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PREFACE

Tius book 15 called The Foreseeable Future, but a quick
glance at its contents shows that it deals chicfly with
the future of technology. The limitation is

g of the adjective. Technol y is governed
by scientific principles, some of which are understood,
and there is dingly a basis for prediction. Sociolog
has still to find its Newton, let alone its Planck, an
preduction is guesswork.

1 have supposed that developments which do not
contradict known principles and which have an obvious
utility will in fact be made, probably in the next hun-
dred years, No doubt there will be discoveries which
will transcend what now appear major impossibilities,
but these are unpredictable, and so are the practical
developments which will follow from them.

In some of what follows 1 have gone outside the
studies of which 1 ¢an claim any professional know-
ledge. For this rash act I ask the forgiveness of those
1o whose coverts I have trespassed. If some of the
game 1 have reported exists only in my imagination, at
least ths kind of paaching does no harm to the rightful
owners, while the onlooker may occasionally see some-
thing that is both unexpected and real,

G.T.
CAMBRIDGE
Marck 1gss

Vit






CHAPTER 1
INTRODUCTION

T last three hundred years have been mar_k:d by an
increase in man’s power over his surroundings unex-
ampled in any equal period of the past. One cannot
help asking how long it will last. Will this rate of
material progress, which seems to be steadily accelerat-
ing, continue faster and faster, will it level off to a
steady and much slower advance, or will it end in a
catastrophe and 2 dark age? The nearest historical
parallel, and that a very incomplete one, is the inven-
tion of agriculture in the neofithic age. This led to a
great increase in the papulations which adopted it and
to the foundation of cines, but written records do not
0 back far enough to tell us the difficulties which the
men who began this innovation had to conquer or how
they overcame them, and when it later spread it did
50 23 an established mode of hfe. Pethaps a study of

those North Amenican tribes, who, when first reached
by Europeans, were i

ly beginning to

maize on their own mtiative, and with htde if any
contact with the developed cwilization further south,
might gwve one hints. One cannot help feeling that it
was a slow process with many setbacks.

Qur own problem could be attacked from at least
two quite different sides. One could consider what
fuurther technical advances are likely and then see what
reaction they are likely to have on people’s lives, or
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INTRGDUCTION
i i i tislly
The very rapid progress now going on is cssen s
based on scientific discovery, Up to about the year
1650 progress in technology was mostly duc to un-
educated people and procecded slowly ona hl‘bor-mlss
basis. About the time of Galileo and Francis Bacon

P became respectable for gentd and the
possibility of educated men interesting thcmsclvts. in
hnalogy greatly i . For

T g
was a relatively carly branch of science and owed
much of ks progress 1o the interest in its vse a3 2n 2id
to the navigation of the oceans, then becoming of the
greatest commercial and political importance. But
anly a part of the great imptovement in technology in
the and eigh h

was due to
educated men or had more than an indirect connection
with science, Watts indeed was an instrument-maker
attached to the Natural Philosophy department of
the University of Glasgow, and probably owed more
mspiration to a model of the early Newcomen engine
that he was asked to mend, than be did to his mother’s
kettle. But the science of heat gamed more from the
steamt-engine than the steam-engine from it, Gl the
mneteenth century was more than half over. Science
favoured technology more by the attitude of mind
which it encouraged in the governing classes than by
the actual application of its discoveries. This was
changcd by the discovery of electric currents, and
especially by Faraday’s discovery of electro-magnetic
mducton in 1833. The electricat industry depends, and
always has depended, entirely an scientific discovery,
Rute of thumb has never played more than a very

3




THE FORESEEABLE FUTURE

alternatively one could proceed from some a priori idea
of how a society is likely to change, making usc of such
partial historical parallels as can be found, The former
seems to me the more promising and this book is an
attempt, a very imperfect attempt, to advance on these
lines,

I shall assume that either the world is relatively
peaceful, or at least that such wars as arisc do not do
vastly more damage than those of the immediate past,
Some may think that this is an unjustifiably optimistic
view, having in mind the almost limitless powers of
destruction of ‘atomic’ weapons. 1 can only say in
reply, first, that if you assume the opposite then the
question of the future of the present civilization, which
we set out to consider, is answered, and second, that
the actual destruction in wars bears little relation to
the destructiveness of the weapons used. It has much
more to do with the intensity with which men hold the
beliefs for which they arc fighting and the degree of
misery that those on the weaker side will endure before
they give in. Indeed the weaker side is often simply the
one that will endure the least. It may matter little
whether citics, and their populations, arc destroyed at
Jong range by 'atomic’ guided missiles, or at short
range by men with spears and torches. The chief danger
that I sce from ‘atomic’ weapons is that onc or both
sides, in their cagerness to get a knock-out blow in first,
may do more damage than would have been necessary
to cause surrender if it had occurred more gradually,
giving time for its significance to sn.nk into men's minds,
and produce its full effect in inclining them to peace.

”



INTRODUCTION

+will certainly mss 2 great deal. To guess how pcopl'e
wll change their lives in Tesponse to this progress is
much more risky, but it is hard to resist some attempt
to da 50, however bricfly.
Qe o

principles are wently ‘principles of
impotence’, They say that certain things cannot be done,
and though they do not say that everything els ¢an {for
that would mean that there are no more such pﬂnciy.lcs
to discover), it is surprising how quickly the most diffi-
cult and intricate developments get made when no
principle interferes, The rapid development that has
followed de Forest’s addition in 190y of the third
member to Fleming’s thermionic valve, which in turn
depended on the discovery of the electron, is a case in
point. In radio and in radar, in television and in the
huge ‘digital computers’, which are the nearest ap-
proach anyone has made to a brain, the same hasic
ideas are applied and even the same components used,
Just 25 the elephant, the frog and the pigeon work with
much the same nerve and muscle cells, moving the
same kinad of bony structure,

It is worth trying to

explan, a
m quite hnueal 1

s far as one can do so
guage, what these principl

of ympotence are. The order is arbitrary, but 1 shall
tahe 2 numiver one the principle whose importance
was fist stressed by Einstern, that no material ob-
Ject and o signal can go faster than the velocity of
Light. Electrons have been made 1o £0 within one part
m 100,000 of that velocity, and in cosmic rays the
€2P is somtmes even less, but these parficles show
special properties, whuch confirm the impossibility of

5




THE FORESEEABLE FUTURE

miinor part in developing it; and all the great, and most
of the minor, advances have been made as the result of
definite scientific discoveries. By the end of the nine-
teenth century this was true of other branches of
engineering as well, Parsons” stcam turbine was a
development scientifically based on thermodynamics,
The use of the microscope made metallurgy scientific,
a most important change, For the archxologists are
right to speak of the ages of stone, of bronze and of iron,
The possibilities of a culture are limited by the material
at its disposal, though not ¢very culture reaches the
limit thus set. For example, the limit for jron, purc
or with some adventitious carbon, was not reached till
the nincteenth century though the first iron was worhed
close on four thousand ycars carlier and culture had
followed culture. Chemistry became scientific in the
later seventeenth century, but even earlier the mystical
thearies of the alchemists allowed some practical pro-
gress and the idea of a chemical experiment became
part of the mental apparatus of common men. Biology,
outside of medicine, had to wait till Bateson rediscovered
Mendel's work before it became of much technical im-
portance as a scicnce, as opposed to the mere introduc-
tion of plants and animals from onc country to another.
It is because major discoveries are hikely to be based
on scicntific principles rather than on mechanical n-
genuity, and because these pranciples have limitations,
that it is rcasonable to hope to be able to predict in a
general way the trend which these discoveries will hn»:c,
For this reason it may not be too rash to regard certain
kinds of tcchnical progress as foreseeable, though one
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INTRODUCTION

e has 1o br Amother past of the same body, and these
the pole must remaing bat the electric charges, though
created close together, can be separated at will,

Numbers five and $x are also related in the sense
that both belong to the quantum theory. Nur_r\bcr five
is the most difficult to express, buy speaking vesy
roughly it states the impossibility of makdng an_acmratc
survey of a patticle, or set of pastices, of atomic or sub-
Jtommc sizes. An attempt 10 measure accurately where
the particle i3, produces an unforeseeable disturbance
in w3 velocity, so that whatever this may have been
before 1t is now wncertain, Conversely the velocity can
only be meawured accurately when vhe posivion is
uncertain This is known as Heisenberg’s ‘uncestainty
principle’. It seems to0 be absolutely fundamenta) in
the world and has for the philosopy
of physics more far-reaching than one might at first
expect. It has obliged phymcists to reconsider their
idess of cause and effect and of determinism, with con-
sequences which are sull the subject of discussion.
Nature seems to be woolly at the edges, not clear-cut
like an aceutate machine, 23 the nintieenth century
magned it, The sixth, Paul’s exclunon principle, can
be regarded as a kind of special force operating in
certan cases hetween twe ar more patucles of the same
fund 1o keep them out of one another’s way.

The seventh and last principle differs from all the
others i that it only applies where large numbers of
objects are concerned and in this sense is less absolutes
since however sny ordinary piece of matter—tven a
single biologeal cell-contains countless millions of

1




THE FORESEEABLE FUTURE
making the last step~which in this case is the one that
counts,

If a physicist had been asked to make this list fifty
years agoe the two first principles would probably have
been the conservation of mass {mass cannot be created
or destroyed), and the conservation of energy. Now
the two have been combined and one can say that mass
is conserved if, and only if; energy is conserved also in
the region of space considered; and conversely that
energy is conserved if mass is conserved, but that mass
may be changed into energy and vice versa at a constant
rate of exchange. The explosion of an ‘atomic’ bomb
is in fact the conversion of a very small amount of mass
into a very large amount of energy. Less than a gramme
{1/28 oz.) would give the Hiroshima explosion. This
combined principle will be our number two. Closely
allied to number two, and indeed derivable from it
by the principle of relativity, is the conservation of
momentum, which is identical with what schoolboys
learn as Newton’s Thud Law of Motion: Acuon and
Reaction are equal and opposite  The backward
momentum (speed times mass) of a gun just after it is
fired is equal to the forward momentum of the shot.
When a ship with the engines idling is slowed down by
the resistance of the water, the loss in momentum of the
ship is comp d by the um of a forward
surge of water.

Numbers three and four are similar and say that one
cannot make an electric charge, or a magnetic pole,
without making an equal one of opposite sign some-
where else. In the case of magnetsm this ‘somewhere

6




INTRODUCTION

else” has to be another part of the same body, and there
the pole must remain; but the electric charges, though
created clase together, can be scparated at will.

Numbers five and six are also related in the sense
that both belong to the quantum theory. ‘Number five
is the most dificult to express, but speaking very
soughly it states the impossibility of making an accurate
survey of a particle, or set of particles, of atomic or sub-
atornic sizes. An attempt to measure accurately where
the particle is, produces an unforeseeable disturbance
in st velocity, so that whatever this may have been
before it is now uncertain. Conversely the velacity can
only be measured accurately when the position is
uncertain This is known as Heisenberg’s ‘uncertainty
prinuaple’. It seems 10 be absolutely fundamental in
the world and hes for the philosophy
of physics more far-reaching than one might at first
expect. It has obliged physicists to reconsider their
ideas of cause and effect and of determinism, with con-
sequences which are sull the subject of discussion.
Nature scems to be woolly at the edges, not clear-cut
Pkc an as the ni h century
imagined 1t. The sixth, Paull’s exclusion principle, can
be rc.gatdcd as a kind of special force operating in
Certain cases between two or more particles of the same
kund to keep them out of one another’s way.

The seventh and last principle differs from all the
od}cn in that it only applies where large pumbers of
O.bjt:u are concerned and in this sense is less absolute;
since “3,‘“’5"“ any ordinary piece of matter—even a
single gical cell less millions of

ntains
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THE FORESEEABLE FUTURE

atoms and molecules, it is applicable in the vast
majority of practical cases. Its technical names are
‘second law of thermodynamics’® or alternatively ‘law
of entropy’. In essence it is the principle of chaos (if
that is not a contradiction in terms): it asserts that
order always tends to disappear till complete chaos
is reached—a chaos which paradoxically enough is
amenable to (nearly) precise mathematical treatment,
as was shown by Maxwell in the case of a gas regarded
as a collection of a vast number of particles moving at
random. Order can only be created or increased in a
system by action from outside, but order of onc kind,
such as absence of random motion, can replace order of
another kind, such as that which consists in a number
of objects all pointing in the same direction. A process
of this fast kind is in fact used in laboratories for reach-
ing the greatest obtainable degree of cold,

Now it would be rash to suppose that these seven
principles will remain for all time. As I have just said,
one has been formed from two older ones which seemed
in their day well established. But it would be sull more
rash to suppose that they can be modified in any parti-
cular way.

"There may well be other valid principles—none so far
refers to biology. Is it exempt except in so far as it must
conform to the principles of physics and chemistry? It
hardly seems likely, Animals and plants have to be able
to reproduce and grow as individuals from a relatively
very small seed or egg, which yet contains the pattern
of the whole. There must be limitations introduced
here. Not every arrangement of bones and nerves and

8



INTRODUCTION

mustles, even though it might make a viable a{ﬁmal,
could, one would, suppose, grow from an egg—still less
be developed by evolution. Perhaps this is why natare
never has produced a workable wheel or even a
‘caterpillar® track, Everything is reciprocating, though
there must surely be situations, in animal life as in the
technical world, where continuous rotation would be
better.

There is one feature of the world we live in which
is 5o general and so universal that it seems to have
escaped proper notce. For want of a better name T will
call it the ‘principle of mass production’. It is the
tendency which nature shows to repeat almost inde-
finutely cach entity it makes. This is most obvious per-
haps among the smallest of objects. There are about
enough atoms in the ink that makes one lstter of this
sentence to provide not only one for every inhabitant
of the earth, but one for every creature if each star of
our galaxy had a planet as populous as the earth, But
there are 1n the universe less than one hundred kinds
of atoms, and these hundred themselves are made of
a very small number, two or three, of common con-

stituents, c\;ctxons, protons and neutrons (if the latter
are to be given independent status). At this level the
i P -

’ of the are1d 1; that they are
strictly ind le is a principle of the

shcory which mught rank with our other principles of
impotence. Larger abjects are no longer strictly iden-
nc.:xl, but closely similar, Examples come both from
animate and from inanimate nature. Drops of rain,
grans of sand, particles of smake, bacteria, the c:ll;
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THE FORESEEARLE FUTURE

of any piece of apparently homogeneous organic tissue,
in every case though there may be a large variety
of distinguishable kinds each kind exists in numbers
which even the cold mathematician must describe as
considerable and which to the ordinary person are
incaleulably immense.

Especially in the living world is this noticeable. A
beech-tree is one of a species which contains a vast
number of individuals, cach indeed different, but
clearly distinguished from other creatures made of
much the same materials—whales or orchids for ex-
ample. Each tree has in season a large, though not
perhaps quite so large, number of leaves; each leaf is
made of relatively few kinds of cell, each kind present
in very large numbers. Each cell is made of molecules
of various kinds, some of which—though perhaps not
all—are extremely numerous. Certainly the whole is
made of enormous numbers of a few kinds of atoms. It
is the same if we look up to the sky, “as the stars of
heaven and the sand of the sea shore for multitude’. A
galaxy has thousands of mullions of stars, and there are
certainly thousands of millions of galaxies. Not every
star js the same, as the psalmist pointed out. They can
be classified, though the classification is perhaps a bit
vaguer than that of plants or animals. Yet though they
differ, a star is a star. Few are more than ten times as
massive as the mean, few less than one-tenth of that
mean, though their luminosity may differ much more.

To my mind this multtudinousness is the outstand-
ing fact in the universe as we know it. There is nothing
in logic to demand it, Though apparent to the careful

£ L3 )



INTRODUCGTION

observer using only his unaided sense, the advance of
sientific instruments and knowledge makes it mouch
‘more sirking. To a cortain extent indeed it is the result
of language; we give pames to recognizable classes and,
since we bave only a limited number of names, ‘thc
dassfication it sometimes arbitrary, giving the im-
pression of sharply-defined species whexe ‘perhaps none
xists, Bt it is more true to say that natural classifica-
tion has moulded our language. Because there exist
recognizable groups, each containing many individuals,
man has invented the ‘universals’ which have played
such a part in metaphysical argument.

This, one may be sute, is one of the fandamentals
of the world which further discovery will not alter.
Atomicity in its widest sense, mass production by
nature, is the deepest of sciennfic truths.

There are a few sill unexplaimed rumerical relations
between apparently fund 1 physical quantiti
The simplest positively-charged particle, the proton,
has a mass about 1837 times that of the corresponding
negative panicle, the electron, though the charges are
equal and apposue. There is 2 certain number 133
which comes into atomic structure and which Edding-
ton thought be had explained, though the few who can
follow his argument are unconvinced, From these facts
and principles, and from the Jaws of electricity, folow
the laws which govern chemistry and the massing
together of atoms to form solids and liguids,

Finally, in this Yist of unalterable facts and principles,
come the absoluse sizes of the fundamental atomic units
——quantities such as the mass of an electron in grammes

11



THE FORESEEABLE FUTURE

or pounds, the velocity of light in miles an hour or kilo-
metres a second, What these really assest is not the mass
of the electron, or the speed of light, but our awn mass
and the sort of speeds we can produce—the three miles
an hour of walking or the two-thirds of a kilometre per
second of a rifle bullet—in terms of natural units. They
express where our bodies or our common implements
stand in the natural scale of things, the scale of the
atoms and, at the other end, of the stars. For man is
poised between. Very large compared with any atom,
he is yet so small that he is quite unaware of the gravi-
tational attraction his body exerts on all around it,
unless the other object is as large as the earth, Then he
calls it his weight, and sometimes fusses over it. Usually
he modestly regards it as the attraction of the carth on
him, though as Newton pointed out, it is just as much
his attraction of the earth. If a man were as large as the
rmoon or even guite a bit less he would have to be
spherical or nearly so, wherever he lived. No material
could make, for example, a neck capable of supporting
such a head without being crushed, not merely because
of the attraction of the earth (if he happened still to live
on it) but because of the mutual attraction of a body
and head of that size.

