~ And no-one was able to work it out u
the theory of infinite numbers had been developed.

Even now mistakes are often made. The designer of t¢
great suspension bridge at Tacoma, in the state of Washing®
seems to have made one, for the bridge swayed so violently®
the wind that it broke in two. And the theory is not comPkﬁl
There are still contradictions, Indeed if a perfect mathemat®
theqry could be developed, that would be the end of mat*
matics.-

Most of ‘the great unsolved problems of mathematics cont?*
the word “all”, For example thousands of maps have b
d.rawn, divided into areas like counties, each of which b’
single boundary, that is to say one can move all over it with®”
crossing another “county”. Each of these maps can ¥
:ﬁ})‘:lufd ﬁmh four colours only, so that no two colours toi

g1 they may meet at a point. But no-one has prov
that this is possible for all maps

The word “alI” me D it i ied 0
finite collection. sacl aiﬁ one thing when it is applie i
numbers less than ¢12s all the maps in the world, or a]l ¥

a million. And it means something V"
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different when it is applied to an infinite collection, such as all
possible maps, or all whole numbers.

Neverthéless mathematicians have gone a long way in their
analysis of infinity, and can already reason about it with far
more accuracy than a century, or even twenty years, ago.



The Differential Calculus

O elementary school child gets a chance of leatnmghdl{
differential calculus, and very few secondayy Scﬁ
children do so. Yet I know from my own experience %
children of twelve can learn it. As it is a mathematical 08
used in most branches of science, this forms a bar bC{V}V:;
the workers and many kinds of scientific kpoWlCdgc- I
no intention of teaching the calculus, but it is quite CaSYFﬂ
explain what it is about, particularly to skilled wo{kefs-,thom
avery large number of skilled workers use it in practice W!
knowing that they are doing so. ‘
The dgiff‘crentialy calculus 1% concerned with rates of Chm.lg:
In practical life we constantly come across pairs of quant
which are related, so that after both have been meas\l‘w
when we know one, we know the other. Thus if we kv
the distance along a road from a fixed point we can fmkm“
height above sea level from a map with contours. If we g
the time of day we can determine the air temperature 01
particular day from a record of a thermometer made on
day. In such cases we often want to know the rate of chaf
of one relative to the other. p
If x and y are the two quantities, then the rate of chang

2 relative to x is written

Zﬁ . For example if x is the distan®
of 2 point on 2 railway from London, measured in fect, andf
the height above sea level, %’C is the gradient of the railway: 1"
the beight y increases by 1 foot while the distance x increases
172 feet, the average value of gi' is f;z' We say t;hatd"
gradient is 1 in 172. If x is the time measured in hours %
fractions of an hour, and 7 the number of miles gone, thet

is the speed in miles per hour. Of course the rate of charf
I14
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ma .
i d}lfnl:;l 210, as on a level road, and negative when the height
o takse tv% as the distance x increases. :

1 0 more exargples, if x is the temperature, and y
ength of a . . .
e 8 metal bar, 3~£+ 7 is the coefficient of expansion,
that 1S to Say thc

nd Ifx 15 th

the

Proportionate increase in length per degree.
bough © Price of a commodity, and y the amount
8 tper da ~d

For IY’ then = %7 i called the elasticity of demand.

. €Xam e

m, 0 the c%)emgzgplc must buy bread, but can cut down on
' fjo%- Jam is more elastic than that for bread.
OROMiCS a1, h WUcity is very important in the academic
B s oy :in our unmiversities. Professors say that
& This ate because Marx did not calculate such

laye woy > . : .
WsTof 1 ld be a serious criticism if the economic

the We

outyozver . T eternal truths.  Of course Marx saw that

o da Ot the kind, and “elasticity of demand” is
leg oday for the very good reason that most

T e
dy _he mathematiccontroﬂed or rationed.
de 1 p Ry . 3 part of the calculus is the art of calculating

¢ _ , )
ol g 5o Mathematical relation to x, for example is

t Squa
ha. hose for g, OF logarithm. The rules have to be learned

“dng ‘ime Soarea and volume of geometrical figures, and
e i  of value. No area is absolutely square,
like enabsolutely cylindrical. But there are things
> to squares and cylinders to make the
i) Tue tgv Orth Jearning, So with the calculus. It is
r 3t the speed of a falling body is proportional
The gigmany . >en falling. But this is close enough to the
gon}g o eng; erOSes,

: ° “aley]ys goes a lot further. Think of 2 bus
e 18§ dlstanczv hicl, gradually gets steeper. If x is the
- ncreasin > and y the height, this means that the slope
The rate of change of Z% with regard to y is

'S cage it gives a measure of the curvature of
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the road surface. In the same way if x is time and y distanc:
Z;c); is the rate of change of speed with time, or acceleraiz
This is a quantity which good drivers can estimate pretty \t{ﬁt
though they do not know they are using the basic ideas of
differential calculus. o
If one quantity depends on several others, the Mﬁf@nﬁi
calculus shows us how to measure this dependence. Thus
pressure of a gas varies with the temperature and the voltmEf‘
Both temperature and volume vary during the stroke Od?
cylinder of a steam or petrol engine, and the calculus is neee
for an accurate theory of their action. _ %
Finally, the calculus is a fascinating study for its own ¢
In February 1917 I was one of a row of wounded officers Iy
on stretchers on a steamer going down the river Tigrs *
Mesopotamia. I was reading a mathematical book on v
the man next me was reading one on the calculus. A m[i.
dotes to pain we preferred them to novels. Some par
mathematics are beautiful, like good verse or painting.
calculus is beautiful, but not because it is a product of P”I
thought”. It is not a product of pure thought. It w# m“
vented as a tool to help men to calculate the movemens®
stars and cannon balls. It has the beauty of a really effice?
machine. ;
To judge from the technical books which sell by t® )
thousands in the Soviet Union, a bigger fraction of the peo®
understand it there than here. Ina society where worket%
encouraged to understand their work it is natural that it 1"
be widely studied. Those who are working to build suc

. - . 1L
SPClety 1n our own country, even if they cannot yet Jeart
should know a little of what it means.
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Logic

AREADER asks me to write on elementary logic. “Logic”
isderived from the Greek “logos”, a word, and originally
meant, the art of using words accurately, so that an inference
based on them is valid. It is now applied to the use of other
symbols besides words.

Of course words can, and sometimes should, be used illogic-
ally. Shakespeare was justified in writing of “Books in the
running brooks, sermons in stones,” though “Stones in the
ranning brooks, sermons in books,” would have been more
logical. But we must be very careful in switching over from
one use of words to the other.

Logic was founded by the ancient Greeks, and systematized
by Aristotle. The mediaeval philosophers merely developed
Aristotle’s ideas, but in the last one hundred and fifty years
logic has grown along several new lines. These include
dialectical logic, developed by Hegel, Marx, Engels and others,
symbolic logic, developed by Boole, Peano, Russell, White-
head, and many living men, and the logic of probability,
developed by Laplace and other mathematicians. These
different branches are not really distinct.

The traditional logic has its uses and its dangers. Its greatest
use is to teach the accurate use of words. For example I do
not believe that the Jewish law is divinely inspired and should
be obeyed in all cases. If the word “Jew’” means a2 man or
woman who believes this, I want to see fewer Jews.

This does not mean that I am anti-semitic. 1 think people
of Jewish origin have every right to be‘ ‘proud of a law wh_lch,
about 3000 years ago, included the text “Thou shalt not deliver
unto his master the servant which is escaped from his master
unto thee” (Deuteronomy 24, 65), and to use this pride to helg
them to work for human liberation. If that is what “Jew’
means, [ wish there were more Jews. Unfortunately botl} Jews
and Gentiles use the word “Jew’” in both the§e senses in the
same argument, and this leads to misunderstanding, and worse.
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The danger of formal logic is that it leads us to believe thg’
classifications are sharp, either in space or time. Our hwl?
based on formal logic. A jury has to say that a man is e
guilty or not guilty of a crime. In practice everyone knv
that there are degrees of guilt; but a jury cannot assess thr
and in consequence injustice is done. )
Similarly one can generally count the people in 2 room‘
accurately, but no-one could count the population of Londe
accurately, because at any moment some are being born &
others dying; and neither birth nor death is instantaneous.
Formal logic is concerned with relations which can ¥
cxpressed by predication, for example ‘“Montgomery 5
field-marshal”, “No women are field-marshals”, from whl@‘
we can deduce that Montgomery is not a woman. It helpse
to avoid fallacious arguments, for example “Fifty Welﬁhm?
were convicted of theft, therefore Welshmen are thiew®
(meaning that all Welshmen are thieves). ;
Symbolic logic, which uses symbols rather like those @
31g€bréi, d(;ale Witlhk other relations, and classiﬁi:ls tliel?l- FO;
¢xample, 1t A is like B, then B is like A. Such relations¥
called reflexive. If A is lairgler tl}slan %, and B larger than ¢
then A is larger than C. Such relations are called transit®®
Symbolic logic has proved valuable in Jaying the foundaio®
of mathematics.
... The logic of probability is nearer to real life. Whenl1¢,
If I get to the station by 7.20 I shall be in time for work
mean that I am so likely to be in time that I can take the chan®
In .t}11<e long run, the logic is quantitative. It is sensible tof}L:
E tisk of one in a thousand of losing the train in order to fin
reakfast, and foolish to take a chance of one in a thousand®
IOSIIP]g one’s lﬁfe for the same reason. .
e Tun a risk of one in a thousand of losing my train (o™
e) every day, I am rathe ~ Jose it ¥
607 d > L r more likely than not to lo
93 days. This kind of logic is very important, not only ¥
States and large businesges but f ]}1, £ b dations of scien®
where chemjsgs and phuyeie: ut for the oundations 0 i
biologists witl, -uiP ysicists deal with millions of atoms,
Dialecticg] . mutlions of cells, or of animals or plants. X
gicls specially concerned with change.  Wor*
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and the ideas for which they stand, change their meanings.
So do the things and processes which they symbolize. Hegel
saw that the laws of change were similar, as they must be if
ideas and words correspond-to reality.

But, as Marx put it, he stood on his head, by thinking that
ideas determined reality, instead of the other way round.
However, as ideas are simpler than the reality for which they
stand, it is easier to see how they change, and hence the word
“dialectical”, which applies to Marx’s theory of the world, is
taken over from logic.

A good way of understanding what a word means is to
ague about it. Smith says that man has a natural right to
Property. Jones says that property is theft. If each tries to
understand the other, they will see that a man’s claim to own

is socks is more reasonable than his claim to own a hundred
square miles of land.  Smith and Jones are both right up to a
point. This method of getting at the truth is called the
flialectical method. The word comes from the same root as
‘dialogue”, _
Just the same is true of a real thing. Everything that exists
% both permanence and transience. A boot is more per-
Manent than a lightning flash, and less so than a mountain.
But nothing is instantancous or lasts for ever. Similarly the
boot would be no good if it were as hard as iron or as soft as
putty.
[Further, ideas change because they involve internal contra-
ictions. Qur word “just” is derived from thf: Latin “jus
Meaning law, and originally meant ‘“‘according to law™.
Obedience to laws which can be altered by the state 1s a great
advance on obedience either to impulse or to traditions which
ue thought to be unalterable. But after men had got accus-
tmed to obeying law, they began'to see thgt justice went
beyond the law, and that a law could be unjust. The idea
of justice had developed so as to negate its original meaning.
The same kind of thing happens in nature. An egg cannot
Say put. It must either die or develop into a bird. A river
@mot stay put. It removes soil and rocks in some placieS,
and deposits them in-others. The egg and the river develop
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by negating themselves. Dialectical logic should help W
two ways. It should teach us when to use ordinary logic =
argue about a thing as if it were unchangeable, and whent
beware of the fallacies into which this leads us. And, wha
more important, it should teach us to understand the pro
of change, and thus to adapt ourselves to a rapidly changsi
world.

But just as we must learn ordinary mechanics before wec
understand the theory of relativity, and English gram
before we can go on to comparative philology, it is well wor

learning a little traditional logic provided we do not take?
too seriously.



Induction and Deduction

AWELSH comrade has asked me what I think about the
X relative importance of induction and deduction in
Wence. He notes that Engels was convinced of the
importance of deductive reasoning, and rather contemptuous
of induction, at any rate as practised in his time.

By deduction is meant reasoning from general principles to
particular examples. For example if we want an aeroplane
108010 per cent faster, and the resistance varies with the square
of the speed, we calculate that we shall need about 21 per cent
Tore engine power.  If a man has lost sensation in the skin of
Asymmetrical area on his buttocks, we deduce that he has had
“ainjury to the last pair but one of sensory nerves entering
¢ spinal column, or to the spinal marrow in this neighbour-
ood,

Induction means arriving at general principles from a number

"l cxamples. The rule that resistance varies with the square
ofthe speed is only true over a certain range of speeds, and both
¢ law and the range over which it holds were discovered by
periment.  And the effects of various injuries to the nerves
ave been discovered by observing the effects of wounds and
cases,
_In mathematics deduction is much more important than
1?duction. Mathematicians try to prove all their results from
simple principles. But at any given time there are always a
few results which are well established, but not proved:

For example somg whole numbers are prime, that is to say
they have no factors larger than one. It is easy to prove .thz}t
fere is no largest prime number. On the other h:%nd it is
ditly sure that there is no largest pair of consecutive odd
numbers both of which are prime, such as 191 and 193. But
Mo-one has been able to prove it. )

In physics deduction and induction are both important.
Mathematica] physics is a body of deductions _frqm fairly
Smple assumptions. It works pretty well; but this is because
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. . iohtly ks
when a simple set of assumptions will not Jle. rkiéhfiazem
simple one is tried, and 30 on. Forl Cxafl'n Phi’clz;;they are mak
many ways as if the moving molecules o Wl ’s law would b
had no size at all. If this were true B o.yes.tc true enou
exactly true. It is not exactly true, but it li,qu; er cent Ov
for a great many purposes. It is not out yn £and fon:
the whole range of pressures Whlch men (():afeet und,ef watel
pilot eight miles above ground to a‘dl.VCr 50 ose that thes
A more accurate law can be deduced if we supp other Wit
molecules are round elastic balls, att‘ractlngkoge an im the lo
they come close together. This again breaks dquil:)n of wl
run, but it allows much more accurate predic
actually happens. ) ) o
In c}}llerniggy deduction is less important thaélf}n t}:hfzsrlcwhic
chemist has to learn immense numbers of har }i‘c are in aF
there is no explanation. I do not .mean_th]a;'i t e%or ot
way miraculous or in the long run 1nethca fe.h atoms COF
one can easily show, from the properties of the But ¥
cerned, why ice melts more easily than 1roln. o
one can calculate the melting-points accurately e
atomic properties within ten degrees, let 31036 ie el
of a degree. So chemists have had to 'ﬁn t -
points of about a hundred thousand dlff_erent Sllile et
They can then frame inductive laws Wh}Ch cna aly
to guess the melting-points of new ones fairly accurately”
analogy. ' .1l
In %iology there has been a vast amount of pure mg;;mp !
We find a number of properties going together. For s
all animals with backbones have red blood. We sy o
lood is one of the characteristics of a Yertebrate 21111[ :
Often however such inductions are not quite accurate. L
nearly true that all land vertebrates, or all four-footed an%[ ¢f
ave lungs. Buta few salamanders which spend most Ob o |
life on land Mmanage to get on without them, and froote&
through their skins, Similarly almost. all hairy four- ol
animals bring forth their young alive, but a few in Aust®”

. Jas
and New Guinea, such as the Platypus and Echidna *
eggs.
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These cxamples show the danger of inductions not supported
by any deductive explanations. Aristotle tried to introduce
deductive reasoning into biology, but without much success.
Galileo succeeded.  He applied elementary engineering prin-
dples to animals. If two animals are of the same shape, but
one s ten times as big as the other in every direction, then its
weight is a thousand times greater, but the cross section of its
legs is only a hundred times greater. So each square inch
must bear ten times the weight. That is why a daddy-long-
legs as big as a cat would break its legs at every step, and there-
fore does not exist.

Later on other biologists made similar deductions as know-
ledge of physics and chemistry grew. But Darwin was the
frst to apply deduction successfully to the fundamental
problems of biology. Others had been driven to a belief in
some sort of evolution by the study of fossils, but Darwin
ShOWCd why evolution was an inevitable consequence of
variation, heredity, and the struggle for life. In this century
genetics, the branch of biology concerned with inheritance and
variation, has grown up, and embodies a good deal of deductive
reasoning, In many cases one can calculate beforehand whgt
kinds of offspring are expected from a given mating, and in
what proportions, even when such a mating has never been
made before. ‘But in. spite of this, deduction is not yet so

mportant as induction in biology. ]

In the social sciences, most non-Marxists say that deductive
feasoning is of little or no value: one can merely describe
historical events, and cannot hope to understand them. Marx
clieved that one could use deductive reasoning, and he }}ad
the courage of his convictions, for he predicted what was going
to happen in the future, which is the only rs:al test of any
scentific theory. Actually non-Marxists predict too. They
tell you that the war will end in 1945, that there will be a Tory
majority at the next election, and so on. As they d_o not
elieve ‘that there is a science of historys these predictions
presumably have no scientific or logical basis. So Marxists
are more often right in their predictions. ]

But Marxist prediction is only valid if it is based on a pro
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found knowledge of economic facts, which are diffik
ascertain, especially in war time. So Marxists’ should &
careful of making detailed forecasts, though they can best
crfl_ough of the general character of the social changes d
of us.



What “Hot” Means

ONE reason why other people find it hard to understand
/' science, and why scientists are apt to lose their tempers
with other people, is that scientists either use ordinary
words with a special meaning, or invent words of their own
which ordinary people do not understand.

Udon’t think this can be avoided. The history of science
shows what has constantly happened. We start with some
ordinary word, such as “hot”, whose meaning we think we
derstand.  On the breakfast table are a tablecloth, a knife,
d a pot of mustard. The plain man says the knife is cold,
the mustard hot, and the cloth neither hot nor cold. A
Physicist will say that none of them is hotter than the others.

But that does not mean that the plain man is talking nonsense.
He certainly gets a feeling of cold from the knife, and a feeling
% heat from the mustard if he puts it on his tongue, or rubs it
Mobis skin. The knife and the cloth are at the same tempera-
e, somewhat below that of one’s finger. But the knife
“nducts heat well, so it cools the finger much more than the
doth when one touches it.

The mustard, or to be accurate, one of the chemical com-
Pounds in it, excites the same nerve fibres in my tongue as are
Scited by hot substances, and gives me a sensatiopvof heat. If

rub it into my skin it makes the blood vessels dilate, and my
skin does actually get hotter in a way which a physicist could
Weasure, . :
_ Until thermometers were invented and made fairly accurate,
"t was quite impossible to get any definite answer to the ques-
ton which of two bodies was hotter, much less to measure
mperature or heat. Even now we are apt to trust our senses
Unduly,

The woman who runs our household, in which I'perform
Such humble functions as dish-drying, insists on putting food
on a slate shelf rather than a wooden one in the larder, because
it s colder. Actually everything put in the larder reaches the
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things o
same temperature affer half an hour or Sg' ahwdaihmat is %Ma
a little quicker on slate than' on wood, an or animd, @
difference. If the food were like a thnglén o slate thae
had a source of heat in it, it would be co (131r Lot be]i€“1
wood. But if our housekeeper Feads this, hs e o
the argument, and merely take it a5 anothet P, FL
and particularly professors, don’t understan e e

Confusions like this arise in part becfause ‘Zf cnergy
word “‘heat” for a sensation, and ‘for a form S ihoabi
causes it. We also use the word “hot” to ﬁne smusually
which gives us the sensation, or a body W1td ?nhot b
amount of this form of energy. Mustard is s ij
sense, and not in the second. We should aVOﬁ 2 “calort
fusions if we used specially inventec,l’ \‘vords_suc' o
and “calorous” for “heat” and “hot” in their Sfle accused
But when scientists use such words they 3;16( o tgger and
talking jargon; and such Word§ are often taken OV W
in a me’t’aphg{i‘cal sense. This ltS happening ﬂ
“allergic” and “ener at present. _ ot

Stuiéients of Marx fgg,ld thils) difficulty with .tfl%e W‘zrin:es’ 5
In ordinary talk we use it in 2 gOQd many differen ent Wew
if we change its meaning in the middle of an argli”mt Jisces
nonsense about economics. In Capital Marxdlfs with ©
some of its different meanings, and then used it
particular meaning in the rest of the b0<‘)‘k- wer” ¢

The same was true of “labour” and “labour Pod the =
the other hand he (or rather his translators) use b its 1
“force’ in a rather haphazard way, as compare_d1:"’1113‘,e )
definite meaning in modern physics. He mig dt e fF
some special word to distinguish between say produc L
and electromotive force or gravitational fOIjCC’ bu{{ Iile Wit
likely to confuse such very different meanings ot the ™

A nos *
“force”, as they certainly confuse different meani?s
€c EE]
value”,

An essential feature of
We start with a word wh
such as iron, hot, rat,
vestigate the things w

. o
the progress of science is as dfc(;lslmﬂ’
ose meaning we think we un "y
race, or intel]igencg, and begl;ll it
hich it designates,. We always fi
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it changes its meaning in the course of the investigation, and
sometimes we have to invent new words for the things we
discover,

lron is quite 2 good example. In ordinary language it is
wed for 3 variety of metals with different properties, par-
ticularly cast iron, which is hard but brittle, and wrought iron,
which is softer but tougher. Chemists have found that they
uc all mixtures consisting largely of one metal. But the
metal which chemists call iron is quite soft when pure, in fact
about as soft as copper. Ordinary iron and steel are a great
deal harder because they are intimate mixtures of iron and its
ompounds with carbon -and other elements. In fact metal-

urgists use such words as austenite, martensite, and cementite
to describe what is generally called iron or steel.

The ordinary word rat covers two different species in Eng-

d, and several more in other countries. The habits of our
™o rats are quite different, and the first thing to find out if you
Want to rid a building of rats is which species is infesting it.

As for the word race, it has so many different meanings as
0 be useless in scientific discussion, though very useful for
getting members of the same nation to hate one another. . If
" means a group of people with very similar inborn physical
characters, especially of skin and hair, then we ought to talk
of red-haired people as constituting a special race. 1f it means
People who talk similar languages, as when the phrases Aryan
e or Slavonic race are used, then American negroes and
Whites belong to the same race, and Basques to another.

fact our discussions of race are still at the pre-scentific
level as would be a discussion of whether the mustard at bregk—-
st was hotter than the tea. The same is true of most dis-
@Wssions of intelligence. No doubt our descendants will be
ible to treat these matters scientifically. But we cannot do so
Y%, and we should be extremely suspicious of people who say
at they can. They are very often trying to do in Britain
What the theoreticians of the Nazi movement did in Germany.



What ‘“Hard” Means

IN the last article T wrote about the way in which OTW‘{
words change their meaning as they are usec‘l‘ lnjm“;
and technology, taking as an example the word hOtd- 1
adjectives start as descriptions of qualities. They en “Pp
descriptions of quantities, if they are taken over by[;?lf“k'
A word like “big” or “long” is entirely relative. A e[ﬁ
long swim but a short walk, because an ordinary ma'ni .
walks a ‘mile, but seldom swims a mile. A man¥ ar;:
compared to a cat, and small compared to an elephant, 2 '
on. This sort of contradiction does not trouble anyone&l\
philosophers, because we are accustomed to measure eng
and we all know what a foot or a mile means. ¥
But we are in much greater difficulties with some ¢ d
common adjectives such as “hard”. Of course W¢ “Se,or'
word metaphorically, as when we talk of a hard quesn\:
meaning one which is difficult to answer, or bard Xert,

meaning rays which penetrate easily through matte;-v hi“;_:

want to deal with the word in its ordinary sense, 35 1
say that iron is harder than butter. Everyone will agr® |
this is true. Butit is not so easy to decide which of tw0 PK:'
of iron is harder, and as a matter of fact there may ¥’
definite answer to the question. When we come to 3
measurement, we find that the word “hard” has oz’
slightly different meanings. R
The most usual test of hardness in steels is that of Brinel .
very hard steel ball of 10 millimetres diameter is pressed
steel plate for 30 seconds with a load of 3 tons. The s
number decreases with the depth of the indentation.
Another test of hardness which generally agrees pretty "
:iK{lth the Brinell test is the weight which must be put ’ rl
lamond point in order that it should just PrOduCe a vullﬂi
scratch when pulled sideways. But as soon as we Us¢ “?"‘m,.:
Fgr :}s{ at; rileasure har_dness things become very comphcf(_‘j
Pie at a relative speed of 30 feet per second 2 d
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“§0ft" iron was cut by a steel tool; at 100 feet per second the
disc cut the tool itself, and at 300 feet per second the disc cut
quartz. In the same way hardness varies with tempefature.

_If we compare an ordinary hardened carbon too],£Steel and a
hlgh-speed tool steel at ordinary temperatures, the former is
probably a little harder by the Brinell test. - But at a dull red
heat the high-speed steel is still hard, while the ordinary tool
steel is about as soft as is copper at room temperature. As
machine tools heat up during high-speed work, their hardness
athigh temperatures may be all-important. Now these high-
speed tool steels all contain tungsten, and plenty of it. Prob-
ably the same properties are required both in the armour plate
of tanks, and in the noses of projectiles to pierce them.

High-speed steels of ten years ago (for later developments
are secret) contained anything from 15 to 25 per cent of tung-
sten, along with 2 to 7 per cent of chromium, and in some
ases molybdenum and vanadium. In fact in a typical high-
speed steel less than 60 per cent of the total is made up of iron.
The other elements mentioned all have higher melting points
than iron, that of tungsten having the enormously high value
of 3370° C, as compared with 1500° for iron.

At the present time the Germans rely on Spain and Portugal®
for their tungsten. For some reason this metal is invariably
teferred to in the press by its German name of wolfram. The
rulers of these countries have };"romised to cut down the supply
of this meta) to Hitler to some extent.  As they have habitually
roken their promises in the past, there is no particula; reason
0 suppose that they will keep this one. British soldiers will
continue to die in large numbers on account of the Hoare-
Halifax-Laval policy of appeasement to Fascism, which still
governs British policy to Spain and Portugal.t v

Hardness is also used as a measure of the amount of wear

which 2 material will stand. But here again the details are very
mportant, We may want to test hoW a metal .stapds up t(;_
tolling friction without lubricant. This is essentjal in tests O
tals, and wheels of railway vehicles. Or we may wa;n}tl to
ow how a metal stands up to sliding abrasion, either with or

! This export was finally stopped by the Magquis, not the Foreign Office.
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without a film of oil. One steel may stand up better to roflin
friction, and another to sliding friction. Here their differens
in hardness probably depend on the fact that metals shiding
over one another actually melt at the point of contact, o thet
properties at high temperatures become important. ’

Within a century or less we shall probably be able to calculat
the various kinds of hardness with great exactitude from
knowledge of the forces between atoms. At present we
only do so very roughly. Probably the physicists of the futue
will be able to specify the different kinds of hardness very co*
pletely in terms of a few numbers. -

It would be possible to deal in the same way 'Wlth ;
meanings of various words such as toughness, elast1c1ty,ﬂlt
brittleness, which are applied to solids. None of these can -
expressed by a single number.

The properties of liquids are a good deal simpler .than thost
of solids, and the properties of gases are simpler still, thots
anyone concerned with the design of aeroplanes finds ¢
gases quite complicated enough. And when we come to suc
a property of material systems as life, the complications ar®
course vastly greater. Scientists are reproached because they
cannot say in simple terms what life is. It is easy enough®
point out differences between a dog or a cabbage and a si0*
or a machine. Itis much harder to draw the line when we g
~down to the agents of smallpox and other diseases, whic

behave in some ways as if alive and in others as if dead. But!
anyone reproaches science because it cannot yet give a cO%
plete account of life, it is a fair reply to ask him wht b

means by hardness, and how he would tell if one thing*
harder than another.



Control Experiments

ONE of the features of scientific research which the
ordinary man finds hardest to understand is the necessity
for what are called control experiments. We alter a
System in some way, and something happens. We are apt to
asume that we know why it has happened.

For example a sleepless man is given an injection of a drug,
ad falls asleep in ten minutes. We assume that the drug is
wesponsible.  'We pass an electric current through a coil, and
2 piece of metal moves. We assume that the current has
produced a magnetic field. But in both cases we have done
something  quite complicated. The man knows that he is
getting an injection, and the nurse tells him that he will be able
toskepnow. In passing the current through the coil, we have
not only made it magnetic, but have warmed it, and caused
other changes in it. Perhaps the injection only put the man to
SIGCP because he believed it would do so, or the current only
acted by heating the coil. Hence, if we are to be scientific, we
must try whether the man will sleep if the nurse injects salt and
Water, and whether the metal moves if the coil is warmed Wlt.h
ot water or a flame. These are elementary control experi~
hents. They are certainly not enough. If the man goes to
seep a faith healer might say that this proves that drugs are
Unnecessary.  But the dummy injection may not work at
first, though it is quite efficient after the drug hag acted half
2 dozen times, and the man has got the habit of going to sleep
When an injection is given. _ o

A very important type of control experiment is this. Wg
e treated a living creature or some other complicate
System with a chemical substance, and got a clear-cut r'eslﬂt-
Utare we sure that this is not due to a trace of impurity in the
chemical concerned? d

tmay be so. The sheep in one arca of New Zealaqd uie
to die of a disease, one of whose symptoms was anaemia, t at
5 t0 say, their blood contained too little of the red pigment,
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i 3].1)
haemoglobin. Many cases of human anacnua;i:tllol';%hané’:m
are improved when fed with iron salts. Iron 1s g i
atic effect in curing the sheep. It looked ac ?ariron o
and effect, but since green plants always corﬁau;he sh’eep ot
not grow without it, it was h_ard to see_(viv y i
short of it.  And occasionally iron salts di not Wot a]] o
it was found that the cure was not due to 1roil a A
cobalt. This is a metal with properties fauly c oseThe e
iron, and generally found as an impurity in it. e
the areas of New Zealand where the disease oh e
tained enough iron for the she'ep,.but not enc?ulgir c(;n salt; b
the cobalt present as an impurity in commercia v
cured the sheep. Since then cobalt-deficient %as e
been found in England and other countries, and q b for
amounts of cobalt salts scattered on them are enoggd for e
sheep. It is still uncertain just why cobalt is r}llefr e o ofs
making of blood; and it is iron, not cobalt, which is m
needed in human anaemia. i s

One of the big, and perhaps ine\{itable, defec'Fs of sz?ecil 2
taught in schools and universities, is thaF experiments vesearch
signed to “‘come off” and the difficulties found mlfi s
work are avoided. Iwonder how many students cou ;g(li 0
satisfactory proof that the tests which they have leﬁinh e
various elements, or the effects on plant growth which i
have seen, were not due to small quantities of impuritie
the substances they used. ' o 4 ag

Controls are especially important in medlcmfi an o
culture, where a great many conditions are varying at i
If the death-rate from a disease falls after some new remusé.
has been tried, this is far from a proof that it is of any o
The medical officer in the district may have got more 1nt<ar€ :
in the disease, so that even the mildest cases are reporte d; "
if so the percentage of deaths naturally falls. Or the Sson.
may have become less deadly for some unknown rea s
The farmer or smallholder who starts using 2 new compoaslsoy
quite likely to look after his plants better in other ways i
and to put the increased crop down to the improvemen.Orls
the soil.  So the workers at agricultural experimental stat
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have to take care to vary only one condition at a time, and to
lean over backwards, so to say, in order to be sure that they
ae not unconsciously helping to prove what they want to
prove—or what Imperial Chemical Industries want them to
prove,

Critics of Marxism say that politics cannot be scientific
tcanse you cannot do controlled experiments, for example
running 20 factories under ordinary capitalism, 20 similar ones
under state capitalism, and another 20 under democratic
socialism, and comparing their efficiency. So it is worth
pointing out that in many sciences experiment is impossible.
You can’t discover experimentally how the tides would be-
have if the moon went round the carth once a week instead
of once 2 month, or what sort of rock would have been laid
down if England had been deep under the sea at the time when
our coal seamns were formed. Nevertheless astronomy and
geology are sciences. Marxism became more scientific as it
dcveloped into Leninism and Stalinism. The Bolsheviks had
2 correct political and economic theory. But that was not

@ough. They experimented on a great scale. For example
they tried state farms and collective farms. The latter worked
ter in most cases, though, for all we know, state farms
might work better in a Socialist Britain. They were able to
©mpare the results of different experiments, for many types
of productive relation are possible under Socialism. Above
al, a5 any reader of the History of the C.P.S.U. finds out, they
tmed from their mistakes in a truly scientific manner.
eninism is not only a historical science like ggology. It is
W experimental science because Leninists make history as well
& studying it,



Adventures of Words

NE of the first things a Marxist learns is that everytm
has a history. Nothing has existed for ever m
present form. Some things have a long and 1mp§¥t31m
tuture, others are going to perish very soon. Thus the hm'
gist can trace the ancestry of men and bisons, and say, t 3‘»;
there are two thousand million men, of whom about one-itit
are already seriously planning their future, and only b
two thousand bisons, preserved as curiosities, men have mot
of a future than bisons. i
The sociologist can compare the young and vigor®
Socialist state and its institutions, such as soviets‘, C.Ollecm?
farms, and state planning commission, with capitalist ¢
and their institutions such as stock exchanges and heredIW
titles, and also with more primitive societies such as Aﬁmﬁﬂ
tribes and their polygamous chiefs and rain-making wizr®

ﬁnd he can forecast where the future hope of manki
CS.

) . ¢

Today T am concerned with the history of Worc.IS. S‘%‘“@
meérely change their form, but not their meaning. |
stablest of all are numbers. *“Four” and “seven’” have chang

a little from their Anglo-Saxon forms “feower” and “scofor”

ut their meaning has not changed. , o
_One might think that words for common and easily e
nized things,

such as animals, could not change their meamfé‘
e doing so today. A hundred years ago ? ‘;
cant a young goat. Now it generally 111‘33“5P
X d. Quite likely the old meaning will be forgoni
w2 }’lundred years. The Anglo-Saxon word for cattle ‘“:

feoh”. As payments were commonly made in cattle, #&
‘c‘am?’ to mean a payment, and has survived in the mo eIF

fee”. Tt is also the root of such words as fief, feudal, #*
feu, which is the Scottish word for a lease. They all refe Ftl
payments in kind by peasants who very likely never saw 2 ot
in their lives. On the other hand our word “cattle’ is def®
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from the Latin “capitale”, meaning stock, from which the
word “capital” also comes. If our language had developed a
}‘igle 1differently, Marx’s greatest work would be called

attle”,

Naturally names describing social position change as society
ﬁhanges. In an Anglo-Saxon house the husband was called

bafweard”, or loaf-warden, his wife the “hlaefdige”, or loaf-

kneader, and the servant “hlafacta”, or loaf-eater. “Hlaf” is
derived from the same root as the Russian “khleb”, for bread,
ad “dige” from the same as “dough™. The first of these
}yords have gone up in the world, and become “lord” and
lady”, Perhaps Lord Woolton might be called a loaf-
warden, but very few peeresses would be much use at baking
today. The social changes in the next hundred years may be
asgreat as those in the last thousand, and it would be interesting
0 guess which of our words of today will be regarded as
ecially honourable in 2042. I think “comrade” is one of
them, '

If substantives change their meaning, adjectives turn somer-
aults. T will only instance “jolly” and “nice”. The Greek
Word “diabolos” means originally one who throws through,
82 pood bowler throws through the batsman’s defence.

en it meant a prosecutor, including the angel who was
spposed to accuse men to God. This accuser was also sup-
Posed to be a tempter, like the officials who today try to get
lothes without coupons, and “diabolos” is the root of gi’evll .

mediaeval Latin word for devilish was “diabolivus™. = As
ong a5 Christianity was a people’s religion, the devil Wa}i
regarded as an enemy. Butin the Middle Ages the Churc
2 whole was lined up with the nobles against the peOp_lii
th()ugh it produced a number of priests like John Ball Wh_O die
o freedom. Hence many people regarde_fl, the devil as a
AFriend’ and “diabolivus” has become ‘jolh”, or pretty, 1
tench, and ““jolly”” in English.! vy

“Nice” is El}eri\};ed fromg the Latin “‘nescius’, 1gnoran}tl, ar;d

meant foolish, weak, or simple, in mediaeval French. In

: ith
hi:nThis derivation is due to Wheatley. Not all etymologists agrec W
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Elizabethan English it meant trivial, as in Shakespeare’s ‘fevery
nice offence”. Then it came to mean accurate, as in
modern word “nicety”, and still later to mean pleasant, pr
haps because craftsmen enjoy accuracy. o

When the history of our country is taught as the historyd
social change, the history of our words will be used to ﬂlustm
it, and such facts as these will be part of our general educatt



What Use is Philosophy:

G ALEXANDROV and four colleagues have just been
. awarded a Stalin prize of 200,000 roubles for a three-
volume book on the history of philosophy. Most of the
other prizes went to scientists. Many people will be inclined
© sy, “Why rank with scientists men who have merely
described the " opinions, mostly false, held by a number of
P?OPle in the past? No doubt this has some interest, like a
history of fairy tales or astrology, but it isn’t much use,
paticularly at the present grim moment.”

There are a great many reasons for studying what philo-
sophers have said in the past. One is that we cannot separate
the history of philosophy from that of science. Philosophy is
agely discussion about matters on which few people are
fute certain, and those few hold opposite opinions. As
kI}OWIedge increases, philosophy buds off the sciences.

For example, in the ancient world and the Middle Ages
Phﬂosophers discussed motion. Aristotle and St. Thomas
Aquinag taught that a moving body would slow down unless
aforce were constantly applied to it. They were wrong. It
80cs on moving unless something slows it down. But they
«d good arguments on their side, and if we study these, and

¢ experiments which proved them wrong, this Wl]l help us
o distinguish truth from falsehood in the scientific contro-
versies of today. o
We also see how every philosopher reflects the soc1alﬁhfe of

s day. Plato and Aristotle, in the slave-owning society of
ancient Greece, thought man’s highest state was contemplation
tather than activity. In the Middle Ages St. Thomas believed
2 regular feudal system of nine ranks of angels. Herbert
Pencer, in the time of free competition between capitalists,
found the key to progress in the survival of the fittest. Thus

aism is seen to fit into its place as the philosophy for
the workers, the only class with a future. But we can hardl}}I
§uess what the world will look like to men and women wit
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several generations of communism behind them, who takel
brotherhood of man for granted, not as an ideal to be axmtt‘
at, but a fact of life, and yet know that this brotherhood v
only achieved by ghastly struggles. _
The study of philosophies should make our own ldﬁﬁ'
flexible. We are all of us apt to take certain general idesst
granted, and call them common sense. We should learn t
other people have held quite different ideas, and that ouro®
have started as very original guesses of philosophers.
If a dog could speak, it would probably not disting
between motion and life, Some primitive men do not 60$
and travellers interpret them as saying there are spirits &
where. In our age of machines we are apt to look for mffk‘_|
anical explanations of everything, yet it is only three hundfff
years since machines had been developed so far that Des#®
first suggested that animal and human bodies were machit
A scientist is apt to think that all the problems of phﬂOSOPhY.
will ultimately be solved by science. I think this is true fo
great many of the questions on which philosophers still afguf‘
For example Plato thought that when we saw something*
ray of light came to it from the sun, and another from oue®
and that seeing was something like feeling with a stick. ™
now know that the light comes from the sun, and is reﬂef“’"
nto our eyes. 'We don’t know in much detail how the i
In our eyes give rise to sensation. But there is every 8%
think that as we learn more about the physiology of the IM
1‘:7;3 Shidl do so, and that the great philosophical problems abee
owledge and will are going to be pretty fully cleared %
But if our descendants know the answers to these quest”
al%d others which perplex us today, there will still be on¢ B
of which they do not know, namely the future. HO'
;}}(ﬁlct our science, we cannot know it as we know the [
hlioﬁop hy may be described as argument about thin"
ZkaC V\ie ar¢ ignorant. And where science gives us 2 3
o Oﬁgw edgeitis often reasonable to suspend judgment. "
reason why Marx and Engels quite rightly wio

little on many PhﬂOSOPhiCal problems which interested 1

contemporaries,
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But we have got to prepare for the future, and we cannot do
so rationally without some philosophy. Some people say we
have only got to do the duties revealed in the past, and laid
down by religion, and God will look after the future. Others
say that the world is a machine, and the course of future events
is certain, whatever efforts we may make. Marxists say that
the future depends on ourselves, even though we are part of
the historical process. This philosophical view certainly does
inspire people to very great achievements. Whether it is true
ornot (and I think it is true) it is a powerful guide to action.

Weneed a philosophy, then, to help us to tackle the future.
Agnosticism easily becomes an excuse for laziness and con-
wrvatism,  Whether we adopt Marxism or any other ph1.lo—
sophy, we cannot understand it without knowing something
ot how it developed. That is why a knowledge of the history

of philosophy is important to Marxists, even during the present
aitical days.



Is Psychology a Science:

EADERS frequently write to me on ‘psychologi]@
questions. Some are_ questions of individual gsyﬂ'

logy. “How should I get over my fear o’f so—an.-soi'U;
my irrational objection to something else? ObvmuSEh"
cannot answer them. Even a psycho-analyst cannot do f
work by correspondence, but must talk with his patlené ‘\-‘1
many hours before he gets any result.  The only general au{?f-
for such people is that one often overcomes internal difficlt!
if one has a big cnough interest outside oneself. Reader¢
the Daily Worker should certainly be able to find one. Bu“,
am not at all sure that psychology is part of my job. Ido m.‘
think it is a science yet, though I think it is on the w3 I‘Y
becoming one. History shows that science has gradu ,.
extended its field, and that what was a mystery to our ane®
is understood, and often controlled, by ourselves. ‘
A fully developed science has two characteristics. In the ﬁﬁ:‘
place it consists of statements which can be checked. Whe“f
zoologist or botanist names a new species it is not enough”
describe it. He must deposit a type specimen in 2 muselfn.
so that his colleagues can verify his description. IknO}"'.
man who believes that he has found the cure for 2 SffﬂOn
disease, and that there is a conspiracy of doctors andscien®
to prevent him from publishing full accounts of his wotk. "
haye seen a paper which he wished to publish, and do?
‘b.ChevC in the conspiracy. For the account of how he e
h.ls remedy was so vague that no-one could repeat his prep
tion and see if they got the same results. k
A lot of the statements made by psychologists cannot
checked, because we cannot inspect another person’s nuﬂ{\
The behaviourist school think that psychology should onl )
concerned with peoples’ actions, and not with their consci®
ness. 1donotagree. It seems to me a scientific fact that Vez':
hot water produces a kind of consciousness which is hke}[u,;ﬁ
produced by a broken bone or a blow with a whip, and #*
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we call pain. But a great many statements about consciousness
cnnot be checked, and a fair number are clearly false.

Secondly the fully developed sciences form a unity. They
dllink up with physics, and can be stated in the language of
physics, though they have their own language. Thus the
sutement that white mice with pink eyes always breed true
an be put in terms involving wave-lengths of light, and other
physical notions, though it would be tedious to do so. In
other words science becomes more materialistic as it grows.
This does not mean that biologists think that a mouse is a
mchine. Only a few of them do so, and there are no Marxists
among them. But very few think that a mouse is only a set
of sensations, or that it is matter plus an immaterial soul. .

At least three branches of psychology are already scientific. .
One is the exact study of sensations. Probably every British
psychologist working in this field is now engaged on war work.
To take one example, it is essential that a night pilot should be
ble to see every indicator on his machine clearly, 50 as to
know his height, how much petrol he has left, in what direction
¢is flying, and so on. But he must be able to look from any
of them into the air without being dazzled, aqd detect an
@emy bomber. And he must be able to do this at a great -
height, and when fatigued. So psychologists must study the
best possible system of lighting, and the effect of oxygen want,
fatigue, and other conditions, on night vision. Thcty must al}jjo
evise tests to pick out men who are particularly suited for this
work, :

The psychology of skilled work is equally important.

dustrizﬁ Ypsychg%;gy has made con§iderable  progress 11111
apitalist countries, but it has been mainly studied frorp th
tmployer’s point of view. And the workers have been J1(11§t y
SWpicious that it is only used to increase profits by SPefi( Elg
Ypwork., In the Soviet Union a great deal of similar wor haS
been done, particularly in a great institute at~Kharkoy. It has
ped to provide a scientific basis for the Stakhanovite ml(ivier:
Ment. Unfortunately very litde is known of this wor
rltaln‘ . . X RV

Finally we come to the statistical study of individual abilities.
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. i
The problem is essentially a practu.:al ont}al. hHow 1():zn VZ: i?m
a simple series of tests to determme whether a bzs dive
likely to be a success in a particular job, szy a S sl
dentist, or a salesman? The only way tohlscogra © the reak
trying a great number of tests and §eemgb ow o guidel
agree with one another, and which is the best pra bout th
Unfortunately a lot of nonsense has been written atest o
results. An “intelligence” test is apt to mean a o
mind which works like that of a professor.' But the p
sorial brand of intelligence is not the only kl'nd- il
In the United States, Buropean and Chinese ¢ fdm
about equally well on intelligence tests, but negr}?es tﬁ’ﬂf‘
Indians are not so good. This does not prove that hurztiﬂi-
stupid. The Indians were superior to Europe::lnskiltlike e
tracking, and finding their way in forests. I should Ve
the results of tests devised by a negro or a red IndlanA i
possibly Europeans would not do so well on these. ; i%lbom
has been supposed that these tests are measures 0 fint
ability. But it has been conclusively shown, by st i
adopted children, that environment counts for a grea
though it is not yet certain for how much. -
The psychology of the intellect, emotions, and will, gaut ki
become fully scientific when we know as much 3 OAsff
rain as we know about the eye and other sense organs.

1 L - 7 n Ihl
brain is much more complicated and less accessible the
eye, this will take 2 long time.

. . Z : miﬁ;
Some critics of Marxism say that we cannot apply sl
method to politics

until we understand the psychology Ofi..
individual. * This is incorrect. We knew a great dealfahwf
the behaviour of solids, liquids, and gases, consisting © 11
numbers of atoms, before we knew anything abouF the atom
In the same way we can predict human behaviour in the r.lth;t
without knowing whan an individual will do. We kn(%};&;
if the price of Cigarettes rises, fewer will be bought. s
not know if Mr. Smith will economize on fags or mo‘:;.
Though Marxism will certainly benefit from advm'cesﬁﬁ:
individual psychology, ‘it is already a genuine and s

analysis of human behaviour in the mass.
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Air Raid Noises

Y now,’ unfortunately, most of the people of Britain
know the rising and falling hum of a two-cngined
bomber. This is an example of the phenomenon called
mterference, which happens whenever two trains of waves
start out from nearly the same place with nearly or quite the
sime periods. In the case of a bomber it occurs when the
two engines are not quite synchronized. Suppose that one is
sending out sound waves 200 times a second, and the other 201
times, then once a second the two engines will be firing in time
with one another. The two sets of sound waves will reinforce
one another, and the sound will be loud. And once a second
they will interfere with one another, and the sound will fade
out,

This is interference in time, but we can also get interference
in space. If the two engines are synchronized, and some
distance apart, there are places where the sound waves arrive
together, and the noise is loud, and others where they cancel
one another out, and there is comparative silence. If the
aeroplane were stationary, these would form a pattern on the
ground. Owing to the speed of bombers, this effect cannot
be noticed.

But effects of this kind are easily noticed with light. Every-
one knows the rainbow-like effect of a film of cil on water,
ora film of air between two glass sheets. This is due to a
smple kind of interference. Some of the light is reflected
from the near surface of the ilm. Some goes through to th_e
far side and is reflected there. If the extra length of path is
just one, two, three, or some whole number of wave-lengths
the light is increased. Ifitis just a half, one and a half, or some
such number, the light is extinguishe@. So with a one-
coloured light, such as that from a sodium lamp, we get a
pretty simple pattern of light and dark bands.

White light, which is a mixture of many colours, naturally

I 1940.
147



148 SCIENCE AND WAR

gives a more complicated pattern. Interference of this ]gmd
has been used both for measuring the wave-lengths of figh
and the thicknesses of various kinds of films. One of its mo¥
striking applications was the measurement of the size of ¢
“fixed” star. Just as interference can be used to measure vt
small distances such as the thickness of an oil film, it cnk
used to measure very small angles, such as that between t
rays of light coming to a telescope from different parts o
distant star. The stars measured in this way were all ver
large ones, far larger than our own sun. But the resl
obtained agreed very well with calculations based on t.hf
luminosity of the star, its distance, and its temperature, whid
can be roughly measured from its spectrum. ,
Other painfully familiar sounds are those of falling bode:
either German bombs, or parts of British anti-aircraft shell
All bombs fall considerably more slowly than the Speﬁdlot
sound.  So they give some warning of their approach, i
bullets, or shells from many types of gun, which travel quidke
thap sound, and therefore give no warning. Ifa bomb #¥
falling through empty space containing no air, and if e
neglect the speed of the bomber, it would have to fl for.
19,000 feet to get up to the speed of sound, which is 1100
per second. This fall would take over half a minute. AlY
ing for the bomber’s speed, a fall of 15,000 feet would ¥
needed. But the air resists its fall, and a good deal of [h
cnergy which would otherwise be converted into modonl"
rpade mto sound. Some energy is also used in stirring v .
air, and in heating the bomb and the air.
In consequence, even if dro
1119,900 feet, and even though they start with a consider? ,
orizontal speed _from the motion of the bomber, bombs®
not move as qulckly as sound, though they may get uw
speed of 900 feet per second. Any falling body finally 2
a nearly constant speed at which' the resistance of the &'
equal to 1ts weight. For small shell splinters falling fro
great height this speed is not very large, though they can bre{

flj;z Lir\ger splinters or shell caps can smash a roo of 1{
B And a quarter-ton bomb with a delayed-action

pped from a greater height ‘hﬁ
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cn pierce half a dozen 6-inch cement floors before bursting.
For not only does it weigh more than a smaller one, but it can
get up a greater speed.

So far I have written of sounds, which are periodic changes
in air pressure, moving at 1100 feet per second. The blast
wave, however, is of a different kind. It travels faster than
sound, though not very much so outside the flush area. And
itis not periodic. On the contrary the pressure rises with
extreme speed to a very high value, and then falls back below
normal.  In fact there,is a period of suction which lasts much
longer than that of pressure, though it is not so violent. The
whole thing is over in a small fraction of a second, save for
very slight changes.

These facts explain many of the effects of blast. If a
bomb bursts in the street, window glass is generally
driven into houses close to it, but further away the suction
wave may pull it out. This is particularly so round corners.

¢ suction wave can turn a corner more easily than
the pressure wave. The effect of blast on windows is ap-
paently erratic, but follows definite laws. If you try to
tock anything, for example a car, a lot depends on Fhe speed
at which you work. If too quick or too slow, nothing r.nuch
will happen. If you manage to push in h_armony with a
natural period of the car, you will get it moving. .

So with a window. Glass panes have a natural period of
vibration, generally round a hundredth of a second. If the
blast wave sets a pane vibrating in this way it may break, vyhen
2 larger pane with a longer period or a smaller one with a
shorter period will escape.  Again as the blast wave goes c.lown
astreet, it is reflected from one side to the othex‘*, and if the
original and reflected waves arrive at the right interval, the
two together may smash a pane whilst one alone does not. N

Unlike the blast wave in the air, the shocl.( wave in the
ground is fairly quickly converted into a series of perlodls
Waves. Even 20 yards from a bomb explosion the grougl
moves to and fro several times. If you can count the number
of these waves and time their frequency, that is a proof that
you have 2 more scientific temperament than I have.



150 SCIENCE AND WAR

Such a frame of mind is very well worth acquiring. Ay
Marxist who can do so will at least be able to see our prestt
suffering as part of the historical process, something whih
unfortunately seems to be inevitable before people will wikt
up to the truth and shake off capitalism. The more peopk
can acquire that frame of mind, the sooner we shall be out of
the wood.



Seeing in the Black-out

OUNTRY dwellers often have to find their way about

in the dark. But some townspeople have had this
experience for the first time in their lives during the
black-outs. And a number have been killed, either because
drivers could not see pedestrians, or because pedestrians
thought a dimly lighted car or lorry was a hundred yards
away when it was on top of them. The black-out regulations
are being made more sensible, but something can be done
from the human end as well as the mechanigal one. .

Some animals can only see in the daylight. Hens are quite
blind in ordinary twilight. Others, such as owls, can see
better in moderate darkness than in daylight. Men can see
both in strong and dim light, but not without preparation.
The process of adaptation takes some time. If we come out
of darkness into strong light we are dazzled, and the light
mzy even be painful, but we can sec all right in a very few
minutes,

But adaptation to darkness takes half an hour to complete,
ad is often very poor even after ten minutes. The first
thing that happens when we go from light into Flarkness is
that the pupil of our eye gets bigger, so that more light enters.
But this only increases the sensitivity about five times. The
same principle is employed in a camera, where d1_fferent stops
weuwsed. The main changeis a chemical change in the retina,
s the sensitive film at the back of the eye 1s called. This
consists of the building up of a purple substanc_e called rhc?do[_)-
sin which plays a part in the eye like that of silver bromide in
2 photographic plate. If this is allowed to go on for half ag
our the sensitivity of the eye is increased about ten thousan
tmes. That is to say the dimmest light that can just be seen
s one ten-thousandth of the brightness of one which could
Jstbe seen before adaptation. Or the same light can be seen
one hundred times as far away. )

Dak vision has some peculiarities, which ought to be
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generally known. As a coloured light gets dimmer its cobw
disappears. First of all blue light appears white; then gres
yellow, and last of all red, lose their colours. This is v
red lights are used for warning. In daylight we can s
thing best by looking at it, but in nearly complete darkn
we see it best if we look at something else.  Finally, in the at
even the sanest people see vague moving shapes when thett
nothing to see. Sentries soon learn to allow for this fact.

The practical lesson to be learned is this. No-one shuk
start to drive a vehicle in a black-out until he or she has b
in the dark for at least five minutes; and ten or fifteen &
better. If youlight a match to smoke, remember that this™
cut down the power of your eyes for several minutes. Pete
trians should take the same precautions. Never attempt®
cross a road immediately after coming out of a lighted bu
ing. Walk along the pavement for a few minutes i
When you cross remember that it is very hard to judge b
distance of a dim light. That car may be much nearer 4
you think!

So far I hgve written as if everyone were equally gool ’
iiaffk adaptation. This is not so. I am better than most *
I ound when patrolling no-man’s-land at night during®
ast war. A few people are night-blind like hens, and cant®
even see the stars, let alone find their way by starlight. Mar
3}1;6 llllctlermedlate. Before you start driving in black-ous
is gg d‘COmpa.re your vision with that of a real expert. T .
o thlsgra_tcc in being night-blind, but it is disgraceful to d‘n“'

ind us r‘ml.( your fellows’ lives, if you are so. SomeBE
m;lltnes]s) is mborp. But a great deal is due to underno™.
“Pubiic” - hHarns of Cambridge found that go per & )
schoolbo 5¢ OdOIbOYS, but only 45 per cent of clement”
vision %Shand fSO Per cent of their mothers had good "
Vitam{n A ew }fi e}clzt Can generally be cured by giving Plenﬁ(;
The cure tak ¢ 1s one of the components of rh_OdOP'{
in ordinar df.)s several weeks. The best sources of vltamml‘]_
trated PrZ alrztts' are butter and margarine. But very oot
employers fs Sueclloil}iesf?m fish-liver oil are availa Eer ‘

o bus and lorry drivers, a nutt
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acccidents would be avoided. This will be still more vital
when butter is rationed.! Already the butter shortage is
cusing night-blindness in Germany, so their black-outs must
be even more dangerous than ours.

If these simple rules were followed we could, I believe, save
dozens of lives a week, and avoid some hundreds of minor
acidents. At the present time, when the nation needs all our
zﬁort, and every bed in every hospital, this is supremely worth
oing.