Another ‘scale-effect”’ distinguishes man from insects.
A water-beetle can run about on the surface of a pond
without getting wet, a man cannot, still less a finer,
This is because surface tension is very important for an
insect, unimportant for 2 man and wholly insignificant
for a liner. A greased ncedle can lie on the surface of
water, makinga dent in the surface and being held up by

2



INTRODUCTION

forces of attraction between the water mo\‘cm\tsy which
produce the appearance that the water s CQ:I"CA by
an elastic skin. This shin always exerts a certain force;
if that force suitubly directed will mot support the
needle the skin breaks and the needle sinks, Now double
the length of the needle and also ity diameter {which
may be thought of as both its breadth and its hcigh.t).
1t will weigh eight times as much, But 1t onty has twice
the length for the skin on the wates o pull upen. Ttis
cleatly much more likely to sink. By the dme the
“needie’ has reached the size of 2 map, though he be
greased as for a Channel swim, yet surface tension will
be a negligible help. It true that surface tension varies
somewhat from liquid to liquid, but enly witkia rela-
tively marrow limits depending on the nature of the
forces between atoms, which in turn depend on the
laws of quaptum mechanics, on our fifth and sixth
principles, 2nd on the sizes of the atomic constants, We
shall never see passenger-carrying water-beetles!

On the other hand, weare bevter off acrodynamically
than the insects, which are rather small for efficient
fhgbt and have to move their wings at a rate that must
surely be mconvendently fast, Here, however, there isa
it w0 ooe's useful size, depending on the speed;
and provided we want o g0 24 fast as in fact we do,
we thould ga‘m very little fram being bigger. Indeed
At supersonic speeds it would be a disadvantage, for
coofing would be more difficult.

Sizz alsa comes into the problem in & rather different
Way, 53 3 general kmitation on what man can do. After
all, we are very smal} compared with the earth and
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or pounds, the velocity of light in miles an hour or Kilo-
metres a second. What these really assert is not the mass
of the electron, or the speed of light, but our own mass
and the sort of speeds we can produce—the three miles
an hour of walking or the two-thirds of a kilometre per
second of a rifle bullet—in terms of natural units. They
express where our bodies or our common implements
stand in the natural scale of things, the scale of the
atoms and, at the other end, of the stars. For man is
poised between, Very large compared with any atom,
he is yet so small that he is quite unaware of the gravi-
tational attraction his body exerts on all around it,
unless the other object is as large as the earth. Then he
calls it his weight, and sometimes fusses over it. Usually
he modestly regards it as the attraction of the earth on
him, though as Newton pomnted out, it is just as much
his attraction of the earth. If a man were as Jarge as the
moon or even quite a bit less he would have to be
spherical or nearly so, wherever he lived. No material
could make, for example, a neck capable of supporting
such a head without being crushed, rot mercly because
of the attraction of the earth (if he happened still to live
on it} but because of the mutual attraction of a body
and head of that size.

Another “scale-effect® distinguishes man from insects.
A water-beetle can run about on the surface of a pond
without getting wet, a man cannot, stlf fess a liner.
This is because surface tenston is very important for an
insect, unimportant for a man and wholly insignificant
for a liner. A greased necdle can lic on the surface of
water, making  dent in the surface and being held up by
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where the gun has recoiled and damaged the man “fho
pulled the trigger. A very high degree of uf:dcxslandu'lg
is needed by those who would interfere with nature in
this way. Yet it has been done successfully again and
again. Few of the plants we cultivate ot the aruma.ls
we breed are descended from ancestors once wild in
these islands,

1n technological advance there are three major com-
ponents, knowledge, energy, materials. The extent to
which civilization can extend its control over nature
depends on these three, Knowledge, of course, is the
most important: without it the others are useless; but
the other two might well be the practical himitations.
When I was 2 boy popular science writings were full
of dread for the day when coal and oil would be ex-
hausted—which somehow seemed nearer then than it
does now. Actually there is ample energy from the
sun for all reasonable requirements, though it might
be very cumbrous to use. However, the discovery of
‘atomuc energy’ (more properly called nuclear energy),
even lmiited as at present to uranium and thonum,
puts this fear away to a vesy remote future. If great
cnergies are needed, the difficulty will be to make the
machines rather than to supply the power,

While encrgy is all one, materials are various; some
may be in short supply while others are plentiful.
Improvements are possible in the quality, as well 25 in
the quantity, of the materials which make machines
:\m} consurner goods, While we may have difficulty in
maintaining the supply of some essential materials, we
may also hope for new materials, which will make

15
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our available force seems despicably weak, The energy
released by ome of the early ‘atomic’ bombs wounld
hardly suffice to provide a summer shower over a city
the size of Washington, It is improbable that the
greatest limit to which anyone could push the hydrogen
bomb would provide the energy of the famous Kra-
katoa explosion, which destroyed a small island in the
East Indies and gave the Victorians some months of
glorious sunséts winle the fine dust it threw up travelled
in the upper air round the world. Faced directly by
the power of nature even on a smallish planet men can
only bow their heads. But the power of nature does not
always have to be faced directly. There is a large class
of what are called “trigger actions’ where a small cause
produces a disproportionate effect. A handfid of alver
iodide may produce ramn over quite a big ares, as
Langmuir has shown, The ram is wanting to fall. The
energy is there, provided by nature, but the chain
which can acteate the machine is not complete till man
provides the mussing link Physicists use the term
‘raetastable’ {or a state in which energy can be retained
for a relatively long time n the absence of some action
or substance which facihitates 1ts release. Following a
chemical usage the action or substance may be called
a catalyst.

One very important kind of catalyst 1s a living or-
ganism. Becavse under favourable circumstances plants
and animals can spread rapidly when given a start,
man can produce changes out of alb proportion to
the effort he has used. But he must be careful. The
rabbit in Australia 1s only one example of many cases
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where the gun has recoiled and damaged the man tho
pulled the trigger. A very high degree Ofllfldcma“d“'_‘g
13 needed by those who would interfere with na\.\“t in
this way. Yet it has been done successfully again and
again. Fow of the plants we cultivate o the animals
we breed are descended from ancestors once wild in
these islands.

1n technological advance there are three major come-
porents, kuowledge, encrgy, materials. The extent to
which civilization can extend its control over nature
depends on these three. Knowledge, of course, is the
most important: without it the others are useless; but
Ge other two might well be the practical limitations,
When 1 was a boy popular science writings were full
of dread for the day when coal and oil would be ex-
hausted—which somehow secmed nearer then than it
does now. Actually there is ample energy from the
sun for all reasonable requirements, though it might
be very cumbrous to use. However, the discovery of
‘atomic energy” (more properly called nuclear energy),
even Bmited a3 at present to urapium and thorium,
puts thiy fear away to a very remote future. If great
energues are needed, the difficulty will be to make the
machines rather than to supply the power,

Wile energy is 2l one, matenals are various; some
may Pe in short supply while othess are Pleanful,
x“‘P\"’ch‘cms are posible in the quality, as well as in
the quantity, of the materials which make machines
““ﬂ. consumer goods. While we may have difficulty in
maintaining the supply of some essemial materials, we
may also hope for new materials, which will make
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construction easy and perhaps make certain things
possible that cannot now be done.

The advances one may expect in technology in the
reasonably foreseeable future will come from a variety of
causes, and usually merethan onecause will be operative
in cach case, but let us try listing the main ones,

Here are some, including those we have just men-
tioned:

{a) More power possible because of the increasing

use of ‘atomic’ energy.

{6} Better materials.

{c} A great improvement in biological knowledge,
which is only beginning to cateh up on the physi-
cal sciences.

() Increased powers of handling very complex
problems, first by numerical, then perhaps by
more general methods, which may be expected
as the new electronic digital computers are more
fully developed.

(£) Fresh needs will lead o new techniques which in
turn will be applicd in unexpected directions, as
were many of those made for the war,

{f) The ingenuity of investors, which is often s0
badly pawd, will provide a stream of new devices.
Mostly these will be of minor importance, but
collectively they will be significant.

(g) There may be some quite new and unsuspected
physical discovery which will have impostant ap-
plications, but here onexs reducedtoplainguessing.
To make such a discovery is a major achievement,
to predict its use beforchand impassible.

6



CHAPTER 11
ENERGCY AND POWER

Tr oxz compares the present with the last great age
of civilization in Western Europe, the Romen Empire,
the most obvious, perhaps even the most important,
difference 13 that many things which used to be done
by the muscles of men and of animals are now done by
power derived from the burning of coal or oil, and that
many other things are done by that power which could
never have been done by muscles at all. Up to the first
century the only wse of inanimate power was to drive
sailing-ships. About that time water-mills began to
come 1, apparently from Asia,! to release women from
the il of grinding com, which had been their heavy
task since the neolithic age brought in agrculture,
By the Middle Ages water-mulls were commen and
windrulls beginning, but 1t was not till the eighteenth
century that heat-energy was effectively turned inta
mechanical power Since that time the consumption of
power by cinlized nations has steadily and rapidly
increased, and the power used per head is a good test
of the level of civilization.

By our second principle, work is a form of energy and
interconvertible with other forms such as heat, so that
power, which is defined as the rate of domng work, im-
phes a rate of transformation of energy—not a loss of
energy, for energy is conserved and constant, The only

* An sccount of one 15 given by Vitruvius, 26 8 €.
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exception, that energy may be locked up in the form of
mass from which it might be released by nuclear action,
does not for the moment concern us. Mechanical power
is the most obvious and striking of the forms of power,
whether it come from steam-engine, internal-combus-
tion engine or electric motor. If one speaks of the de-
mand for power it is of mechanical power that most
people think, sometimes too exclusively. Energy is very
like money; one can hoard it, but it is only nscful when
it is being spent, that is when the energy is being trans-
formed from one kund to another. It is the process that
is desirable more often than the final state. Consider
for example the train that takes @ man from home to
office every day. To drive it, coal is burnt and its
chemical energy turned to heat. In the turbines of the
power station this hear, carried by high-pressure
steam, Is turned into the mechanical power of a rotat-
ing shaft. The dynamo at the other end of the shaft
turns this into electrical power, which goes back into
mechanical power in the motor of the train. This
mechamcal power does work in accelerating the tram
when it starts from the station where our friend has got
in, and gives it energy of motion, between stagons it
does work against the ar and frictional resistances.

The energy of motion acquired 1n the acceleration is

mostly turned into heat in the brakes when the tran

stops, but if the time-table permats 2 gradual stop much

can be used on the air and frrictional resistances as the

train slows down to rest. Ultmately st all gets into heat

in the air, the rails, and the traln. As a mere accident

of this apparently rather purposeless transformatton of
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energy from heat to heat through a com;}ﬁc:}lcd c):clc,
the man in fact moves from his home to his city station.
Unless the latter happens o be higher than the former
no net work is done on him and he reccives no net
energy. Evenafhe has climbed a bit, he loses that height
and energy on the trip home, As this will be downhill it
requires slightly less electric energy and so, ultimately,
less burning of coal than the uphll journey.
Considerations like these make it almost meaningless
to speak of overall efficiencies in the use of power. What
is achieved is different 1n kind from what is spent, or,
more properly speaking, transformed. Most uses of
power am not at producing a store of energy, but at a
Tearrangement of matter. The distinction can perhaps
be better seen by considering two exceptional cases
where this statement is not true. Some at least of the
food we eat produces mustular power from its chemcal
energy. Since we accept our bodies and do not desire
to change them fundamentally, the ability to move and
work is an end i stself. We want a body stored with
chemicals that give us the power to use our muscles.
There 15 2 minimum requirement of energy for this
purpose 1f we are to e happy and effective; we must
¢apture the sun’s energy by means of plants and turn it
into food, perhaps through the mediam of the bodies of
animals Thus food is edjble energy which the war has
accustomed us to measure 1 calories, a unit of heat
used also in measuring the energy latent in coal. The
other amportant case 1s the smelting of metals, Most
Ln:tnlx Exist i a state of chemucal combination 1n their
res, often as oxides or sulphudes They are, 50 10 speak,
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burnt and have to be ‘unburnt’ at a definite cost in
energy before they are available as metals. For every
ton of steel there is an absolute minimum price in
energy, Returning to the analogy with money, it is a
little like turning a bank balance into gold and wearing
the coins as a necklace, In these cases the second prin-
ciple applies quite simply and one can speak of a true
efficiency, How much of the energy in the coal burnt in
steelworks is used in separating the iron atoms from the
ore? Actually not very much, about 18 per cent; it is
fair to call the rest waste.

In most other things we are concerned mare with
principle seven than with principle two; in technical
terms with the second law of thermodynamics rather
than the first. Take for example the heating or the ceol-
ing of a house. The object is to keep the things in a
certain region of space at a different temperature from
those outside. There is no necessary gain or loss of
energy by the things in the house. The people, it s true,
generate heat which has to be removed if their tempera-
ture is to stay constant. We are in fact a source of heat-
energy~—if you forget that we have to be fed. But a state
in which onc region is different in temperatuse from
its surroundings is an improbable state. Something
definite must be done to create this improbability,
to pump heat from what becomes a colder to what
becomes a hotter body. This requires energy in some
form. The simplest way, if the house is to be hot, is to
light a five in it and allow the chemical energy of coal
mixed with oxygen from the air to turs into heat-
energy by the chemical process of combustion,
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The house can also be warmed by a ‘hcat-pump.’, a
refrigerator worked backwards in wh.ich mechanical
energy (usvally supplied by an c}ecmc motor) takes
heat-energy from outside, raises its temperature and
delwers it to the warm room. Actually this is an effi-
cient process and much less energy is required than
would be needed from burning coal; but against this
the clectric energy is itsell made by a relatively ineffis
dent process from coal in the power station, so there
may not be much overall gain to set against the cost of
the machinery,

Once the difference in temperature is produced,
there need be no effort to maintain it if it were not that
heat leaks back through the walls. The leak depends on
how well the walls insulate the heat; with very thick
walls the loss might be made very small. Of course in
practice there are limats; air has to be let in for ventila-
tion and will need to be heated, doors must open to let
people in and out and then cold air will enter, and so
on. But it 13 misleading, unless one is very careful, to
speak of the ‘efficiency’ of a heatmg appliance. One
<an save fuel as well by fitting double windows as by
improving the stove. Combustion heating, gas or coal,
which requires an inflow of air, necessanly requires
more heat to be released to get the same temperature
than does an electric radiator, though of course the
flow of air may be desirable for health reasons,

As designers of aeroplanes know well, it 15 artificial,
though often convement, to assign an ‘efficiency’ to
the propeller, The energy given to the aiwr by the moving
blades, and 50 wasted, cannot be sharply distinguished
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from that transferred to it by the wings and by the drag
of the fusclage. In a sense alf the energy of the engines
is wasted in steady level flight sinee the aeroplane is in
the same state after as before; from the point of view
of energy, what is produced by all the power is only a
heating of the atmosphere; but the desired effect has
been obtained, people and things have been transferred
from one place to another.

Many processes of ordinary life consist in, or at least
involve, putting things in order, that is into a state less
probable than the random one, This, by principle seven,
involves a compensating mcrease of probability some-
where else. One way of doing this is to let mechanical
power degrade into heat, and thermodynamics allows
one 1o calculate how much is needed as a minimum.
Usually this minimum is far less than is actually used.
A spinning-mill, for example, 15 essenually occupied in
arranging the random fibres of a wad of cotton into the
ordered structure of thread, but the entropy-change,
though not easy to calenlate, requires very litle
mechanical power to be degraded at the temperature
of the mill. If 2 man sorts a random pack of cards
so that they are in an assigned order he creates an
improbability of f 11 52 X 51 X 50X ... X3 X 2
This is 2 very large number 1ndeed, but the correspond-
ing loss of entropy, which must be balanced by changes
in his brain, would only requre the expenditure of
644 X 10~ crgs, about the work requured 10 break a
single molecule in balf, and less than the energy pro-
duced by burning one molecule of paraffin!

These considerations make one chary of hasty state-
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ments of future needs for power. So far, during the
steam-engine age, Taw energy in the form of cua_l has
been relatively cheap; the capital cost of the machinery
to apply it has been economically more important. A
highly civilized age with a limited power supply mlght
come to regard some of aur processes as like burning
the house down to roast the pig. Less use of power might
be compatible with a higher standard of living. Per-
sonally 1 do not beheve that the difficulty will arise. It
isextremely dufficult to assess how long the *fossil” fuely
will last, Geology 18 not an exact science. Coal and oil
ate at present producing very roughly equal amounts
of powts in the world, but the supplies of coal in the
eanth much exceed those of cil. There may be perhaps
five milion million tons of coal reasonably accessible
against a present world consumption of about 1,300
million tons per annum—theoretically nearly 4,000
years’ supply at present rates, though no one imagines
it could all e won. For oil a conservative guess is about
10,000 mithon tons agamst a consumption of 400 mil-
tion, only 25 years’ supply. Natusal gas probably adds
about 40 per cent to the calorific value of the oil, with
which 1t 15 closely associated, There are large amounts
of il in shale, perhaps 20,000 million tons, but it is
not £asy 10 recover. Oul ean be made from coal but not
at present at a price to compete with the natural pro-
Quct. In any case, the known pracesses invalve a con-
siderable dufference between the thermal capacity of

the oil produced and the coal used. This difference, of
couese, appearsay hieatin the plant; heat which it might
not be possible to use,
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It ought to be said that this relatively optimistic view
of coal supplies is not universally accepted. Some com-
petent authorities consider that it would not be possible
to recover more than a small fraction of the reserve
indicated; but even this fraction gives a supply for some
centuries at present rates of consumption and great
improvements are possible in a century. If the continua-
tion of civilization depended on winning this coal, I am
sure that it would be won—provided, of course, that
it is really there.

Other sources of energy exist and should be con-
sidered. The direct radiation from the sun, which bears
the same relation in the field of energy to the fossil
fuels that income bears to savings, is indeed very con-
siderable. The difficulty here is that it is spread over a
large area. To collect it by focusing mirrors and heated
water, or some similar device, involves a very large out-
lay of capital in proportion to the power produced. It
is rather doubtful if one would do much better than by
growing some rapidly maturing plant and burning it.
Wood has been the major fuel and the major source of
energy of mankind for many thousands of years and it
could well furnish an appreciable contribution. Nor is
there any reason to suppose that the resources of
biology are exhausted and that it would be impossible
to increase the yield per acre of combustible material.
*This now stands at perhaps 300 cubic feet per acre for
wood, yielding from existing forests something like the
equivalent of 2,000 million tons of coal per annum i all
werc burnt; but probably not more than half this at the
most could be made available, Water-power, which
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also comes in the income closs, yields at present elec
tricity which it would require 140 r{ulhon tons of So:'ﬂ
per annum to produce, The best estimate, though it is
an uncertain one, 5 that this might be multiplied by
about 20 for the whale world. But, as in nearly ail
industria! processes, one comes up against a Jaw of
diminishing returns. The most converent sources have
lready been tapped in most countries, and the more
one needs the harder it is to get it and the greater the
capital cost involved. It is not likely to supply more
than a smalt fraction of the needs of the foture, Tadal
power has also been considered, but here again the
amount available with bly installations
is extremely small The Severn Barrage scheme, pro-
bably the most {avourable, is anly estimated to yield
the equivalent of about one miltion tons of coal per
anrum. Heat from the mterior of the earth, and power
Srom windmills are sources which will no doubt be nsed
tocally, but are not bikely to give a major conteibution
to the world’s power supply.

Solar radiation may perhaps have its wses for
damestic purposes in remote and sparsely inhabited
areas where the costs of transportation are high. The
radianon on the roof and walls of & house supplies
something bke the power required to warm or cool
the house. The latter appheation 15 perhaps the mast
promusing, for the installaion is needed to work
when ihe temperature is hugh, which is roughly when
the raciation t falling; the use of rachation for heating
burposes insolves storage over rather long periods, whick
though it 18 perfectly feasible, means more plant and

25

4



THE FORESEEABLE FUTURE

more capital expense. The use of solar heat for cooking
may prove very valuable in India to save the dung now
used as fuel, which is needed as manure. Small power
units of a few horse-power may also be useful for
irrigation purposes,

If population and the requirements of energy per
head were constant the energy of the world would seem
assured for quite a long time. Water might provide most
of the electrical power, some of the domestic heating
could come from the sun, and coal, turned into oil when
necessary, could supply the power for processes and
for internal-combustion engines for a very long time.
Unfortunately neither of these assumptions is legitimate,
The population of the world has been rapidly increasing
for at least the last three hundred years and though it
shows some signs of stopping in the West there has
recently been a spurt even there, and in the East the
application of modern medicine will probably produce
for a time a rate of increase even greater than the
present. Careful esttmates suggest that the population
may be expected to rise from its present 2-5 llion to
6 or even 8 billion by z050. Further, this nsc in popula-
tion will probably be associated with a change in habits
from subsistence agriculture to a mode of hfe more like
that of Western Europe, which will give an increased
demand for power per head. The consumption of
energy in subsistence agriculture is indeed far from
being neghgible. Large amounts of wood and farm-
waste are burnt for cooking and heating In the first
decade of the mncteenth century the per capata use of
energy in the U.S.A., almost all m the form of wood,
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was more than half what it was in the 1930's.* Unfor-
tunately energy from wood and farm-waste is not easy
toincrease and is indeed liable to diminish as forests are
cut down and the land wsed for food for the increasing
population, .

There is 2 steady tendency for the per capita con=
sumption to increase. A good deal of this increase is due
10 the destre to have energy in its most convenient form,
ectricity rather than heat for example, while coal may
soon be turned extensively into oll, in both cases with a
substaptial waste, Putnam? considers that a rise of 3 per
cent per annum in power per capila actually wsed is
a reasonable estimate and 5 per cent is possible. After
careful allowance for changes in efficiency he comes
10 the conclusion that the annual power input required
by the world in 2050 may be about 30 times whatitis
naw, This, of course, makes nonsense of a civilization
based on fossit fuel—especially as sources of power such
a5 wood, farm-waste, eic., Cannot be stepped up, 5o that
the demand on the coal is increased by more than this
proportion, 1f the cost of power were to rise steeply,
other ways of gewng power would become possible
economucalfy, and the problem would change. Even
the proposed vate for 2050 is less than one-thousandth
of\\:xc energy reachang the Earth’s surface from the sun,
A rige 1 the tost of power would decrease the demand,

but 1 mught also tend to retard progress and to take
e zest out of technology, This might be, but 1 think
that many economits 1 the use of Power are possible
v }s’i‘*hr. Energy Sources—the Wealth of the World, McGraw
* Pinaem, Enty w the Putior, Van Nostrand, 1953, p 107 fig
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and would come into use as soon as the cost of power
rose seriously. As I have tried to show in the first part
of this chapter, the power needed for a given standard
of living is by no means a fixed quantity. It might be
drastically reduced by not very difficult technical ad-
vances. But I do not believe this will be necessary:
nuclear power is already beginning to be used and its
possibilities of expansion arc enormous.

Nuclear {*atomic’) power, as at present used or pro-
posed, arises from the splitting of the nuclei or centre
portion of certain of the very heavy atoms when they
are entered by neutrons. Since the act of splitting or
fission also produces neutrons, which can themselves
cause fission in fresh nuclei, a ‘chain-reaction® may be
possible in which the process goes on faster and faster
in geometrical progression, until the material is used
up or some change in the condition cccurs to stop it:
for example, an explosion which scatters the material.
An ‘atomic’ bomb works in this general way and the
object of the designer 1s to explode as much as he can
before the rest is driven apart, The original Hiroshima
bomb worked with U2%, the only naturaily occurring
substance for which a chain-reaction is possibie. Tius
occurs 1o the extent of about one part in 140 in ordinary
uranium, the rest having mostly a mass 238 in the usual
units and being known as U2, The presence of the
238 prevents ordinary uranium acting as a bomb, but
it is just possible to get it to give a chain-reaction by
mixing it with the right amount of a suitably chosen
¢moderator’, usually very pure graphite or heavy
water., This mixture, usually in the form of rods of
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uranium meta jp Larger volume of moderator, i
called a *pile?, The process of fission Produces 2 great
deal of cnergy which in the case of a homp gives the
explosive force and in the Pile appears a5 heat. In
Principle thig heat can be used to boil water or other
bquid, and the steam can drive 5 turbine ang dynamo
giving electric Power. In practice the original piles are
unsuited for giving Power; they would be damaged bya
high temperature ang have to be kept cool, The ener,

i i , but low-temperatyre
heat js very inefficsent i giving Power, though jt can

T another Purpose,
and the heay 4 an unwanteq by-product, During the
chain-reacion some of the neutrons ateach themselyeg
toUss gy and cause these to change into nuclej of
anl?lhcr elcmcm, unknown i Rature, called Plutonium,

28 properties much Kke U by ile it is v,
dil'ﬁcult 10 separate yyass from [y2a because most of
onium cay be sepa.

nti
fated from (yas by chem;
destroys {yaas a

i uced, a
0 produce 5 €ontrollap), fast reactor in which o the
average for €ach [z clens dmmycd, sllghtly over
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one plutonium nucleus is formed. There is thus a net
gain which theoretically can be stepped up indefinitely
by repeating the process. This is called *breeding®. It
can also probably be done using thorium, the next
heaviest element to uranium, in place of the U,
The thorjum forms U which has similar properties
to s,

When it comes to getting wseful power, many
problems must be solved. The pile must be made to
work at a temperature high enough to be an efficient
boiler, or rather furnace. Some material must be found
which will carry the heat away and not absorb the
precious neutrons which are the life-blood of the pile.
The whole must be made to work automatically,
because it emits great quantities of deadly radiations
which must be shielded-off from the workers. In its
construction materials which absorb neutrons must be
used very sparingly if at all. Most of the ordinary
metals are bad in this way. Altogether it is not surpris-
ing that it has taken some little ume to solve these
problems and that nuclear power in more than token
quantity is still a news item.

Nevertheless, there is no doubt that it can be done
and two piles of the slow reactor type and one of the
breeding type are under construction in this coustry,
with promise of more to follow. A British White Paper!
estimates that it will be possible to produce power at
the cost of 0-64. a unit (kilowatt-hour) allowing for the
value of the plutonium produced., This s a very reason-
able cost, particularly in view of the experimental nature

* Programme of Nuclear Fower, 1955
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of the plant, One may hope that thig cost will be

Ciable fraction of the world’s Power for any considerable
tme. The heae thcorc!ically obtainable from a Ppound
of uranjum (about 3'3 X 1019 B.Tp,. .
with the heay of buming a ton of average cogl (about
25 X 107 js Tather over 5 thousand u‘mm. as much,
utnam, p, 214, estimates that aboyy 26 million tons of

" thoss .

or an up-to-date Eenerating Station ahgyy 1 1b, of
coal is bypp, for eve, unit generated; i) coal at
L3105, 2 ton power can be Produced 5
o .

PeC unit, ¢ same ag jg estimateq for Nucleay
cnergy. N, though the plag, for p

O nucleay €nergy js
Tather mg, CXPensive ¢, build ap, maintay, than for
€oal, the Of nucleq nergy would ngy be a serioug
burden d hy,

on a wy ngry for POWer, if the eogt of the
Ruelear fiey Per unj¢ became fqual 1o the Present cosy
3t
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of the coal. But a pound of uranium should produce
over a thousand times the heat of a ton of coal, and
even allowing for consuming only about a third of the
uranium, should produce 400 times as much; so one
would break even if the uranium cost 400 X £3 101
or £1,400 a pound. The probable cost of the uranium
now being used is $20 a pound. There is a big margin
for a rise in costs, due to the richer deposits being
worked out, before the price of power would rise
appreciably. Now the amount of uranium in the carth
as a whole is not excessively small. Goldschmidt
(German Chemical Society 1937), whose estimate is
probably as good as anybody’s, takes four parts in a
million of uranium and eleven of thorium in average
rock. Thus the two together are roughly as common as
fead, to which he has assigned sixteen parts in a million.
They are in the ordinary sense of the term rarer sub-
stances than lead because there are fewer instances in
which nature has concentrated them into rich ores,
but even the average rate of fifteen parts in a million
represents ten penayweights troy per ton, which a gold-
miner would regard as a very satisfactory orc. Doubtless
uranium is harder to concentrate than gold, and doubt-
Iess the cost of extraction from ores such as these will
exceed $20, and even $100, to the pound, but methods
of extraction improve, and I have little doubt that
practically unlimited quantities of uranium and thorium
could be available at prices which would not raise the
price of power substantially above svhat it js now.
But this is not all. There is cvery reason to suppose
{hat in the not very distant future the nuclear reactions

an
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which produce the energy of the hydmg_m_bomb will
be tamed. Tn this case the power arises principally from
deuterium, the so-called heavy isotope of h:,'drogcn.
“This is present to the extent of one part in scven
thousand in ordinary water, and althongh the extrac-
tion is 2 reasonably expensive provess it would net add
appreciably to the cost of the power, The nuclear reac-
tion §s of a very different kind. It is an example of
power from building up the light auclei rather than
from breaking down the heavy one; the end-product
i the relatively inert helium nucleus. We may fairly
assume then that clectnnc energy can continue to be
produced in almost any quaatities that we want, at a
price not exceeding that at which it is sold today—
perhaps when techniques have been improved at a
samewhat lower cost.

Now, how will this affect power in general? Nuclear
enesgy has its limtations. Every nuclear reaction leads
tothe p ion of large g tes of radiation harme
ful to Yife, and a reactor powerful enough to give 3
worth-while amount of energy will require to be sur-
rounded by many feet of absorbent material. §t is
therefore wholly unsuited for use, for example, jn a
mator-cat and has serious disadvantages in an aero-
plane, at least in one that has to carvy a living Joad.

Agaln, 1n many of the uses of coal its chemical pro-
perties are iavalved. Thus large amounts of coal ace
\umc(_& into coke and used in smelting iron, where the
Fh‘m’”‘ cuergy, or part of it, is made use of directly
in producing a chemical change; though much, of
coutie, it used ts produce that heat at which alone the
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of the coal. But a pound of uranium should produce
over a thousand times the heat of a ton of eoal, and
even allowing for consuming only about a third of the
uranium, should produce 400 times as much; so one
would break even if the urantum cost 400 X £3 101
or {1,400 a pound. The probable cost of the uranium
now being used is $20 a pound. There is a big margin
for a rise in costs, due to the richer deposits being
worked out, before the price of power would rise
appreciably. Now the amount of uranium in the earth
as a whole is not excessively small. Goldschmidt
(German Chemical Society 1937), whose estimate is
probably as good as anybody’s, takes four partsin a
miflion of uranium nnd eleven of thorium in average
rock. Thus the two together are roughly as common as
lcad, to which he has assigned sixteen parts in a miflion.
They are in the ordinary sense of the term rarer sub-
stances than lead because there are fewer instances in
which nature has concentrated them into rich ores,
but even the average rate of fificen parts in a milhon
represents ten pennyweights troy per ton, which a gold-
miner would regard as & very satisfactory ore. Doubtless
uranium is harder to concentrate than gold, and doubt-
less the cost of extraction from ores such as these will
exceed §20, and even $100, to the pound, but methods
of extraction improve, and 1 have little doubt that
practically unlimited quantities of uranium and thorium
could be available at prices which would not raise the
price of power substantiaily above what it is now.
But this is not all. There is every reason to suppose
that in the not very distant future the nuclear reactions
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The difficulties of Producing clcctn'cnl. energy
directly from nuclear reactiong are technica] .but
substantial, oy Present no gpe has suggested g feasible
%ay of doing it oy a substantis] scale in the case of the

ion reactions whicp alone haye been achieved to

ion fragmen anty the chay, S, and so o the face
ofitj¢ would seery that one could only collecy the charge
O the surface of the magg i which
the eutrong are active. Ty difﬁculty may Perhaps pe
OVercome by ingenigyg design, ut it ™3y be foung
€ the ¢ STmonucleny fusion Teactions whey
cved. Her, ¢ Particleg Producing 5,4
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change orccurs with the necessary speed. It is indeed
possible to produce steel from electricity, but at a con-
siderably greater expease of energy—the process is less
cfficient. As electricity, when generated from coal,
involves the loss of two-thirds and sometimes three.
quartess of the heat-energy in the coal, the double
inefficiency makes the process quite uneconomical, If
ever our coal was used up and electrical power was
abundant and cheap, the circumstances might change.
Actually satisfaciory coke for use in the present blast-
furnaces can only be obtained from special grades of
coal, and there is likely to be a shortage of this quite
soon—in Great Britain at least. Perhaps it will prove
possible to overcome this difficuity and to use other
kinds of conl for smelting purposes. Or perhaps the
shortage of coking coal may drive us to use clectrical
methads of smelting earlicr than might be supposed,
and to find some way of doing it that is seasonably
efficient. The efficiency with which heat ¢an be turned
into electricity depends mostly on the temperatures shat
matenals will stand. It is a question of thermodynamics
and it is perhaps not hkely that 2 very great improve-
ment in efficiency will occur; probably not as great as
has been seen in the past forty years. But there scems
no reason why the application of the dlecte power
once produced should not be made reasonably efficient.
Since nuclear reactions, whether by fission or by
fusion, produce clectrically-chasged particles, it might
be thought that the process of turning their energy into
heat and then back again into clectricity is extremely
cumbrous and wasteful, and so tn a sense it is,
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The &fficulies of producing clectrical energy
dwectly from wuclear reactions are technical but
substantial. At present 1o one hos suggested a feasible
way of deing it on a substantial scale in the case of the
fission reactions which alone have been achieved to
date. The cifficulty arises from the great disparity
between the ranges of the fission fragments, which wi}l
only go through a few milllimetres of air at atmospheric
pressure, and those of the neutrans which produce
them and which will go through as many metres. The
fission fragments carry the charges, and so on the face
ofit it would seemn that one could anly collect the charge
from a thin layer on the surface of the mass in which
the neutrons are active, This difficulty may perhaps be
overcome by ingenious design, but it may be found
eaner 1o use the thermonuciear fusion reactions when
these are achieved. Here the particles producing and
resulting from the reaction are more similar and this
particutar difficolty does not anse.

As we come to depend more and more on nuclear
reactions, encrgy will undoubtedly be used § ingly
m the form of electricity. Thus is in accordance with
the presens trend and will not necessarily produce any
very drasuc changes; even now, when it 1 expensive,
electricity is preferred 10 other forms of power because
af 1ty convemence, Obviowsly all railroads would be
electrified, The termbly inefficient steam locomotive
has already been dusplaced in many places by the diesel

Togine, but this will probably go in turn 2s oil fuel
becomey searee.

The extraordinaty convemence of ofl as a portable
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fuel for use in small units, for example in motor-cars, is
likely to lead to oil of a kind being mode available even
after all the natural deposits have been exhausted. In
the first instance it will probably be made from coal, as
it was by the Germans during the Iate war. It is perhaps
rash to predict whether oil will still be used a few
centuries hence when the coal has gone, though I am
inclined to think that it will. Oil is a mixture of many
complicated compounds of hydrogen and carbon, and
there is no obvious reason why, if sufficient power was
available, the carbon could not be derived from the
practically inexhaustible supply of limestone, and the
hydrogen from water. But it is possible that before onc
reaches that stage some really satisfactory electrical
accumulator will have been devised, and the internal-
combustion engine become obsolete.

The heating of houses seems one of the uses of power
in which considerable cconomies could be made. ¥
cheap clectrical power is available, the heat-pump
allows it to be applied very efficiently for this purposc.
The heat-pump is really a refrigerator in which instead
of creating cold inside the refrigerator by taking the
heat away and then discarding the heat, you have the
refrigerator out of doors and introduce the heat into
the house. In both cases by the usc of energy heat is
carried from a cold body to a hot onc contrary to the
trend of nature. Now, if the difference in temperature
is not very large this process can be markedly cefficient,
and four or five fimes as much heat can be stepped up
as corresponds to the energy used. With clectnicity pro-
duced from nuclear energy as the standard power it is
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fuel for use in small units, for example in motor-cars, is
likely to lead to oil of a kind being made available even
after all the natural deposits have been exhausted. In
the first instance it will probably be made from coal, as
it was by the Germans during the late war. It is perhaps
rash to predict whether oil will still be used a fesw
centuries hence when the coal has gone, though I am
inclined to think that it will. Oil is a mixture of many
complicated compounds of hydrogen and carbon, and
there is no obvious reason why, if sufficient power was
available, the carhon could not be derived from the
practically inexhaustible supply of limestone, and the
hydrogen from water. But it is possible that before one
reaches that stage some really satisfactory electrical
accumulator will have been devised, and the internal-
combustion engine become obsolete.