1 This was written in 1939.



Death Rays

URING the last war the press was fu]l.of stories of df[]:i
D rays, and there were even more during the perio ﬁj\'
preparation for this one. Some inventors made ql.ll}tle b
sums out of credulous admirals and gcner'a]s. I wis dt
stories were true. A death ray is just the thing to btmgd ov
bombers. If every town in Britain had one, we could o
up our lights again, and the children could come back. y
Here is the reason. A searchlight operator may catc 3
acroplane in his beam, but it does not follow th?}t an an;lle
aircraft gunner will hit it.  If the bomber is two miles uP’tfl
light from the scarchlight takes one hundred—thousandt}}f(.)is
second to reach him,——during which time the bomber, 1.lth
going at 300 miles per hour, has moved a twenticth Of%nm%v
So the bomber can no more hope to escape the searchlight
mere speed than a snail can escape from a greyhound. |
OW suppose a gunner fires a shell at the b.omber,md
suppose the average speed of the shell is half a mile a 5“‘;[1;;
which means a muzzle velocity well above this, the shell ¢
our seconds to reach the plane. During these four SCCO“r
the plane has moved 600 yards. To score a hit the g‘mn;
TOUSt estimate the plane’s speed correctly, and if tbe Plloltl
dodging, he must be a thought-reader too. Even if the s C’t
passes within a foot of the plane, it won’t hurt it unks!
burst.s at the right height, which means very careful work ¥ {
the time fuze, = 5 anti-aircraft artillery is not very dange™
unless there i 5 great deal of it.  An attack on a fleet protec”
by hundreds of anti-aircraft guns is no joke. Butin an atfﬂif
on a town defended by two or three;t it is bad luck for
bombers if one of them is hit. e
d fNOW Suppose that, instead of the searchlight beam,
efe

nders had some kind of ray which, the moment it toucilllss
th§ Plane, would set it alight, stop its engines, or kill the P
things would b

! . be
¢ very different. We should, in effect
' This was written in 1939.
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gving the gunners a gun with 2 muzzle velocity increased
searly half a million times, and no need for fuze-setting. No
wonder both inventors and journalists who do a little wishful
thinking are keen on death rays.

The idea of using rays in warfare goes back to very ancient
days. More than two thousand years ago the Romans be-
seged the Greek city of Syracuse.  Among the besieged was
the greatest scientist of the age, Archimedes. He probably
dsigned catapults and other machines to sink the Roman
ships. And there is a story that he concentrated the sun’s rays
with lenses, and set them alight. We know that this is untrue.
Toset a ship alight even fifty feet away would probably need
alens 20 feet across, and the Greeks could not make them.
They cannot be made today. Perhaps, however, he tried to
mke such a lens. Or perhaps the Syracusan Ministry of
Information dropped leaflets over the walls saying that he was
going to. Anyway this first death ray was no good, and the
Romans took Syracuse and killed Archimedes. '

As far as I know, the first modern death ray was invented
byMr. H. G. Wells. It was used by invaders fro;p Mars to
destroy several English towns, and rout Fhe British army.

his ray was a searchlight sending an invisible beam of heat.
Ifit touched an inflammable object, this caught alight at once,
while iron and steel melted in a few seconds. In the same
book the Martian invaders used shells with poisonous gas.
As the book was written in the 1oth century, this shows that
Wells was thinking well ahead of his own time. Nevertheless
the heat ray-won’t work. A simple calculation shows that
any substance hot enough to send out such a ray would nfot
merely melt, but explode into fiery gas in a tiny fraction of a
‘cond.  So although gas shells are quite practicable, an;flqne
};Wlho tried to produce a Wellsian heat ray would merely blow
imself up, .

At thePtime when Wells wrote The War of the qula’s
physicists were discovering all sorts of .invlslble rays. BC?“%‘:S
visble rays, infra-red rays with heating power, ultra—vuéf: t
s with chemical activity, X-rays, and b(?ams 'of ra 1;10
Waves, which can be regarded as rays, were being discovered.
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i o
all these it was quite natural to think that Zc;n:ef vllﬂ
hAlznlongto be very deadly, just as of the thousan g
he y'catls which were made each year, a few }:ur:xlﬂ 4
lca “ver oisonous, though most of them were arh &eadlv
egrffiyifl fact sor’ne of these new rays Wiritﬁ ratW 31 -
Ultra-violet rays blister the skin, and X-rays rkaesd e
A lot of the first group of surgeons who woh N
were killed. And it wasn’t a pl?’asant deat eluld r.wt o
skins were injured, and the ““burns not 91115 Vﬁ:m oy
but often developed into cancer, which kﬂ‘lel t e
of suffering. This sort of thing would be litt 31;_5 it
weapon. A battalion would not be'vstoppef1 roor a yeafs
because they were liable to die painfully hvesmﬁ T
later. They would probably be told by tdeWe L
threat was merely enemy propaganda. An1 T v
this sort of threat does not frighten people. Alm: o it
who worked a rock drill in Cornwall or Johanne g
years ago died of phthisis within ﬁfte_en years. o
were good, and there was no difficulty in getting e
We know now that all kinds of rays are perio

. The\'
magnetic disturbances moving with the speed of light.

B
; omes 0
differ according to their wave-length, or what ¢

same thing,

A

the number of cycles per second. {anng V;a&i

measured in miles or hundreds of yards are the or d'arywa\""‘
waves. Those measured in inches are the short ra loof @
All of these are harmless, though a powerful beanil Tie
short waves warms you up if it passes through you.

ne

. - Of an 1t

come still shorter waves, measured in thous'am(llt}}feating ofic

These form infra-red rays, which have a decide '
ut are not dangerous,

N, of course, are x.;islblc flays. erol

shorter wavesform ultra-violet and X-rays, Wh}Ch arec an%won
But they cannot be used in war for a very mteresfgntz‘fle I

¢ air is not quite transparent to them. Most Ob he &
violet rays which start from the sun are stopped yore g
Even at the top of a mountain the sunlight has mor¢

?
: | : . - sea 11
NG power in relation to it heating effect than at '
And the sunbury i d

. nts
ue to the ultra-violet Compc}):;emooﬂ
sunlight. Men could quite well walk about on t
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breathing oxygen in pressure suits such as are used by high
fiers. But if these had quartz face-pieces which let through
the ultra-violet components of sunlight, they would be fright-
filly blistered.  Natural selection has seen to it that we are not
much injured by any rays which will go through even a few
hundred feet of air, though animals which live permanently
wderground are often killed by ordinary sunlight. This is
why even if we had a source of ultra-violet radiation so power-
fil that we could use it for close-range fighting, it would be
solutely useless at a range of even half a mile.

There is one kind of death ray which is sometimes thought
to be effective on the basis of model experiments. This is'a
beam of ultra~violet rays so strong that it makes the air conduct
ectricity.  The idea 1s to shine such a beam on an aeroPlf‘n‘?’
ud then pass a powerful electric current along it. T}_ns is
however useless, for the reason that such beams are quickly
sopped by air, and indeed if air did not stop them they
would not make it conduct. )

For such reasons as these scientists will not believe in death
nys. One inventor demonstrated one about 1915 which, he
sud, killed a sheep. Certainly the sheep died,. bt}t the Govern-
ment department which was offered the ray insisted on doing
2 post-mortem examination on the sheep, and foupd a quite
ordinary poison.  Still I suppose the present Inventions Boar
have to examine several specifications for death rays every
week, and may even have to test 2 few. )

Finally there are rays which are alleged to stop engines-
How they are to get through even a thin layer of metal We
e not told. But about ten years ago the Germans were
rported in the press to have brought dQWH some Frenc
wroplanes by this means. If it were anything but 2 roénance
they would be using it now. An inventor demonstratec 2 ra{}’
of this kind to the Admiralty, and a number of cars sudcil_fn.}i
stopped in the street when he turned it on. Butasan o }iCla
iaf was unaffected, it was thought that these cars must have
¢en driven by his friends. .

Twish thereywas a death ray. Butit is gowng to take 2 great
deal to make me believe in it.



The Commonest Poison Gas

NE of the Regional Commissioners has recently’ wand
O people of the danger of warming air raid shelies b
means of stoves or braziers. Several people are alre.ady_ sl
to have been killed in this way. The warning is fully just{ﬁﬁd
But it ought to have been given before the people were Killed
and given to the whole country. _

An ordinary flame, such as that of a candle or an oil lam
uses up oxygen, and burns oil or grease to form carbon diox
and water vapour. In fact it changes the air in the same ¥
as a human being breathing, except for a small amount d
fumes which smell but are harmless. But things are differen
when the burning is incomplete. This may occur for severd
reasons. If a flame plays on, a cool surface, for example '
underside of a kettle, the process of combustion is sudder}l}
stopped, and some of the gases in the flame do not combi¥
fully with oxygen. '

The most important gas produced in this way is carbes
monoxide, CO, as opposed to carbon dioxide, CO,. Ths*
also formed in a coke brazier, because the air flow through i
red-hot coke is not énough to burn it completely. Some®
the carbon monoxide burns above the coke with a dull b
flame, taking up another atom of oxygen to become carbor
dioxide; but some of it gets away.

Now carbon monoxide is a fairly poisonous gas, tho“gh_
nothn}g like as poisonous as chlorine, phosgene, and other
used in war. But it is dangerous because it is one ol ¢
fortunately rare gases which poison you without prelimlﬂ“i

warning.?  If you are poisoned by phosgene in a gas 3
or by nitrous fumes in an explosive factory you will co
and gasp a good deal. You may then feel much better,
suddenly fall unconscious when you think you have recove®

But you certainly know something is wrong before you Jos
consciousness,

! September 1940. 2 See Note on p. 16
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But carbon monoxide, hydrogen cyanide, and arsine have
very little smell and ‘cause no irritation. The chemical text-
books state that carbon monoxide has no smell. This is un-
tre, It has a faint smell like garlic. But you can’t smell it
ina dilution of one part in a thousand, which is quite enough to
kill you.

Fortunately the commonest source of carbon monoxide in
ordinary life is in coal gas, where it 1s accompanied by smelly
substances which give some warning. But if a gas main is
broken, for example by a bomb explosion, the gas may leak
out through soil which filters off the odorous vapours in the
coil gas and leaves the carbon monoxide behind. Thus it may
penetrate into neighbouring houses, particularly the basement,
md kill people before they smell it. I do not know if anyone
has yet been killed in this way during recent months, but
such cases have occurred in peace, and are likely in war.

Carbon monoxide kills in a very simple way. In fact it is
the only poison whose action is pretty completely qndersthoq.
Our blood contains a substance called haemoglobin which is
purple, but easily combines with oxygen gndv then becomes
red. As the heart pumps the blood round it plck§ up OXygen
in the lungs, and carries it to the various organs in the body.
Here it gives up some of its oxygen, and comes back more or
ls purple.  This change is responsible for the bluish colour
of veins, and the bluish colour of the lips if the h(?art or lungs
bresk down. After death the blood does not circulate, but
the tissue cells do not die at once and go on using oxygen, SO
the blood becomes purple, and the face of a dead person looks
greenish until the blood has drained out of it. )

Now carbon monoxide also unites wiFh haemoglobin to
give a red compound slightly more yellowish than the OXYECH
compound. When the haemoglobin is combined with c;.ar on
monoxide it can no longer carry OXygen- When halt your
hemoglobin has combined with carbon monoxide youhcan
hardly stand, and may faint. When three-quarters o avz
ombined you die from want of oxygen. But iclel dO?n
temains red, so the faces of people who have put their heads
the gas oven preserve their natural colour for some tiume.
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This property of the blood renders carbon monoxide onc
the easiest of all poisons to detect. o
The lowest fatal concentration of carbon monoxide is gbou}
one part in two thousand of air. But at this concentration
takes about half an hour even to make you unconscios
whereas one part in a hundred will do so in a minute or%
Before you fall over you have to absorb enough to combiz
with half your haemoglobin, that is to say abeut 20 or 30 cubic
inches. This takes some time, as you only absorb abqut hal
the quantity breathed in.  So it is quite safe to take a sniffeva
of the pure gas. .
A small warm-blooded animal such as a mouse or Cmﬁ
“uses up about twenty times as much oxygen per unit welgbt
as a man. It needs this to keep warm. So it also absot
carbon monoxide twenty times as quickly. My father fou’?ﬂ
that in air containing dangerous quantities of carbon monox! }i
birds fell off their perches long before he felt anything, thowt’
he was affected in the long run. So he introduced the uscd
birds as indicators for carbon monoxide after colliery &
plosions. The miners did not at first understand the prmﬂ}’le
involved, and a Northumberland miner gave the foﬂowﬂ}g
account of Blackett, one of the first mining engineers to tsc*
“When he goes down the pit he takes a bird, and it’s a pan®
and it walks in front of him and says, ‘Blackett, thou blood
fool, come on’ ”. .
A small cage bird would certainly be of some value ags®
carbon monoxide poisoning in shelters. Though a budg™
gar would not be quite as useful as a canary or a linnet. B“E
2 bird would give no warning if the people in the shelter ¥¢*
asleep, as it does not suffer, but falls quietly off its perch.
Actually the danger of carbon monoxide poisoning is 3 VCQ{
Tunor one compared to that of airborne discases such *
diphtheria and cerebrospinal meningitis in crowded and uIll;

ventilated shelters, And as winter comes on pneumonia ¥
be added to the list.

_these are part of the
Sir John Anderson’s
shelters where they co

: : et
price which the people have to p2) "OI-
refusal to allow the construction’

uld sleep under moderately hygienlﬂ’f“
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conditions.  His “experts” told him that people would not go
ahundred yards to reach a shelter at night. The people have
voted with their feet, as Lenin put it, against the experts.
They need sleep, and cannot get it above ground. Buta good
many of them, especially of children, will die of disease unless
they can get more and better ventilated shelters very quickly,

NortE

Mr. McCloskey, of 30 Gibson Square, Islington, has taken
me to task for this statement in a very interesting letter. He
went to bed with the gas-fire on, and was awakened by the
eraggerated beating of his heart.  He had the greatest difficulty
in getting out of bed, and felt ill for some days. On another
occzsion when he entered a bathroom where a boy ‘had been
patially poisoned by a defective geyser, his heart begﬁn to
kick out”.  On the basis of these experiences he writes, “As a
detector of carbon monoxide I am prepa,r’ed to compete with
amouse or canary. Any weight or age! ' )

In spite of this, I should bet on the canary in some circum-
snces. But I was wrong in saying that CO gives no pre-
liminary warning. If they are on the lookout for symptoms,
most people will notice something, thoug}} probably 1feW
bearts react as strongly as Mr. Mc(_lloskey s. Certa{nhy a:
great many people have died of CO poisoning in sleep \_7v1lt Oil
bing awakened. And I think my heart beats quite as violent }}:
tfict a near miss by a bomb during an air raid as it does wit
alidle CO. The correct statement would be that CO glvss
such slight preliminary warning that it may not be noticed,
particularly during hard work, danger, or sleep.



Will Hitler use Gas?

DURING this spring* we have had a good deal of B
official propaganda concerning gas protection. The
may have been based on genuine information, or on re™
from “intelligence” agents who, as so often in the past, bt
been completely deceived concerning Hitler’s intentions.

The following weapons are included under the term ¢&:

(1) “Non-persistent”” gas such as phosgene, compressed B:
liquid which is dropped ‘in bombs which release it
quickly on hitting the ground. Such gases arc deal
but soon dissipate except in a dead calm. .

(2) Liquids giving off a poisonous vapour, such as the P
sistent” mustard gas. They could be dropped i e
containers, or sprayed from planes. They do not kluit.
quickly as the first class, but the liquids contaminate &
tor a long time.

(3) Powders which give off a poisonous gas on wetting, oret
slowly on contact with moist air; such as calcium arse? g
which gives off arsine. :

(4) Smokes produced by special apparatus. They ar¢ noc¥
poisonous as the gases, but intensely irritating, and 7%

make people tear off their masks.
The civilian respirator, if not damaged, and if }Z[;)lel\l

ﬁtte:d, gives excellent protection against (1) and {2
against (4) and partial against (3). ’
. We can be nearly sure that a gas attack will be mad?
night, since large daytime raids are costly to the Gen®
We can also surmise that the first one will be on a very ™~
scale, to take advantage of the effect of surprise. Suppc*
gas attack were made on a small town, and killed o
hundred people, the whole population of the larger ;o‘ﬂ{‘j
would begin to carry their masks, and most of them ¥
get them mspected. So 3 subsequent attack on 2 large

I 1941
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would be far less effective. The heaviest immediate casualties
would be caused if it were made during the rush hour when
people are going to and from work. On the other hand if
twere made about midnight or later, the difficulty of warning
People and evacuating contaminated areas would be greatest.
Finally in summer the ground is often warmer than the air, so
that there are ascending air currents which dissipate a gas cloud.
And mustard liquid evaporates quicker, so that a town would
hot be contaminated for so long, though the danger would be
tther greater at first. .
these arguments favour a gas attack in winter if at all.

¢ following are possible grounds for an attack in summer.
U) An invasion. The enemy might try to disorganize troop
"ovements by contaminating London and important road
an réiilway junctions with persistent gas. (2) Desperation.
}.h‘_ler will not scruple to use gas as a knock-out blow before
SVing in, if things go badly for him. (3) If the various dis-
Ontents of different people are canalized into a demand for a
I_iu‘ollt, Hitler may wish to intensify it by a big gas attack.

s Prabably believed that there was big support fOF a sell-
Min the British ruling class. If Hitler shares Fhls view, ‘he
"3 order o gas attack when he thinks the situation is politic-
: Y favourable. (4) If it is generally bclic;v<?d that a gas attaislk
sz(’fﬂy possible in winter, he may make it in summer for the

® of surprise. .
i 0‘_‘ a balgnce, I think a gas attack is a good deal .morehhkell}lr
o Vinter than summer. But it is possible at any time, thoug
thk_cly when there is a high wind, and very unlikely except
"big towns or vital traffic centres.

( .

) QOmPulSOrY inspection of all civilian respirators, and
©mpulsory tests of them in an atmosphere of tear l§as.
Man')’ of them have developed holes, and many others

h) 2ve never been properly fitted.

%ts on respirators for protecti
8 is not so deadly as some ot

on against arsine, This
hers, but even a small
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concentration causes jaundice after some hours. I the
tests are not satisfactory, proper filters should be addffd.‘
If they are satisfactory, the public should be told. Ovg
to the distrust of British Government experts which bs
resulted from public experience of shelters, it would bk
worth calling in an American expert.

(3) Proper instructions to the public. The official leaflet b
us to put our hands in our pockets. What about woment
summer clothes? It tells us to shut our windows. Wh
happens if they are broken? It tells us nothing about hov
to work a baby’s protective helmet. What happens !
the mother becomes a casualty? ,

(4) Gas-proofing of shelters. I know that some of the existix
shelters cannot be made gas-proof. That is anothe
argument for shelters of one of the types that I bave
recommended, which can be made gas-proof.

(5) Arrangements for rapid evacuation of contaminated art
preferably by fleets of motor buses, with arrangeme®
for food and shelter in the reception areas.

Unless these things are done, a gas attack will mean heatt
and unnecessary casualties. Nevertheless let me end 0
more cheerful note. T have been hit by a bomb splinter I
have also been sufficiently gassed to send me to bed. 1m¢
prefer the latter. T always carry a respirator in a large to¥*
night. And personally T would very much sooner speﬁd%
night in London during a gas attack than during a h#"
blitz with no adequate shelter to protect me.

! They have been since this was written.



The Physiology of Flying

IN a modern war, men are not merely exposed to bullets,
bombs, shells, and so on. They are put for many hours
under utterly abnormal physiological conditions. Think, for
example, of men shut up in a submarine lying on the bottom
in enemy waters during the whole hours of daylight, or ex-
posed to the heat, noise, and shaking of a tank.

The most widely studied of all these physiological dangers
ac those which threaten the airman. On their first flight
dmost everyone notices pain or discomfort in the ears while
descending. This is because there is a greater air pressure out-
ide the eardrums than inside them. It is easy to adjust the
pressure inside by blowing the nose, and pilots soon learn to
doit by swallowing, or even without thinking at all.

The first serious effects of the low atmospheric pressure come
on at about 10,000 feet, and get worse fairly quickly. They
ae due to want of oxygen. At 10,000 feet the barome_:ter
reads about 22 inches instead of 30, and at each breath the pilot
gets only 74 per cent of the amount of oxygen that he gets at
gound level. He probably does not notice any bad effects.
Indeed he may feel rather cheery. But, like the man who has
had 2 couple of pints of beer, he is not so efficient as before.
He will take a little longer to work his controls, and score fewer
bull’s eyes when shooting. So he must start breathing oxygen,
or rather adding oxygen to the air which he .breat}.les.
hIdo not know, nor should 1 publish it if I did, flt tht
cight oxygen breathing is compulsory. But itis very danger-
ous for :yf%ﬂot to waitgto breatfz)he oxygen till he feels that he
teeds it. T have felt quite normal at a low pressure, l?ut yet
when I breathed oxygen the light seemed suddenly to brighten,
ad sounds got louder. )

At about 37,000 feet the air pressure is one-fifth of an atmos-
phere, and even if you breathe pure oxygen, you get no more
tan in air at ground level. However, some pilots can stand
o%ygen want better than others, and can go a small distance

165
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higher without danger. The ability to do so can be testedn
a low pressure chamber at ground level, and can to some extert
be developed by training.

At still greater heights it is necessary to breathe oxygen und
a pressure greater than that of the air around the plane, thoug!
less than at ground pressure. If one tried to breathe com-
pressed oxygen from a cylinder the lungs would burst, so®
prevent this the pressure round the body must be nearly t
same as inside the lungs. This can be achieved in two ways
The cabin may be made airtight, and kept full of relgnvclY
compressed air, as in the German Junkers 86 reconnaissanc
plane. This adds to the plane’s weight, and the air will so
leak out if the cabin is hit by a bullet, let alone a shell. Or the
Crew may wear pressure suits somewhat like diving dress
and containing oxygen under pressure. This type of suit ¥&
invented by my father, and will presumably be used by the
first men to land on the moon, where there is no air ata
But a pressure suit inevitably hampers an airman’s movemen®
and is less popular than a pressure cabin at present.

One striking effect of oxygen want is on night vision. Wc
all know that it takes about half an hour to see as well as posslblc
in t.he black-out. Efficient night vision is a physiological fear
which needs the proper chemical conditions. One is 2 §%
supply of vitamin A. Another is plenty of oxygen. Wil
Harper, Goodman, and Krieger of Harvard University, 12"
recently shown that night vision is one of the first functiots ¥
be aff'epted by mild oxygen want even at heights as smanaf
one mile. So a good oxygen supply is particularly necesst
for night f_ighters and bombers.

Thlz“v.en with oxygen, there is another danger at great helgh“_'
s 1s the condition first observed in divers and compresi®
air VV.OIketS,. called “bends”. The commonest symptom *
Ean?) m the joints, which may prevent one straightening ©*
mbs. It is due to bubbles of nitrogen in the joints, mar®™
Ordspl}rllal cord. 'If a diver has been under 100 feet of Wit
2101mt erefore br; athing air at 4 atmospheres’ pressure, a“,s
o8 up too quickly, the nitrogen which has dissolved I
tissues under pressure forms bubbles. Similarly if an aipma
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flis up too quickly to a pressure of a quarter of an atmosphere,
that is to say 33,000 feet, he is liable to fizz a bit.

On November 22 a Sunday newspaper had the following
sob paragraph: ““No-one who has ever gone through an attack
of the bends has been able adequately to describe his suffering.
Itis an excruciating pain in the joints, shoulders, elbows, knees,
akles. Tt leaves the victim in a state of nervous collapse.”  If
the Daily Worker had ever published this absurd exaggeration,
there would have been a good case for suppressing it for
aeating alarm and despondency in the R.A.F. I have had
bends both from high and low pressure, and the pain was never
bad enough to stop me eating, let alone to make me sweat,
which I take as a good rough sign of severe pain. Itis usually
1o worse than rheumatism, and rather like it. We even had
touble in one series of experiments concerned with escape
fom submarines because some of the subjects (not all of them
ommunist party members) wouldn’t admit they had bends.

A discussion of what airmen can do to avoid bends would
ttke us a little too near to the Official Secrets Act. Nor can I
fiscuss what has been done to combat the tendency to faint
when turning rapidly or coming out of a nose—dive.. In this
case the blood which ought to be going to the head is swung
nto the legs and belly. And there are other phyﬂf)loglcal
problems of flying which cannot be written about at all just yet.

These problems are being tackled with fair success. The
men who are doing it are well fitted to tackle problems of
industrial health which are as important in peace as in war.
fthe Trade Unions take the matter up the men will be avail-
able for the necessary research. The Soviet Union is far aheafl
of us in work on the physiology of industrial work. Here 1s
aother field in which we could learn from our great ally.



“G”‘

( :OULD a man live on the planet Jupiter? This soundss
very remote question, but the answer to it happens®
be pretty important to the R.A.F. o
Not that they are going to fly there, for our planet’s air thin
out so quickly as you rise, that there is little prospect of a pla¢
going even 25 miles up in our lifetime. And Jupiter is pearly
400 million miles away when nearest to us. - But the pilots and
crews, particularly of fighters and dive-bombers, have to
one condition which is abnormal on earth, but normal o1
Jupiter, -nar.ne'ly an extra force on their body due to acceleration
or gravitation.

Jupiter is much larger than the earth, It weighs 318 time
as much, as we know from the fact that its satellites have
move much faster than our moon to avoid falling. Its surfx®
is hidden by clouds, dust, or smoke, as we can sec from t
constant changes in its markings. It is also intensely cold, @d
the atmosphere would be poisonous to men, as it confm
ammonia. But the atmosphere is very thick; so a rocket fron
the earth would be slowed down before it hit the surface, &
landing would be easier than on Mars, let alone the moon.
di 'I:he cold and gases could be kept out with something likes

iving d1_~ess oreven an armoured tank. But nothing will ket
out gravitation. Even at the top of the cloud layer gravitatiot
1s nearly three times as str ' curface
. ong as on earth; at the planet’s sur
1t may be four or five times.  ‘That is to say 1 Ib. weight wotl
reglslté:r atleast 31bs.on a spring balance. And a man weighing
Egre 1Sf 1:\’01:1(1 gave to support an extra weight of 300 Ibs.

e stood up.
a irtl f.aCt he would be subjected to the same forces as a pilot
hzrizmnglogit afer a dive, or pulling up suddenly from fast
ac lont.a ght. _In ecither case the pilot undergoes 2 big
a cclefeﬁatlon, that is to say a change of speed. Now speed by
dz:e ot as nz iﬁeCt on men, or on anything else. We can ot}
speed by watchmg what we pass. Ina closed box spef
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annot be measured or detected. But a change of speed can.
For example a plumb line in a railway compartment does not
hang vertically if the train is speeding up or slowing down.
Inthe first case the bob is left behind, in the second it tends to
g0 on with its original speed, and therefore the plumb line
lopes forward. In either case a spring balance would show
m extra force on' the line added to the weight of the bob.
Similarly if the train goes round a curve there is an extra force
alled centrifugal force swinging the bob outwards.

Einstein’s general theory of relativity states that there is no
way of distinguishing between forces due to acceleration and
gravitation. No-one who has understood the first third_ of
Engels' Antidiihring should have much difficulty in following
Eilr(lstein’s main ideas, though of course his mathematics are no
Joke. : .
The extra force on a pilot may be very great. Itis geperally
measured in “‘G”’.  If it is in the same direction as gravity but
four times as great, we say the pilot is subjected to 5 G's. Ifa
Spitfire or Stuka pilot were sitting in the normal position as he
fattened out from a vertical dive at 250 m.p.h. he would press
down on his seat with perhaps twenty times his normal weight,
o with 20 G’s. Figures for these machines have not been
mblished, but as early as 1931 American fighter pilots were
whiect to as much as 9 G’s, and this must now be greatly
xeeded.  If the centrifugal force acts from head to feet, the
ot blood cannot return to the heart from the legs and belly.

The heart goes on beating as long as it has any blood to
pump, but after a time which may be as long as 10 secondgL it
tns dry, and the brain gets no blood. There is a sud1 en
Mack-out”. The pilot goes temporarily bllnd,. and may lose
Wnsciousness. This is almost certainly fatal if he has just
tme out of a vertical dive and is skimming the roof tops. ,

Things are even worse if centrifugal force sends the pilot’s
bood into his head. This happens if a sitting pﬂqt §udden1(}if
Qs into a dive at high speed. The heac_l feels as if 1thwould

ust, everything goes red, and there is violent headache, an
“nfusion which may last for several hours, even after han
weeleration of even 3 or 4 G's. Whereas after the blood has
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been drained into the legs the pilot recovers consciousness Wit
a few seconds, and unless his machine has crashed, is nom!
within a minute.