The heating of houses seems one of the uses of power
in which considerable economics could be made. If
cheap electrical power is avalable, the heat-pump
allows it to be applied very efficiently for this purpose.
The heat-pump is really a refrigerator in which instead
of creating cold inside the refrigerator by taking the
heat away and then discarding the heat, you have the
refrigerator out of doors and introduce the heat into
the house. In both cases by the use of energy heat is
carried from a cold body to a hot one contrary to the
trend of nature. Now, if the difference in temperature
is not very large this process can be markedly efficient,
and four or five times as much heat can be stepped up
as corresponds to the energy used. With clectricity pro-
duced from nuclear encrgy as the standard power it is
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MATERIALS

ArcizoLocisTs have long been in the habit of
labelling cvilizations by the main material whi.ckt they
used; stone ages, bronze ages and the Jike. This is not
only a convenience but expresses 2 real truth, for a
cwbization 1s limited by the materials at its disposal.
In our own case the last fifty years have seen the intro-
ducuon of a great range of new materials; light alloys
based on alummium and magnesium, plastics, steel
contaimng other metals and pot merely carbon, are
obvious examples, Indeed it is extraordinary how many
of the ninety elements found in naturc have now been
apphed 1o indusinal uses, while a century ago all
except about twenty were chemical curiosities. Among
the latest 1o become important are titanium, as 2 main
constituent of Light strong alloys; germanium, which
has specsal properties that promise to make it a sub-
stitute for radio valves; and zirconium, important for

construction of puclear energy plants because it absorbs
neutrons so little,

Is avilizauon Itkely to become more and more de-
pcnd'tm on this varicty of materials; to what extent will
substitution be possible; are shortages likely to arise?
The advantages of using a wide range of materials are
so obvious that very great efforts will certainly be made
to k,“p up 2 supply. Perhaps no one substance is quite
indispensable, but undoubtedly there are many which
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unit will not depend as much on the number of units
which civilization needs as it would have done if, for
example, we had to depend to any considerable extent
on water-power. Then there would have been a pretty
definite limit to the power obtainable at a reasonable
cost. As it is, mankind can safely plan very large-scale
prajects if they promise a good return on the effort
invested. This is particularly important when one con~
siders the possibility of large-scale changes in climate.
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generations, hardly for many centuries if demand con-
fipues 10 expand, Then one must €ither go deeper or
use Poot OTes.
h?:&eds of geophysical prospecting have developed
rapidly in recent years; so far they have mostly been
used to laok for oil, but most of them are also applicable
to metatlic ores. The methods used include: examina-
tion of Ahe hnute changes in the weight of 2 vaass dve
to variations in the density of the rocks that attract it
from below; magnetic effects; irregularities in the con-
duction of clectricity through the earth between distant
points (which may gve an indication of what rocks are
Befow the surface); and also studues of the way in which
shock waves from an explosion in the ground are trans-
mitted, In spreading through the earth these waves are
reflected at the places where one Kind of rock changes
into another, and their speed of propagation, which can
be measured, depends on the properties of the rocks,
By an extension of these methods it should be passible
to locate ores at greater depths than can now usually
te done Whether mining can effecuvely be carried
cut at depths much greater than those now reached in
some gold-mines may be doubted, but even if that is
taken as a limat, there must be a great dea sull to
be found. Aft the same ths is fundamentally only a
palbiative and such finds will eventually be exhausted,
m: amoutt of a rare constituent of the earth which
exists 1n rich ores is negligibly stmall compared with
that fdu:h exts in very low concentration. The prob-
s T e o
Ty little. The 6 dwt. to the ton
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it would be a great deprivation to Jack. Speaking first
of minerals and their derivatives, the most obvious
thing that strikes one is the enormous disparity in the
quantity that nature puts atourdisposal. A fewelements
account for the great bulk of the earth’s erust, and of
the useful metals only iron, aluminium, magnesium
and titanium arc really common. Even here one may
be restricted; practically all the aluminium now pro-
duced commercially comes from the not very common
mineral bauxite, though aluminium is a substantial
constituent of most clays. However, the difficultics here
are more economic than technical. Aluminium can be
extracted from clay at a price, and if bauxite runs out,
there is no doubt that it will. But the other useful
metals, even relatively common ones like copper, run
in parts per 100,000, while the rarer ones arc less than
one in & million of the earth’s crust. Man would have
had a poor time of it metallurgically if the natural pro-
cesses of geology did not sometimes produce surprisingly
great concentrations of these rare clements. But these
rich ores are rarc, and large regions of the earth arc
almost entirely devoid of them. There is not much of
the solid surface of the earth, except that part covered
by ice, which has not been at least superficially ex-
amined for minerals. No doubt many valuable deposits
have been overlooked (onc has only to notice how finds
of uranium occur now that it has become highly
prized) but there is a limit and probably not a very
distant one. With rapidly increasing production of
most metals the rich ores near the earth’s surface will
be exhausted. They will last for decades, perhaps for
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generations, hardly for many ccmur'ies if demand con-
tunues to expand. Then one must either go deeper or
use T OICS,

}\mods of geophysical prospecting have developed
rapidly in recent years; so far they bave mostlyl been
used to look for onl, but most of them are also applicable
to metallic ores. The methods used snclude: examina-
tion of the minute changes in the weight of 2 mass due
to variations in the density of the rocks that attract it
from below; magnetic effects; wregularities in the con-
duction of electricity through the earth between distant
points {which may give an indication of what rocks are
below the surface); and also studies of the way in which
shock waves from an explosion in the ground are trans-
mutted In spreading through the earth these waves are
reflected at the places where one kind of rock changes
into another, and their speed of propagation, which can
be measured, depends on the properties of the rocks.

By an extension of these methods it should be possible
10 Jocate ores at greater depths than can now usually
be done Whether mining can effectively be carried
out at depths much greater than those now reached in
some gold-munes may be doubted, but even if that is
taken as a Limit, there must be a great deal still to
be found. All the same thys is fundamentally only a
palhatise and such finds will eventually be exhausted,
The amount of a rare constituent of the earth which
exusts n nch ores is negligibly small compared with
t}::: ;\:h::;n'i‘:u\\? very low concentration. The prob-

wdle enormous masses of material
1n order to extract very little. The 6 dwt. 1o the ton
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it would be a great deprivation to lack. Speaking first
of minerals and their derivatives, the most obvious
thing that strikes one is the enormous disparity in the
quantity that nature puts atourdisposal. A fewelements
account for the great balk of the earth’s crust, and of
the useful metals only iron, aluminium, magnesum
and titaninm are really common, Even here one may
be restricted; practically all the aluminium now pro-
duced commercially comes from the not very common
mineral bauxite, though aluminium is a substantial
constituent of most clays. However, the difficulties here
are more economic than techmeal. Aluminium can be
extracted from clay at a price, and 1f bauxite runs out,
there is no doubt that it will. But the other useful
metals, even relatively common ones like copper, run
in parts per 100,000, while the rarer ones are Jess than
one in a million of the earth’s crust. Man would have
had a poor time of it metallurgically if the natural pro-
cesses of geology did not sometimes produce surprisingly
great concentrations of these rare elements But these
rich ores are rare, and large regions of the carth are
almost entirely devord of them. There is not much of
the solid surface of the carth, except that part covered
by ice, which has not been at least superficially ex-
amined for minerals. No doubt many valuable deposits
have been overfooked (onc has only to notice how finds
of uranium occur now that it has become highly
prized) but there is a hmut and probably not a very
distant one. With rapidly increasing production of
most metals the rich ores near the carth’s surface will
be exhausted. They will last for decades, perhaps for
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Jarge enough for magma to flow up it without soﬁdlf);
ing will be very expensive, and one would not s d
putting it in the wrong place. With luck the magma wil
b fosced to the surface by natural pressure, or perhaps
by water forced in behind it and turned by the heat mfo
high-pressure steam, otherwise some kind of pump will
be needed. The dfficulties are great, but the need will
be great also, for civilization without the varer metals
witl be hard pressed.

Nature has provided us 1n the ocean with a fluid ore
\ery eanly handled, and there is no difficulty »n getting
tid of the tailings. The concentrations are indeed low,
and bear no smple relation to those in the surface rocks.
TFor example the rate boron and lithram are present to
4 8and o 12 parts in a million, while iron occurs only
to the extent of two parts 1 a thousand million, Todine,
which 18 a very rare element in surface rocks, occurs to
fine parts in 3 hundred milhon, and though this seems
tittle, certain seawceds can concentrate it so efectively
that for many years they were the main commercial
source of the element. Five parts in a hundred milhon
W abowt 86 Ibs in a cube of sea a hundred yards
squarc and fifty fathoms deep, What is more remarkable
15 that certin sea-animals use copper as an essential
constituent of their blood, and ane even uses vanadium.
Now copper 18 only present to the extent of two parts
an ten thomand muthon, 10, and vanadium slightly
more These examples show that bslogical methods of
concentration can be very effective and suggest that
they may be worth developing. It may be possible to
breed plants or other organisms which will concentrate

43



THE FORESEEABLE FUTURE

of a fairly good Rand gold-mine is about one part in
2 hundred thousand by weight, and the costs to extract
it are comparable with the value of the gold. Very sub-
stantial improvement is nceded before it would be
feasible to mine copper or even tungsten at so low a
concentration. There are probably very large deposits
in which an element is present at, say, ten times the
average concentration, and it may not be beyond the
powers of traditional methods to produce the necded
amounts of certain elements for a long time, However,
there are two other possibilities worth examining.

One of the reasons why conventional mining gets
difficult at great depths is the increasing heat, Tempera-
ture increases by something of the order of 50° F. per
thousand feet and the problem of keeping cool becomes
serious at a depth of a mile. It might be passible to mine
to great depths by the technique of the driller for oil.
Instead of human miners going underground it is con-
ceivable that one could Jocate veins of molten magma
by one of the methods described abave and bnng it to
the surface as a liquid. While it is not now believed that
much of the crust of the earth 15 molten, ores have
probably been deposited from liquids, cither molten or
solutions at high temperature and pressure, Presumably
such veins of liquid still exist inside the carth,

One problem will be location, The propertics of a
magma containing metallic ores are sufficiently dif-
ferent from those of ordinary rock for detection to be
possible; probably it will be necessary to lower the
instruments down narrow bore-holes somewhere near
the suspected vein so as 1o focate it accurately. A shaft
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raver dements vill be driven hard to keep up the supply.
Untt 1

it is not a uni 1 answer; some im-
portant el ts, for ple tin and tung; do not
apparently exist in the sea in detectable amounts,

1t is of course true that in a sense rare elements are
not used up, They still exist somewhere on the earth,
Whatis vsed up s the effort spent in concentrating :u.\d
purifying them, since they are thrown away and dis.
appear into 2 general mixture. Theoretically elements
may be made by nuclear change, as plotonium is made
in 2 pile 1o wse in 2n atomic bomb, though not all
elements can be made as simply as is plutonium nor
would there usnally be a plentiful raw rmaterial. How-
ever, the real drawback 12 the scale. Perhaps by nowa
few tons of plutonium may have been made in the
world, but a1 what costt A protess of this kind is out
of the question where the demands are for thousands,
even millions, of tons a year.

Imprczements n Strength

Perhaps the most interesting possility about mate-
mals 1 (hat of greatly increnssng thesr strength, Solids
are held together by the forces between the atoms that

compose them. These forces are capable of rough
caleulation. When cateulaty 4

« are comp with
fets 1t is found that all materials are much weaker

than they ought tobe—by a factor of perhaps ahundred.
h does nat seem likely that the forces have been badly
miscaleulated; rather it appears that materials break

\xc?use of faults not essential to their structare. When
2 picce of hardened ware is hed. 1ts vesi
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groups of elements to a stage at which extraction
becomes easy. An alternative, but perhaps less pro-
mising, method would be to develop ion-exchange
resins of the kind used in producing fresh from salt
water and supplied to ships’ lifeboats in the Iast war, but
the amount required would be enormous.

Since, in general, work has to be done to produce
order {principlc seven), there is a minimum require-
ment of work to concentrate a dispersed substance,
Though this work would theoretically be infinite at
infinite dilution it is not cxcessive even when the dilu-
tion is fairly high. For example, to concentrate a ton of
copper in solution from a dilution of 2 in 10, where
it would occupy § X 10° cubic metres, to a volume of
1 cubic metre would only require 240 hilowatt-hours
at 15° C. But this of course is only a theoretical mini-
mum; the actual cffort involved depends enormously
on how skilfully the separation can be done. Probably
some kind of biological or chemical process would
have to be used. The sea-water might be induced by
the action of the tides to flow past surfaces, whether
plastic or living growths, which would have the power
of extracting the substances required and perhaps even
sorting them out as in the new analytical method
of chromatography. This is undoubtedly a long way
ahcad. The problems, both mechanical in arranging
the flow of sufficient quantitics of sca-water (which
must be perpetually mixed with the occan or it will
be too depleted in the substance to work) and chemical
or biological in the actual extraction, are extremely
formidable, but a civilization perpetually using up the
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rarer elements will be driven hard to keep up the supply.
Unke 1

it is not a uni 1 nnswer; some im-
portant el s, for ple tin and tungsten, do not
apparently exist in the sca in detectable amounts.

Tt is of course true that in a sense rare elements are
notused up. They stll exist somewhere on the carth,
What s used up is the effort spent in concentrating ar}d
purifying them, since they are thrown away and dis-
appear into a general mixture Theorctically elements
may be made by nuclear change, as plutonium is made
in a pile to use 1 an atomic bomb, though not all
clements can be made as simply as is plutonium nor
would there usually be a plentiful raw material, How-
ever, the real drawback is the scale. Perhaps by now a
few tons of plutorium may have been made in the
world, but at what cost! A process of this kind is out

of the question where the demands are for thousands,
even millions, of tons a year.

Improvements vn Strength

Perhaps the most interesting possibility about mate-
rials 15 that of greatly increasing their strength. Solids
ate held together by the forces between the atoms that
compose them These forces are capable of rough

leulation. When calculations are pared with
facts 1t is found that all materials are much weaker
thau they ought \obe—by a factorof perhaps ahundred,
h.docs not seem likely that the forces have been badly
miscaleulated; rather it appears that matenals break

b:cz.msx: of faults not essential 10 their structure, When
a picce of hardened wire is hed

s resist: 10
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graups of elements to a stage at which extraction
becomes easy. An alternative, but perhaps less pro-
mising, method would be to develop jon-exchange
resins of the kind used in producing fresh from salt
water and supplied to ships® lifeboats in the last war, but
the amount required would be enormous.

Since, in general, work has to be done to produce
order (principle scven), there is & minimum require-
ment of work to concentrate a dispersed substance,
Though this work would theoretically be infinite at
infinite dilution it is not excessive even when the dilu-
tion is fairly high. For example, to concentrate a ton of
copper in solution from a dilution of 2 in 10, where
it would accupy 5 X 10° cubic metres, to a volume of
1 cubie metre would only require 240 kilowatt-hours
at 15° C. But this of course is only a theoretical mini-
mum; the actual effort involved depends enormously
on how skdfully the separation ¢an be done, Probably
some kind of biological or chemical process would
have to be used. The sea-water might be induced by
the action of the tides to flow past surfaces, whether
plastic or living growths, which would have the power
of extracting the substances required and perhaps cven
sorting them out as in the new analytical method
of chromatography. This is undoubtedly a long way
ahead. The problems, both mechanical in arranging
the flow of sufficient quantities of sea-water {which
must be pespetually mixed with the ocean or it will
be too depleted in the substance to worh) and chemical
or biological in the actual extraction, are extremely
formidable, but a civilization perpetually using up the

.
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rarer elements will be driven hard to keep up the sup;'nly.
Unfortunately it s not a universal answer; some im-
portant elements, for exaraple tin and tungsten, do not
apparently exist in the sea in detectable amounts.

1t is of course true that in a sense rare elements are
ot osed up. ‘They it exist somewhere on the earth.
Whatis used upis the effort spent in concentrating and
punfying them, since they are thrown away and dis-
appear into a general mixture, Theotetically clements
may be made by nuclear change, as plutonium is made
in 2 pile to use in an atomic bomb, though not all
clements can be made as simply as is plutonium nor
would there usually be a plentiful raw material. How-
ever, the real drawback is the scale. Perhaps by nowa
few tons of plutonium may bave been made in the
world, but at what cost! A process of this kind is out

of the question where the demands are for thousands,
even millions, of tons a year

Improvements in Strength

Perhaps the most interesting possitality about mate-
mials 15 that of greadly increasing their strength. Solids
are held together by the forces between the atoms that
compose them These forces are capable of rough
calcul When coleulations are compared with
facts 1t is found that all materials are much weaker
than they ought tobe—by a factor of perhaps ahundred,
Tt does not scem likely that the forces have been badly
mscalculated; rather 1t appears that materials break

btc?me of faults not essential to their structure. When
3 picce of hardened wire is stretched

its rest to
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extension at first is not greatly different from what is
expected, but instcad of being able to stretch with
steadily increasing resistance till it has elongated by
about 10 per cent, it begins to flow at perhaps o-5 per
cent extension and though it may extend much fur-
ther before actually breaking, does so without marked
increasc in resistance.

There are many complications to be considered. For
example, Griffith showed many years ago that thin
glass fibres can be made much stronger, in proportion
to their cross-section, than ordinary glass tube or rod.
This is because the thin fibres can be made quite free
from the cracks on the surface which are always present
in larger specimens. When a force is applied to the
specimen the stress concentrates at the crack-cnd and
opens it up almost hke a zip-fastener, so that the speci-
men breaks under a far smaller force than would have
been necded if it had been distributed fairly over the
cross-section, This effcct 1s more important with a
very hard brittle substance hike glass than it would be
in a tough metal like wrought iron. Herc the con-
centrated stress would make the metal flow before it
brohe, and by flowing it would alter the shape of the
crack and reduce the stress,

The position with metals s a curious one. In practice
they wsually fail by ‘shear’, that is by slipping of one
layer over another. Ordinary metals are composed of a
mass of tiny crystals arranged at random; thus the
slipping of onc layer of metal over another involves
the cutting of these interlocking crystals in directions
differently disposed to their faces. The posttion would
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dlearly be simpler if we had a single erystal large enough
to test, Tt is now possible in fact to make lsuch crystals,
‘They show the remarkable property of being extremely
soft; they shear and deform with very small forces,
This is very odd, because it is these single crystals, one
would have supposed, to which should apply the cal-
culations which predict great strength, A great deal of
study has been spent on this and alhed questions in
tecent years. It is believed that faults of a special kind
in the crystals called “dislocations’, play an important
part. A dislocation is a region of misfit in the crystal,
in the form of a long thin cylinder; the axds of the
cylinder is the *line’ of the dislocation, and associated
with this line is a plane over which that part of the
crystal Iying on one side of the ine can be considered
to have siipped. In certamn eircumstances the line can
move 3t nght angles to 1ts length and by so dang
spread the region over which slip has occurred. Dis-
Yocations ean be of two printipal Kinds, called ‘edge’
and ‘serew’ according o the natre of the mishit they
contan

It is supposed that the sofiness of single esystals of
metals 15 due o the presence of a number of these
dislocatons which move wath very little resistance
through the metal, allowing easy slip. Single crystals of
m:ta.! as well as polycrystalline metal specimens are
veadily hardened by distortion. Many theones and
Taany _CXP:rimcnu have been made on this “werk-
hardening’; while there is not agreement on details it is
generally believed thatthe working of the metal produces
a number of dislocations 1 different directions which
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lock against each other and so can offer substantial
resistance to slip. This accounts for the moderate
strength of normal metals, but since the dislocations are
still there they never reach anything near the ideal of 2
perfect crystal,

That it is possible for a metallic erystal to resist rela-
tively great changes of shape is shown by recent experi-
ments on crystals of tin in the form of very fine wires
which can be made to grow from the surface of the
metal as ‘whiskers’. Although large single crystals of
tin slip at strains {change of shape) of 1 in 10,000, these
whiskers require strains of 2 or 3 per cent before
they distort permanently, It seems that the possibility
exists for metals far stronger, perhaps a hundred times
stronger than those we have at present. The diffi-
culties in producing them are obviously very great
and no one is prepared yet even to suggest a way of
achicving it. But with rapidly increasing knowledge
ways may appear. It secems very unlikely that the ele-
ments of weakness are so much in the nature of things
that it is impossible cither to eradicate them or so to
sterilize them as to prevent them causing casy rupturc.

‘There is a rather similar position with organic fibres,
both natural and artificial. Both natural and artifi-
cial fibres are made of very long molecules containing
thousands of atoms cach tn a chain. The chains tend
to be orientated, but usually imperfectly, along the
Jength of the fibre. Tt is possible to calculate the force
required actually to rupture a chain, and if breaking
the fibre meant that all the chains broke at once over
the cross-section the strength would be about zo times
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28 great as 1 the case even for the strongest natural
bres such as hemp.

f Two a\tcma\'w‘: explanations present themselves.
The fong chaws in the fibre may not be equally
stressed, 30 that some break first and transfer an unfm\'
foad to the remainder, breaking each in turn. Against
this one may argue that the Jong-chain molecules
would give very substantia} elongations {10 per cent
or more) before breaking and one would expeet therm
1o yeld enough to spread the strest adeguately. The
other explanation 18 that the fibres yield mostly by the
molecules slipping over one another, each molecule
semaming imtact Calculabions on these lines give the
right order of magnitude for the breaking strength.
The forces which Tiold the molecule wogether sideways
and prevent ont sapping over the other are the so-called
*Van der Waals forces’ which are much weaker than
the trye chemical forces (co-valent bonds) which hold
together the atoms that make each chain.

“Theoretically there would seem to be raom for im-
provement m several ways. The longer the individual
molecules, the greater the area of contact between
one aod 1ts neighbour—the greater, that is, the area
over which the Van der Waals forces can act to gine the
two molecules together But though expenments show

an inc{ ease in strength with length of molecule, the in-
crease is not indefinite but Yev

els off at a certain length,
P:rllxa\:s irregul af. 2 o com-
bosinon cause ane part of a molecule to

; stretch and stip
over its neighbour before all the forces take the strain,

Avother possivility would be to try to hond the long
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lock against each other and so can offer substantial
sesistance to slip. This accounts for the moderate
strength of normal metals, but since the dislocations are
still there they never reach anything near the ideal of a
perfect crystal,

That it is possible for 2 metallic crystal to resist rela-
tively great changes of shape is shown by recent experi-
ments on crystals of tin in the form of very fine wires
which can be made to grow from the surface of the
metal as “whiskers’. Although large single crystals of
tin slip at strains (change of shape) of 1 in 10,000, these
whiskers require strains of 2 or 3 per cent before
they distort permanently. It scems that the possibility
exists for metals far stronger, perhaps a hundred times
stronger than those we have at present. The diffi-
culties in producing them are obviously very great
and no one is prepared yet even to suggest a way of
achieving it. But with rapidly increasing knawledge
ways may appear. It seems very unlikely that the ele-
ments of weakness are so much in the nature of things
that it is impossible either to eradicate them or so to
sterilize them as to prevent them causing easy rupture.

There is a rather similar position with organic fibres,
both natural and artificial. Both natural and artifi-
cial fibres are made of very long molecules containing
thousands of atoms each in a chain. The chains tend
to be orentated, but usually imperfectly, along the
length of the fibre. It is possible to calculate the force
required actually to rupture a chain, and if breaking
the fibre meant that all the chains broke at ence over
the cross-section the strength would be about 20 times
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tolerated and here the stronger material scores, For
example, if 2 building has to be designed to stand up to
wnd stress, it may be admissible for it 1o bend quite
considerably to an occasional hurricane, provided it
Tecovers when the stress is past, One may expect that
improved materials will aliow many kinds of design to
be made much lighter and more flexible. An acroplanc
wing may become much more like that of a bird, yield-
ing markedly to gusts. The cables of a suspension bridge
may be permanently extended by the weight of the
bridge to be 10 or 20 per cent longer than their un-
stretched length, and will be correspondingly lighter
~more than proportionally ndeed, for in a long
bridge a substannal part of therr load is their own
weight, and this i3 teduced by making them thinner.
Deliberately arranged spnings will in many cases be no
longes necessary; the elasticity of the main structure
members will suffice. On the whale, engineening struc-
tures will tend to become more like bislogical ones
in wl'\ich fairly large extensions are acceptable, more
especially they will tend to resemble the smaller ani-
mals such as msects, where stresses due to weight
are less smportant than stresses due to other forces,
With highter, stronger and more flexible structures the
weight of the structure aself, which 1 most cases is 2
very substantial part of the stress, will become relatively
vmmpactant. The world of the fiture may be expected
tlf Yool mare ethereal, more like fairyland, than the
world n.f\hc present or of the past,
;ﬁ‘ﬁ“ archutecture owes its chatacter mosdy o the
3t stone is strong 1n compression but weak in
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chains together chemically so that the whole fibre be-
came one gigantic molecule. A third slightly more
fantastic suggestion is to use molecules of differentshapes
which would interlock when the fibre was stretched and
refuse to slide till a chemical bond broke, Hereonewould
have to be very careful that the interlocking did not
take place in a way that threw all the force on to a few
molecules like the key of a log-jam, so that when these
broke the whole was freed, But the problem does not
seem insoluble, so much is known of the shapes of
molecules which can be tailored to suit almost any
requirement, For example, molecules can be made with
cavities contaming inert atoms which are trapped in-
side like birds in cages and cannot escape though they
are not held by any chemical attraction.

Granted then that materials can be made with much
higher breaking stresses than any at present available,
what effect will this have on manufactured objects? In
the first place notice that stiffness will probably not be
increased. This has at present about the theoretical
value, and there is no reason to supposc it can be
greatly improved. Now for many purposes, for example
in machinery that must fit accurately cven under
stress, and in certain members of structures that are in
compression, it is stiffness or nigichty that matters rather
than ultimate strength. A member is made thicker and
heavier not because one is afraid of its breaking but
hecause its bending would cause undesirable effects,
Far these purposes increased ultumate strengths with
the same moduli of rigidity arc no improvement. But
there are other purposes for which flexibility can be

F 1)
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\erated and here the stronger material scores. For
example, if a butlding has to be dcs'lgnt.:d tostand up to
wind stress, it may be admissible for it to 'bcn(} "’l;‘“_c

iderably to an iopal hurricane, P! it
secovers when the stress is past. One may cxpcc‘t that
improved materials wilt allow many Xinds of design to
be made much hghter and more flexible. An ?:mp!anc
wing may become much more hke thatof a b.ud, yx'cld~
tog markedly to gosts. The cables of a suspension bridge
may be permanently extended by the weight 9{ the
bridge to be 10 or 20 per cent longer than their un-
steetched length, and will be correspondangly lighter
—more than proportionally indeed, for in a long
brdge & substantial part of their load is their own
weight, and this is reduced by making them thinner.
Deliberately arranged springs will in many cases be no
longer necessary; the elasticity of the main strocture
members will suffice. On the whole, engineering strue-
tures will tend to become more like biological ones
in which fauly large extenuons ate acceptable, more
especially they wall tend to resemble the smaller ani-
mals such as insects, where stresses due to weight
are fess important than stresses due to other forces.
With ighter, stronger and more flexible structures the
weight of the structure ftself, which in most cases is a
very substantial part of the stress, will become relatively
ummportant. The world of the future may be expected

to look more ethereal, more like fairyland, than the
world of the present or of the past

. Gattue mhitt;tmc owes its character mostly to the
act that stope is strong in compresuion but weal, in
141
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tension. Hence the architect had to arrange his struc-
ture so that the stone is almost always in compression.
The reverse will be the case with the buildings of the
future. Members in compression such as struts will
be no stronger than they are today, for struts fail in
practice by buckling, which depends on stiffness, not
on ultimate strength. On the other hand, those parts of
the structure which ace in tension will be able to take
advantage of the new strength. The resulting buildings
may be a little Yike the masts and rigging of a sailing-
ship, with the spaces between the structural members
enclosed with a light ‘cladding’ of which a considerable
fraction will be transparent,



CHAPTER 1V

TRANSPORT AND
COMMUNICATIONS

Tae most serious problem in modern transport 1S
rot technological, or at least not apparently s0. It is
the problem of the rush-hour. A large proportion of
modern men, and a considerable if smaller proportion
of modern women, spend 10 per cent to 20 per cent
of their waking hfe being conveyed backwards and
forwards between where they live and where they work.
Tt is probably the greatest inefficiency of our civiliza-
tion and the loss in working time or happiness {which
you call it depends on whether you count travelling
time as work or leisure) must much exceed that caused
by iliness in the age-groups concerned, and these, of
course, are the most important producers of wealth,
There seems no obvious way of reducing this time
greatly, as long as people live and work where they
do, though improvements along present lLines can
bly be expected to reduce the di fort. The
dleraroa 15 that wdiidual transport, such as the
Pprivate motor-car, takes up so much room, while
?ublic transport makes the journey a broken one, since
1t seldom runs from door to deor. We tay dismiss the
private helicopter as a serious aid. Flying means diffi-
cult navigation on ceviain days at least, Even with all
possible aids the risks of collision in dense traffic must
be appreciable, and even if they can be made no

53




THE FORESEEABLE FUTURE

greater than on present-day roads, the result of the
slightest collision, especially near landing or take-off
is too serious. Flying is no job for the tired business-man.
No doubt air buses and taxis will be used, and will
release other routes a bit, but the saving in time is
less than appears from a naive comparison of top
speeds. Time spent in waiting, getting started, and at
undesired stops, adds up and greatly dilutes the benefit
from extra speed when under way.

The Communicotion Problem

The obvious solution is to split up the big cities into
reasonable units, so that a man may live ten minutes’
walk from his work if he likes to live in a town, and
ten minutes’ car drive over a road twisty enough to
preserve some of the beauties of the countryside if he
wants to live in the country. This probably means units
not much ling 50,000 in population. To arrange
this is primanly a social and cconomic problem, but
is to some extent one in the transmission of information
and therefore technalogical. One reason why people
go to big cities is because they want to share ideas. The
ideas may be those provided by the brain of a great
conductor, or they may be the opinions of the stock
exchange on the value of securities, or anything in
between, For our purposes a more important classifica-
tion is the degree of multiplicity of the ¢ icati
In the case of the orchestra it may be described as
single, or nearly so. The communication that matters
is that from the erchestra to cach indiwvidual hearer;
the intesaction between the hearers is sccondary, except

R4
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peihaps in the case of close fiiends. In the case of the
stock exchange the multiphicity is ‘much greatet. ":“&
fiing of prices 38 the result of 2 joint action in whick
any pair of individuals may take pass, ot 10 s?cak of
targer groups. Count the number of linkages which are
lizble to be required. In the former case for « pc\?plc
you need n Yinkages, in the latter case if every stsxjo‘u:
ot are 1o commuricate it comes to rln — 13, which
for lasge n is much more, being 4,050 3{ n s 100 and
nearly half a rullionf # i 1,000, In a telephone system,
of course, there is one pair of wires per subscriber and
the compiewty i thrown on 10 the switching. The air of

the stock exch i i rather k d
with sound-waves, provides a number of ‘channels’ in
the communication engneer's sense of the term, readily
switched tound 1 a way which would require a lot of
swchinery of provided electrieally,

Thus there are some kinds of activity in which
relagvely primutive ions are an adeq;
substitute for bodily presence, others in which the
sequserents are much hagher, The extent 10 which
fowns can be split up will depend an what level of com-

ion is available, Teleph are sufficiently
well established for one to have a fair

3 idea of their
limsts They siow a good dea) of business ta be carried

on at 2 distance, hut personal congact is sll necessary
for many things. Telephones as at present arranged are
wadequate for a meeting between more than two, It
wauld not stem diffical for a telephone company to
offer facilities by which a graup could hold a meeting,
each sitting 1 his awn office—provided at Jeast that
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they were content to speak one at a time! A gitl ina
room in the exchange could switch the wires so that
the others could all hear the speaker of the mement
and a dictaphone record could be made of each speech.

What are the further foreseeable improvements?
The most obvious is television, Television is at present
carried out over the wmther. (¥ cannot, as a physidst,
bring myself to write ‘over the air’.} This has very
serious limitations and perhaps a short digression on
the elements of communiecation theory may be forgiven
me.

The simplest piece of information one can convey
is yes or no to a predetermined question, ¢.g. has a
named horse won or lost. In communication theory
this is known (appropriately) as a “bit’ (actually this
is short for ‘binary dyp!’); it mught, for example, be
represented on the Morse code, by a long or a short, by
shaking or nodding the head, by hoisting or not hoist-
ing a flag at a prearranged time, by a bonfire or its
absence. But suppose you want to know more, say for
example to tell a friend who has won the race when you
and he both have a hst of the horses. If you had access
to a telegraph you might send the name by Morse,
which would involve a certain number of dots and
dashes, but if you were charged heavly for every dot
and dash you might try to get a speaiaf code. Or per-
haps the news must be signalled by lighting or nat
highting signal fires at a number of dxstmguishnbl.c
points. What is the best code you can make? What is
the minimum number of points? Obviously you could
assign one burning point to each horse m some agreed

g
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order, say that on an alphabetical list, but this is waste-
£l in bumming-points, Try this method. Suppose that
there are 16 horses. Let the fire farthest to the left be
ht only if the horse is in the second 8, i.e. the second
half of the List. The next fire shall signal whether it is
in the second haif of whichever haif itisin. That gets
1t down to one of four, repeating the process twice more
gives the exact place in the list, with, in all, four fires.
‘This is actually the best that is possible. With this rule
the gth horse would be shown by 1001, where¢1° means
the fire is fit and ‘o’ means it is not.! Actually the
same thing is done shightly differently in communica-
tion theory by writing the number as the sum of powers
of two, eg. g=1X ¥ Foxatdox241 or,
keeping only the numbers that are strictly necessary by
1,0,0, 1,23 before. Four fires are still necessary. The
important prnciple is that to convey precoded infor-
mation requires a minimum number of signals depend-
ing on the number of alternatives in the eode. For
c}amp\:, the 26 letters of the alphabet require five
signals each (since 26 lies between 16 and 2 % 16). The
Morse code appears to do 1t with not more than four
dots or dashes for each letter, but then the letters are
z!;:‘\tg‘ and the space is neatly equivalent to an extra

Now most of the information sent out in the world
8063 on waves of some kind. Speech goes as waves of
N ‘m}rr“ ‘::r n"u‘mﬁ ofhorses ded not divide 30 neatly by 2 you would need

: $0Ur Sirca between 16 and

2 40 g and o o e our cen 16 and 32, five between
u would be vacant plas

B e ot o place e end o e
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alternating compression and rarefaction in the air, light
as very short waves in the wther, radio as much longer
waves, telephonic messages as electric waves in wires.
There are certain general rules which govern the num-
ber of “bits’ of information which the medium between
transmitter and receiver, be it air, xther, or a wire, can
carry in a given time. To send a message on a wave
you alter the wave in some way for a short time, We
do this all the time in speech where the consonants are
different ways of ending, or beginning, the vowel, but
it is a little easier to follow the argument if onc con-
siders the radio of a ship sending Morse. The dot is 2
short train of waves, the dash a longer train. Now it is
obvious that there is a limit to the shortness of a dot or
dash. It cannot be much shorter than a single wave,
or the receiver which is set to receive the wavelength
will not recognize it as a wave at all, and will reject
it as unimportant along with the other random dis-
turbances which always occur. But even if it is several
waves long the very fact that it is a dot or dash, in fact
a signal at all, implies an interference with the regu-
larity of the wave, This means that tuning is not exact.
‘The signal will affect a receiver tuned to a wavelength
rather different from the nominal one nearly as well
as it will affect one correctly tuned. One gets what the
radio engineer calls ‘sidebands’, regions outside the
proper tuning where the signal can yet be picked up,
and incidentally make a nuisance of itself to someone
trying to listen on a different wave. It is interesting
that this odd, and apparently not very important,
phenomenon turns out to be fundamental, and leads

8
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10 a result that applies all through the theory of com-
munications, In fact there is a Jimit to the {xumbcr of
‘hits’ of information, in the above sense, which can be
sent per second tver a given channel for a given range
of frequency. (The {requency is the number of waves,
not signals, per second which the sender emits when
working continuously or which the receiver takes in.)
Tt also depends, as one might expect, on the amount
of random disturbance present, but if this is not 100
{arge its exact amount is Not very important. To carry
information rapidly through a medium, whether wire
or zther, one must be able to use a substantial range
of frequency. It is the range of frequency, the sideband
width, that really matters. The mean frequency can
usually be adjusied, within Yimits, by special devices,
Now apply this ta television. Suppose you want a
picture of 400 elements each way, 160,000 in all. This
has to be scanned twenty-five times a second to avoid
bad licks, making four yullion elements a second. Each
element needs a sigonl which thearetically should be of
strength exactly peaportwonat o the light 1n the picture
at that place. In practice something much rougher will
do and we will suppose it either gets a signal or does
Bot, i.e. is black or white. Hence 2 signal must Jast for
atleast one four-millionth af a sccond, 1t is not difficult
10 prove that wh the original frequency of the
wave, the range of frequency effectively occupied is
about four mallson,? Now the frequency for goo-metre
By an ;:v\g‘zll’:m%\“i::;and at the expense of a good deal of extra

o o Bossble 5 nanage wnth Jos bl s range, & method

wor) ‘Thss favourable factor of 1
b st aganst pracocal mperfevions A Soriaes smproresrent v Cheh

.