There are similar dangers during “baling out” with.a pat
chute. "When the parachute opens the pilot’s speed is violnls
reduced, and his blood may rush to the head or feet. Cauriou
enough there is no danger in an ordinary fall. A man ct
fall at more than about 120 m.p.h., as at this speed the ¥
resistance balances his weight. So an airman can fall fors
long as a minute, and open his parachute without dangt
But if he jumps from a plane going at 300 m.p.h. and openst
parachute at once he may quite well be killed by the shodk
He actually slows down as he falls, and must wait till he s
done so. .

Of course steps are taken to deal with these dangess. 12
no secret that in certain types of aircraft the pilot is not 12
sitting position. Nor is it a secret that American pilots befoe
the war were using rubber belts which could be inflated 0
press on the belly to prevent blood flowing intoit. No 40“‘
ﬁuz a;ticle is out of date—laughably so, I hope, to readersind

But it shows why every air force necds the service of fr¢
rate physiologists as well as ordinary doctors, and incident!
it makes it probable that men could live on the planet Jup®
But they would have to spend most of their time cra% 0
g:f L for one, do not greatly regret that I shall be dead 1%

ore I have a chance of going there.



Doodlebugs

THE latest secret weapon has turned out to be a pilotless
plane which is intended to fly for a definite distance in a
specified direction, and then dive to the ground with a cargo of
high explosive. /

fsuch a plane is launched from a place in the Pas de Calais
100 miles from London, and its errors in direction and range are
oy 1 per cent, it will fall within a mile of its mark. For
eample, if the planes are aimed at the Government Offices in
London, they will all burst within a mile or so of Whitehall.
ltis, of course, an official secret whether they are as well aimed
sthis. If so, it does not compare very well with the aim of a
ife. A very indifferent marksman can hit a target, two yards
wtoss and a hundred yards away, every time. Even if almost
every plane gets within a mile, this is no better than an archer
wuld do seven hundred years ago without any sights. Other-
wise, it is 2 good deal worse.

Aplane can be kept on its course in several ways. So far as
lknow the only way of keeping a plane on its course relative
t the earth’s surface is by radio. But two can play at that
gime, and doubtless our radio experts are prepared to jam any
gudance of this kind. Personally I should bet about three to
one that these planes are not radio controlled.

By means of a gyro-compass a plane’s nose can be_ k((le]g?t
pointing in a given direction. But on account of the win hlt
will not fly exactly in this direction. No doubt before the
plane is launched, its course is set so as to make a]l_owa.nce for
thewind. But this has two disadvantages. The direction ar_ld
speed of the wind are not the same over London as over Calais.

And the plane’s speed is not constant either. Suppose lghe
planc’s speed.is 250 m.p.h. and it is meant to fly north-west, but
there is 3 side wind of 25 m.p.h. blowing from the north-east,
It must be aimed about 10 miles north-east ofa target 100 mles
o But if the side wind drops to 10 m-P-,h- it will be 6 miles
ot from its target. Similarly if the plane’s speed falls to 200
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m.p.h. the wind will have a greater effect on it, and it wil
about 2} miles to the left of its target. Presumably itisstv
dive for the ground after it has gone a certain distance. Ju
actually it dives on the alarm-clock principle, after it has flow
for a certain time. Now this means that a change in its speed
will have a far greater effect on its range than its line. fr
example, a drop of speed from 250 to 200 m.p.h. would mea
that the plane dived 20 miles short of its target 100 miles 2w

It is fairly easy to regulate the speed of a plane automaticdy

. by a throttle. But this means that it can never fly at the mat
mum speed possible for its engine, and is therefore an est
target for gunners on the ground or in the air, besides havirt
a greater lateral error from wind. So I should guess (wheth
rightly or not I don’t know) that the error in range wasa oot
deal greater than that in line. That s to say supposing plares
are aimed at a given town, they are more likely to £11 10 mils
short or over it than 10 miles to the right or left. No douh
our 'Stz‘1ff knows by now whether this is so.

Similarly the height can be regulated by an aneroid ba
meter, so that if it rises, and the pressure falls, the verticd
rudder in the tail is lowered to make it fall again. Thisis2
Eer.y well if it is flying at several thousand feet. But if itk
. yllrllg low to dodge our fighters and flak, a fall of 2 teth of
Inch in the barometer between France and England wil fore

it down 100 feet, .
tri'glgle def%%r}ll of instruments for automatic control is extrﬁmeg
upwagds £ ane;y answer too well, a deviation of say 100 cso
on till contro] \iNelred by a swerve 200 feet downwards, a0 o
oF oo control slost. If they answer too slowly, large c[r)ien;
occurs in the al}lrt accumulate.  Essentially the same pr° ae
o the e or(rllatlc control of the temperature of 2 furvﬂC
roughly by cal al yhamo. Thes; P roblems can be ans“?crf
great accu;yac ctlation.  But it is a curious f?Ct that “f” -
great : }}171 1s needed we have to use a special type o€
*1g machine called a differential analyser.

The i - i
it Coeursi:a}rgﬂsdg:; plane would automatically dodge out

. : i
Perhaps th € to time, and come back to 1t ?gw‘l
PS the sound of anti-ajrcraft guns would automatic®”,
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aweit to do so. Fortunately the German inventors have not
been able to achieve this, but it may well be possible in future
wats, if we allow them to happen. ,

Solong as a plane flies in a straight line at a fairly steady
geed, its position half a minute hence can be predicted. The
secess of our anti-aircraft guns in bringing down a large
proportion of the pilotless planes depends on the efficiency of
tie predictors, which do the equivalent of several hours’
dlelation in a fraction of asecond. The predictor is of much
less value against piloted planes, which can take evasive action,
tiough a dense barrage will bring them down. Today your
fife depends, more than ever before, on the efficiency of the
cliaftsmen who make the predictors, and the girls who work
them,

There are two morals to be drawn from all this. One is that
ifwe had started the second front last year we should not now
be being bombed by robots. The other is that if automatic
mchines can do a pilot’s job, they can also do other dangerous
or unhealthy jobs, such as mining and furnace stoklng.. It is
B to the workers in dangerous trades to see that their jobs
# ultimately taken over by machines. Underground
wiification of coal as a substitute for coal mining should be the
pace-time equivalent of the robot pilots, and may save more
lives than will be lost in the- present series of air raids.

NoT1E

This article was written in the first fortnight of the doi)dle-
big raids, and was heavily censored. 1 give it exactly }?s
Witten. It was of course wrong in some details, bu.tht it
findamental question of accuracy of aim was not dealt with in

¢ official statemnents, and is of considerable interest.



Blast

R. CHURCHILL tells us that many of the casualties
M caused by the flying bombs in London are due to bt
This is not as helpful as it might be, because most of us donot
know what blast is, or how to avoid its effects.

A great deal is known about blast, partly as a result of
experiments carried out by the research . department of the
Ministry of Home Security. But these results are not avaﬂa.bk
to the public. This is partly, no doubt, to keep informatio»
from the enemy, and partly to prevent the public from asking
awkward questions. But it also arises from a real contemft
for the public, who are regarded as uneducated. And
there are hundreds of thousands of British people who kuo¥
more physics than all but one of the Cabinet, or the ¥
majority of higher-grade Civil servants, Technical schod
physics is rather one-sided, but it is vastly better than Wh‘at
most boys learn at ““public” schook. Owing to this ofic
policy my account of blast will certainly be incomplete, 2
probably inaccurate in several respects. But it is the best
can give with the knowledge at present available to the p“bhc*

Blast is the word used to describe sudden and viole®
f:h:clnges of air pressure. When the charge in a bomb explo‘des'
1t is converted within less than a hundredth of a second it
very l.lot gas under enormous pressure. It expands un t
Occupies SOI}leWhat over ten thousand times the volume O_fthC
solid explosive. The total energy developed is not ten 8¢
as much as _When the same weight of water is converted 1%
steam, but it is let loose in a far shorter time. However, &
actual amount of bricks and mortar moved, or earth scoop®
out, are probably no more than could be moved by a st
engume using a weight of water equal to that of the explosive
S The hot gas from the explosive pushes the air away from

ome people who have watched a flying bomb bursting h;_)lfﬂ

mile or so away have seen a flash of flame rapidly cooling 10

smoke, and a dark circle around it rapidly spreading upwa®
174
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nd outwards. 'This is the blast wave. It consists of air
wmpressed to 10 or 20 atmospheres’ pressure and moving at
hout 1500 feet per second, that is to say about 40 per cent
bter than ordinary sound. In this rapidly moving shell of air
the pressure is therefore at least 10 atmospheres, and is about
tice as great on an obstacle facing it, because the air in the
bist wave is moving, and generates pressure when stopped.

Fortunately the high pressure only lasts for about one two-
hndredth of a second, for it exerts a pressure of about 20 tons
pr square foot, and would knock down any building if it
bsted for even as long as a sccond. Behind the high pressure
Wave comes a 'wave of suction, or low pressure, lasting for
dout five times as long as the pressure wave. This is ‘usua]ly
blowed by a much smaller pressure wave. So windows
which are smashed by the high pressure are often sucl;ed out
by the low pressure, which also turns corners more easily than
the high pressure wave.

Ifan object is fairly elastic, so that it can yield to the pressure
adspring back, it is little damaged. It is amazing how little
m is done to trees quite near a flying bomb, even if their
kves are torn off, The same is true of buildings with a steel
fame, Anderson shelters, and surface shelters with adequate
el reinforcement. . d
Many of the human casualties are due to people being crushe:
o hit by flying bricks, stones, glass, or woodwork, or to thellr
l’fing knocked over by blast. But blast can kill people
rectly, A pressure of 10 atmospheres is harmlegs. Ill{laVC
ften beery exposed to it in diving experiments. Butit too l:ns
Wrminutes or more to reach this pressure, and the pressure da
Penty of time to equalise itself gradually in all parts of my body.

hat happens when the pressure rises to 10 atmospheres in
tthousandth of a second was worked out by me‘?ssoai
wkerman, of Birmingham, from a comparison of a}mm.d
"Petiments with post-mortem examination of human atr-rat
Gsualties, h
The blast wave in the air goes on as a pressure wave throug
¢body until it reaches a cavity containing air. The ﬁari
M may be burst, causing deafness, but they gencrally hea
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completely. The effects are mu_ch more scr101ils 1111 thelllugegss{1
or in the intestines, if they contain bubbles. The huma e
behaves like a row of marbles touching one anoth‘f:r in f; gLOU h
If you tap one end, the marble at th; other erﬁd flies o ;Vtao [%K
the intervening ones hardly move. In the same thnthe
delicate lining membranes of the lung or gut are tom
wave finds nothing but air in front of it. i
So a man near a bursting bomb may have I_“ﬁﬁ? e
injuries, but start coughing up blood and die v;lt i
hours. Ifhe recovers, he seems to do so completely. e
man found that rabbits could be protected from blast by (;Imt
rubber jackets round their chests. Thus thick clothes :iri: g
protection. But shelter is vastly more so. Bl:itﬂ Oake .
turn corners readily, and even a wooden door will 'dotr
most of the force of the wave. Soif you can get into a corn
or under the stairs the air wave is unlikely to hurt you. o
After the pressure wave has travelled some way, 1th15 o
verted into a train of ordinary sound waves. Much the !
happens if a stone is dropped into a pond. It first forces
. ] Jevel
water down. Then some water rises above the origina .
But a few feet from the splash we see a series of Perlodlc ‘:hin"
spreading out in circles. These sound waves will set any thci:I
in motion if its natural period of vibration is the same }?St .
own. This is one reason why some panes of glass, ubursrv
others, are broken at a considerable distance from 2 i
Another is that the sound may be concentrated by reflec ’
from walls, flat ground, or water. Physicists could leam ;uﬂ'
from a detailed study of such effects, if they were not £00 :
On urgent war research. The actual result is likely ©

political rather than scientific,

C e . <o children

The Nazi policy has been to kil civilians, including C}“lj ft
all over Europe, to weaken other nations in Brepaf{mo e
their next aggressive war. As a result of this policy **"

. inr
drastic measures have been proposed to make such 2 w& ™!

. n
possible. Some of these proposals have met opposito? !
England.

: 1
They will meet less now. The flying bombs at:iii
long-range rockets, if they are used, will certainly notlost i
war. They may very well cause Germany to lose East i



Probability in War and Peace

IN ordinary life we aim at complete security. We are not
satisfied that railway bridges should be so designed that 99
per cent, or even 99-99 per cent of them should stand up to
the weight of a train. We aim at 100 per, cent safety, though
we do not get it, because railway bridges sometimes collapse,
but the chance of a collapse is much less than oncin a million.
However, in war one has to take chances. In modern war we
e at last beginning to reckon them scientifically. In fact at
the present time I am engaged on.calculating certain probabili-
tis for one of the services a little more accurately than has been
done before. )

Naturally I cannot write about this particular calculation,
but I can write about the kind of way in which chances are
worked out. If a warship is firing at extreme range, the shell
may drop too near or too far, and to right or left of the target.
This is partly through errors of sighting or ranging, partly
trough errors in estimating the relative motion of the ship
which is firing and the target, and partly because the ship aimed
# may change her course. Besides this, the wind must be
alowed for, not to mention the wear of the guns; the cordite
may be slightly variable, and so on. ' ' "

In shooting at an ordinary target, onc 1s about as hkely to be
afoot out from the bull’s-eye above or below, to right or to
bfi. Inlong-distance naval gunnery this is probably' notso. I
should guess that errors in range were apt to be bigger than
torsin line. Anyway one group of errors must, on the aver-
age, be larger than the other. ) o

Let us see what this means. If errors in all d1r§ct10ns are
equally likely, which is roughly true in rifle shooting zanfdf in
ombing with certain techniques, then we can represent difter-
ent degrees of accuracy by circles, as on an ordinary targe‘t%
This is fairly obvious. But it is not in the least obvious that 1
25 per cent of the bullets hit within 1 foot of the mark, 5o per
wnt will be within 1-57 feet, and 75 per cent within 2-28 feet.
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This is a result of the advanced theory of probability, s
pretty well borne out by experience. If, however, emosn
range are greater than errors in line, the circles must be r
placed by ellipses.

In a naval battle it may be more important to be Sllﬂ{(’f
hitting an enemy ship at least once than to have a sportif
chance of hitting it with half a dozen shells in a salvo. Thisk
particularly so, with, a force which has numerical superiont,
and can expect to beat the enemy if they can slow him dow
So the different guns of a battleship’s main armaments ar¢ 1
all aimed at the same point, but so that the shells will falllma
pattern. The calculation of this pattern is a very mnto®
problem, depending on the accuracy of aim in range ad v,
the size of the target, and so on. Presumably it has becn full
solved. If not, we are wasting shells and lives.

In different circumstances it may be more important I
administer a knock-out with half a dozen shells, even lf te
chance of this is a good deal less than the chance of 2 sing

hit. In this case the different guns must be aimed at or 1%
the same point.

bi]rjl the same way 1 presume that we use the theory of prot-
a

ty in defence, for example, in the design of mim?ﬁeld.S o
land and sea. One can calculate the probability that 2 ship,
man, or a tapk can get through a minefield, and make this#
small as possible with a given amount of material. .

After the war a good many people, though not enough, ol
have learned to think in terms of probability. This is impor®
ant, because even in peace time the most impoftant things© o
are matters of probability, not of certainty. You can nevet
sure that you will not die before you get home, or that whe?
you do you will not find that your wife has gone mad ot you
c : been run over. Society should be organized 5o 8 ©
make such events as these ag unlikely as possible. It ® a
Stli.lk,lng fact that in the Soviet Union the theory of pr°
a 1h}tly Pl?l}{s a big part in planning. Moreover, Sout
marhematicians are paying special attention to its Mm%

ns.

matical foundatio
Only i : . italism is thee
Y M a very few industries under capitalism 15 tee
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enough planning to make it worth while to apply such notions.
One of them is the telephone system. The American trust
which runs many telephones has investigated the probability
that an exchange will be so overwhelmed with calls by pure
chance as to lose time. For though there are peak hours for
alls, most calls are more or less at random, and if too many are
made at once, there will be delay. The Bell System Technical
Jusrmal has therefore published highly complicated calculations
on this question. ' L

In a planned society transport, industry, and distribution
would be designed so as to avoid not only accidents, but
pmming of the machinery in this way. As things are we are
fied with an alternative between monopolism on the one
hand, and on the other a chaotic system with a large element of
luck which gives the speculator his chance. B

The insurance companies employ the theory of probability
omalarge scale. No-one knows who will die next year, but
the number who will do so, and its probable fluctuations, are
petty well known, and rates can be fixed to insure a profit for
the shareholders on any likely contingency. Thus air raids
may kill an unexpected number of people whose lives are
msured.  But if they also kill old people who are drawing
amuities, the insurance companies will not lose any 'mone}zf.
The larger the population with which you are dealing, the
greater is the degree of certainty with which you can apP%lY tk‘i
theOfY of probability. This is one reason why the'state shou
tke over insurance, in accordance with the Bevepdge scheme
ot some more Socialistic plan. Another reason is, of course,
the great economy which would be effected by cutting out
nvassing and collecting, which would mean that the CXISt}llng
ff of insurance officials could serve many mote people than
& present, . .

The theory of probability is as importanta tool in peace as 1n
war. It is up to us to sce that it is used.



Ice Ages and Modern History

Y the time this article is in print, the Red Army shoud b
fighting its way through the lakes of East Prussa. I

1914 these lakes were of great defensive value to th; German,
and a large Russian army was surrounded and wiped out ¥
Tannenberg in the lake district. f

Things are different today for three reasons. The leadersoal
the Red Army are tried in modem war, whereas G’enet'
Samsonov, who was defeated at Tannenberg, had prevw\!_sh
been governor of Turkestan, a policeman rather thana soldie.
The Red Army personnel are literate and trained to use %
tive, whereas few Tsarist soldiers could read a book, let aloie?
map, and they were not encouraged to think for themselves

Finally the Red Army has experience of forcing watet line
such as the Dnieper. “And above all, it has just fought !
successful campaign against the Finns in lake-dotted cov™
very similar to that of East Prussia. I have little doubt t}}m
specialists in this kind of fighting have been moved from Fir
land to the East Prussia front,

East Prussia and Finland are full of small lakes for the samﬂ'
reason. The landscapes of both countries have been formed b
the recent action of ice. Lakes can be formed in at Jeast %
ways. Some are formed by carth movements. For exampt
]'_.,aké Tanganyika and the Dead Sea were made by &
sinking of rock masses.  Such lakes are often large and deePH

Others are formed when a river is dammed by earth brovg t
down bya side-stream, a glacier, or an avalanche. These &
generally small, and do not last long. Some are formf&
because the rock or soil beneath them has been dissolve
Such are the meres in the Cheshire salt country. .

But in Europe the most important agent of lake forms®
has been ice, Lake Windermere, between Lancashie &
Westmoreland, is g typical glacial lake. Before the last <™

of ice ag

1ts si . . W™
€8 165 site was almost certainly occupied by 2 1
valley cut ¢

hrough rocks by water. When the weather 8%
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colder, the Cumbrian mountains were covered with snow
which solidified to ice, and crept slowly down the valleys.

A glacier only moves a few inches per hour, so it is far
broader and deeper than a river draining the same area. It
therefore scoops out a broad U-shaped valley. And as it may
be hundreds of yards deep, it may grind away rocks to a great
depth.

%his happened at Windermere, which is over 200 feet deep;
ad its bottom is actually below sea-level in places. /s we go
down the lake towards the sea the bottom actually rises, for
the ice was thicker and had longer to act in the “upper” part
of the basin.

The barrier at the bottom of Windermere consists of rock
overlaid by stones, gravel, and clay brought down by the
ghcier. A river can carry mud and even gravel, but only a
mountain torrent can move boulders, while ice can carry them
for hundreds of miles, and dump them when it melts.

The mounds of clay and stone deposited at the foot of a
gheier are called moraines, and once you have seen them
wtually being made in the Alps, it is easy enough to recognize
them in England. The lower end of Windermere is daimmed
by a moraine. So ice not only scooped out the basin, l_nut
increased its depth by carrying down sediment in a way whic
water could not do. _ :

Some of the Finnish lakes were formed by this double action
ofice. But many in Finland, and all in East Prussia, were made
by the carrying rather than the scooping action of glac1ercsl:

Thirty thousand years ago a huge icefield covered Scandin-
via and Finland, as one now covers Greenland. The ice crept
away from the centre in all directions. Wesmard—mown%
gaciers scooped out the fjords of Norway. The main fn’la&
moved southward across the Baltic, which was a sea ot 1c¢,
and ended in northern Germany. ) i

Here it formed moraines which are now lrgegular ranges O
hils, Where the border of the ice was stationary forlf%me
time these hills may reach 2 height of 1000 feet, thoug ﬁw
ae over s00. Where the ice melted qulckly as the weather
improved after the ice age, the ground level is lower.
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Tt is here that the lakes were formed. Conditions wer
rather similar across the Atlantic where the ice from Cand:
came as far as New York. The Great Lakes roughly cort
spond to the Baltic, and there are hundreds of small lakes int
northern part of New York State.

The formation of the Baltic moraines had another importat
consequence. Poland and northern Germany mostly di
into the Baltic. But there are only two rivers which have
broken through the moraines, namely the Vistula and Oder
The moraines have diverted the Elbe into the Atlantic.

In consequence a number of rivers, including the Nerew,
Vistula, Warta, and Elbe run westward over much of their
course, and slope so gently that they can be navigated witho
locks, and canals can fairly easily be dug from one to the other

Berlin is at the hub of this system of waterways, and i
consequence grew very rapidly during the 18th centurf
Thl.s Was most unfortunate for Germany, for other ¢
which grew more slowly had either been completely inde-
pendent like Hamburg, or had at least been cultural cenu®
for some time, whereag Berlin was the creation of the me
graves of Brandenburg whose descendants became kings ¢
Prussia,

If Hamburg, Dresden, Weimar, or Cologne had become the
capital of Germany, the worship of war might be much les
ﬁrml'y rooted there than is the case at present. The facts o
physical geography may have been more important in shap-
g German militarism than the inherited characters of t°
Germans.

It was fortunate for England and for the world that Londo®
o Srear commercial city which sided against the kings it &
Careii;lRebelllhon, and as late as the time of Wilkes, became 0
P}? SiC;‘lrat er than Windsor, York, Winchester, or Oxfo®
moyul d thegefography Is only one of many influences Wi

ate of nations, but i is an important one.



Coral Reefs

THE American navy, army, and air force are now driving
L the Japanese out of the Gilbert and Marshall groups of
Sands, and their bombers have attacked the Caroline group.
These islands are largely built of coral, which is formed by
Nmals like small sea anemones. Millions of them are con-
“andy laying down new layers on the foundations laid by their
Parents, This rock is generally a grey or yellowish limestone.
Only 3 fow species make red or black coral.
ough a few corals occur round England, those which
M large reefs can only live in warm water. The nearest
Ige growth of living corals to England is on the Algerian
©ast, and the nearest easily accessible coral reef is in the
nary islands.  But the climate of our country has been much
"rmer in the past, and some of the hills near Oxford were
*Uginally coral reefs. , .
When conditions are favourable for the coral-forming
anlIIla’tls, they may make huge quantities of rock. They live
besy W surf, and are killed off by mud, silt, or sand. So
Whereas in England a wave-beaten shore where no sand or silt
N beillg laid down is generally eaten away by the sea, it may be
“Place where the land grows in the tropics. There are three
3y types of coral reef. Fringing reefs are parts of thC sho.re
*a continent or island covered with coral rock, growing at its
“Ward edge. Barrier reefs, generally covered at high tide
ot Partly exposed at low tide, lie some distance from the shore
o continent or island, with a shallow lagoon between the
“fand the shore. Atolls are ring-shaped island_s of coral only
rlsulg a few feet above sea-level, with a lagoon in the m}ddle.
The main Caroline islands, including Truk, are mountainous,
iad surrounded by a barrier reef some miles out. This forms
abteakwater which makes them into a natural naval base};
¢y will be very hard to invade because the entrances thr_ou%1
¢ reef can be commanded by guns on the high islands u}11s1 e
¢ So far the Americans have Aown over the barrier, but have
183
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; ilber
not tried to get ships through it. T}};i ﬁ;jlgudszii o
islands are mostly atolls, anil arle mu]C3 e s anick
shi'ps can approach therp c OSE }i;l bZin e Possessiqn-
rinted, most of them will pro ably £ Do 2 el
P Besides the coral-making animals, coral reeii i I beans
fauna of fishes, worms, and other creatures, w hC1 >
joy to naturalists. The fish are generally, brig kt y N
{qn}c]l often have cutting teeth like 2 parrot’s bea bggdedmii-
they can gnaw the coral to get at the animals imt o i
Darwin was not content with studying the eX}llstlng they b
of coral islands. He tried to understand C}:‘; o s
originated. Indeed he could' not study anﬁ}/;t v gwishe 1o
inquiring into its history, which was why Mar
icate Capital to him. -
de]dDarwin t}ixought that barrier reefs were forﬁedfo‘r"’ri‘;ew
coast-line was slowly sinking. As the coral can o1 Yel e
rock at its outer edge, this will keep up to sca- e;l’to' e
lagoon forms inside. If the central 1sland_51pk€) dgenough’
ring-shaped reef will be left behind. If this is roa_levd,an
broken fragments of coral will be piled up above sea
a chain of low islands will be formed. beidenco, a8
Murray and others rejected the theory of su il_ .
thought that the lagoon was formed by the disso ‘;‘mfoul e
of the sea on old coral rock. He also thought reefs Ol e
formed at a considerable depth, and gradually built up :

.o and the
reached the surface. The inner part would then die, an
growing edge form an atoll.

Recent work has bron
fied form of Darws
naturalists today ar
evolution than th
revision has been

One stron

di-
ht many geologists back to a m°
n’s t}%eory ofycc%ral-reef forma}“lotfll; J“Stgsf
€ a good deal less critical of his }fogmﬁ

€y were thirty years ago, thoug
necessary. 1 bya
g piece of evlizencc for Darwin was pr OVId,eed blon
bore-hole 1100 feet deep made for the Royal SO}C: ﬁeeﬂ
Funafuti atoll. The coral found, even at the bottom, ha

made by animals which only live in shallow water.

3 : - - . . ] esirable
€ main modification in Darwin’s theory which is d
is to put d

. .. ¥ thaﬂ 3
own reef formation to a tising of the sea rathe
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snking of the land. During the recent ice ages much of
Europe, Siberia, and Canada were covered with ice which may
have been several miles deep in places, as it is in Greenland
today.

W}ilen this gradually melted in the course of several thousand
years, the sea-level rose all over the world. So the present
set-up of coral islands may be a temporary one, which has not
existed at most times in the world’s history.

For a vivid picture of life on these low, ring-shaped coral
islands, I strongly recommend Jack London’s South Sea Tales.
There are terrific descriptions of storms sweeping right over the
slands, and of British imperialism, represented by the “Moon-
glam Soap Company”. ‘

Before their discovery by Europeans the inhabltants_of 'the
Caroline Islands had reached a considerable degree of civiliza~
tion, and made great stone buildings, now ruined, on artificial
ilands in the shallow water behind the coral reefs. Most of
them were killed off by the Spaniards who conquered these
ilnds in the 16th century, and the Germans and Japanese,
who succeeded the Spaniards, did little to help thf?m. o

We may hope that those who survive the American air raids
ad naval bombardments may at least get a new deal, and be
given a chance to live in the way which they desire, rather than
wcording to the wishes of Jesuits or soap‘manufagturers. N

Their fate will depend on the balance, in American pOh%CS,
between imperialistic tendencies, and the more liberal policy
which had promised independence to the Filipinos at 2 definite
date, whereas the date is always omitted in similar promises ﬁo
Indians. The Atlantic Charter should be applied in the
Pacific Ocean.
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L A WORLD GEOLOGICAL SURVEY

N these terrible times? many people will think it utopian to
write sunshine stories about the future. If our Government

will not even state its war aims, is it not ridiculous for members
of 2 small minority to discuss what they hope will happen?

Idon’tagree. Marxists think that history is moving towards
miversal Socialism and the breakdown of barriers not only
between classes but between nations, And one solid block of
two hundred millions in the Soviet Union is working towards
these goals. Not towards a world state. ~ States are instru-
ments which are efficient for class war and international war,
ad very inefficient for many other purposes. A world-wide
Socialist community would probably be so different from any
existing state as to deserve some quite different name.

One of the first tasks of scientists in a world organization
would be a real world survey. This has so far been done in a
very uneven and unorganized way, owing to rivalry between
ntions and firms, and to the predominance of the profit
motive. There is, for example, an immense amount to fmd
out about the geology of the British and French Empires,
because there are not enough qualified British and French
geologists to do the job, and foreign geologists Would‘ not llie
ecouraged. A few Indian geologists arc now studying the
tocks of their country, but I have yet to healz‘of.an.y_ Nigerian
or Ugandan geologists, though members of “primitive races
in the Soviet Union are taking up geology. foil

A good deal of geological knowledge is a trade secret © 01f
ad mining firms. Very little is known of th_e geologh}; 0
some countries, for example Afghanistan and Tibet. T li 1s
lrgely because the Afghans and Tibetans dp not thn}k thC_Y
would be any happier if oil or gold was discovered gl their
countries, and do not allow prospectors. If they could go 'LO
the Caucasus, they would see a country where 911 has brougkt
wealth to the people, and not to financiers in New York,
London, or Amsterdam. So if they were sure that their

1 November 1940.
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countries’ minerals would be used for their own good, they
would probably change their minds.

The first task of world surveyors, then, would be the pr-
paration of detailed geological and climatological maps of te
world. Over wide areas nothing of economic importa
would be found. But over the world as a whole enough wold
be discovered to increase the mineral resources of the huma
race many times over. This has certainly been the result of ic
great geological survey of the Soviet Union which is still gong
on. Incidentally we should gain an immense amount of ne¥
knowledge concerning evolution. For the detailed history of
evolutioncan only be based ona studyof fossil animals and plants

It has long been clear that both mammals (that is to %
warm-blooded hairy animals which suckle their young) &
birds are descended from reptiles. We know many detls
of the origin of mammals, thanks largely to the work of one
man, Broom. We know very little about birds, thou.gha
tew fossil birds with teeth in their jaws, claws on their wing
and long bony tails, make the general line of their evolugor
Clea.r. In South Africa the Karoo formation consists of 10"
which were laid down fairly steadily during the time mamm®
were evolving. Elsewhere, so far, there is no continio®
record, though a certain number of reptile-mammals ¢
known. But the South African record shows that the bon®
il)nﬁ teeth at least' evolved either quite steadily, as Darwh
de c;zed, or by fairly small steps. Geology has been highl
d'eve oped in South Africa, because of the search for gold an
diamonds. Perhaps the similar record for birds will be fo
1%1 ha counltry_ where there are no economically valuable minﬂaﬁ‘
P % eSVO ution of l}orses was mainly worked out from fost

-S.A. beds which were excavated on scientific rather %

purely economic grounds,
. A world geological survey would include some coloss
L gineering tasks.  If we are to find out what the rocks &
¢ In central Greenland we shall have to bore through 1

than a mile of ic t . hott
below the floor Zf(:;hget asample. It will be necessary ©

present we kn

e deep ocean at a number of points b
ow a lot about the silt on the surface, and 1
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tken a few samples going down ten feet below it.. Presum-
dbly our descendants will lower a boring machine four miles
ormore in some deep but calm part of the ocean, and anchor
aship or raft above it, from which electric power will be
tasmitted. Only then shall we know how thick the sedi-
ments are, and whether, as many geologists think, the rock
below them is generally basalt, as opposed to the granite which
isusual under the continents. '

Another task will be the exploration of the decp rocks under
the continents. At present the deepest borehole is under three
niles deep, about one fourteen-hundredth of the distance to
the earth’s centre. If the earth were the size of an app}e, this
would correspond, not even to the thickness of the skin, but
to that of the waxy layer on its outside. o

The rocks near the earth’s surface are generally sedimentary,
tht is to say were slowly formed on the surface under the
ifluence of water, wind, or ice. Under them almost every-
where, and sometimes at the surface, there is granite: But Fhe
ganite layer is not very thick. About six or cight mll_es
down, the evidence from earthquakes makes it pretty certain
tat the granite lies on denser rock, and below this is a stﬂf:l
denser layer. 'We shall have to know what these are made of.
The information may be of no economic value. But we may
strike vast supplies of valuable minerals, or find out how to use
the heat as a source of power. o if

It will only be possible to plan a world community 1 Ws

ow our resources. And since we can make new ’Plan_ts anl
aimals, but not new minerals, a survey of the world s mlnei’g $
Wil be needed before the world really becomes man's wor:d.

I. A WORLD BIOLOGICAL SURVEY

Last week T dealt with the need for a survey of thet Vggflli ;
tocks,  Some critics will say that I am taking an out- e
Vew of science. The 18th and early 19th centuries Were
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times for collections. Collection has been superseded by
experiment.

Ipdon’t agree. 'The first real world survey of plants ifiﬁd
animals was made by the great Swedish blologlst Lm'nacus,gf 0
listed all the species known to him. He got hls‘sPcamzn; 031]
the imperialistic voyagers of his time. The British an dimthe
merchants were struggling for the domination of In a,hm
Spaniards and Portuguese were at last Jooking for SO}XInetl n
beyond gold and silver in South America. He listed the pln
and animals which they found. o -

We shall need a survey inspired by So-c:lahsm as Lmajiim
survey and those of his successors were inspl_red by III}PC;1 .
Here the “pure” scientist will hold up }ils hands in OEcL:
“There is only one science,” he will say; ¢ you are gO}Fg liiiC‘
to the Middle Ages if you speak of Socialist science, as 1t poit”
could affect truth.” . .

On the contrary, a survey on Linnacus’ lines is very @Ou
for the rapid exploitation of a country. It tells you _Whefc? "
will find a particular sort of animal or plant, But it does nce
tell you how to keep up the supply of it.  And in conseqi®
large tracts of the earth’s surface have been devastate(_l.
animal species such as the American and European bisons #¢
one species of mountain zebra have been almost extermini® :
others, like the American passenger pigeon, and the tarp:m,b on;
of the wild horse species, are dead. Many forests haVCfff‘:
cut down, leaving bare rocky hillsides. Large areas ot ™
central United States have turned into a dust bowl.

ahe modern study of wild animals and plants is 3 ¥
d1fferent matter. FOI' one thlng it is quantitadve. Blol()g'h':
are counting plants and animals, not of course as accurately *

uman beings are counted at a census, but still fairly accurat®
In a few cases the total number in a species in the whole Wor;-
15 k.n"W? with fajr accuraty. This is so for the big tre® d:
California, and for two British birds, the St. Kilda wren and '
gannet.  When last counted these numbered 136 and 156®*
adults respectively, The number of adult herons in BI%

: _ el
was about 8000 in 1928 with a possible error of a few huncr
cach way,
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Even insects can be counted. For example tsetse flies in
Africa and butterflies on one of the Scilly Islands have been
counted as follows. Each day a number are caught, marked
with a spot of coloured varnish, and released. The number
rcaptured on later days is then counted. For example if 50
butterflies are marked green on the right forewing on Monday,
ad out of 50 caught on Tuesday, 5 have green marks, this
means that the total population is about s00. If you go on for
smonth you get a fairly accurate estimate of the total, whether
itis increasing or not, and of the average length of life. You
an also find out how far the insects usually fly in a day, and
many other interesting points.

Above all, the modern naturalist studies animal and plant
communities and their relations. These communities, if they
are not changing, are in a state of equilibrium which is easily
uset. Today in England rabbits eat a vast amount of grass
which would otherwise support sheep or cattle, whilst in
Australia they are a national calamity. But in the Middle
Ages rabbits were quite valuable in England, especially as a
source of fur, and only noblemen were allowed.to ha}ve rabbit
warrens on their land. They have increased, in spite of the
denser human population and the use of shotguns, l_)ecause
hawks, foxes, weasels, stoats, and other animals which eat
nbbits, have been killed off. o !

But a good many plant and animal associations are unstable,
uless men intervene actively. Leave an English plo_ug_hed
fild alone, and it will soon be covered by grass. Within a
generation the grass is invaded by thorns ?nd other s}ﬁrull;s.
Then more gradually, in most areas, trees Wﬂl oust the shrubs.
And in a few centuries there would be fairly dense forest, as
there was two thousand years ago over much of the country.
This stable plant community is called the climax, and consists
of forest over most parts of the globe, though in other areas 1t
may be desert, grassland, heath, or marsh. of courscdlas a
plant community changes, so do the animals. As woO tar;
replaces open country we get 3 completely different sf .
birds, which nest on trees instead of on the ground like larks.

Wild pigs would replace grazing animals, squirrels ZVOUld
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become commoner than rabbits, and so on. One of the firs
steps in investigating an animal community is to'ﬁnd Whﬂﬁ
each animal eats. This involves identifying the%r stomat
contents at different times of the year, and is a difficult joh
For it is one thing to identify a whole beetle, but much harde
to find the species to which a wing-case or leg belongs.“ .
The scientific study of animal and plant cgmmumueslj
called ecology. It has been mainly carried out in Europe a
North America. Some of the best studies have been in t
Arctic, where there are rather few species of animalS and plants
so relations are simpler. ) |
Similar studies in the tropics are essential if they are O K
made fit for healthy and happy human life. Irrigation ma}f
lead to a big cotton crop, and a flow of profits to the dty
London. It may lead to an increase in the local pOpU_hUO“'
But it may also favour mosquitoes which spread malana,afi
worms which bore into men’s tissues. In a planned wor
community the probable results of any change in agncult;lf
methods, or of clearing forests, would be investigated be o
this was done on any great scale. And a systematic a0
would be made on dangerous spots, such as the semi-destt
areas where locust swarms breed which may fly off a

devastate crops a thousand miles away.

) ]
. . -
In the same way the exploitation of the sea would be
trolled.

. . v
Today whales are being exterminated, and mﬂoh
arezltls grossly over-fished. But few international agreemens
suc

matters last for long. World control of fishing &
whalin

. ) . v

g Wou.ld in the long run increase the sea’s yldd, and safa
Valug ble species from extermination. And the extinction %,
species is far worse than the killing of an individual. ™

- - - - | 1
individual is replaced in 2 generation. It may take 2 Hnuﬁ‘

. L
years to make a new species. The preservation of valus
species would be part

of the task of 2 world community-
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II. POWER

Lenin saw that Socialism could only succeed in the Soviet
Union on a basis of electrification. For though the Soviet
Union is rich“in coal, its coal resources are probably less per
umit area than those of Britain or Germany, and many districts
are 2 long way from coal-ficlds.

Besides, Lenin, though he had a keen eye for the present,
looked centuries ahead. And once Socialists have abolished
poverty, they will inevitably plan and build for posterity
nther than for immediate profit. Our mediaeval ancestors,
whatever their faults, built for the future, and their cathedrals,
colleges and halls are among our greatest treasures. The 19th-
century capitalists, with their eye on immediate profits, left
very little which posterity will want to preserve, and
squandered natural resources in an abominable way. A large
amount of the coal of Britain is ummworkable because the seams
were worked without any general plan.

The problem of power falls into three divisions, namely
generation, transmission, and storage. The first sources of
power, apart from slaves and animals, were wind and water
nlls. The factories of the late 18th century were largely
bl over water mills. But before the invention of the
dynamo water power could only be transmitted for a few
hundred feet at most. And before the invention of accumu-
lators it could not be stored. Today energy is mainly trans-
mitted in two distinct ways. Electric power can be sent for
hundreds of miles by a grid of high-tension cables, from 2
generating station at a source of water power o a coal—mlnef
Orit can be sent by rail, ship, or pipe-line, stored in the form o
coal or oil. .

But energy in its most readily available fo;ms, mechanical
and electrical, cannot be easily stored. A.cgumulat.ors are too
heavy and bulky to be of much use for driving vehicles. Any
vehicle which does not run on a fixed route where electric
power is available must use coal, oil, or some other chemical
source of energy, generally from underground.
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A world society will rely so far as possible on eleztrzcv :EZH
e T ater, fl;or ?t I’ egfcs)lrntlgi: ;E iilcz)tsands of yeurs
r, but it las ;
ioci;l?fgfl:isltof: erl:‘:)eﬂﬁeld is exhausted in a century or so, andt
s millions of years to make a new one. . "
takTeidIaIiﬂ;;wer as };vell as fresh water power will be lie%oazﬁst
will involve the temporary storage of energy. b
Government of Britain will at once start on the Seye}rlrtl o
This will give a great deal of electric power for elig o
the day, when there is a big difference of water lev o
two sides of the dam. It will give l(?ss ppwelil over o
eight hours, and hardly any during a third elghlt) ouri.ed o
cextra power of the peak period will have to be ston ar.tiﬁdﬂl
proposed to do this by pumping sea water up into a s
lake in the Wye valley, which will empty durlncfl; v
when the tides are slack, and thus furnish a steady o
power. This scheme was turned dow:.:1 twenty ye e
ecause it would have interfered with various prlv'az mveste |
and would not have given a high return on the capit nflorwar
But in a Socialist community such schemes Wﬂlb%o pritin
because they will in the end form almost imperishable a
to the people’s wealth. . .
WheI; £08t of the readily available fresh and tldiswfaﬂ'
power-of our planet is harnessed, and used for factor e
ways, trams, trolley-buses, lighting, heating, and so on, ¥
shall still need mor.

g
power for ships, aeroplanes, buses, cars, and other velid
which do not 80 on fixed routes, . -d. but
A very obvious further source of power is tbe V};nn éwer
this is so spasmodic that it could only be used if t'beﬂipties of
could be conveniently stored. There are several posst cumt
doing this. One, of course, is a big imprOVﬁmf{nt n ac entv
lator design. This seems less likely now than it did tvgomé
Years ago. Another is the development of condensers. ¢ that
of the modern Plastics have such 4 high dielectric gonstgni i
it might be possible to use them for storing static electr ng
igh voltages. More probable is the use of electric Poflv
Produce a fuel which, would replace petrol, coal, or both
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It is fairly easy to make hydrogen by passing an electric
arrent through a solution of an acid or salt in water. The
means of liquefying it have been vastly improved by Kapitza
inthe U.S.S.R. But its storage is another matter. It is the
lightest of all liquids, so it takes up a lot of room. And it
must be insulated from heat, or it soon evaporates. Things
would be vastly improved if electric power could be used to
make a gas which is more easily liquefied, and less bulky, such
s methane, or still better, some of the components of ordinary
perol.  Liquid methane, from underground natural gas
liquefied in factories, is already used for driving buses in the
Soviet Union. But so far as I know no-one is tackling the
problem of making it by electric power. o

Such problems as this will be one of the tasks of scientists
ina world community. The ultimate aim of such W(?rk will
beto provide sources of power for the human race which will
st indefinitely, and will not involve the danger and dirt inevit-
bly associated with the mining and transport of coal and oil.

To a biologist the dirt is an important part of the story.
Try to imagine a city where there was no smoke, and no dirty-
ing of hands and houses with coal, but also, of course, no horse
dung in the streets. Its inhabitants would take for gr‘anted a
sandard of cleanliness which would enable them to raise their
health to a higher level. . ald

Power would be available in vast quantitics, but it wou
not be based on the yearly sacrifice of thousands of coal—mln}fllflsl,
ad the spoiling of vast areas of what was once beautiil
comtryside. The nearest approach to this ideal is found today
in countries such as Switzerland, where water power is vera}i
abundant. 1In a properly organized world it will be the norm
human environment.

V. FOOD

In earlier articles of this series I have dealt with some olf the
surveys which will be needed so that the resources of our planet



198 SCIENCE IN A WORLD COMMUNITY

can be used to the best advantage. Of course plenty more w[ﬂ
be necessary, particularly a world survey of dfl_:eascs. A
present many diseases are confined to a gmall area, from wVed
they are liable to spread when communications are hugprom-
Such are Rocky Mountain Spotted Fever in North Ame eé
and Oroya Fever in South America. These should be stamp

ut before they have spread. ' ‘
° But the greZt tasks vlsorlll be those of the experimental rsatl:;
than the collecting and surveying branches of science. ; 0ar
of our activities, such as transport, communication, a111 h‘ivn,
involve a great deal of science, others such as feedlngl, T ot g;
and the building of ordinary houses, a great dea ess.tl ’
regards food, it will be necessary, first to find out as Exag Vzr,ith
possible what people need, secondly how to ‘prowde 00 o
the minimum expenditure of labour, and thirdly hovxi( towo
it as pleasant as possible. Of course these three tasks

o on together.
¢ The ﬁgrst task would imply the use of hundreds of Hﬁﬁ;
women, and children as experimental animals, kePt or;l rﬁ;ma
controlled diets, like so many rats, and with their healt s
growth very carefully studied. The subjects would l1)1‘0 o
likely to die, or even to become seriously ill. ~ For the o je‘Ci o
the research would not be to find the minimum needehic
preserve life, but the minimum needed for perfect health, wiid

is a very different matter, They would probably find ther
artificial diets rather dull.

The second task is a far larger one. T am prepared 10 bet

heavily that the diet produced with the minimum labour

i . : e, d
expenditure would be a vegetarian diet, and what is mor

- - . i On-
rigidly vegetarian one, Fep most so-called vegetarians ¢
sume animal products syc

h as milk and cheese, which are ﬂga ‘;
without taking anima] life. However they are made f)w
roundabout process. The cow eats grass, and some @ :
foodstuffs present in the grass reappear in the cow’s for
But most of themn are used for movement, for gfowth’
producing bull-calyes which do not make milk, and so OI; ¥
Our chief classes of foodstuffs are carbohydrates suc 40
sugar and starch, farg and oils, and proteins such as the m
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constituents of meat and cheese. We can casily get our
starch and margarine or oil from plants, but plant proteins
have so far .proved less satisfactory than animal proteins for
human diet. To keep in health we need far more of the
proteins of bread and beans than of milk, meat, eggs, or fish.
This is because the plant proteins usually eaten are those which
plants store in their seeds, and not those which they use in their
living cells, for the actual work of making starch, wood, and
50 on.

These latter are much more like the human body proteins,
5o we need less of them in our food. On the other hand we
amot eat leaves in large enough amounts to supply them,
since we cannot digest the fibres and cell walls. A cow can do
0, at least in part. So we eat our leaf proteins second-hand
sbeef or milk. However, we only get somewhere between
afifth and a tenth of the protein eaten by the cow. It is quite
possible to extract the proteins from grass by mea'ns_of a press.
They are not very tasty, but seem to be quite nourishing. And
the process of extracting them has reached a stage when Lord
Woolton, the Minister of Food, ate some in a Cambridge
College recently.

Gr;gss proteinycould at present be used to r_eplace a _gOOd deal
of our meat and cheese. But I do not thmk’ that it will be
oused. For one thing the National Farmers Union WOEL‘
probably raise objections, and if not, some official or O(t1 d(?“
would almost certainly obstruct the eﬁgrt to use it. Inhab'tl-
fion most people are very conservative in their 'feedlng abits.,
The workers would be justly suspicious that this grass Pr}?tlem ;
was about as useful for preserving health as a brick shelter
bult with lime and sand instead of mortar for preserving
life,

They could be induced to cat it if, for example, the Royal
Family, the inhabitants of the Dorchester Hotel, and every
officers’ mess in the army ate grass protein instead of meathor;
two days of the week. When this has gone on for a mont 0
shall be glad to help in a campaign t0 spread its usc among E hz
people.  While therefore I doubt whether we shall use ,
tsources of Britain to the full in feeding ourselves during the
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ittle doubt that some day our ‘descendants
Ejflicclilcz :Zar, }F}ﬁzvgb]ig 1Which remains Zlv}}en the Juézepl;aspgi:
ssed out of the grass could be use for vario ,
iprf(fluding fodder and fuel, and as a substitute for v;oloi.l "
I think that such a change is likely to be sqccless u o o
grounds. If people are not accustomefi to vio C\I:lfle’beco);nea
like the idea of killing animals. I think I wo | oo
vegetarian rather than kill all the ammal meat1 c;;fi twatgﬂjes "
not an absolute pacifist towards animals, and v}: mks e
set mouse-traps when I think it necessary. It P
will come when no-one will volunts:er for the o
slaughtering animals, and very few will be preﬁar o
them. Butldo not think this will happen till we have stop
illing human beings for a century or so. L
klufirfll%}ll don’t thini that we shall ever adopt the izl;lttlégge kﬁ
some Indian religions such as the Jains, who w o
noxious insects such as bed-bugs. On' the coptragvyii] o
one of the early tasks of the world community
termination of such creatures. _
CXIt would be much harder to use sea plants directly. xv‘;s“
seaweeds are unsuited for human food, and once we ge:m'crol-
from shallow water almost all the plants in,the sea arcthem .
Scopic, consisting of a single cell. We don’t even eat
second-hand when we eat fish. o TR
On the contrary, 2 typical food-chain in the seais ra ok
Thus we eat cod, which has eaten (among ‘other o
herrings, which have eaten small crustaceans which have

5 ourth-
one-celled plants.  So in this case we cat the plants at f
and.

Our exploitation of the
unting stage which our
2go. Our descendants

very fine nets, They may even learn to farm the sea.
can’t see how thj

‘s would be done. But a primitve b
could not imagine hoyw to grow wheat or potatoes, 50
successors may solve this problem. entific

In any case it is certain that by applying really ;]Cﬁ than
methods we could feed many more people per square ik

. 't'l‘vc
sea is at present at the Pn?\l-ears
ancestors gave up thousands of ¥

1 ;10
may catch the tiny plants directly :
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we do now, and probably at a less cost. But an immense
amount of research will be needed before this is possible, and
at present very little of it is being done.

[This series came to an end with the suppression
of the Daily Worker in 1941.]
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THE COMPARATIVE STUDY
OF FREEDOM



The Comparative Study of Freedom?

HE first essential in any scientific study is a possibility of

comparison. The measuring rod, the stop-watch, and
tie balance, are at the very roots of science. If our study of
feedom is to have any practical results, we must try to tackle
the question “‘Is A freer than B?” A may be a bus-driver in
New York, and B a bus driver in Belgrade. Or B may be a
torporation vice-president, a poet, or A’s wife, in New York.
I almost every case we find the question unanswerable. A
has more freedom than B in some directions, but less in others.
And the different kinds of freedom are incommensurable. A
en, if he wants to, read the works of Marx, and can afford to go
to the movies every night, which B cannot. But B can .have_ a
drink after midnight, and can afford a garden where his chil-
dren can play, which A cannot. Who is to dec1de.wh1ch is
feer?  Our best plan will be to specify different possible fields
of freedom, so that we may be able to carry out comparisons
within these fields. The overall summary will i.nev1tably be
subjective, but we can at least say that in some particular respect
Ais freer or less frec than B.

Besides asking whether A is freer than B, we can ask the v;ry
important question whether A is becoming freer or less rlcl:e
in a given respect as the ycars go by. 1 would pfarso?a y
prefer to live in a country where frecdom was increasing rQIE
arather low level to one where it was decl,mmg frorp a hilg
level.  This again is perhaps a matter of onc’s own philosophy.
But certainly such trends cannot be neglected. o b

Our classification of the ficlds of frecdom will inevitably be
somewhat arbitrary. And different classifications will olx]rier}-1
lap. Thus let us see what is meant by religious fr.ecdon}"Ll, Wthc
most people in the United States honestly believe that they

! This was written about Christmas 1939, before Hider’s conquest tl?f
Europe. I have not attempted to bring it up to date, if only bccaggc:l : Oc
result would be a bald comparison of the Fascist and anti-Fascist secti

the world.
205
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; of a fair variesy
ey mean:l i frseuejdoenz):ﬁelsse ho?:h?ilrytruth. There s
f doctrines, and to per L i thet
glso legal freedom to attacgltf}}e j?f;?;ﬁ%dnic_]tﬁf; ;(fuowﬂk
to a point. But you will fin fppers &
ililpto a (%atho]ic chlz;ch and denounce tl:f gvorfihlglf:z y
idolaters or into a Protestant ?h'urch o ‘friﬁe are 10t
heretics. You may practise IChgl-O h rltc1:1Sjn1k ouyenjOY ful
indecent or dangerous to life. Butif you tL );(o ain New
religious freedom, try pr actising the Hmdu' alya e gou alone
York and see how long the vice squad will ei\’ I—}Ifopi snake
Or bring over a crate of rattlesnakes and trl};it ¢ As for th
dance, and see how many laws you are brea dng};e salt deserts
religion of the Latter-day Sai{ltS, W}_uCh turned t lygamy, b
of Utah into a garden, one of its main practices, g OSZagtes. The
been prohibited by the Congress of the Unite been freedon
plain fact is that in any society the{C has at mo?:nﬂear standard
for a group of religions which enjoin fanlyﬁ‘. religiow
of moral conduct. So it will be logical to C_hVIdC P dom
freedom under freedom to communicat‘e ideas, freefr o
sexual relations, various kinds of economic freedom,
of children, and so on. k. there is2
Besides this horizontal classification, so to P The mod
vertical classification of freedoms at different lfavels- be Macr
fundamental level is the technical level. This may zreedom
ism, but it is also common sense. There could be }?Oewas e
of the press before printing was invented, becausc ther makesé
Press to be free or unfree. Thus a technical advance ossible
new kind of freedom, and a new kind Of. bondagzi Ee some
Given the technical possibility, there must in gener free
egal restrictions. Ip no country is the press so d witr
incitements to murder the rulers of a state may be Prmt‘fies Jeg
init. Most people will support this restriction. Bc351rnits o
restrictions there are customary restrictions. Law p e}r‘ sreet
ut custom refuses me, the right to walk about the
of London in

A tiger skin ai striped and specked, ;
scarlet tunic with sunflowers decked,
And a peacock hat with the tail crect.
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In primitive societies there is no division between legal and
customary restrictions, and in England too gross a breach of
custom may turn out to be the crime of “insulting behaviour”

Economic restrictions on freedom are of primary import~
ance. A vast number of technical possibilities are only open
© a small minority. Very few people can own a steam
yacht. Somewhat more can own a grand piano or an auto-
mobile. The all-important liberty of communicating ideas is
enormously restricted by the fact that very few people are rich
enough to own a daily newspaper.  Further the development
of technique tends to increase economic restrictions on liberty,
simply because modern technical inventions embody a great
deal more labour time than most of those of the past.
Augustus Caesar could have more clothes and a larger house
thn an ordinary well-to-do Roman. But, unless he had
wanted to have a pyramid built for him, he had feyv or no
kinds of qualitative freedom beyond his special political free-
dom as emperor, which many other Roman citizens dld not
enjoy. Communists, who are often regarded as enemics of
freedom, lay great stress on the fact that in practice many kinds
of freedom, though not legally or customarily r_es.trlcted, are
economically restricted so that they are ‘Ehe privileges of a
small minority. “Liberty”, they claim, “is such a prectous
thing that it must be rationed.” Under Socialism, as pra.ctlsed
in the Soviet Union, certain liberties, for example the.hberty
o print or to voyage in a yacht, can only be practised by
groups. o q

Finally we must consider internal restrictions on free olin.
These may be at a variety of levels which in practice we rat eﬁ"
abitrarily divide into physiological apd Psychologlcal_, thﬁug
wery doctor realizes that the distinction is seldom quite sharp.
Clearly a paralytic has less freedom than a man with full pO_V\}flCr
over his muscles. But most people would regard aman witha
wooden leg as freer than a cocaine ad<_1ict or a victim of 2(1111
obsessional psychosis which con}pt'tls.hlm to wash his han aﬁ
twenty times a day. Beyond this it is ha’r,d_er to go. We ;
kow people whose idea of “true freedom” is the following o
some very narrow path. We can hardly define psychological
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freedom without venturing into philosophy. Freedom &
something more than being able to do what one desires so fars
the laws of nature permit. The drug addict with unlinitd
supplies of his drug is at least relatively unfree. His actionst
controlled by a single motive, and lead to madness and deat.
A rich man who oscillates in 2 narrow orbit of office, bel
golf course, and annual holiday in the same resort is controlled
by a narrow set of motives. He is relatively unfree because he
has been so effectively conditioned by society that he has no
will of his own. We need not however go to the other ex-
treme, and hold up as an example of complete freedom the
man who never keeps an appointment, or is faithful to o
woman for a month on end. The so-called Bohemian can be
described as the salve of his own caprices, and psycho—:malyS'ls
would probably show that he is dominated by jrrations]
motives of which he is unconscious.