THE FORESEEABLE FUTURE

alternating compression and rarefaction in the air, light
a3 very short waves in the xther, radio as much longer
waves, telephonic messages as electric waves in wires.
There are certain general rules which govern the num-
ber of *bits” of information which the medium between
transmitter and receiver, be it air, xther, or a wire, can
carry in a given time. To send a message on a wave
you alter the wave in some way for a short time. We
do this all the time in speech where the consonants are
different ways of ending, or beginning, the vowel, but
it is a little casier to follow the argument if one con-
siders the radio of a ship sending Morse. The dot is a
short train of waves, the dash a Tonger train, Now it is
obvious that there is a limit to the shortness of a dot or
dash. It cannot be much shorter than a single wave,
or the receiver which is set to receive the wavelength
will not recognize it as a wave at all, and will reject
it as unimportant along with the other random dis-
turbances which always occur. But even if it is several
waves long the very fact that it #5 a dot or dash, in fact
a signal at all, implies an interference with the regu-
farity of the wave. This means that tuning is not exact.
The signal will affect a receiver tuned to a wavelength
rather different from the nominal one nearly as well
as it will affect one correctly tuned, One gets what the
radio engineer calls ‘sidebands’, regions outside the
proper tuning where the signal can yet be picked up,
and incidentally make a nui of itself to someone
trying to listen on a different wave. It is interesting
that this odd, and apparently not very important,
phenomenon turas out o be fundamental, and leads
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The same could be done, though more expensively
and more cumbrously, by sending the signals along
land lines, either coaxial cables or some form of wave-
guide. These last are circular or rectangular tubes
which can carry waves of less than 2 certain length
corresponding to their size, by 2 process of repeated
reflection rather—to take a crude simile—as a parcel
bounces down an inchned chute.

In these ways, it might be possible to arrange meet-
ings of groups of people o that each could see and hear
the speaker of the moment though each was seated in
s own office. This would certainly allow a much
greater degree of dispersion than is feasible at present
and might tip the scales in favour of small umts. 1
believe that there are some kinds of communication of
hgh multiplicity for which one really needs to have the
people actually together in the room, but they are the
exception Big cities will still remain, but they may be
reduced to a tenth their present size, always provided,
of course, that the political and administrative diffi-
culties can be met; few of those who still visit them
regularly will have to do so every day.

Speed 1n Transport

Ttisa general rule, though not wathont its exceptians,
that 1t requires more effort to travel a given distance
fast than slow, There has been a steady increase in
speed of transport dunng the fast two centunes, which
has been made possible by the availability of increased
pawer. Tt s natural to suppose that this inerease will
continue, but 1t is worth considering what, if any,

o
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waves {on the short side for ordinary radio) is jost a
million. Glearly we must go shorter than that. At three
metres the frequency is 100 million and one might get
in a fair number of channels, theorctically five between
say go and r1o million. At such a frequency broadeast
television 1s quite feasible as a single one-way transe
mission of information, But suppose you want fo
provide a television system like a telephone exchange
where any subscriber can see any other, over the area
and population of a big city. There would not nearly
be room enough in the wxther at this frequency. One
might put up the frequency by a factor of 200 and the
wavelength down to -5 om. This is in the so-called
K band, the shortest wavelengths used for radar in the
last war. It is about the limit, for if you go any shorter
the air begins to absorb sericusly, not to speak of walls.
This would theoretically give you 5 X 200 or 1,000
*channels’, cach of a width in frequency of four million
over a range of - 10 per cent in wavelength. Since
these short waves arc dircetional, and need not spread
very much you could improve on this figure by ‘bearn-
ing’. Fortunately the wther does not mind one signal
crossing the path of anather. Given very high qual
ity technique—and we agree to allow full scope fo the
skill of techniclans—it does not seem impossible for
several hundred thousand people to see one another
simultancously over an area of say 100 miles across.

pecavse 3n fact the ‘information’ s not really sew each bme The
objext docs not change twenty-five imes a second, though a smalt part of
st sy Haow far you can relyon st allow you so sestrxcy the ndeband

below what has been caleulated depends on what you arr Jooksng at A
greyhound race would suffer more Jans of preeanon than a person’s face!

pesuble
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The same could be done, though more expensively
and more combrously, by sending the signals along
\and-lines, either coaxial cables or some form of wave-
puide. These last are circular or rectangular tubes
which ¢an carry waves of less than a certain length
corresponding to their size, by a process of repeated
reflection rather—to take a crude simile—as a parcel
‘bounces down an inclined chute.

In these ways, it might be possible to arrange meet-
1ngs of groups of people 5o that each could see and hear
the speaker of the moment though each was seated in
his own office. This would certainly allow a much
greater degree of dispersion than is feasible at present
and might tip the scales in favour of small units. T
h;ﬁ:vc that there are some kinds of communication of
figh multiplicity for which one really needs to have the
people actually together in the room, but they are the
exception. Big cities will still remain, but they may be
reduced to a tenth their present size, always provided,
of course, that the political and admunistrative diffi-
culties can be met; few of these who still visit them
regularly will have to do so every day.

Speed tn Transport

(hla(\ iargeneral rule, though not withont its exceptions,
P thacqs\;ncs more effort to travel a given distance
aecd O;\“:W. Thcrc' has been 2 steady increase in
e m::!pon d.urmg the last two Fcntuﬁcs, which
oty ‘:zwssxb\c by the avalability of increased
tumm.u . a.ur.al to suppose that this increase will

© DUt 1t is worth considering what, if any,
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waves (on the short side for ordinary radio} is just a
million, Clearly we must go shorter than that. At three
metres the frequency is roo million and one might get
in a fair number of channels, theoretically five between
say go and 110 million. At such a frequency broadeast
television is quite feastble ns o single one-way trans
mission of information. But suppose you want to
provide a television system like a telephone exchange
where any subscriber can see any other, over the area
and population of a big city. There would not nearly
be room enough in the ather at this frequency. One
might put up the frequency by a factor of 200 and the
wavelength down o 1-5 cm. This is in the so-catled
K band, the shortest wavelengths used for radar in the
last war. It is about the limit, for if you go any shorter
the air begins to absorb seriously, not to speak of walls,
This would theoreucally give you 5 x 200 or 1,000
‘channels’, each of a width in frequency of four million
over & range of + 10 per cent in wavelength, Since
these short waves are directional, and need not spread
very much you could improve on this figure by ‘beam-
ing®. Fortunately the mther does not mind one signal
crossing the path of another. Given very high qual
1ty technique—and we agree to allow full scope 0 the
skitt of technicians—it does not scem impossible for
several hundred thousand people to sce one ansther
simultancously over an area of say 100 miles across.

B s e sl hugh s b ot OF
wmay How far you can sely on thus to allow you to restrict the ndeband
below what has been talcslated depends on what you sre loukmg at 4
greyhound race would suffer miore loss of precanon shan a peron’s face’

6o



TRANSEORT AND COMMUNICATIONS

would eross the Adantic in an hour and get to Austratia
in five is probably all that is worth while—say four
times the speed of sound. T think that we are not so far
away from this even now, For distances under 1,000
miles something much less would do.

One ought to semember that while speeds of long-
distance passenger teavel have gone up greatly, the cost
in terms of salaries has not come down and probably
slightly gone up. For a man actually receiving L2,000
ayear net (for gur argument income-tax should not be
considered), » Teturn ticket to the United States by air
is about one-tenth of his year’s salary. Say that the
ceturn trip now absorks four days of his time, lncluding
rests at the other end, and that he works 280 days a
year; then the cost of his time to the nation is upder
£30. Qccasianally his business is so urgent that the
difference between 24 hours and say 2 hours really
matters, but such cases are rare, and it does not lock as
of an increase in speed which would cost much more
than £30 is economically yustified—though it might pay
as a luxury service or for mails,

Bue dm probler of the fastest worth-while speed 15
complicated by technical consid

com ; The relation
ween power, which roughly means effort and cost,
and the speed achieved is not a smple one, nor is it the
same for all modes of transit, For air travel, for example,
the speed of sound comes in as a rather sharp cxiﬁca,l
speed 30 that the arguments which apply below that
sp:cc)d are not necessarily valid above at.
UC Can give 2 crude idea of the factors determini

economic flght as follows: the ar through w\ﬁc;nil:nﬂl;l:

.
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usefud limits of speed there may be, and how they are
affected by physical laws.

The actual time from door to door for passengers, or
from factory to warchouse for goods, depends only
partly on the speed of the vehicles. Time spent in
getting started and in arriving may be a Jarge fraction
of the total; it will usually be different for different
modes of transport and may cven reverse the apparent
order of speed. It is often quicker to walk than to wait
for a bus, and to go by train rather than to fly i the
airfields are poorly situated. Since, on the whole, more
short journeys are taken than long, public vehicles for
the former will be closer spaced both in space and in
time. In other wards, for long journeys one must expect
to have to go further to the starting-points, since there
will be fewer of them, and to have to wait longer for
the vehicle to start, This waiting time may, of course,
not be wasted : one may have something useful to do;
but everyone knows the waste of time caused by an
infrequent service. The sclfidriven vehicle such as a
motor-car has, of course, the great advantage that it
avoids these ‘end losses’, to use a phrase from physics,
but at the expense of fatigue, and the cxtra danger
which is bound to come when an amateur replaces 2
professional driver.

Now it is not worth paying the cost of increased
speed if the end losses account for, say, half the total
time or more. There would be no object in gomng to
Australia with half the speed of light, taking a fraction
of a secand, i€ it toak half an hour to buy a ticket and
get your luggage checked. In practice a speed that
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6ift to form the total drag. To fy steadily the pull of ‘h_c
propelier, or the push of the jet, must just balance this
total drag. Now except near the speed of sound the
drag of skin friction is nearly proportional to the
density of the air and the square of the aeroplane. Tt is,
therefore, greatest low down and at high speeds. Bus
the drag due to the ift (i.e. the drag needed to sustain
the weight) vasies with density and speed in exactly the
opponite way to the skin fnction, increasing when this
diminishes and diminishing when it i The total
dray, as the sum of these two effects, can be shown to
be least when the two drags are equal and occurs for a
particular value of the gnantity found by multplying
the density by the speed squared.? This determines the
econamical speed at which aft tong-distance fhghts
are made. It depends on the height: the greater the
beight the smaller 15 the density of the air and the
Tigher the economucal speed. For a well designed aero-
p}anc the total drag in this condition is about 116
times the weight. Furthermore it wilf not increase much
for moderate variations from the best speed.

e thrust of the engine were the same at all heights,
e could go as fast as one hrked by merely going higher,
keeping the drag always at the economical value of
1/16 of the weight, and reducing the density so that
the low density made up for the increased speed.
g:*&” ‘";Hfdy is &5 not the case. In principle all

gines fose thrust with, increasing height, though some
more than others. This oss of thrust limits the height at

8 mod:fi
o T

Y 18 this way s measured by the common-
sodicator It 13 Smown as the ‘indaczxzd :peed‘v i

.
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affects an aeroplane in four different ways, two helpful
and two harmful. Air is needed to burn the fuel used
in the engine, whether it be of the jet or piston type;
only a rocket-driven plane, such as are some guided
missiles, is immune from this need. Air is needed also
to counteract gravity, in fact to make the aeroplane fly
at all. The aeroplane is unique among vehicles in that
it nceds to move, and move fast, to sustain itself at all.
It flies because its moving wings force the air down-
wards and by reaction are themselves forced upwards
and supported. But the air that is left behind as the
wing passes along has energy of motion, and to supply
this energy power is nceded, which, unless the aeroplane
is gliding downhill, comes from the engine, Thus the
lifting mechanism involves resistance, the first of the
two harmful effects of the air. The second comes from
the more obvious resistance which attends the motion
of any solid through the air. Such resistance depends
enormously on the shape, being very much less if all
cdges, corners and cxcrescences are carefully avoided
as well as all abrupt curves, the surface being made
to follow gentle flowing lines. This process is called
*strcamlining®, and the skill which the acroplane de-
signer of today has achieved in it is one of the two
great reasons for the improvement in the performance
of acroplanes since the carly days. (The other is the
increased power and reliability of engines.) The resist-
ance of a well streamlined body is a frictional drag
called skin friction. When the acroplanc is flying level
the lift of the wings must just balance the weight, and
the skin friction adds to the resistance caused by the
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T most parts of the world such a service could compete
effectively with the cable or radio for messages. 'I“he
problem of fong-distance high-speed communication
and passenger transport on the planet seems s?lvcd,
or 2t Jeast reduced to a question of administration to
reduce the end delays.

For shorter distances these very high speeds are not
worth while. Up to about 1,000 miles a subsonic jet will

do all one wants. It would, of course, save end losses
if these could be owner-driven, but a speed even as
high as this i igational diffi

g Ities, greater
density of traffic increases collision risks, and 1 doubt
if many more people than do so now will care to fly
their own aeroplare. It is conceivable that a system
of remote control could be evolved and that one might
be flown from a ground station like a kind of human
guided missile. There is nothing inherently impessible
in it, and it is a development in hne with present
fashoon. Important people, and the rich, if there are

any such, will no doubt have prwvate planes with
profestional piots,

Helicopters have a place for shorter distances—say
100-500 miles—but these also, as I have said, will need
professional pilots and wll perhaps be run rather as
taxis. The motor-car will remain as the fastest transport
dm. can go from door to door and be driven by the
9rdmary‘ Prson. 1 question whether much further
Increase in cav speed will occur. Really high speeds are

rauch better achieved by air, and people wi i

a > and people will get tired
ol‘.the lan.g—dx's(an:e driving for which increased speed
might be justified. Finally,

for distances from 100~1,000
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which one can fly and gives what is called the ‘ceiling”.
Modern aeroplanes have pressurized cabins which
allow them to Ry near their ceiling, and they do so on
long flights. Since the total weight slowly decreases as
fuel is burnt the drag will also slowly decrease and the
ceiling gradually rise and the speed with it.

I his engine is powerful enough to drive him up to
the speed of sound the pilot will, in general, experience
a great increase in drag near that speed. Above it how-
ever things settle down, and the above arguments still
apply but with one important difference, Instead of the
drag being 1/16 of the weight it will be a¢ best abaut 1/6,
and unless the acroplane has been specially designed
for flight above the speed of sound it will be very much
worse still. But by using a speciaily designed turbo-jet
or a ram-jet, which are efficient only at these very high
speeds, it seems that it may not be very difficult to
reach a speed of 2} or 3 times that of sound.* There is
another factor that helps. To produce a given thrust in
a jet engine involves using an approximately constant
weight of fuel per sccond. Hence the faster you can go
at constant thrust the less time there will be to burn the
Fuel and the less will be burned. The saving in fiel is, of
caurse, an effective increase in the load which can be
carried instead.

Three times the speed of sound would make an
Atlantic crossing in under 14 hours. This is as short asis
worth while. Even to the Antipodes it would enly take
6 hours and further improvement seems unnecessary.

i ' af 16
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doubtful. The long time that goods take is in many
cases much more a matter of organization ‘ha'f of
engincering, for it greatly exceeds the actual running-
time. All the same, there is always some advamage. in
speed, if only in increasing the amount of traffic wlu.ch
can be handled by 2 given installation, and wEth
improvements in power one may expect that trains
will reach speeds somewhat higher than those used at
present,

The Taws of resistance offered to a ship when driven
over the surface of the water are more complicated
than those that apply either to the acroplane or to the
train, The resistance can be divided into two parts. One
isa ‘skin friction’, which is roughly proportional to the
surface and roughly proporuonal to the square of the
speed, The other is a resistance due to the waves, The
waves that stream away from the bow, and the tur-
bulence that is left in the wake of a ship carry energy in
the form of moving water. This energy has to be sup-
plied by whatever it is that drives the ship. Now, wave-
making is a comphcated process, At slow speeds it is
small, even smaller than the resistance of *skin fnction’,
But as the speed mcreases above a certain amount
the resistance, due to the waves, increases by leaps
and bounds and the power required to drive a vessel
becomes prohibitively great,

The speed at which this rapid increase of resistance
sets in depends upon the length of the ship. The longer
the ship the faster 1t can be driven without producing
:1:\ unrcason‘am’c amount of waves, assuming in all cases

at the ship is well designed to make the resistance
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miles there is a lot to be said for a train if one wants to
be peaceful, and is not in a tearing hurry.

Goods transport presents quite different problems.
If time js a minor consideration both Jand and sea
transport require much less power than air, The value
of D/L, as we will write the ratio of resistance to weight,
for a good acroplane is perhaps 1/16, There are similar
ratios for Jand and sea travel, but while in the case of the
aeroplane the D/L need not vary much with the speed
of travel, in the case of both land and sea travel it
increases quite rapidly with increasing speed. For land
travel this is due partly at least to the resistance of the
air becoming important at high speeds, and if the train
is properly streamlined to reduce this resistance the
value of D/L remains much less than that in the air for
all speeds so far attempted on a railroad. In other
words, rail transport is more economical of power than
air transport. All the same it seems unlikely that it
will develop much further in speed. Train speeds
have increased surprisingly little in the last 100 years,
and though they might doubtless be increased above
100 m.p.h., which is at present the practical limit,
by using a wide gauge, or alternatively a monorail
with gyroscopic stabilization, it scems rather doubtful
whether this will in fact be done. They can never reach
speeds comparable with that of a fast acroplanc, so that
they cannot compete for the high-speed traflic. For
goods it is a different matter, but apart from a few
pcrishablc commoditics which go, and will continue
to go, by acroplanc, the advantages of speed much
beyond that of the present railway are somewhat
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doubtfel. The long time that goods take is in many
cases much more a matter of organization \har} of
engincering, for it greatly exceeds the actual running-
time, All the same, there is always some advantage in
speed, if only in increasing the amount of traffic whl_ch
an be handled by 2 given instaliation, and with
improvements in power one may expect that traing
will reach speeds somewhat higher than those used at
present,

The laws of resistance offered to a ship when driven
over the surface of the water are more complicated
than those that apply either to the aeroplane or to the
train, The resistance can be divided into two parts. One
isa ‘skin friction’, which is roughly proportional to the
surface and roughly proportional to the square of the
speed. The other is a resistance due to the waves. The
waves that siream away from the bow, and the tur-
bulence that {s left in the wake of a ship carry energy in
the form of moving water. This energy has to be sup.
plied by whatever 1t 15 that drives the ship. Now, wave-
making is a complicated process. At slow speeds it is
small, even smaller than the resistance of “skin friction’.
But as the speed increases above a certain amount
the resistance, due to the waves, increases by leaps
and bounds and the pawer required to dnve a vessel
becomes prohibitively great.