As a geneticist, I see the problem in this way. Every
human being, apart from monozygotic twins, has unique
genotype. For example my own genotype determines io ¢
a subnormal capacity for music and a supernormal capacity for
mathematics. Every genotype can be placed in many differet
environments. In some the individual will develop its powe'
and act freely, in others this will not be so.  If I had been born
mto a musical family and had no opportunity of learning
mathematics I should have been less free than I am. Some
genotypes, such as those which determine idiocy, can nevet
e imomuch freedom. A few, perhaps, can only fd 0
e anti-social activity, though this is doubtful. B
Openy : 1(1) szr? soc1ehty a vast number of different ac;tlv}ﬂzs ae“
on genotypes ;reasa; e Ch(ﬁce l;letwegn th;se activities 1S 35[ .
ih another way, th T ek L SoasTy ‘free. o Pd
is purstin hy’ that society is freest in which each mdlvl “
o ab%i those activities which give most scope to his of Cj
happmesslasl?‘sﬁnil am perfectly aware that Aristotle deﬁ“ﬁn
speaking of ha mpeded activity”. It may be said that g’
the Amer: ppiness rather than freedom. The framers &

can Constitution realized that they were closcly

conne X 4
cted, though 1 suspect that happiness arises rather 32
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by-product from other activities than from its own deliberate
pursuit, ,

But we cannot leave the matter on this merely biological
level. I agree with Spinoza, Hegel, Engels, and Caudwell, to
whose analysis of freedom in Illusion and Reality I am pro-
foundly indebted, in defining freedom as the recognition of
necessity. ‘This is obviously true in the technical field. As
long as men thought in terms of magic carpets, seven-league-
boots, and angels who carried a house from Palestine to Italy,
they could not begin to investigate the necessities embodied in
the laws of physics. And until they did this, they could not
build railways or automobiles. It is also true in the social and
political field. A free man willingly obeys laws which he
recognizes as just, that is to say necessary in the existing social
context. And it is true in the psychological field. Here one is
free so far as one understands one’s own motives. In Qrder to
do this one must not merely examine one’s own consciousness
and so far as possible one’s unconsciousness, but also the social
sptem by which one has been conditioned. A man ‘who
accepts his mother’s moral teaching as the voice of conscience
sno more free than one who believes his sex hormones when
they tell him that the last pretty girl he has met is the most
wonderful woman in the world. The difference between a
man and an animal is largely a matter of consciousness, and the
diference between a psychologically free and unfree man s
dso largely a matter of consciousness. .

The analysis which follows mainly relgtgs o conditions
before September 1939. War inevitably d,lmmlshes freedogl,
though much less is lost by defending one’s country than by
surrendering to aggression.

We can g%jn soi%e insight into the general nature of freedonz,
by studying the simplest kind, namely freedom of movement.

Freedom of Movement

Imprisonment is the very negation of freedom. Ar11<<ii f('i:eg—f
dom to go where one wants to is a very important Xin

freedom, if only because one can escape from many kinPds of
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d rovided emigration to a freer country is P(Iists'lgle'ﬁel:
lt)}?nI;%ﬁ }Zentury freedom of movemen}: meant g?;h elAtlantiC
¢ e crosse
m for many millions of Europeans who -
Soo the UnitedyStates. Today this 15 n}C: longirosﬁvious wayon
Freedom of movement depends in t eh mo;din of animds
technical invencions, such as roads, t le)ilrs al%d acroplane
wheels, harness, ships, railroads, automo ﬂ?c,ts 1o s mad
But this technical progress has had two ¢ tene.ceSSarY’ and I
legal restrictions on freedom of movenﬁenk e divers o
has led to economic inequalities. Bulloc o about
country roads in India do not seem to worry hicles moving &
rule of the road. A collision between two ve ~where abou
3 m.p.h. does not greatly matter. But som o mph
10 m.p.h. a rule of the road becomes nect.tSSé_er;eased Courfold
the energy liberated in a head-on crash is lnf1 With highe
and the rule becomes a matter of life and deatli - o enforet
speeds an elaborate road code, and special polic < on freedon
are needed. ' That is to say some legal reStIZICtl‘Onf om,
are the inevitable result of technolqglfial galnslll}nr:eal gais of
actual fact many of these legal restrictions result 1 i
freedom. 1 can drive much faster because drivers Jegal. And
to one side of the road than I could if bo.th Wereiﬁs%es'tﬂ tion
being a rational man | recognize the necessity for t
and gain in freedom by doing so. - ideal would
1 gain from other restrictions. The anarchist’s here. BY
suppose, be that anyone should be free to go anYVZ fras 2 leg2
I am actually freer because this is not so, and nq—an or with s
right to enter my house except with my pernuS_SfICIJ sl
warrant from the state., | should be still frecr_ld tgo far an
small private garden. But privacy can be carrie

r
- 3 dred squa
1t 1s carried too far when one man can enclose a hun .
miles of mountains fo

: ept
x the purpos of shooging, and ke
public off them. 1p this case, as in many others, a co
measure of equality is 4 requisite for freedom: roptr
In practice, however, restrictions duc to private p S

land are less serious than other economic restrlctloﬁi'hkc 0.
people in Britain cannot move about as they wou they have
€ven in peace time, for one of two reasons. Either fhe}

v ill

o\
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2job, and only get very brief holidays. They may have saved
upa good deal of money, but they dare not leave their job for
fear of losing it. Or they are out of work, and cannot afford
wtravel. It is extremely difficult to arrive at any data, but I
minclined to think that the average man has a greater freedom
of movement in the United States than anywhere else, and that
this freedom is increasing most rapidly in the Soviet Union,
where it is already fairly high. This, if correct, is due to the
great development of transport and the high real wage in the;
US.A., and to the system of holidays with pay and workers
holiday resorts in the U.S.S.R. together with the fact that, as
there is no unemployment there, workers tend to move very
freely from one job to another. )
It is also due to the large size of these two states. It is
exremely difficult to leave one’s country in search of work.
Andin an increasing number of states one cannot take any large
sim of money out of it, so that in practice one can only travel
tbroad on state business, or business approved of by the state.
The difficulties of foreign travel have been increasing fO%r _the
werage man since 1900, A rich man or a man with political
ifluence can fly half round the world in a week. But I can
temember when I could travel to most European states Wlthout
ipassport, whereas now [ must often waste days in gettlngdtlhe
Necessary visas. Freedom in this respect is dechnlng rapidaly.
The restrictions are certainly miainly due to economic causis.
If as seems likely, capitalism works ‘prO_ngSSWCIY worse as tle
fears pass, they will increase. And it Wlu become mcreasmlgjg y
dsirable to be a citizen of a state covering a large area. For
this purpose, by the way, the British Empire is not a sta(tie.
One needs a passport or permit to travel to Eire or Canada
fom Britain, ) d £
As for the internal or psychological aspect of free dom ©
Movement, we are slaves of custom to a most surprising degree.
Ispent three days this winter! going up the Prmap‘al mountam;
of Wales in January, when they are covered with snOWI.‘
et exactly two other parties, though the Alps were %raw_nzg
vith Englishmen a year ago. And in certain types ot society

1 1939_1940.
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there is a strong ideological objection to travel. It is insiruc-
ive to read the. words which Dante puts into the mouth of
Ulysses in hell. In one of the greatest passages in literature he
describes a voyage of exploration to South Africa. And e
repents it. Dante thought it was wicked to sail outside the
straits of Gibraltar. o

Very few people are explorers. A ban on exploration 10
infringement of the liberty of the vast majority of pCOPIC-
Yet it may have a decisive effect on the history of a nation
The present expansionist drive in Japan is largely a l?el.a'ted
attempt to overcome the handicap produced by the prghxbltlon
of foreign travel from 1636 to 1860. A blow to the liberty of
a very small minority may be a blow to a whole people.

Freedom as a Consumer

Every human being is a consumer, even if not 2 producer
Every improvement in the technique of manufacture meansﬂ.
potential increase in freedom of consumption. So does evely
Increase in real wages. Hence a comparison of the real wag®
in different countries tells us a good deal about the amount o
this kind of freedom. Given the possibility of buying som
thing beyond essential food, clothing, and shelter, freedom
depends on the chojce of commodities or services Wh

is available, and th,

e way in which the choice is actually
made.

Legal restrictions may be few, as in the United St
Some people even think that lethal weapons are to0 ¢t
bought there. They may be very setious, as in Britain dords
war, when many foreign-made goods are unobtainable oWl
to 1mport restrictions.  Over large sections of the world freer
dom of consumption has been drastically curtailed in rece!
 years in order to promote national economic self-sufficiency: OE

autarky.! Apart from the question of books, which will bhl
considered later, the most interesting problem is that of alcoh(l
and drugs. Heroin is an unrivalled cough cure. 15

1 .. . i e differ
i Thls1 t}s the correct spelling, Autarchy means something quit¢ difle
er selt-government, or self-starting.
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several times taken large amounts of it for a considerable
period without developing the faintest craving. Probably
many others—perhaps a majority—would be none the worse if
they could buy it freely whenever they had a cough. But
there are enough potential addicts to justify its prohibition.
Many people would prohibit alcoholic beverages because when
they are sold freely some people abuse them. The attempt was
2 failure in the U.S.A., but may succeed in India. No pro-
hibition of this kind should be regarded as desirable in itself.
In fact, even if we agree that narcotics should not be sold
frecly, we may hope that our descendants will one day achieve
sufficient psychological freedom to make this possible.
Custom, as ‘well as law, plays a very big part in limiting
freedom of consumption. There may be a standardized type
of expenditure for a given class or profession. Thus until
recently in England the ritual killing of foxes, grouse, salmon,
and so on, at appropriate times of the year, was the hall-mark
of respectability. At an earlier period a gentleman was €x-
picted to form a library. In the present age of transition
England is probably unusually free in this respect, freer than
the United States or France. On the other hand, as we shall
sce later, England is one of the least free countries 1 the
world as regards discussion of the merits of consumable
oods.
: I think it probable that, owing to the high average real wage,
the US.A. heads the list as regards freedom of consumption.
This was almost certainly so during the CPOCh.lmmCdlatd}%
preceding the 18th amendment and the economic collaPsefo
1929. Today there are so many families V.Vlt.h no margin for
buying beyond the barest necessities, that it is not so certain.
The most rapid increase, though from a low level, is occurring

n the U.S.S.R.
Freedom as a Producer

I personally enjoy nearly maximal freedom as to how I earn
my IlDiVing. %,ani] p};id to devote myself to a certamn branch of
science. I give a few lectures, and conduct research on pro-
blems which interest me. I have no fixed hours of work, and
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could take three months’ holiday a year if I wanted. Besids
this I carn some money by writing. But I do not have o
support opinions of which I disapprove in order to eam my
living. In fact I combine a decent remuneration with fiee
choice. A few other intellectual workers are equally for-
tunate, but this ‘number is rapidly diminishing, at least in
Western Europe. How few paid manual or administrativ
workers enjoy this kind of freedom is shown by the universd
demand for recreation, i.e. an alternative to work and to purely
cultural activities, such as listening to good music; and by the
fact that many people actually look forward to retiring from
their work. ,

On the technological level, freedom of production is being
rapidly strangled by the abuse of patent laws by monopolis.
In many industries the small firm is hopelessly handicapped for
this reason, quite apart from underselling and other activities
of trusts.

Freedom as a producer means, in particular, freedom to
choose your occupation, freedom to regulate its details, and
unless the occupation is pleasurable, short hours of work and
long holidays.  Where “there is widespread unemploymett
there can be no freedom of choice. A man with a job holdsit
like a bulldog, and does not try a number until he gets oneto his
liking. Under capitalism the workers have little opportumi®y
of controlling their conditions of labour, though trade unions
can accomplish something, and as a voter the worker may be
able to helphlmself in a very indirect way. Whefe, as m
sGtielf r?;t}; 23;};&61&}:;}10(1 is avalil_able, illegal strike actiog;lsiag;
collective farm, or t(f a lc;:?su:;x(tlglicitncf gtc;?ilét ?ac?(l)l ; is only
possible under Socialis ith : }ruy . which
is however so m or with peasant-proprietorship, )
comaye Sine icient economically as to restrict freedo.mai :

> + Stnce hours and holidays are satisfactory in &
Soviet Union, and unemployment d t exist, it appear
that man is freer as a dP y S R Since i
all capitalist county: P‘ilo ucer there than elsewhgre. S L
and more com 16:1135 tlie independent producer is being mfor
producers dP ety eliminated, the prospects of freedom
nder capitalism do not seem to be bright.
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Freedom as a Capitalist

In Dante’s hell the sins of Sodom and Cahors were punished
by a shower of slowly falling flames. But while the former
class of sinners could escape them to some extent by running,
the latter, who were usurers, or as W¢ should say, financiers,
were not allowed this privilege. However, usury is now
permitted throughout Christendom, and this freedom has been
an essential condition of the immense technical advances made
under capitalism. These advances are slowing down because
finance, which formerly served industry, is now strangling
it.

In the Soviet Union the sin of Cahors is punished in this
world, and so are other activities by which one man appropri-
ates what, according to Marxist economics, is the value created
by the labour of others. These activities include not only
usury, but private trade and the employment of oth'ers.for
profit. The extreme form of the latter kind of exploitation,
namely slavery, is of course almost universally illegal. The
anti-Socialist claims that a very vital kind of freedom has been
suppressed. The Socialist retorts that this kind of freedom,
like freedom to drive on the wrong side of the road, is in-
compatible with the fullest technical progress, and that thotie
natural powers which are developed in the capitalist can be
ussed under Socialism in administrative posts. Qutslde the
Soviet Union freedom of trade and investment 1S at present
being effectively strangled in most belligerent and some
neutral countrics, except for those very large cor_porattions
which o a considerable extent control the states. It 1s har hto
say where the capitalist s freest. 1 should h?,zard 19, gf}less tt }?:,
Argentina stood somewhere near the opposite pO e from
U.S.S.R.

Sexual Freedom®

The minimum amount of freedom compatible v;llth t}ﬁe
reproduction of the race Was enjoyed in Paragua}-f, where t ei

11 have deliberately passed over the bewildering variety of sexua
freedoms and bondages among primitive peoples.
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Jesuits married off their Indian subjects without allowing 2
choice of spouses. Marriage between different groups of the
population may be illegal, as in Germany and South Africs it
may lead to loss of employment, as when officers in the Britsh
Guards “marry beneath them”; or it may merely meet wih
social disapproval. Divorce and re-marriage ate permittedin
most countries, though not, for example, in Italy.

Extra-marital intercourse is rarely a crime, provided the
parties are of a certain age. However, adultery is liable to
severe punishment in India. And prostitution is crimina ib
many countries, though only in the Soviet Union is the ma
concerned punished more severely than the woman. Inter
course between two males is generally criminal (though notn
Denmark) while that of women is rarely so. There Is an
equally bewildering variety in the customary limitations t©
sexual activity. In some circles within the same county
monogamy is rigid, in others people normally “live 1
sin”’,

A@most ceveryone will agree that complete sexual freedom
(which I suppose would include freedom of rape) is undesi
able. Dante and I (to mention no others) would say the sam
of complete economic freedom. As regards legal sexual
freedom Denmark probably heads the list of civilized statcs
while Eire ranks very low both as regards legal and customary
f.reedo_m. The high cultural level, and the rarity of prostiti-
ton, in Denmark seem to show that such freedom may bt
harmless.

The main economic bars to sexual freedom are unemploy-
ment and gross disEarity of income. Both of thesc may lead
?n :\rrlo:z:}llr; to cghabxt (whether in or out of wedlock) with 2
ma Im she does not love, but whose income is more
se ure or larger than her own would be were she independent'
e ;:1;2; si_r;lﬂ:}llrly, but more rarely, induce a2 man to ma rryaf
Che(:k ; er money, or to live with her. This klnd O”

Ck on freedom is probably most pronounced in the “Latit
nations and least 5o in the USSR

A discussion of oo : nt
of a comparati psychological checks awaits the developne

ve analytical psychology.
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Freedom to Communicate Ideas and Statements

This field of freedom includes freedom of specch, postage,
md press. Technologically it depends on the inventions of
witing, printing, telegraphy, radio, and so on, and on the
kevelopment of arts such as poetry, drama, and cinemato-
mphy. Incitements to certain crimes, and grossly indecent
specch, writing, and art, are everywhere illegal. Further, one
o more of the technical means of communication may be a
monopoly of the statc or of big business. Thus radio is
firectly controlled by the state almost everywhere in Europe,
but not in the U.S.A. On the other hand the U.S. film
ndustry is probably more trustified than those of some
Eropean nations.

The legal restraints may be by civil or criminal law. State
prosecutions of men for speeches and writings are rather rare
n England, though a Mr. Gott has several times been im-
misoned for rude remarks about God, and ten years ago
Communist speakers and writers were constantly being im-
msoned. If Britain follows the example of France, this
wndition is likely to recur. But as compared with many
wmntries Englishmen have a wide liberty of propaganda %n
tneral matters.  For example in Germany the. state forbli S
pblic statements in favour of racial equality,_ in the Soylet
Union against it. In England both are perm;ttc{d, provided
hat one does not say that the Germans are superior to other
Races, . .

I law there is extremely little freedom of political dis-
“sion in England. Sedition is deﬁned as a word, deed, ocxl‘
Witing calculated to distarb the tranquillity of the state,1 an
ad ignorant persons to subvert the government and laws.
In actual practice you can say a great dpal in ordmary_ tlmesf,_
ad print a great deal if you can get a printer. Butin times O
wlitical tension the law may be enforced against the opponentz_
the government. Not of course against the opponents o
te king. In 1936 the Daily Worker, the Communist partzlr
"%an, was alone among daily papers in suggesting that Edwar

I might consult his own wishes regarding his marriage.
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The undoubtedly seditious and possibly treasonﬁblc(:: ﬁmv}llUSf
of the leaders of the Conservative party ‘and the urct o
England which led to that monarch’s abdication were not,
course, interfered with. ) ite. Leaallv
In the Soviet Union the position is the opposite. lleg};ll rle
there is fairly complete freedom of speech. And aczll?i Yott ;e
is a good deal. I have heard a man say that he co nb -
much difference between Stalin and Nicholas. A men ebio
an important Soviet merely replied that' there was quite atha;
difference. But on the whole custom is more stringent e
law; so that there is somewhat less verbal Crmasm}?ntiﬂ
government than in England, though IQUCh more tOi e
Germanyor Italy, and perhaps more than in France. b
other hand the press has, in practice, less frefedom 1an?i o
matters than in Britain, though more thap is often be (:ncné
In fact in Europe a press consistently opposing the goﬁlen; -
is only found in Britain, Switzerland, Belgium, Ho and, and
the Scandinavian countries. In Switze-rland, Hollan ;nonf’
Belgium, this liberty is largely I?StﬂCth' Th;ls zomi;
European nations, Britain enjoys considerable press free
political matters. temelt
On the other hand English civil law makes any Stz -
which could affect the financial interests of a wel-to- 1Ot;d !
very dangerous. For example a firm receqtly Clrﬁ;tha
leaflet to the effect that I habitually used a medicine whic ol
sell. ' 1 have never even seen it. I was told that the statcﬂ’an
was not a libel on me. I attempted to deny it in the press;mj
c¢ven to suggest that the firm had in some measure dep e
from the strictest canons of morality in using mYy n; e
This suggestion was held to be probably libellous, o
Jjournal would publish it for fear of an action. .Fmaﬂ?hout
medical journal has consented to publish a bare denial, it
any comment, k on ¢
Similarly it i extremely dangerous to make any attac here ¥
character of a rich man in public life. In consequence tBC'n'*'
an entirely erroneoys impression in many quarters that Un
politics are less corrupt than those of France or the ']1‘ir|
Attempts have been made to start consumers resei
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Britain, as in the U.S.A. But the law of libel prevents this.
Hence there has been a considerable deterioration in the
qulity of some British manufactured goods in recent years
from the high standards of the 19th century.

To my ‘mind the correct law would be fairly simple.  Either
saements of a general character about commodities, made
without any evidence being adduced in their support, such as
“Guinness i1s good for you”, should be illegal. Or better, it
fould be legal to make such statements, and also equally
msupported statements, such as “Bass is bad for you and
Worthington is worse”.! At present, in commercial matters
one can only praise, and not blame. Given the further f_act
that advertisers exercise a very strong influence over the policy
of newspapers, so that in practice numbers of advertisements
appear in the news columns, it will be seen that there is very
little freedom of criticism in commercial matters. -

This kind of criticism appears to be highly developed in the
Soviet Union, particularly in such journals as .Kfok(?dl.l anfi
Vechernaya Moskva. And indeed it is a necessity if Soc1ahsm is
to be successful, since such criticism is an effective alternative to
iompetition for sales betweenddifferent firms, as a means for
eeping up the quality of goods. )

T%le gfregdomqof» thz Pre%s is both legally an-d. econormcally
lmited. In most countries libel, whether seditious or not, 1
more severely punished than slander. Everywhere tifhlll)?_
bgical progress is tending to improve the' position pf t t? 1g
aly newspaper with a circulation covering a radius of 250
miles or so from its press, as against the small paper. I—{Cnfie
large capital is needed to start a daily newspaper, and who. 1esade
distributive organizations can be used, gnd are used in England,
to boycott any newspaper which criticizes the _governmeng ’C%C:
séverely. In practice this method, and .the 1nﬂqenc;: o aof
vertisers, means that in capitalist countrics the circu atlonber
Socialist journals is very small compared with the nIu mthe
of Soi:ialists, even where such journals are 1egfll. In
Soviet Union any attempt to start an opposition journa

' I wish to make it perfectly clear that I make no suggestion. as €O the
ttuth or falsity of these statements.
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would probably meet with practical rather than legal difi~
culties.

The position as regards publication of books is roqghly
parallel to that of the press. In Britain the law of libel is Fhe
main check. Ihave personally been prevented from criticizing
fraudulent claims made for foods and drugs, from suggestng
that certain doctors were incompetent, and from exposing pro-
Nazi activities of British Conservative politicians and writer:
The ban on indecency makes a scientific discussion of certiin
branches of human physiology rather difficult. But itis not2
serious difficulty. On the other hand it is extremely severe
Eire, and used with great effect. Books published in Britan
which aré politically offensive to the government have long
been prevented from entering certain parts of the Empire, and
since the war their export to neutral countries has also been
stopped. However, as regards book publication Britein 5
incomparably freer than most European states.

Other methods of disseminating opinion, such as the dram,
are often subject to censorship. This is so in Britain. At the
present moment for example, the censor, though he allows 2
measure of anti-war propaganda on the stage, forbids al
l‘ef_er.ence to the help rendered to Hitler by members of the
British Government in the years before the present war. O?
the other hand the censorship of indecent passages has been
greatly relaxed of recent years, and almost all portions of the
fen.qal.e body are now legally visible on the London stg"
This is doubtless a gain of liberty for spectators, but hardly for
girls Wh? lose their Jjobs if they try to exercise the liberty t
keep their clothes on. There is also a censorship of films
most countries. These forms of censorship are strongl)’
supported by the Catholic Church, although of late years this
bOd.Y has probably disseminated more indecent (and untrot
stories than any other organization, mainly in connection ¥

the Spanish war.  As a matter of fact the Republican Gover™
ment was rather puritanical.

The film censo
radio is generally
radio sponsored

rship is everywhere strongly political: Th:
a state monopoly. At one time the Bﬂf‘s‘
discussions on political, social, and religio®*
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topics, but these were always censored to some extent,! and
were finally discontinued. It is now purely an' organ of
government propaganda. The United States radios are very
much freer, though like the press, their general political policy
is controlled by that of the advertisers. However, British
listeners are certainly freer than those of many other countries.
They are permitted to listen to the German radio (4 freedom of
which I have not myself taken advantage for some months),
while Germans who listen to the British radio are imprisoned.
We sce then that the liberty of the press, which was gained
during the 1oth century, has now been lost in most countries,
partly by direct government action, partly by the use of the
dvil law, and partly by technological advances which ‘have
fwoured centralization, and therefore control by Big Business.
On the other hand the radio and cinema have never achieved
50 great a freedom as the press. _
Itis probable that the highest degree of freedom of communi-
ation of ideas exists in Denmark and certain of the United
States, notably New York State, while the lowest degree 1s to
be found in Germany, Italy and Japan. This kind of freedom
s a very important one, but intellectuals are apt to s_peak and
write as if it were the only kind. Actually an intelligent but
reactionary government will allow a large measure of freedcolm
of press and speech, being well aware of the fact thaﬁh 15~
contented people can “blow oft stearr}” by this means Wit omﬁ
causing any serious disturbance, part_lcularly in countries ?ﬁ
s Britain with a long tradition of fairly free discussion. al 1s
is all the more the case if they can control the radio, tbe 1ims,
and the more widely circulated newspapers. For_thlg re_a§OIi
freedom of speech and press, though correlated with politica
freedom, is not synonymous with it. _ q ¢
Lhave not yet mentioned the internal barriers t0 freedom o
expression.  And yet they are of profound importance. Some
of us are no doubt congenitally incapable of original expressllson
in words, music, photography, or any other arthforﬁn. h:j
most psychologists, and most ordinary PeOPle w lf av?ori
sympathetic dealings with children, believe that the majority

1 See p. 24-
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of human beings could make some real contribution to cultuc
if they were put in the right environment. For some rcason
or other

Shades of the prison-house begin to close
About the growing boy.

This is often due to economic causes. In the case of many3
mute inglorious Milton, the poet says that

Chill penury repressed their noble rage
And froze the genial current of their soul.

But as the rich and the moderately well-to-do are almost
dumb as the poor, this is not the whole story. Probably
most people could express themselves best in some commun'al
activity such as symphonic music, drama, or dance. “Civil-
ized” society is well organized for mass production of com-
modities and for mass consumption of standardized cultural
commodities such as “best sellers”, cinema films, and grame-
phone records. But it is far less organized than most primitve
societies for collective artistic activity. Possibly the Soviet
Union may be leading the way here. My own opinion is that
the prospects for artistic activity are probably brightest 1
China, where art has never been thoroughly commerdialized;
anfi. when peace and security are restored the natural artistic
ability of the people will find a new scope. And the genuine
respect of the Chinese for intellectual activity may make China

in the fuﬂl,re, as it has more than once been in the past, ¢
intellectual’s paradise.

Political Freedom

thOn 10 aspect of freedom is there more confusion than o

at of political freedom. It is sometimes taken to me!
government by natives of one’s own country, rather than
foreigners.

very much) izC: t}l:gre- is more Pglitical .freedom (thouglhd? ;i

0 3 “natis stateP’ vince of British India such as Beng y
ate” with an absolute ruler, such as Haidar

or Nepal. TItisalso regarded as synonymous with democract:



COMPARATIVE STUDY OF FREEDOM 223

md the latter with Parliamentary Government, though the
Grecks who invented the word democracy (which meant
government of the people, by the people, for the people, who
did not however include women or slaves) had no parliaments.
Finally it is taken to mean the right of stating opinions on
political matters.

Nowhere in the world do these conditions exist in their
atirety. The first type is only possible, in practice, for power-
il nations. The members of smaller nations may easily find
themselves in the position of citizens of Irag, Esthonia, or
Cuba, and this possibility increases with the development of
wmsport.  Actually they are better off as members of a larger
aggregate in which they enjoy a measure of cultural autonomy
ad cquality of citizenship. It is useless for Welshmen or
Georgians to say that they are oppressed by English or
Russians, when Lloyd George, 2 Welshman, was cfhose;n to
nle England in a critical hour, while Stalin, a Georglan, 1s the
most important man in the Soviet Union. It may be that
Welshmen would be freer if Wales enjoyed as much autonomy
1 Georgia, but actually the Welsh nationalist movement 1s'n3t
very strong. Where there is not equality of this kind,
ntionalist movements certainly make for 1ncreasgd freedom.
This was, I think, the case in Eire, and is so in India. On the
other hand the nationalist movement of the Sudeten Germans,
which brought them under Hitler, diminished their freedqm.