The speed at which this rapid increase of resistance
scts in depends upon the Iength of the ship. The longer
the ship the faster 1t can be dnven without producing
an unreasonable amount of waves, assurning in all cases
that the ship is well designed to make the resistance
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power might become, it is pretty clear that to drive 2
vessel of reasonable size at, say, 100 knots would be
completely unpractical. Is there no way out? There
are two which suggest themselves, The fast small craft
of the Jast war, like the ordinary speed-hoat O.f Qur sea~
side resosts, got over the difficulty of excessive wave-
making by Liting themselves out of the water so that
their weight is carried more as the weight of an aero-
Plane is carried. Of course, the medm which lifts is
the water, not the air, and because of the much greater
density of the water compared with air, the lifting area
issmaller and can be supplied by the bottom of the boat,
if this is suitably designed. Now in principle this might
be apphed to larger vessels at even higher speeds, but
there are some serious difficulties. One is that the sea
is very far from being 2 mathematical plane and the
shoek of hitting big waves at high speeds is 5o great that
it would be difficult to make the hull strong enough.
The other is 2 more practical ones what real use is it?
Why be a hydroplane, when you can be an aeroplane?
You will not get a better D/L, even if you get one as
geod, and the requirements of strength would make the
hull unnecessanly heavy, T do not personally think that
wyillbefound worth doing except for quite small ships.

The alternative is to copy the fishes. A submarine
at depth produces practically no waves, and if it is pro-
perly desgned its resistance need be very litde more
than ‘skin friction’. One is accustomed to think of a
submerged submarine as slow, as almost all submarines
have been dl} recently, But this is because of the diffi-
culty of gesting an engine which will produce high

“t
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power and not consume oxygen, Nuclear power fills
this need. The Aautifus, the first submarine with
nuclear power, has been built in the United States and
it was intended to build onc here. As so often happens,
a development intended for war may prove useful for
peaceful purposes. Such a submarine could probably
be driven at 70 or 8o knots with considerably less h.p.
per ton than an Atlantic liner of the present day, pro-
vided that excrescences on the surface can be avoided.
Whether any passengers would prefer the greater com-
fort of a large vesscl to the greater speed of an acroplanc
is a question of psychology, which 1 think must be lcft
open, For the fast transpart of goods a large submarine
seems very promising. The economic speed for casrying
goods is a matter of delicate balance. Increased specd
requires more power, that is more expensive engines
and more nuclear fuel, though this will be a minor cost,
On the other hand, a fast vessel can make more trips in
a year, or a month, and so carn more. A short transit-
time saves interest on the value of the cargo, and for
certain cargoes carly delivery may be important. It also
reduces the cost of wages for the trip. If the economic
speed is only 10 or 15 knots, it will probably be better
to keep to surface vessels, but i€ really high speeds are
required a large submarine has great possibihties. I
think we may reject the possibility of reaching high
speeds by merely increasing the size of the ship, as the
speeds increase rather slowly with the size, and the cost
of harbours would become too serious. Furthermore,
transport in very Jarge units is inclastic and to that
extent inefficient.
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Nuclear Pawer

Apart from its special use in submaﬁncs,.nudear
energy does not seem likely to make much difference
to peacctime transport, Any substantial power ?—om
nuclear energy seems almost—but perhaps not quite~
inevitably to involve the release of very large amounts
of toxic radiation. This can be shielded-off, but it
requires Targe masses to do it and T can see no hope of
any considerable reduction in these as long as the
reactor s close at hand. Hence a nuclear reactor in a
smalf vehicle must require a wasteful amount of space
and weight to shield it from the passengers and crew.
As against this one saves in fuel, which may matter on
a long trip, but it seems very doubtful if this will be
worth while, The size of the earth is not large enough
1o make the fuel as important as that. If one had to
build large liners it mght be worth while, for the thick-
ness of shield required goes up very slowly with the
power—and would be sumewhat reduced if the reactor
could be placed a Jong way from anything living. Of
course this does not exclude the use of nuclear energy

for unmanned guided aircraft for war purposes or to
carry mails,

The Germanum Transistor

A variety of minor advances in communications may
e expeeted quite soon as the result of the discovery of
the germantym teansistor. This is a device using the
rare metal germanium, one source of which is the
deposit in the flues of coal-burming furnaces. It recalls
the crystat detector of the old days of radio both in
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construction and in operating principle, but with the
enormous improvement that it can be made not only
to rectify, but to amplify, thus acting as a triode valve.
Its advantage lies in the great reduction in size and in
weight that it will make possible in electronic gear. Its
disadvantage is that it is not yet so free of erratic dis-
turbance, the so-called noise, as a good valve, nor can
it be made so accurately to specification, but itis a very
young device and should improve. It is possible thata
short-range ‘walkie-talkic’, light enough to be carried
regularly, may in the course of a few decades replace
a good deal of telephony over wires.

Long-distance Communication

Long-distance television is harder. We have seen that
high frequencies are needed to transmit the wealth of
information required. Unfortunately such waves arc
not naturally bent round the earth to any great extent
so that receiver and transmitter need to be almost in
sight of one another, though the fogs and dust which
make the atmosphere opaque to visible light do not
matter. It looks as though the link will have to be by
cable or wave-guide, involving a good deal of difficuit
cngineering when wide oceans have to be crossed. The
analogous but casier problem of cable telephony has
been solved and will very soon be working across the
Atlantic.

So far then it seems that the problems of transport,
and to some extent of communication, on this planct
are not far from a practical solution and that the rate
of advance will level off in the future, Our age may be

~ e
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spoken of 2y the age ot which world transpart Was
achieved, IF this seems 2 dull conclusion fet us consider
transport over much wider distances.

Leaving the Earth

The possibilities of travel in space scem at present to
appeal to schoolboys more than to scientists, Space
ships and Venusians bave become a commonplace .uf
adolescent life, more at home in the colourful comics
than in the Praceedings of the Royal Society. This how-
ever s slightly deceptive. There s in fact much more
maney being spent on problems closely assocated with
that of leaving this planet than appears to the public.
Large sums are heing spent by the Great Powers on
guided missiles; as 5o often happens the needs of war
ate the stimulus to the arts of peace. An appreciable
past of e work that is being done on guided misiles
s just the hind of thing that would have to be done if
itwere decided to malke a great effort to send projectiles,
with or without a crew, away from the pull of'the earth’s
gravitation,

1t follows from the principle of action and reaction

that ta balance ar to overcome the force of gravity an
lane must give a d d

to the air
thr?ugh which it flies at a rate equal {in snitable units)
to its weight, This it does by deflecting the air down-
wards by means of its wings. Every acroplane is followed
bya segonol downowash, ‘Thedownwash of thewingsof
a5 ordinary acroplane, for ple, affects considerabl
the behaviour of the tail. But if there is no air to push
downwards, how is one to rise? The only possibility
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construction and in operating principle, but with the
enormous improvement that it can be made not cnly
to rectify, but to amplify, thus acting as 2 triode valve.
Its advantage lies in the great reduction in size and in
weight that it will make possible in electsonic gear. Its
disadvantage is that it is not yet so free of erratic dis-
turbance, the so-called noise, as a good valve, nor can
it be made so accurately to specification, but it is a very
young device and should improve. It is possible that a
short-range ‘watkie-talkic’, light enough to be carried
regularly, may in the course of a few decades replace
a good deal of telephony over wires.

Long-distance Communication

Long-distance television is harder. We have seen that
high frequencies are needed to transmit the wealth of
information required. Unfortunately such waves are
not naturally bent round the earth to any great extent
so that receiver and transmitter need to be almost in
sight of one another, though the fogs and dust which
make the atmosphere opaque to visible light do not
matser, It looks as though the Jink will have to be by
cable or wave-guide, involving a good deal of difficult
engineering when wide oceans have to be crossed. The
analogous but casier problem of cable tclephony has
been solved and will very soon be working acrons the
Atlantic.

So far then it scems that the problems of transport,
and to some extent of communication, on this planet
are not far from a practical solution and that the rate
of advance will level off in the future. Our age may be
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speed has to be paid for by a terrible sacrifice in final
weight and this is all the worse because one must
inchude in the final weight not only the pay-Joad but
the weight of the casing, the nozzles and all the
machinery which may be necessary to operate the
rocket, everything in fact but the fuel which can be
¢jected at 3 high speed. The designer will do pretty
well if he cuts down all these weights o 15 per cent of
the original total, and. even with only a miserable 5 per
ceat for the pay-load, this adds up to 20 per cent,
leaving 8o per cent for fuel. With this proportion 2
rochet would reach 16 umes the velocity at which the
fuel is ejected. Clearly the pnme object must be to
arrange some type of fuel which shoots itself out with
the greatest possible velocity.

Moreover, since we envisage a body capable of flight
through regrons devoid of air, the rocket must carry its
oxygen with it of it needs any. In this respect it differs,
W its disadvantage, from the Jet engine which ake
denves its thrust from reaction, but gets the oxygen to
bum its il from the aur through which it is passing.
Obviowsly one needs some energetic reaction which
will produce great heat and shoot the burnt products
out with explasive force. Bug this is not all; it is not
timply a question of energy. Only a part of the energy
actually produced by the combusuon of the fuel,
*fht}hn W15 2 50k voth as gunpowder, or a mixture of
fiquids such as the alcohol and liquid oxygen used in
the GermanVa, appears as energy of motion in the blast.
Connderations of the second L of thermodynarmi
intenvene, YDAmIEs
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compatible with the law of action and reaction? is for
the body to shoot part of itself downwards and so rise
with the rest. In other words, to be a rocket,

Rockets

Before trying to describe the possibilities of space
travel 1 must digress to explain the principles that
govern rockets, They are in fact extremely simple. The
upward thrust is equal to the downward momentum
per second, and this downward momentum is the pro-
duct of the mass ejected and the speed of ejection. Now
it is obvious that there is a limit to the total amount of
mass that can be ¢jected. Clearly it cannot exceed the
original mass of the rocket and indeed must be sub-
stantially less, for we must be left with a framework
and whatever counts as *pay-load’, whether this is an
explosive or a chamber carrying a erew. The rocket
is helped by the fact that as the material is shot back-
wards the rest of the rocket gets lighter. There is a
simple relation between the final velocity of the rocket,
the velocity of ¢jection, and the fraction of the mass
which remains when the cjection is complete. The
designer of a rochet wants his final velocity 1o be as
large as possible and yet to retain as much as possible
of the original weight as pay-load. In this respect he
will have to compromise, but the nature of the mathe-
matical relation, which is loganthmic?, means that
beyond a certain point a small increase 6 the final

1 Chapter §, pnnaple humber two.
¥ ’ﬂx:,;‘m:ﬂ ;Somy 1 equal to the velocuty of epection muluplied by

toga (’L‘) where 7, is the imtal, and 1 the final mas.
”
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speed has to be paid for by a terrible sacrifice in final
weight and this js all the worse because one must
include i the final weight not only the pay-load but
the weight of the casing, the nozzles and all the
machinery which may be necessary to operate the
rocket, cverything in fact but the fuel which can be
tjected at & high speed. The designer will do pretty
well if he cuts down all these weights to 15 per cent of
the origmal total, and even with only a mserable 5 per
cent for the pay-load, this adds up to 2o per cent,
leaving 8o per cent for fuel. With this proportion a
rockes would reach 1+6 times the veloaty as which the
fuel is ejected. Clearly the prime object must be to
arrange some type of fucl which shoots itself out with
the greatest possible velocity.

Moreover, since we envisage a body capable of flight
through regrons devand, of air, the Totket Tust carry s
ovygen with 1t if 1t needs any, In this respect it differs,
' i1y disadvantage, from the jet engine which also
dcn\‘t} its thrust from reaction, but gets the oxygen to
bum its ol from the air through which it is passing.
Obviously ose needs some energetic reaction which
will produce great heat and shoot the burnt products
:"\; p\lv;m explosive ;orce. But this 15 not all; 1t is not

& question of energy. Only a part of the ener.
smally produced by the con{busl:ion of the fuﬁ{

;yhuhcr itivasold such as gunpowder, or a mixture of
lr}t‘;uéh such as the aleohol and liquid oxygen used in
c:m;r:\r:;\\':.appcars asenergy of motion in the blast.
o 2
e 0 of the second law of thermodynamics
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The exact relation is a tolerably complicated onc, but
if the conditions are chosen favourably the speed of
¢jection of the burnt products depends mostly on tho
things: the temperature of burnt gas, and its molecular
weight. The higher the temperature and the lower the
molecular weight, the greater is the speed. Now the
temperature at which one can work is limited not only,
or even mainly, by the energy available, but by the risk
of melting the container and jet. In the Va for example,
it was nccessary to dilute the alcohol with water to
prevent this happening. By employing tricks of cooling
it is possible indecd to use a flame considerably hotter
than the normal melting-point of the metal of which the
rocket is made. But there is a practical Jimit to the
extent to which this can be done.

For a given chemical reaction the average molecular
weight of the products is of course fixed. In the case of
oxygen and alcohol the products are steam and oxides
of carbon, mostly the former. The practical velocity
appears to be about 25 kilometres per second. Fluorine
and hydrogen would do considerably better, but the
chemical difficultics of dealing with very corrosive
fluorine and the even more unpleasant hydrofluoric
acid which it would produce; and the physical difficul
ties of storing liquid hydrogen, arc daunting. Neverthe-
less it may be used, in fact it possibly has already been
used. The best published estimate 1s that it might be
possible to reach a velocity of cjection of ¢4 kilometres
per sccond with something like the present set-upl.
Taking the final velocity as 1-G times the cjecung

1 fnterplanetary Flight, Clarke, p 7.
-8
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elocity mives us 64 kilometres per second, but the
spccd‘\)'\"ng}‘\ which sugh 2 rocket sould emerge from the

shere would be sut jally less, partly bcc’aufa_c
of the sesistance of the air, but more because gravity is
acting during the process and slowing the rocket down.
It might in fact be about 5-4.

Now how does this compare with what would be
needed for a flight to the moon? The earth’s atmosphere
as no definite edge, but yet falls off so rapidly that itis
wholly negligible at a height of a few hundred miles.
The carth’s gravitational jon alsa di L
with distance but much more slowly. At a height of
1,650 miles the pull 1s still half that on the earth and
even 4,000 miles from the surface it is a quarter of the
normal value, Nevertheless it does fall off, and at

ical di even the d ly astro-
nomeea} dustance of the moon, it is almost negligible.
A projectile shot from the carth at sufficient speed wil
escape completely and proceed on its path through
space It will be deflected by other heavenly badies, if
thappens to pass near them, and in certain special and.
father rare circumstances may be captured by one and
become a satellite of it. The speed for this escape from
the earth s 11-2 kilometres per second and the very
ghghdy smaller speed of 121 would carry a projectile,
‘I_ix were suitably aimed, to a poiat at which the attrace
tons of the earth and the moon balance and from which
it would ‘(all’ towards the moon. This is & good deal
higher speed even than the hoped.-for 5-4 kilometres,
but bcforc‘comidn'ing the possibilities of closing the
£2p there is another smaller velocity characteristic of
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The exacz relation §s 2 tolerably compBcatad ens, bt
if the condidons are chosen favourably the speed of
ejecdon of the burnt products dopends mosily oo two
things: the temperarure of burnt gas, and its molecelzr
weight. The highar the temperamore and the ower the
molecnlar weight. the greater is the spred. Now 1he
tezyperature at which aze can work is Bxxited not en'y,
or even xmaizly, by the energy available, but by the ok
of meldng the container and yet. In the Va2 far exzrzple
it was peosssarv to dilute the alcohol with water ©
prevent this happemng. Br emploving wicks of eoofng
it is posstble indeed to use a Same conmderably hotar
than the normal meltnp-pom: of the metal of which the
rocket 15 made. But there i 2 practical Exdt o the
extent to which this can be doze.

For a grven chermical reaction the averzge maleculr
weight of the products 1 of coutse fixed. In the case of
axygen and alcohol the producs are steam and exdes
of carbon, mostdv the former. The pracucal velociy
appears o be about 2 3 klometres per second. Fluorine
and hydrogen would do congdersbl berrer, bur the
chemical dificulnes of deahny with very corrosive
fuorine and the even more wapleasant hvdrofporic
acid whech 1t wonld prodece, and the phvecal Gl
ties of szoring bowid hyvdrogen. are dauntng. Neverthe-
less it zmay be used, in fact 3t possiblv has alrexdy been
wsed. The best published estimate 15 that u meght be
possible 1o reach 2 veloaty of eyection of 4 kiomeres
per second with something bke the present s?-:~up1~
Tzlng the £zal velociry 2s 1 6 mmes the ¢gecnng

% Jroplmeszy FEpue, Clovke, 2™
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it moved through, say, 1° of laﬁl.ude, and 0 would no
Jonger be able 1o bend it into a circle of radius equal to
jts distance from the centre of the earth. If acceleration
is continued long enough, it will spiral right away from
the earth and become 2 frecly moving body.

But even this 79 kilometres per second is above !}'lc
velocity which can be obtained with present materialin
the way in which we have suggested, Is there no way
wut of the difficulty? The first and most obvious is to
e a two-stage rocket, This is in fact a small rocket
niding on the back of a farge one. When the large one
has exhausted its fuel the small one starts up, leaving
the case of the large one behind and adding its veloaity
to that which the large one had previously acquired. In
this way one can double the veloaty, but at a serious
expense 1n pay-load. Thus if the first rocket has a
pay-toad of 5 per cent, which will in fact be the second
tocket, and thus in turn has a pay-load of § per cent,
the original device will weigh 400 times as much as the
fnal payload; a very uneconomical process, but it
would enable you to Jand something with the speed
needed 10 carry it in a closed orbit. Allowing for all
the various kinds of inefficencies, it would not get you
quste clear of the earth’s attraction. That could be done
no doubt by yet anather aage, multiplying the total
weight for the same pay-load by yet another factor of
20 304 yequiring 8,000 tons 1o give I ton the freedom
of space. It is doubtfial if such a large rocket would be
practical, though von Braun, the designer of the Ve,
has scriously proposed ane. ’

There are two conuderations which may help to
.
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the carth which is of considerable interest, namely the
speed with which a body would have to be shot in a
horizontal direction in order to travel round the earth
for ever and ever—forgetting for the moment the
existence of the air and the resistance which it would
impose. It is not very difficult to see how it comes about
that there is such a velocity, The horizontally moving
object, moving that is at right angles to the radius of
the earth, will be perpetually falling and attempting
to approach the earth; but the earth is, by its curvature,
ag perpetually receding from it and at a certain speed
of the body the two curvatures will match and the body
will follow the earth indefinitely round. This value at
the surface of the earth is -9 kilometres per second®
At a height where the experiment becomes practical,
i.e. where the resistance of the air can be neglected, the
velocity becomes somewhat smaller, but if you had to
do the experiment by shooting a body up from the
earth and then making it bend round, the loss of
velocity in leaving the carth would be greater than the
difference, and you would require rather more total
velocity than 7-g, though not very much, This orbital
velocity represents, so to speak, a possible first stage in
escape for a body moving in such an orbit, The velocity
which must be added for it to escape completely is the
difference between 15-2 and 7-9, ne. 3-3 kilometres
per second. If in fact such a bedy had some rocket
power left and could accelerate, its orbit would
gradually draw away from the earth in a spiral, for the
attraction of the earth would have less time to act as
3 The orbital velocity is egual 10 the velocity of escape divided by /&
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to use for our jet pasticles moving with the ve\.ouucs
which are acquired in the process of nuclear fission, or
which can be manufactured, though in relatively small
numbers, in the atom-mashing machines. There are
very serious difficulties even here. One of them is that
while from the point of view of momentum the l‘:n.m'
ore can eject particles the better, from the point of view
of energy it is just the reverse, 1f you want to save mass
and have plenty of energy you push the things oot fast,
while if you do not mind about the mass but care more
about energy you push more mass out more slowly.
Now 1t is true that the nuclear reaction might well
supply all the energy that would be required even to
accelerate the rocket by particles of the highest velocity,
but it would certainly be impostible to direct this
encrgy only in the desired direction. If a nuclear reac-
tionwere allawed ta go on at the rate you would need,
o much energy would be generated that the whole
rocket would melt—~and indeed would behave rather
like an atormuc bomb, There may be a way out of this
difficulty. In rasing the rocket from the ground to an
orbit round the carth, it is necessary to do so at top
speed, for grawity Is acting all the time and opposing
‘hc_ increase in veloaty, But if the vocket is raised to 2
fieight clear of the atmosphere and turned so a3 to
be moving hortzontally, gravity no longer reduces its
speed, but merely bends the path round ta fit the earth.
In these circumstances rapid aceeleration is not neces~
3ary and there seems no reason in principle why the par-

tickes should not be ejected with velocities a thousand
tmes greater than those used at present,
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resolve this difficulty, perhaps separately or perhaps in
conjunction: the use of nuclear energy, and the pos-
sibility of using a space platform, orbiting around the
carth in the way we have described, from which the
actual voyage could start.