The second type of political freedqm 1s glaimed for all kn}ds
of political systems. Even the Nazis claim that they Cllljo');
“trtue” freedom, because Hitler expresses the political ideals o
wery true German. If so there must be a lot of untrue
Germans. Now in the past there have been two main types
of democratic government, namely the _Greco—Roman zgl
American types. In the former all citizens met togft er
frequently, listened to orators, and ‘voted for or agalnslt aWZ
In the latter they elect representatives at rare intervals, 'illn
these latter legislate. 1 call this system American rather t in
English, because when America became a democracy, the
English Parliament was still elected on a very restricte
franchise.
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The obvious advantage of the first system is that the citizens
decide matters directly concerning them, and of which they
have immediate knowledge. Its disadvantages are, firstly, tha
voting is public and intimidation therefore possible, and th
while well adapted for the government of a small city, it
impracticable for a state, let alone an empire. It was largely
for the latter reason that it broke down when Rome acquired
an empire.

The American or representative type is adapted for a large
state, but has the disadvantage that representatives can and do
break their election pledges, that the people can only vote &
rare intervals, and that in practice they only have a choi
between representatives of a few organizations (e.g. the two
great American parties) whose policies are framed i secret
by a small number of men. In the Soviet Union an attempt
has been made to combine these two types of democratc
mechanism. The village soviet has the advantages and dis
advantages of a Greek assembly, whilst the supreme sovict
corresponds to the American congress. .

In theory this is an ideal system, but it is claimed that I
practice all power is in the hands of the Communist party an
1ts sympathisers. In practice, however, parliaments are also
controlled from outside. In 1921 when Mr. Lloyd George
.then. Prime Minister of Britain, was displaying a certain radical
ism in Ins. financial policy, the Financial Times asked, “Does he
and do }.us colleagues realize that half a dozen men at the top
of the big five banks could upset the whole fabric of govertr
ment finance by refraining from renewing Treasury Bis’
Certainly the Labour party realized this ten years later. U

setting the. Whole fabric of government finance” is oG o
course, sedition!

In practice then the political liberty in a parliamentar!

cmocracy is largely at the mercy of Big Business. But 2"
wholly so. Enough parliaments have annoyed Big Busiie®
to render it necessary to suppress parliamentary government
over much of Europe. And not only in Europe. New-
foundlanc‘i‘ Was unable to pay its debts to Britain. In €O
sequence “the mother of parliaments” began to eat her children
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and Newfoundland is now governed by British officials. It
will be remembered that when Britain refused to pay its debts
to America the British Parliament was replaced by an American
governor-general !

The plain fact is that over most of the world such parlia-
ments as survive are at least as subservient to Big Business as is
the supreme soviet in Moscow to the Communist party.
And even the most violent opponents of Communism will
hardly claim that big business is democratic. Nowhere in the
world is there political liberty as Jefferson conceived it, and as
it actually existed in the days before monopoly capitalism
developed. There is still a fair amount in parts of north-
western Europe, the Soviet Union, the United States, the
British Dominions, and some Latin American republics. On
the whole it seems to be on the upgrade in the Soviet Union,
China, and (with intermissions) in India, but stationary or on
the down-grade elsewhere.

So long as the present class struggle goes on we cannot look
for any great measure of political freedom even in the intervals
between wars. Only a classless society which does not feel
itself menaced either from within or without s likely to develop
acomplete political freedom in which discussion is both legally
ad economically free, and constitutionally elected govern-
ments are not overthrown by the violence or economuc
pressure of minorities. We may look forward to such a day,
but we must not deceive ourselves into belicving that com-
parative freedom of discussion, pleasant as it may bf{ 'fOIi
intellectuals like myself, is synonymous with full politica
freedom.  If the newspapers, radio, and ot'her means of .largf-
scale propaganda are mainly controlled directly or mdlreglt)ly
by Big Business, there is only rarely ne'cc.l.for the fgra e
suppression of opposition. But the possibility of such sup-
pression is always in the background‘.. Under the ]_Emer'gencz
Powers Act of 1939 any British citizen can be 1mprlsong
without trial for an indefinite period and any newspaper can be
suppressed without legal process. It will be very surp.n'smgl
indeed if this act is not used to strangleconstltutlonal opposition.

UIt was so used when the Daily Worker was suppressed in_]anuaryé941-
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In England today political freedom has, de jure, no existenc
at all, even if de facto a good deal remains. N

But if speech is still theoretically free (except when itk
libellous, blasphemous, obscene, seditious, or insulting), this
is because speech is an obsolete method of propaganda conr-
pared with radio and the press, and if our oligarchs control

the latter they can afford to allow a rather moderate liberty
of the former.

Religious Liberty

We saw at an earlier stage that religious liberty embraces2
very wide field. In the sense of freedom to propagate religiots
and irreligious opinions and to perform rites which are not
held to be cruel or indecent, it is fairly widespread. Howevet
it is rarely complete. For example a conscript in Britain m
register as a2 member of some Christian sect, or as a Jew, for
the purpose of burial. Being neither a Christian nor a Jew
I exploited the small amount of liberty available to me 22
soldier in 1974~18 by registering as an adherent of several
different branches of Christianity, and of Judaism, on differet
occasions. Adults are not compelled to attend religiows
ceremonies, though they are hard to avoid in the army. B
children can be and are compelled to do so in most countric
Wbll§t in the Soviet Union I understand that Ofg"mlz,ed
religious instruction of children is forbidden. Thus in practi®
religious liberty is often like that of Germany after the R
for{natlon, when each petty ruler was free to persecut¢ ¥
subjects if they disagreed” with his theological opinio®.
Every British father is 2 princeling who can beat his children
they do not go to the church of which he approves, of g0
one of which he does not,

Religious freedom i

. . ;o100
. . s seriously compromised where religt”
involves ritual food or

rest. It is very difficult for an orthodo‘"
Jew to rest on Saturday in England, though an ortbodo"
Chnsuap Can now rest on Sunday in Russia unless he s €
Plo_yfzd in one of comparatively few occupations. In fact

religious freedom ig impossible in an integrated commun:
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simply because many religions can only be practised in their
entirety when the vast majority of a people hold them.

The minimum of religious freedom is found in some
Mahommedan countries such as Afghanistan, Persia, and parts
of Arabia, and in Spain. It is rather low where there has
recently been a violent reaction against religious intolerance,
2 in Mexico. It is below the maximum where any form of
religion or irreligion is associated with the state, as in Britain,
Ily, Sweden, and the Soviet Union. It may also be lowered
where a religion is associated with foreign influence, as is
Christianity in China. The Chinese, who are on the whole
very tolerant in religious matters, have forbidden missionaries
to attempt conversions to Christianity because such activity is
thought likely to break up the national unity.

The highest degree of religious freedom is probably found
in countries such as France and the United States, where the
state is formally neutral in religious matters. But corr}p_lete
religious liberty is impossible, simply because all religious
bodies are somewhat intolerant when their supporters _control
the government. They may be very intolerant like the
Catholic Church, or very slightly so, like the Society of
Friends, but they cannot from their nature be completely
tolerant.

Freedom of Women and Children

The freedom of women has very little to do with the free-
dom of sexual relations. It is minimal in Mahommedan
countries such as Arabia, Persia,? and Afghanistan, where all
women are veiled, and those of the WCH—FO—dO cla.sses are
imprisoned. The impossibility of romantic love in Ztllc_h
countries is compensated by homosexuality. It is maximal in
countries such as the U.S.A. and the Soviet Union whose
women not only enjoy legal equality with men, bﬁt ar?
actually appointed to responsible positions §uch as that o
ambassador. Indeed in the U.S.A. women's rights are Perhaps
over-exaggerated in connection with alimony for d}vorfffl
wives, which enables a number of women to live an idle life

1 Persia has progresscd since I wrote.
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at the expense of men. The same type of male subjection s
found in a less developed form in England.  Complete liberty
and equality in this matter can only be achieved where workis
available for every able-bodied adult.

Children enjoy little liberty where the family is patriarchd
and their corporal punishment is commonly practised. State
education generally makes for greater liberty for children, who
often obtain a valuable political education by playing off ther
parents against their teachers. In Britain the children of the
poor are far freer than those of the rich. A rich boy can be
birched on his bare back at Eton up to the age of 19, and is
then sent to a university where he is locked up every night
until he is 23 or so. In fact ruling classes, the world over, ar¢
cruel to their own children. They have to be moulded into
efficient members of the class, and must suffer in consequence.
The Hitler-Jugend appears to be an attempt to inflict the
English public school spirit on all the children of an unfortunatt
nation. ;

Complete freedom for children is impossible, but children
can, in practice, be given freedom at a very early age if their
training is directed to teach them the recognition of necessity-
This means that they must be allowed to sec and feel the
consequences of their own actions, which will inevitably
include some broken limbs and other injuries. If they o
ne_tther bullied nor pampered they develop human persor
alities at a very carly age, and may be responsible citizens at the
age of 17. \

It is particularly difficult to compare different countrics &
regards the freedom of children. Child labour for long

ours at monotonous work is no doubt a negation of freedom-
But a boy doing interesting paid work for short hours 13 far

freer than one in a school learning dull and often useles
lessons.

Conclusion

We have ranged over a number of fields in each of which?
greater or less degree of freedom is possible. Nowhere bave
we found the problem simple. This is partly becausc O
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man’s freedom limits that of another, so that most kinds of
freedom demand a measure of equality. If six bankers can
control a state, it is time that the bankers had less freedom.
In fact freedom in a class state means mainly freedom for one
class, and that generally turns out to be a poor sort of freedom.
In particular, if a ruling class is to be efficient, its members
must be severely conditioned in youth. On the other hand
the overthrow of the class state has meant a period of “dic-
tatorship of the proletariat” with considerable restrictions on
freedom, in the Soviet Union, and would probably do so
clsewhere.

Three facts must be kept in mind. Even the freest of men
has been so conditioned that he does not even notice the lack
of some freedom which a man born in another place or time
would regard as essential. This is why we are honestly apt to
regard our own country as *“The land of the free and the home
of the brave”’, when we see the restrictions to which foreigners
submit without 2 murmur. Curiously enough the foreigners
ofien think the same when they visit our country. An
intellectual who is making a fairly good living often regards
himself as almost absolutely free. He is freer than many of his
fellows. But he is only free because his product, whether in
science, art, or literature, happens to find a market. When the
market changes he finds that his freedom may be freedom to
starve. However, the market is not a natural phenomenon,
like the weather. It can be controlled, and although this
involves some restriction of freedom, more and more people
are coming to think that it results in a considerable increase of
freedom on the whole. . )

Secondly, freedom is positive as well as negative. Man 1s a
social animal, and human freedom can oply be freedom in
society, that is to say freedom to act as a soqlal being. This 1f§ a
hard saying, because it means that certain kinds of freedpm,ﬁpr
example the freedom of 2 landlord to keep the public off a
hundred square miles of mountain, or the freedom of a few
bankers to overthrow a government, are anti-social. But 1t
turns out that they are anti-social just because they restrict the
freedom of others. The Greeks had a word for the man who
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used his freedom to turn his back on society. The word was
“LBLans‘”, in English “idiot”.

Thirdly, freedom is not static. It is always finding new
ficlds. For example we are beginning to recognize the right of
animals to freedom. It is now thought wrong to chain up?
dog for life. Though the anthropomorphism of our ideas ot
this matter can be illustrated by the case of an eagle which
recently returned to its cage in the London Zoo after two days
of miserable liberty. Like everything that grows, freedom
negates itself. The individual lover of freedom may join &
organization which limits his own choice. Moreover he s
more likely to find himself in prison than the man who always
takes his cue from the majority.

And the same is true on a larger scale. A war or revolution
fought for freedom means the temporary loss of a good deal of
freedom. TInthe long run the loss is generally more than made
good. But a social change, like a technological advance,
always means a loss of some former liberty. We must realize
that the freedom of one man may be the bondage of another,
that the charter of liberty of one generation may form the
chains of its successor.

I believe that a comparative study of freedom on the lines
which I have indicated would do a great deal both to increas
the respect between different nations, many of which, if far
from ideal, have at least something to teach others in this im-
portant matter. It would enable us to see the beams n 0Uf
own eyes before crusading to remove our neighbour’s mote
And a historical study would show us the way in which free-
dom has actually developed, and help all lovers of freedom t©
strive for a real increase of that great good. The position 0
fyeedom in the modern world is so ptecarious that its preserv
tion and extension require not only good will, but all the
_thought Whlch we can devote toit. The problem of freedom
1s not a simple problem. Now as never before in history

Nbétre salut dépend de nbtre intelligence.
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NoOTE

This essay was written during the winter of 193940, for a
collection of essays edited by Ruth Anshen, and entitled
Freedom, its Meaning, published by Harcourt, Brace & Co.,
New York. I am encouraged to publish it here by the
riticism which it received in an American magazine apparently
devoted to justifying Big Business’s ways to man. It is, of
course, out of date. Freedom has been vastly reduced over
most of Europe by Hitler’s conquests, and inevitably to some
extent in the United States since they cntered the war. But a
survey of freedom in 1939 is perhaps more valuable than one
of freedom in 1944. 1have only made very minor alterations,
as the whole essay would have to be rewritten to bring it up
to date. ‘

But one point has become clear. The Ngzis had bought,
blackmailed, or persuaded numbers of men in every country
to become their supporters. The only state which was tak}ng
adequate measures against them in 1938 was .the Soviet Union.
These measures, like other measures of national defence, in-
volved certain restrictions on freedom, which aPpeared to
many of its foreign friends to be excessive. They .dld SO to ﬁnc
in 1939 when I wrotc this essay. 1 do not now thlnk thf’:lt they
were so. I have no doubt that these restrictions VYlll dis-
appear as the Soviet Union feels itsclf safer. This is rrllade
highly probable by the fact that in the Soviet Umogl a 2;1?
among belligerent nations there have been very 5}11 galtlhoa-
increases of freedom during the war.  In particular the O1 >
dox Church has gained the freedom, not merely to Sef}ilrllp b i.
own organization, but to found senﬁqarles for the. tf?isllc1 ga(r)e
future priests, even though the doctrines taught in l: em
held by the members of the Soviet Government to 6131 unt.rli;
and politically dangerous. This ccrtgmly bears out ic e v1teh
that freedom in the transmission of opinions s strongly on the

upgrade in the Soviet Union.
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Dialectical Materialism and Modern Science

I. EVERYTHING HAS A HISTORY

IN this series of articles I propose to examine the question of
how far the scientific discoveries of the generation which has
dapsed since Lenin wrote Materialism and Empirio-criticism have
verified the principles of dialectical materialism. These prin-
dples were formulated by Marx, and in much greater detail by
Engels, and developed by Lenin and Stalin. “Nature’’, wrote
Engels,” “‘is the test of dialectics”, and dialectical materialism
can only be accepted if it proves a guide not merely to an under-
stnding of the development of science, but also to actual
scientific research.

Its opponents say that it is a dogma to w ich scientific pub-
lications in the Soviet Union must conform, as scientific pub-
ications in mediaeval Europe had to conform to the current
theology. But dialectical materialism does not state the nature
of matter. “For the sole property of matter,” wrote Lenin,?
“with the recognition of which materialism is vitally concerned,
is the property of being objective reality, pf existing outside of
our cognition.” It states that matter is in a constant state of
flux, that development occurs through a struggle of oppositcs,
and so on, but it does not lay down where in nature suc
struggles are to be found. It merely prompts us to look for
them, and helps us to understand them when discovered.

A certain number of scientists today are idealists, partly bc}cause
our knowledge of cerebral physiology does not yet permit ofa
detailed theory of mind, but largely because it 1s abpndantly
dear that matter does not have the properties Whlcl:l were
ascribed to it a generation ago by the majority of scientists,
though not, of course, by dialectical materialists. Hence Fhe
idealists conclude that matter does not exist. This conclusmp
s, of course, very welcome in reactionary qrcles. . If matter is
defined as consisting of indestructible atoms 1t certainly does not

T Anti-Diihring. 2 Materialism and Empirio-criticisttt.
235
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exist. But thirty-three years ago Lenin wrote: “The recop-
nition of immutable elements, of the immutable substance of
things, is not materialism, but is metaphysical, anti-dialectical
materialism.” We shall see what has happened to the suppos-
edly immutable atoms of 1gth-century science.

After Mendeleyev had formulated the periodic law, chemiss
gradually discovered new elements, until today all but one of
the ninety-two elements between and including hydrogen, the
lightest, and uranium, the heaviest, are known, and one or two
heavier than uranium are suspected. Aston found that thes
elements are mixtures of atoms of slightly different weight.
In fact there are not ninety-two, but several hundred kinds of
stable (or more accurately nearly stable) atom, each atom con-
sisting of a heavy nucleus round which from one to ninety-two
much lighter electrons revolve. Rutherford showed that some
naturally occurring atomic nuclei are unstable, and break down
to yield lighter types of atom. But till recently these could
be regarded as exceptions. In the last ten years, however, most
of the elements have been bombarded with particles of high
velocity, produced either by naturally radio-active substances of
by the very intense clectric fields, ranging to millions of volts,
which modern developments of electrical industry have made
possible.  Such bombardments produce new types of unstable
atomic nucleus. These are being discovered at such a rate that
already probably more different kinds of unstable than of stable
atom are known. The atoms of ordinary chemistry are only
the survivors of a much greater number of less stable types, and
even the stablest of them can be altered, and are constantly
being altered, by cosmic radiation and other agents, though
extremely slowly on our earth. But such processes must be
relatively rap.id in the interior of the sun and other stars, a
act as the main source of their light and heat.

An atomic nucleus may be considered as built up of lightr
particles such as protons, neutrons, and electrons. These par-
tldes. can be studied, and their properties determined; a
PhYSlc,l,Sts naturally tended to regard them as “immutable ele-
tl}llzntss once the atom had proved not to be immutable. Bt

Yy soon proved not to be immutable either. For example
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there are electrons of positive as well as negative electric charge.
They do not last long, for when a positive and negative electron
collide, they pass over into a flash of high frequency radiation.
And under certain circumstances radiation may generate a pair
of electrons of opposite charges. *‘Contrary to metaphysics,”
wrote Stalin,! ““dialectics holds that nature is not a state of rest
and immobility, stagnation 'and immutability, but a state of
continucus movement and change, of continuous renewal and
development, where something is always arising and develop-
ing, and something always disintegrating and dying away.”
This view is completely borne out by modern physics, pro-
vided we realize that there is an immense range of different
stabilities. The most transitory known objects, such as the
particle called the meson, have an expectation of life of less
than a millionth of a second. The stablest, such as the nuclei
of ordinary atoms under terrestrial, though not solar, condi-
tions, have an expectation of many thousand million years.

It may be answered that at least the laws of nature are stablt?,
and that here at any rate immutability can be found. Ifsoitis
fairly clear that the universe is “‘running down”, as Clausius
believed, towards a condition of “‘heat death” in wblch the
heat is evenly distributed, and that it cannot have existed for
ever in the past. Thus a creation, or at any rate some breach
of natural law in the past, must be postulated; and we are back
at essentially the Newtonian theology, where the creator
established eternal laws and leaves the universe to work out its
own destiny. This fits in very well with the ideology of a
bourgeoisie which realizes that there wasa pre—cap1tahst period,
but belicves that the laws of capitalist economics are eternal.

Engels did not completely escape from this difficulty. Iilfe
saw that thermodynamics, as formulated in his day, was selif-
contradictory, for the laws then given could not have held for
ever.  So he speculated concerning a building up of the lost
heat of the stars into motion somewhere in the depths of space,
which would allow the origin of new solar systems when
our own has become cold. Thus eternity would be filled by

cycles of more or less similar events, and the universe as a whole
1 History of the C.P.S.U.



238 DIALECTICAL MATERIALISM

would have no history, being of the same general character
at present a million million years in the future or the past.
But some modern mathematical physicists, notably Lemaitre,
Dirac, and Milne, take a different view, according to which
laws of nature change, and the general character of the universe
therefore alters, though, of course, very slowly. Milne’s
cosmology is the most fully developed of these, and the most
dialectical. Our sun is one star out of perhaps a million million
in a system whose densest parts we see as the Milky Way. We
shall deal with the development of stars in a later article.
Hundreds of thousands of other galaxies are known. The
more distant they are the redder their light. This may be
interpreted as due to their moving away, or to the speeding up
of atomic events, so that light which started a hundred million
years ago is of lower frequency, and therefore redder, than
light which starts from similar atoms today. Each interprets-
tion demands a different time scale and a different geometry.
On the scattering or “‘expanding universe’” interpretation light
frequencies and rates of chemical change are constant. But
everything, including material objects, is expanding by abott
one two-thousand millionth part per year; and two thousand
million years ago all matter was packed into an indefinitely
small volume, and ordinary physical events, such as the rotation
of the carth, took place in an inciefmitely short time. Onthe
gther interpretation there is no expansion, and no slowing
T‘;‘.’m Ofphy51cal events. However geometry is not Euclidean.
¢ tWo mterpretations are not different theories of the un-
verse, but different systems of measurement. For they Jead to
JESIC the same predictions, though stated in different words, an
;-afrtiésrggrzvzzt of {1€Ci<_1ing between them. The latter is 31‘6
metre and the ural, as it takes ordinary standards, such as
On this interyia? as constant, or very nearly so. bt
in the remotep etation the past and the futurfe are infinite,
chemical rocesPaSt’ say fifteen hund.red million years a%ioé
s o knlo)w e ses were so slow relative to physical that s
probably prod WCE{S impossible, and the sun ar.ld other star
future ci pre ailce less hea_t than today, while in the remott
emical processes will be so relatively speeded up 3%
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render life still possible even if there is a marked fall in tem-
perature. Milne points out that this development, this
qualitative change in the nature of things, is due to the contra-
dictions between the time scale on which radiation proceeds
evenly, and that on which the movement of masses is an even
process. No doubt this is.not a final account of the matter.
Milne’s theory accords with Einstein’s special theory of
relativity, but not with his later general theory, some features
of which have been verified by observation. Probably later
workers will be able to combine the useful features of both
Milne’s and FEinstein’s theories. It is of great interest to find
that a natural philosopher who is probably almost uninfluenced
by Marxism should ascribe the qualitative development of the
miverse to the struggle between the wave-like and particle-
like characteristics which are present in all matter. To this
unity of opposites we shall turn in the next article.

II. THE UNITY OF OPPOSITES

In the physical theories of the 19th century the constituents
of the world were rather sharply divided into two groups.
On the one hand were particles such as chemical atoms, on the
other the field between them, or ether, which was the carrier
of waves of radiation, including light, radiant heat, and r_adlo
waves. The term “matter” was often reserved for the particles,
even after it had been found that radiation has mass.

In the 20th century this distinction broke down. It was
found that under certain circumstances radiation, 'mcludn_lg
light and X-rays, wasnot absorbed continqously, but in c'leﬁn%te
units, or quanta. The amount of energy ina quantum 1s gumi
independent of the intensity of the radiation, but proportiona
to its ffequency. Thus light behaves both as if it were com-
posed of waves, and also as if it were composed pf part1_cles,
the particles containing more encrgy 1 blue than in red light,
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and far more still in X-rays. The analogy to matter became
still stronger when light was found to have weight as well »
mass. That is to say it does not merely push an object which
absorbs or reflects it, but is bent out of its path by a heavy body,
as the French revolutionary Marat had believed, on quit
erroneous grounds. The deflection predicted by Einstein and
found by Eddington was much smaller than what Marat
believed he had discovered.

Still more startling was the discovery that ordinary matter
and electrons have wave-like properties. These are already of
practical importance in connection with the electron micro-
scope. This is used for examining objects too small to be
visible by ordinary or even ultra-violet light. For example, i
has shown that the grains in a developed photographic film
have a complicated structure like-that of a tangle of string. A
beam of electrons is focussed by a combination of electric and
magnetic fields which take the place of the lenses of an ordinary
microscope.  Such a beam behaves in many respects like 2
bez}m of light, provided the speeds of the electrons in it are
uniform. It forms interference patterns with a suitable grating.
And the wave-length of the electrons in the beam makes i
lmPOSSible to photograph objects much smaller than this
length, just as in the case of light. The frequency of vibration
associated with an electron is constant, so the wave-length s
mver§ely as the speed of the beam of electrons. Atomic
nuclei ha\_fe similar wave-like properties.

The union, both in matter and light, of these wave-like and
p azlt.lde“hke Properties, allows the development of an extré-
Z'z.o;l?rgudig;;e ;)ff: if:rnplfe}dty even in syster};‘?1 such e}xls 211 :g‘g%cl;
atom consists of two Y 'CYV consauents. us 2 ctrum
in which moe ¢ particles only, yet it can emit a spe r
number of note requencies have been measured thanh o
which dels 2 s in a grand piano. The branch of phys

aeals with these properties is called quantum mechanics

and might well be ca]] d 5 ' K ¢ least

as at present forgma) ed « 1a1ect}cal mechanics. For, 2 o
and to radiptian ated,. it ascglbcs both to ordinary ma

. . Properties which common sense regards bR

irreconcilable, B . " I

ut this contradiction allows of extremelf
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accurate calculation of properties of matter and light which can
be measured.

So much for small pieces of matter. Let us pass to pheno-
mena on a larger scale. Consider, from the chemical point of
view, an organism such as an adult man or insect, which is not
growing or diminishing rapidly. Its intake and output of
matter balance pretty exactly. But so do those of a steam
engine or an"nternal combustion engine. The organism obeys
the same laws as the engine as regards energy, but it differs in
some fundamental respects, of which I only mention one. In
the machine some parts last more or less unchanged through
its “life”’; others, such as washers, are occasionally replaced;
whilst the lubricating oil is replaced still oftener, and the coal
or petrol continually. In an adult animal it has long been
known that the soft parts were constantly being renewed,
proteins and other organic constituents being built up from the
food, and then broken down and excreted. However, one
would expect that at least the hard parts, such as bone, would be
stable like the hard parts of a machine. Hevesy fed adult rats
with sodium phosphate containing some artificially made
radio-active phosphorus atoms. He found that after a few
days some of these were present in the solid material of the
bones. Growth had ceased, but exchange had not. Thus the
living substance is a unity of anabolism, or building up, and
atabolism, or breaking down of chemical compounds, anf
this even applies to the bones. The 'end of this uth_b‘l’
opposites is death. Once an animal is dead, it is posmf e
to preserve it, and the atoms in its tissues mostly stay put for
centuries. o

If either tendency is carried to0 far, the unity is destroyed.
A man may die of a disease like cancer, where too much
material is built up in certain parts, or of a wasting disease .such
as diabetes, where not enough is built up.  But all the mamfold
developments of life may be regarded as products of this
struggle. o ool

The struggle is very obvious within a community of plants
and animals, or biocoenosis. All members of it, except plants

(generally green) which live by photosynthcsis, and I:apro—
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phytic bacteria and the like, which live on dead organisms or
excreta, live by killing or injuring other members. And yet
these warring members form a unity which can be upset by
altering the numbers of any of them. Thus if wolves cat deer
which eat plants, there is a rough equilibrium, though number
will fluctuate owing to good and bad seasons, epidemics, and
so on. If'the wolves are killed off the number of deer increases
until it is limited by starvation. There are somewhat more
deer, but mostly half-starved. Thus in practice some killing
by beasts of prey is needed to keep the herbivora in health
Similarly cattle eat grass in a meadow. But they also eat and
trample down larger plants which would choke the grass if it
were not grazed. In fact an apparently hostile relation is often
to some extent beneficial.

The experience of agricultural development in colonial
countries has shown that the killing off of certain nembers of 3
community may easily upset the equilibrium by allowing
another group of members to increase. There are violent
fluctuations of numbers which generally at some point involve
a destruction of green plants and impoverishment of the whole
community like that which occurs in a capitalist trade slump.
Within the unity of the group of species some pairs of species
are on the whole antagonistic, some on the whole co-operative,
but complete antagonism and complete co-operation are rare.
There are obvious analogies with the State, but they must not
be pushed too far, if only because the children of capitaliss
may become efficient workers, and workers may become
capitalists, whereas many thousands of years would be needed
before the lion would *‘cat straw like the ox”. Still mor
mportant are the facts that man is characterized by production,
]S;.) that human history is determined by economic as well &

10 logical processes, and that he can to some extent Cov-
}aously plan society, and thys ultimately escape from social
O’;’T“ Which are determined by internal struggle.

w ow let us rise still higher in the scale of magnitude, to staf
abct):uc tﬁw‘ more than at the first sight would seem posmblc
. ¢ Internal constitution of some stars at least, becaus
€ matter in them is not very densely packed, except 136fhaPs
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at the centre; and though the temperature is very high, that is
to say the atoms are moving very fast, their speeds scem to be
no greater than we can obtain in a cyclotron. When atomic
nuclei collide at these high speeds they sometimes unite, and
heat is gencrated, as in ordinary chemical reactions, but in
quantities which are about a million times as large per atom.
The rate is sufficient to keep the sun shining at its present rate
for many thousand million years. But the development of
heat tends to make the stars expand, and the lessened density
means fewer collisions, and therefore a slower heat generation.
Similarly a decrease of temperature allows the star to contract
under its own gravity, so that more collisions occur, and
consequently more heat production.

In most stars these two tendencies are in equilibrium over
short periods. But in one group of large stars, the Cephexd
variables, they are not. These stars pulsate, expanding a}nd
contracting with periods of a week or so, and corresponding
changes in light intensity. In case it be thc?ught that T am
dragging in “conflict” in the interests of Marxist theory', [ may
be permitted to quote from Gamow’s popular The Birth and
Death of the Sun: *‘The pulsations come as the result of a con-
flict between the nuclear and gravitational energy-producing
forces in the stellar interior”. And in the long run the equi-
librium is not stable, in many cases at any rate. Stars undergo
two types of explosion. One type producgs an ordinary nova,
2 so-called new star of which one flashes up in our galaxy every
few years. This is not really a new star, but a vast increase in
the light of a previously faint one. The othe; type, or super-
nova, is far more brilliant. An explosion of this type occurs 1n
our galaxy about once in a thousand years, and the explogmg
star is visible in broad daylight. Enough super novae have been
seen in other galaxies to make it fairly clear that tht? explosion is
much more intense than the ordinary nova cxplosmn.. p

It seems probable that most, if not all stars, explode in onﬁ 0
these ways at least once in their “Jives”, and then change their
structure considerably. It also seems that the explosions a}ll'e
not due to collisions or any other external agency, but to the

internal struggle between the expansive and contrzactlng
R
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tendencies, which, after millions of years of apparent equi-
librium, produces a qualitative leap.

Many more cases might be given, notably the modem
chemical theories of tautomerism and resonance energy,
especially as developed by Pauling. But these examples
should be sufficient to show that recent work is tending to
verify Lenin’s statement as to “the contradictory, mutually
exclusive, opposite tendencies in all phenomena and processes
of nature”, and the view that the struggle between thes
tendencies is the cause of development.

IIL. QUANTITY AND QUALITY

The transformation of quantity into quality, and conversdly,
was regarded by Marx and Engels asa fundamental dialecticdl
process. Marx states one aspect of it very clearly, when
writing of the relation between small savings and capital.

Here,” we read, ““as in natural science, is verified the correct
ness of the law discovered by Hegel in his Logic that merely
quantitative changes beyond a certain point. pass into qual-
tative differences.” Engels used the phrase to describe four
Shghtly different facts. "The “transformation” could either b¢
an irreversible process actually undergone by a materia
system, as “when the taut rope parts under the pull’, or 2
change found as we pass, in thought or perception, along ?
series of things which can exist at the same time, and which

iffer quantitatively, such as the chemical elements or the
paraffin hydrocarbons, which are built up out of different
lglolglllzzrs og the same fundamental units. He also applied 1
whidh hir: ual Zever.mble changes such as the melting of waxes,
such as thec nc]) . eﬁmt? melting point, and to very sharp O-I]ei
of an ob'ectme ting of ice. Doubtless a sudde.n transformatior

Th ) hor System ShpWs the principle in its sharpest form.

¢ mechanics of Galileo and Newton were based on th¢
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ideas of continuous space, time, and motion; and the contra-
dictions inherent in the latter, pointed outiby Zeno and others,
were ignored. The classical mechanics could explain some
sudden changes. For example, it was clear why a stick
suddenly fell when it was gradually pushed off a table, and it
was hoped that all sudden changes would be explicable in this
sort of way. However, classical mechanics have been unable
to explain such simple phenomena as the breaking of a bar, or
the boiling of a kettle. By explanation I do not, of course,
mean merely verbal explanation, but numerical explanation,
which would enable us to calculate, say, the boiling-point of
water from simple properties of hydrogen and oxygen
atoms.

During the present century it has become clear that only
some of the laws of classical mechanics apply to atoms. They
apply to large bodies consisting of many billion atoms simply
because they are statistical consequences of the pooled motion of
many atoms. This fact was predicted two thousand years ago
in Epicurus’ and Lucretius’ doctrine of clinamen, according to
which atoms showed a less regular behaviour than larger
bodies. They do this because, under some circum.stanccs.at
least, motion is only transferred to or from an atom in definite
quantities, whereas according to classical mechanics it could be
transferred continuously. In particular, angular momentuny,
or spin, is only transferred in definite units, or quanta, w}_uch
are the same for all atomic events. An atom can exist m a
number of different states, with different spins. And these
states are qualitatively different. An atom with more than th_e
minimum spin is liable to give out a ﬂash of hghtj It 3
generally more active chemically than one with less spin, alll1
0 on. In fact, the transformation, and what is more, the
abrupt transformation, of quantity into quality is, at leastdat
the level to which modern physicists have Penetrated, a funda-
mental property of matter. Many continuous changes de-
pend on this sharp type of change, and not the other way
round. . . .

The action of the nervous system, both in sensation and lm
voluntary or reflex action, is based on the same principee.
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Every cell in the nervous or muscular system, anfi very pr%b-
ably every ¢land cell, too, has a Fhrgshold of exc1tab1!1ty, { dat
is to say a minimum stimulus which is needed before it can do
anything. ,
¥urth%r, the activity of a cell is seldom graded. A muscle
fibre contracts with all its available energy, or not .at.aﬂ. A
nerve fibre either does nothing, or transmits a unit 1mpulse
which is no stronger, and travels no faster, if the' stimulus
which starts it is greatly increased. Graded' activity of aln
organ is possible by altering the number of units, for cxampt’i
muscle fibres, contracting at any moment, Or the frequenc
with which each contracts. In the case of a muscle fibre 2
sufficiently rapid series of stimuli, each of which would causc s
twitch, lead to a steady contraction. :
On these principles we are beginning to understand some 0{
the processes involved in simple sensation. A number ©
sensory nerves end in knobs which are sensitive to pres;uri?.
A very light pressure on such a knob may cause only a sing
impulse to travel along the fibre towards the brain. A
moderate pressure will cause a series of impulses, at ﬁrs(;
frequent, then slowing down. A greater pressure is translati?
into a more rapid series, also slowing down in the end. The
same seems to be true for more complicated sense organs
Our whole knowledge of the external world, and our whole
action on it, depend on the numbers of nervous impulses
going in and out through a few million nerve fibres. Th?Slc
impulses are all of the same nature, chemical changes Wl“'
accompanying electrical potentials of a few millivolts. They

© not seem to differ qualitatively according to whether they

> : o
are destined to cause sensations of sound or warmth, pan 0
pleasure, or even

to bring about secretion or motion. Th“
whole qualitative richness of the external world, or of a phile-
iop lier’s or poet’s mind, is transformed into quantity at th®
evel. ‘

The change back to quality on the way inwards is only Pajlliy
understood.  But it depends on thresholds which vary g2
tatively as well a5 quantitatively. Each sensory nerve fibre
connects with a number of cells in the spinal cord or bral®
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from which more fibres arise. A large number of impulses
arriving at once along fibres from the same part, as when a
blow is given, will excite the relatively sluggish cells con-
cerned in a reflex action such as withdrawing a limb. Even
strong stimulation of a single end organ in the skin can prob-
ably never start a reflex, and rarely reaches consciousness.
Repeated impulses along one fibre will stimulate nerve cells
which do not respond to single stimuli. Simultaneous im-
pulses from a number will stimulate cells which do not
respond to repeated stimuli from one fibre, and so on. Thus
as we travel up the central nervous system towards the cerebral
cortex the nervous activity comes more and more to represent
patterns of stimuli in the external world. And finally in the
cerebral cortex the relevant patterns correspond to material
objects, words, and so on, so that we are directly aware of
these, and not of the series of points of pressure or colour, or
isolated elements of sound, into which some philosophers have
tried to analyse our perceptions.

The transformation of quantity into quality on the way out,
involved in skilled muscular movement, will perhaps be
easier to investigate, but has been less studied. This is prob-
ably because physiologists have so far been under the influence
of philosophies which regarded sensation as more important
than action—as indeed it is for a leisured class. When we
know in detail how the impulses coming down the arm nerves
are translated into skilled hand work we shall probably ob.taln
many clues to the cpnverse transformation of quantity into
quality in the brain. o

The transformation of quantity into quality is very qlearly
shown in the course of evolution. Suppose the linear dimen-
sions of an animal to be increased ten times, but its shape un-
changed, then its bulk is increased a thousand times, but its
surface only one hundred times. Thus if its chemical changes
go on at the same rate, each area of gut must pass 1n ten times
as much food per day, each area of lung or gill ten times as
much oxygen, and so on. So the animal will only be ‘a'ble to
live an active life if the area of the gut is increased by coiling it,
throwing its surface into numerous projections, and so on.
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Similarly the gills and lungs must become more complex, the
circulation must become more efficient, and so on.  In fact, itis
probably truer to say that the most advanced animals are
complicated because they are large, than that they are lage
because they are complicated.

Many more examples might be given, but I will end ona
personal note. It is often said that Marxism is somewhat of 2
pose in scientists who adopt it, and that it does not influence
their research. During the 1oth century it was found that
many gases could be liquefied by cold, and Engels, among
others, predicted that a quantitative change of temperature
would lead to a sharp qualitative change of state in all of them.
This has now been found to be the case. However scientists,
whether or not they are materialists, were almost all unduly
mechanistic. Qualities such as taste or smell are thought to
be less real than quantitatively measurable characters such
density. Now a gas such as hydrogen sulphide with a strong
smell, or carbon dioxide with a strong taste, is inodorous and
tasteless until it reaches a certain concentration, which is the
threshold for the human sense organs. The threshold is best
measured as partial pressure. Hydrogen sulphide is first smelt
at a pressure of about a millionth of an atmosphere, carbon
dioxide first tasted at a pressure of about a fifth. It is obvious
that a gas such as oxygen, which has no smell or taste when
breathed pure at a pressure of one atmosphere, may yet be
perceptible at higher pressures.

L It was not, however, obvious to a number of scientists who
Iad f]? cen ;t a pressure of six atmosphere.s, corresponding t0
70 tect of sea water; because they recognized the transforma-

tion (?f quantity into quality in special cases, but not as a gener
principle, or _be’lieved in the “lesser reality”, to use a sarcastic
lroigliillsii OfLSemrI\ s, of smell and taste as compared with shape and
atmosy}.mr 0 I'was the first person to taste oxygen. At sIX
highe rppre:ssu l})@ssure it tastes like rather flat ginger becr. Alt
example Showzstl}'l: magf perhaps develop a smell. "This stmpl¢
into quality s o at the law of the Fransformatlon of quanify
of previozsl ‘ (?t merely a convenient summary of a numbes
Y discovered facts (though both the quantut®
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theory and the thresholds of nerve cells were discovered after
Engels’ death), but aliving and fruitful guide to actual scientific
discovery.

IV. NEGATION OF THE NEGATION

The contradictions embodied in a system commonly lead to
a struggle, which results in development. Where we can
follow the detail of this struggle, we find that the formula of
the negation of the negation often expresses the final phase,
which leads to the sudden “‘emergence” of novelty, with
remarkable accuracy; as in Marx’s description of the transition
to Socialism, ‘“The expropriators are expropriated”.

We do not know enough of the detail of how unstable atoms
or molecules undergo sudden change to say how, if at all, this
principle applies. But it certainly applies to the familiar irre-
versible physical changes such as the breaking of a stick or
metal bar which is overbent, or a rope or rubber band which is
overstretched. Under no external strains, or slight strains, the
molecules of a solid are commonly arranged in a system of
minimum energy (like a stone lying at the bottom of a bowl
instéad of being perched in a Jess stable position). ’I_‘hey may
be arranged in crystals, as in cast iron, or fibres as 1n wood.
Now a strain such as bending or pulling upsets this arrange-
ment. The stable configuration of molecules is pegated. In
its early stages this process is reversible. The solid regains 1ts
former shape if the force on it 1s removed. Bqt at a certain
point the negation is abruptly negated. The solid breaks, and

each part returns to a stable configuration of molecules. There
may of course be intermediate stages of permanent set. T his is
of course a crude example. In other cases the negation of the
molecular arrangement leads, after a more Or l_ess ch?,otl_c
period, to a new one. Thus when ice near its melting point 1s
compressed, it first melts, that is to say the molecules lose their

orderly arrangement, but at about 6000 atmospheres it passes
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into another solid form, ice-VI, in which the molecules are
more densely packed than an ice-l, the well-known form.!

A beautiful example of a negated negation is found in the
modern geological theory of the formation of certain mountain
ranges, such as the Alps. These occur in regions of folding
where the earth’s crust, by cooling or continental movement, is
under lateral pressure. The first effect of this pressure is t0
cause a downward .folding, such as occurs, for example, off
many of the coasts of the Pacific, where there are deep oceanic
troughs. These are filled with sediments which form rock.
As the folding progresses these sediments are brought up again
above sca level. Being lighter than the granite of which the
continents are largely composed, they can form compars-
tively stable mountain ranges of considerable height, wheress
a range consising of heavier rocks would gradually sink
when the mountain-building forces no longer acted. Thus
the downfold, or geosynclinal, is transformed into its opposite,
a mountain range.-

But the negation of the negation is most strikingly shown in
the fiéld of biology. The most primitive organisms merely
grow and divide. If they break down the large molecules of
their bodies into smaller molecules which are excreted, thisis 2
negation of their life process. But in the higher animals the
breakdpwn_ of relatively large molecules, such as glycogen and
adenosmetnphosphoric acid, is the immediate source of the
energy of muscular movement, which enables them to get
food Wth_h 1s quite unavailable to the simplest organisms.
The negation of growth thus negates itself.

The evolutionary process depends on the struggle between
variation and selection. As Engels pointed out, either may
be taken as positive. However, the following treatment is
perhaps the most consonant with modern biological idess.

1 1 have been criticized for writing dogmatically about “hypothetical’Y

arrangements of . ]
the evidence on xﬁ}:ﬁuﬁ; stIn a full-scale book I might have summarized

T atements are based. Here I can only remal
that it is . ; i
Newmn,znltlicnliestrozgg than was the evidence for the Copernican theory {)n

1 . And ag ; sub-
stantial corre I have repeatedly staked my life on the

“chis-sided” tess of molecular theory, I can claim that my thinking on it
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Normally like produces like, or nearly so, whether in growth,
as when one potato or geranium produces many vegetatively,
or in sexual reproduction.  More accurately, like responds alike
to a similar environment. Some variation within the progeny
of a single organism or pair is merely duc to the different
responses of fundamentally similar organisms to different
nurtures.  Some, including: sex differences in most species, is
due to hybridity, that is to say to the fact that the original
organism considered, or one of them, was formed by the
union of germ-cells whose nuclei were unlike. But some
variation is due to mutation, a radical change which may pro-
duce entirely novel types, and which leads to hybridity in later
generations, and thus furnishes the raw material for all kinds
of heritable variations. Mutation is in fact the negation of
heredity. The novel types produced by mutation very rarely
prove fitter than the original type. So natural selection
generally eliminates them, though occasionally one may
spread through a species and transform it. The negation is
usually negated. But this does not give us a uniform species,
for many disadvantageous mutants are eliminated quite stowly.
On the contrary, as Tsetverikov first showevd,‘ and Dubm'm and
others, including Gordon, Philip, Spurway and Street in my
own laboratory, have proved in greater detail, it leads to a state
of affairs where the species is permeated with small variations,
more or less harmful one at a time, but sometimes beneficial in
suitable combinations, or potentially useful if external condi-
tions change. Fisher believes that the struggle between
mutation and selection causes slow changes in a species which
are not due to environmental pressure, and thus gives an
internal cause for evolution such as has been attributed to vital
urges and the like. If certainly makes a species more variable
and plastic than it would otherwise be. . .
Evolution proceeds by the same method in many details.
Every major change of environment negates the former
normal conditions of the organism. Thus when our fish
ancestors came out of water they could not move quickly on
land. They breathed with difficulty, saw badly, were subject
to rapid temperature changes such as do not occur in water,
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and so on. It took many million years to negate these nega-
tions. They were negated by the development of such organs
as legs and lungs, by large changes in the eyes, and finally by
mechanisms for regulating the temperature.  These, when they
were perfected, enabled the mammals and birds to colonize
even the arctic, and rendered many other developments
possible. Man has recently developed a large brain which,
among other things, has cramped his teeth and bent his nasi
passages. The teeth and nose are among the weakest ar}d most
readily infected parts of our bodies. Natural selection is likely
to negate this weakness in our remote descendants.

Finally the negation of negation is extremely typical of the
development of scientific theory and practice. Here at IC?SC
Hegel was not standing on his head. His account of the dia-
lectic needs far less modification in connection with human
history than with nature. The dialectical development of
mathematics was described by Engels,! to whom readers are
referred. At the end of the 19th century the atomic theory i
chemistry was generally accepted, though Ostwald and 2 few
other chemists stood out.  But the number of atoms in a gram
was uncertain within a factor of a hundred or more. Then
Thomson showed that electrons could be detached from atoms
in a gas, and Rutherford found that atoms broke up. This
negated the atom as an ““eternal brick”, but made it possible to
count atoms with great accuracy, since individual electrons of

atomic explosions produce effects which are visible with
microscope.

‘We have seen how
modern science,
that Marx and En
scientists follow in,

widely Marxist principles are applicable 0
Some scientific workers admit this, but add
gels only formulated principles which good
; stinctively. Evenif this were the whole ruth,
their formulation would have been a very great step forward.
Buf: actually an individual scientist will often turn out to be
quite dialectical in his treatment of some particular problem,
S2y resonance energy or reflex action, but crassly mechanistic
or idealistic when dealing with other questions, including his
own social and economic position. For this reason every
¥ Dialectics of Nature.
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scientific worker will be aided in his work by a study of such
classics as Feuerbach, Anti-Diihring, Dialectics of Nature, Material-
ism and Empirio-criticism, and chapter 4 of the History of the
C.P.S.U. (B). He must remember that they must be studied
not as eternal truths, but in their historical setting; not as
dogmas, but as guides to action. If he does so he will not
merely improve the quality of his research and teaching; he
will find himself no longer a mere individual passively in-
volved in the torrent of contemporary history, but actively
engaged in changing society and shaping the world’s future.

V. MATERIALISM AND ITS OPPONENTS

We shall not be able to counter the arguments wh}ch
philosophers and scientific workers bring against materialism
unless we understand not only their social origin but the
considerable measure of truth behind them. Lenin® wrote
that ““Philosophical idealism is only nonsense from the stand-
point of crude, simple, metaphysical materialism. On the
other hand from the standpoint of dialectical materialism,
philosophical idealism is a one-sided, exaggerated development
of one of the features of knowledge into an absolute, divorced
from matter. ...” .

In each generation the undialectical materialists try to explain
everything in terms of matter and motiqn described in terms
which may be adequate for school physics, but are quite n-
adequate even for the very abstract view of the World_needed
by the laboratory physicist. No wonder they are of little use
to the biologist, and still less to the psychologist. The syllog-
ism of the idealistic biologist runs, “Matter has the' properties
which were taught to me at school. These properties will not
explain life, let alone mind. Thcrefor'e matter does not exist,
or at any rate there is a spiritual world independent of matter.

1 On Dialectics.
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Because the first and third clauses are untrue, we must not
forget that the second is true. Many of the idealistic writings
of contemporary scientists (though not all) are of real value a
criticisms of mechanistic materialism.

In the ancient Greek world the class which was rising when
philosophers began to study the wotld was a class of merchans.
They required arithmetic for their calling, and it was natural
that Pythagoras, who, according to Aristoxenus, ‘“was the first
to develop mathematics beyond the necessities of trade”,
should identify reality with number. The rising bourgeoisic
of the seventeenth century were concerned, with navigation,
ballistics, and mining, especially the operations of lifting solids
and pumping water. For Newton and his followers, including
the philosophical school of Locke, matter had extension and
mass, l)ut its other properties, such as colour, taste and smell
were “secondary” and illusory. The Newtonian or mechan-
Istic conception of nature only broke down within the sphere
of_ physics after over two centuries, and still dominates scientific
thinking because a post-Newtonian theoretical physics, in-
cluding relativity. and quantum mechanics, is only now being
framed.

We_ can get some idea of what this physics will be like by
studying the mathematical framework, which is the scaffolding,
SO to say, for the new building. The old Greek merchants
bad been largely concerned with the simplest possible relations
thW’e’en material objects which are symbolized by the word

and”. Number, weight, and bulk are additive.” Two and
three are five, two ships and- three ships are five ships, two
pounds and three pounds are five pounds. Newtonian physics
involved more complex relations. Thus the gravitational force
between two bodies is proportional to the product of their
masses. The gravitational force between a two-pound weight
and a three-pound weight is not five but six times the force
betvyeen two one-pound weights at the same distance. A
particle Was supposed to be fully described by three numbers
Iepresenting its position in space, three more representing its
velqcme; in three perpendicular directions, and others repre-
senting its mass, electric charge, and so on. But for modern
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quantum mechanics as developed, for example, by Dirac, a
part'icle is rt?presented by an Sperator. An operator is a mathe-
matical activity, an adverb, as it were, in the mathematical
language, which converts one function into another. Thus
the operator o converts x2.into 2x, sin x into cos x, and so on.
The operator E converts x2 into (x + 1)?, sin x into sin (% + 1),
and so on. The action of the much more complicated
operator representing a particle on a function representing
waves or vibrations gives the most accurate numerical predic-
tions so far available as to how the particle will behave. The
substitution for a self-existent particle of something which-
can only be described in terms of its actions on other things is
clearly a step in the direction of dialectical materialism.

We cannot tell in detail what the new world picture will be
like. As Lenin® put it: “It is, of course, absurd to say that
materialism ever . . . professed a ‘mechanical’ picture of the
world, and not an electro-magnetic or some other, immeasur-
ably more complex, picture of the world as matter in motion”.

But we can be sure that on the one hand it will fit the
mathematical scheme which is now being developed, as the
picture of the world in terms of indestructible particles with
no properties but position, size, inertia, attraction and repulsion,
fitted Newton’s and Laplace’s mathematical scheme. And we
can be nearly sure that in doing so it will take account of
qualities such as colour, sound and smell, which are ‘‘second-
ary”” and unreal for mechanistic materialism. It is noteworthy
that just as Planck and Einstein showed that light behaved, not
only as if it were composed of waves, but of particles, the
Soviet physicist Frenkel has applied the same treatment to
sound, some of whose properties are most readily calculated if
it is regarded as consisting of particles which he calls phonons.
Thus the new physics will not merely be more accurate
quantitatively than the old. It will give a more concrete
account of the world, including many of the qualities which,
according to dialectical materialism, but not to idealism or
mechanical materialism, really exist in the real world.

1 Materialism and Empire-criticism.
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Eddington has succeeded in making some deductions con-
cerning the general nature of physical systems, for example the
ratio of the masses of a proton and an electron, from the fact
that they are capable of being experienced, and draws the
idealistic conclusion that their whole being consists in being
experienced. Not all his colleagués agree with his deductions;
but even if they are correct, the capacity of matter for acting on
our sense organs, and thus being experienced, is only one of
its physical properties, and Eddington might as well have
started off from one of the others. If men were immateria
souls somehow watching, the external world through the sense
organs, we should have no guarantee that matter was at all like
our perceptions of it.  But actually we have acquaintance with
matter in two different ways besides direct perception through
the sense organs. As Marx never tired of pointing out, We
act on it as well as perceiving it. In so far as our actions ar¢
successful, this guarantees that our perceptions are not illusory,
at least in some respects.

We have also a third source of information. If our brains
think and feel, then every fact about human consciousness is 4
fact about matter, namely the matter of our brains. True, we
do not perceive our brains directly, but we learp facts about
them which we could never learn by direct perception. We
learn th'at some material systems can feel, think, and will
Now this 'fact has been the basis of two distorted views which
are sometimes held by the same person. One is idealism, the
theory :chat feeling, thought and will are the reality of which
matter 1s the appearance. [If our sensation and ideas are images
of matter, it follows that matter is like them. If your photo-
graph is hl_{e you, you are like your photograph. Similarly,
some relations between material objects or events are like
thought, and force is like will.

M;J)gl:r I(I]uf;]tllgn is, which is the model and which the COPI}l’?
vestion, wers of Mach, such as Carnap, say that the
3 5}, 18 meaningless; the world can be “logically con-
ng:(:zn étzlxigbel-ther matter or mind as primary. If CamZP
tight. Buo b eing, the only one of his kind, he wpuld c
. rx and Engels first saw that the question cat
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only be answered on social and historical grounds. If you are

in doubt which of two things is a model and which a copy,

find out which was there first. Matter was there before men’
or any higher animals, probably before life at all. Hence

matter is the model, and mental events the copy. And hence

the extreme philosophical importance of evolution, of which,

by the way, an account could only be given when the develop- -
ment of mines and canals had revealed the fossil record.

The other distortion, mysticism, which is associated with
some forms of idealism, is the theory that important informa-
tion about the universe can be gained without any sense im-
pressions, after withdrawing the mind from the external world
by ritual, meditation, or chemical substances such as nitrous
oxide. This is opposed to the view that “there is nothing in
the intellect which was not first in a sensation”. Historically
mystics have generally begun by intuitions of the truth of some
religion. But the greater mystics have often stated that the
God with whom they claimed unity was not a person. In fact
many of them were more than half~way to atheism, and some
Buddhist mystics have been complete atheists. Mystical ex-
perience is a fact, but it is primarily a fact about the brain. It
may give some information about the universe, but this in-
formation will be even further from the truth than that of our
senses. Our senses tell us that the sun goes up and down every
day, that mustard is hot, that a stick thrust into water is bent,
and so on. Mystical experience is still more fallacious. The
theories based on it are sterile flowers, as Lenin said.  But they
are rooted in reality. The reality behind mystical experience
is perhaps the perception of a unity which may have been a
commonplace for a member of a primitive tribe, and will
perhaps be equally obvious to a member of the Communist
world society of the future, but which even members of the
Socialist society of the U.S.S.R. can only grasp in part. Ina
class society this reality can only be expressed in a highly
mythological form. '

Thus a radical, dialectical, materialist need not, and indeed
must not, neglect any parts of human experier{ce. On the
other hand, until the physiology of the brain has been

’
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developed 2 great deal further, the materialistic account of
consciousness must be extremely sketchy, and Marxism will be
mainly useful in describing its social relations rather than it
physical basis. .
It is important to refute the widely held view that idealism
makes for good conduct. The moral implications of idealism

were, I believe, stated once for all in A Little Boy Lost, by
William Blake:

Nought loves another as itself,
Nor venerates another so,
Nor is it possible to thought
A greater than itself to know.

Idealists all agree with the last two lines. How nearly they

agree with the first two is shown by their attempts to justify
virtue by explaining that I am “really” identical with my
neighbour, generally because both of us are identical with Go_d
or the Absolute. Idealists can, of course, be virtuous; but their
idealism often helps them to the comfortable belief that othes
people’s sufferings are not real; and they cannot reach the pesk
of virtue of a materialist who deliberately gives up his or her
life, without hope of a future life, for a great cause, as hundreds
of thousands of materialists are doing today in the Soviet
Union.
) Above all idealism is dangerous in the political field, where
it leads to the liberal belief that good intentions will make an
out-of-date economic and political system work, and '[hc
anarchist belief that they are enough without any pohuqal
system at all. To combat idealism we must understand s
strong points as well as its weak ones, and be able to explain
to idealists that dialectical materialism embodies the really
valuable and fruitful elements in their philosophy.

-------

20 JUN, 1947

Ca Loyt
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