You will remember that the speed of cjection of the
materials of the rocket on which all this depends is
increased by reducing the molecular weight. Now as
long as we use chemical reactions, the end-product and
its molecular weight are not fully at our disposal, though
naturally one chooses a reaction which gives as light
a molecular weight as one can. If, however, one can
supply heat by means other than chemical, one can use
substances of a very low molecular weight, hydrogen
or helium, and so gain a very substantial advantage.
A nuclear reactor supplies energy in the form of heat
and a reactor of the so-called fast kind is not necessarily
a very heavy or bulky object. Theoretically, at least,
there seems no reason why it should not be used to heat
hydrogen up to a very high temperature, There are,
however, serious practical diffienlties. The platoniumor
U235 that would be used would melt at the temperature
one would need. But this does not in itself prevent the
nuclear reaction from continuing. The difficulties ar¢
certainly serious, but they are probably not insuperable,
and one might hope, perhaps, to reach velocities of
ejection near 10 kilometres per second. With such a
rocket it should be possible to reach an orbit with a
single stage, even if it were not possible to escape

completely. . .
It would be better still, of course, if it were possible

8o
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&ilfeult to adjust the balance by a low-power Jeak of
either sign.

Whatever method is, in fact, adapted, the slow acc.cl-
eration of a rocket once it has reached an orbit oug:de
the atmosphere secms not to conflict with any physical
principle. Nuclear reactions can provide ample energy,
and since 1t can be applied slowly there need bc. no
difficulty about over-heating, while with such a !ugh-
speed jet the amount of actual material required is not
prohibinye.

Such a rochet could cruise abaut the salar system and
make otbits round the moon and planets, To land when
it retarns to earth it could have wings and gradually
lese speed by the resistance exerted by the upper parts
of the atmosphere, finishing its course as an ordinary
glider, A landing of this kind is a manceuvre which
nteds judgment and accuracy. If carried out clumsily
the machine may be burnt up by the heat produced by
its passage through dense air. The extremely high speed
acquired in approaching the earth will have to be
destroyed very gradually m the low-density upper
tayers before the pilot dares to venture Jower.

To land on the moon, still more on a planet, is a
serious undertaking Unless the planet has an adequate
atmosphere, which the moon certainly has not, the
landing will require the use of a downward blast of
rocket 10 check the veloaty of fall; in fact the process

ss that of take-off reversed, as seen in a cinema film run
backwards. This retardation,

because it needs 3 large
thrust, can only be done by p

¢ articles of thermal veloci-
ues and will mecessarily cost a lot of jettisoned material,

0.
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There are indeed serious practical difficulties, One
way of making a very fast jet would be to instal a
machine for accelerating 1ons, but if it at all resembles
those already in use it would be enormously heavy in
proportion to the mass it ejects. Theoretically, if nuclear
fission can be made to proceed on the surface only of a
block of plutonium, and those fission particles that were
moving outwards were allowed themselves to form the
rocket jet, one could do without any other machinery.
But this very simple solution seems quite impracticable
because of the great discrepancies between the pene-
trating powers of the neutrons which are producing the
reaction, and the fission particles which it is desired to
use. Only a negligibly small proportion of the fission
particles produced would cscape as desired. A better
chance would be to use the radio-active fission products,
which are a by-product of nuclear energy piles and give
off beta rays (fast electrons). These have a relauvely
long range, and if the matenal were spread out thin
over a large surface nearly half of them could escape.
Electrans are too light to form the material for an
effictent jet, but 1t would not be very difficult to use
thew energy to generate an electric field which could
be vsed to accelerate heavier-charged bodies, either
atoms or clusters of atoms, which could prowide the
actual material of the jet. Pasitively-charged particles
would be used so that they could compensate for the
loss of the negatively-charged beta rays. The rocket
must not lose or gain a net charge for any length of
time, or it will build up an enormous electrical potential
stopping the process; but it 15 not, in theory at least,
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diffcult ta adjust the balance by a low-power leak of
cither sign.

“hatever method s, in fact, adopted, the slow aceel-
eration of 2 rocket onte it has reached an orbit outside
the atmosphere seems not to conflict with any physical
ypraciple. Nuclear reactions can provide ample energy,
and since it can be apphed slowly there need be no
difficulty about over-heating, while with such a high-
speed jet the amount of actual material required is not
protubitive,

Such a rocket could cruise about the solar system and
make orbits round the moon and planets. To land when
Wt returns to earth it could have wings and gradually
fose speed by the resistance exerted by the upper parts
of the atmosphere, finshing its course as an ordinary
glider. A kanding of tus kind is 2 manceuvre which
needs judgment and accusacy. If carried out clumsily
the machine may be burnt up by the heat produced by
1t passage through dense ar. The extremely high speed
acquired in approaching the earth will have to be
dtstroyed very gradually in che low-density upper
Iayers before the pilot dares to venture lower.

'ljo tand on the moan, sdll mare on a planet, is a
$erious undertaking. Unless the planet has an adequate
atmosphere, which the moon certainly has not, the
landing will require the use of a downward blast of
tocket to check the veloaty of fall; in fact the process
t; that of 1ake-off reversed, as seen 1n a anema film ran
t;clm':u‘ds. This retardation, because 1t needs a large
. Tus, can only be dfmc by particles of thermal veloci-

e and will necessarily cost a fot of jettisoned material,

.
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The same, of course, will be true for the take-off. Thus,
to reach a planet, without atmosphere, of the size of the
earth, land on it and get back would reguire an ability
of accelerating rapidly three times that required to
reach the earth’s orbital velocity. That is rocketry
enough to give a velocity § X 7+9 = 23-7 kilometres
per second. The moon is very much smaller than the
earth and Mars somewhat smaller, The figures for
these are: moon r1-1 kilometres per second, Mars
16-5 kilometres per second. These are high figures.
Still, one cannot help feeling that both can be attained
by developments on the lines we have indicated.
Improved materials will be an enormous help by
reducing structure weights.

A project is being pressed in the United States by
von Braun, the designer of the V2, of establishing a
permanent satellite round the earth, which would act
as a half-way stage for flights to the planets. It would
have to be assembled in space from relatively small
components shot up by rockets in the way that has just
been described. These components would move round
in similar orbits if their velocities were correctly
adjusted, and it is considered that they could be directed
pretty close together and finally united into a structure.
This would, of course, involve men working in the
vacuumt in suits containing air near the normal atmo-
spheric pressure. The design of such suits presents
problems, but some have been designed to make pos-
sible the escape of pilots ftom aeroplanes flying at an
altitude at which life would be impossible, and, though
cumbrous, they seem to allow reasonable freedom of
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It must be r bered that once clear of
the carth's atmosphere, whether in an osbit or not,
there would be no sensation of weight. Nor wcl'xld
there be any tendency for a body, human or otherwise,
accidentally detached from another body, cither to
move further away or to return, It is extremely doubt-
ful what the physiological effects will be, for no one
has experienced such a state for more than a very few
seconds, Even a man €alling in a delayed parachute
drop soom gots so fast that the resistance of the air pre-
vents his {ree acceleration, while once his parachute
has opened and his speed has steadied, be feels his
normal weight despite his downward motion. Experi-
ments ON animals carried up in rockets in the United
Srates suggest that the effect is not serious, but here
again the times were relatively small and troubles such
a3 exaggerated sca-sickness may be one of the most
serions in space navigation, If it were possible to com-
plete von Braun's space station, it would be given a
¥ind of aruficial gravity by making it in the shape of an
wamense tyre and spiatng it so that centrifugal force
Yvould simulate gravity and tend to drive everything
inside the tyre 1o rest against its outer rim. It is hard
10 sc¢ how one could do anything satisfactory on these
Lines for the much smaller vessels, which alone could
journiey %o the moon or planets.

“The conception of a satellite station should not be
dl'xmmcdax wfxolly fantastic, thoughit bristles with tech-
nical dxﬁ‘xc\\\u.a What 1 pensonally regard as absurd
is the C_mphms von Braun layy on the satellite station
3 an instrument of war, to be wsed for observation
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and presumably to direct guided missiles, Unless one
country had such an enormous technical lead over
the others that it would not need such an aid, I cannot
see the least prospect of establishing a station that
would not be destroyed almost at once by guided mis-
siles from below, which would be far easier to construct
than the station itself,

One possible difficulty of inter-planetary flight is the
danger from meteotites, Meteorites even of the size of a
rifle bullet are extremely rare, and if they were the only
danger the space traveller would be far safer than in
Piccadilly, but there are vast numbers of quite tiny
meteorites of the size of a pin’s head, or less, which
might do serious damage to the skin of the vessel and
produce leaks of the air that it must contain. It has
been suggested that the danger of this could be almost
eliminated by a thin outer covering, an inch or two
away from the air-tight material. The meteorite would
vaporize a small portion of this shield and itself as well.

It is obvious from this short account that there are
many difficulties to inter-planetary travel besides the
obvious one of getting off the earth, but there seems to
be nothing that s really fundamental and one cannot
help feeling confident that in the next 50 or 100 years
the ingenuity of engineers will have overcome them.

It is anather matter if one wants to get to even the
nearest star, Proxima Centauri, 4-3 light years away.
While nothing €an go faster than hght it is now pos-
sible to accelerate electrons to within a very small
fraction of that speed and even protons to something
quite comparable. At speeds very close indeed to that

a8
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of light odd things happen with time, and ordmarg
chemical and biological p might be expect N
to go much more stowly’. To make any usc of (}I.IS
would require 2 new physical discovery, for change in
time-scale involves proportional change in mass as well,
and therefore enormous added encrgy. No nuclear
reaction conceived at present involves the destruction
of more than one part in 130 of the reacting masses,
which is what one gets when four hydrogen nuclei con-
dense to form one of heltum. To give even onc-half the
selodity of light requires on the most favourable cales-
lation a mass-ratio of 83, in other words 82 parts in
83 of the original rocket must be fuel and only one part
in B3 structure and pay-load, a state of things which
it would be difficult to achieve even with a multi-stage
rocket. But at half the velocity of light the change in
timesseale s only 35 per cent and the time to Proxima
Centauri and back would be 4-3x 2 X 2 or 17°2
years as measured from the earth, and only 26 years
Sess from the point of view of the crew aof the rocket,
This seems a small prize for alf the discomfort and risk.
Whatever the avractions of anterstellar travel perpetual
youth is hardly fikely to be an important one. Apart,
howeser, from the time it would take to get anywhere
worth while, eseape from the solar system is not all that

difficult~not much harder than a landing and retumm
from Mars.

* The :ﬂ:& the nlumc tontfaction of time on thus problem

» oince it leady to an apparent paradorx, bt the best

mx:‘nu:“ﬂxh “:f, Fohlrgﬁon would :xpaur and that the :ﬂummg
- "’“h'.'wl:"';“? that tme had gone more rapidly on the






CHAPTER V

METEOROLOGY

It 15 probably true to say that the aspect of man’s
environment which canses most general dissatisfaction
is the chmate, Haedly any people are satisfied with
what nature provides. Nor are they to blame for being
discontented Quite large parts of the earth are wholly
useless because of climate alone, usually because they
are cither 100 arid or too damp, 100 het or too cold.
Can anything be done about it? At first sight the pros-
pects look very poor. Even the milder forces of nature
arc enormous. The energy release in a mild shower over
a few square miles 13 comparable with that of one of
the carly atomic bombs; the energy even in a single
storm must be many thousand times as great.! Tt would
seem that the power of man is 100 fecble to achieve
anything much, But thus may be too pessimistic a view.
There are ‘tngger actions’ n which a small amount
of energy it amplified and produces a wholly dis-
proportionate cffect by directing other much larger
sources of energy into channels they would not other-
wise have reached. A match can cause a forest fire
which may release quite impressive amounts of thermal
energy I fact man hoas undoubtedly modified the

chimate of certam regions~usually, unfortunately, for
! ¥ am inforned by Sur David Brunt i

that the mimmum for a decent-

ek errron s ahout 10,500 mahon Wowantpows and tha e

oy beven e s The smaller gwer 3,000 times the energy
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the worse—by his own action and that of his domestic
animals on trees and other vegetation.

Theze are two quite separate requirements if one is
to do anything useful with climate: one must find some
teigger which it is possible to pull, and one must be
reasonably certain where the bullet that it releases will
go to. This last requires a power of prediction both
of weather and of climate considerably in advance of
what we have at present.

Day-to-day forecasts of weather are based partly on
extrapolation—assuming, for example, thatadisturbance
which has been movang steadily eastwards for some days
will continue to do so tomorrow-—and partly on com-
parison with the records of the past. The forecaster
is reminded of weather situations which he has expe-
rienced, and by comparing the chart of barometric
pressure and wind with that of some previous occasion
or occasions 1s led to predict the sequence of events.
This methad, thaugh reasonably successful for its imme-
diate purpose, is not well adapted to predicting the
consequences of artificial changes, nor does it give
much help in seeing what are the features most im-
portant in determining the climate of a particular
area, In recent years it has been suggested that another
approach could be made. Weather is caused by the
motion of masses of air of varied temperatures and
humidities. This motion is governed by the laws of
Newtonian dypamics and js in theory capable of cal-
culation. It is true that the motion of air past obstacles
—~the wind blowing over the earth or the waves—leads
to turbulent motions in which eddies are formed of
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graded sizes. The precise motion of these eddies, C\'C:
if not philosophically intermediate, depends on suc!
minute causes as to be wholly incapable of prediction.
Yet modern acrodynamical theory is Jearning how to
cope with these motions by statistical anal)slf: ﬂﬂd_ for
calculating the weather a very crude averaging might
well be good enough. Apart from this, the Pmbk’f‘
of the future of any known meteorological state is
a caleulable one, in theory at least, The practice is
another matter! One needs measurements of pressure
and wind niot only at the surface of the earth, but at all
heights towhich any appreciable part of the ph
reaches, Ideally, these measurements should be avail-
able from stations placed at regular intervals close
together over the whole surface of the earth, or at jeast
aver an area somnewhat larger than that for which a
forecast iy desired, It is only recently, with the inven-
tion of the radiosonde, that this bas become even remotely
pasuble. The radiosonde is a small free balioon carrying
a radio set and usually other instrumemts, The radio
set can be interrogated from the ground and can send
back information from which the pesition of the sonde
and the reading of some of the instruments which it
carties can be found. The rate of change of position
combined with the known rate of rise of the sende gives
the wand at the various heights.

Ymm. wnformation such as this one can determine a
®und ofidexlized atmosphese resembling the state of the
actuatonebut a good deal simpler and so moreamenable
to ealeulation. Work has been done on these lines both
wn England and US.A., and the results are promising,

a2
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They are already influencing actual prediction. The
calculations of changes are done stage by stage, each
stage repr ing an hour’s d interval, From
the original distribution of winds and pressures is calcu-
lated the predicted distribution an hour later, and this
in turn is used as the starting-point for the next calcula-
tion. Though in basic principle the idea is simple, it is
far from simple to execute. Only some of the quantities
that one would like to know are in practice available
at present, and the data for wide areas are scanty: for
example, data of the upper winds over the Atlantic is
limited to that given by a few weather ships. It is
necessary to choose methods of calculation which make
the best use of what data one has and use approximate
theories to fill out the gaps. About g0 million individual
operations have to be performed by an electronic com-
puter for an hour stage, and one can quite understand
that the computer has to be fast even to keep up with
nature outside, not to say get so far ahead as to be able
to issue a useful forecast. With all the difficulties it
seems probable that this is the direction in which
improvements in weather prediction will be made.
Improvements in computers will allow more and more
complications to be included in the picture, thus im-
proving the accuracy of the prediction. Expericnce
will show what are the features which need detailed
calculation and where a rougher estimate will serve.
But the importance of this new method is not merely
that it will improve day-to-day forccasts. It gives for
the first time a hope of making calculations of climate,
and should make it possible to assess numerically the

nit
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factors which contribute to the climate of different
regions. Once it is possible to show that observed
climate can be calculated from the known distribution
of fand with various surfaces and of sca, and of the varia-
tion with Jatitude of the intensity of the sun's radiation
that falls on each square mile, it becomes reasonable to
hope that valid predictions can be made of the effects
of changes in conditions. These changes do not always
produce the effects which one might at first expect.
Thus most meteorologists are of the opinion that in-
crease of the sun’s radiation might lead to an ice age.
Roughly the argument is that the whole circulation of
the earth’s atmosphere is driven by solar radiation, that
ncrease of the radiation would speed it up and so lead
1o more precipitation, a good deal of which would be
at the poles in the form of snow,

Clearly no one is going to start on a programme of
altering chmate, which at the best is sure to be ex-
tremely expensive, without some very good evidence
that the result will be beneficial.

Chimate has one advantage over weather as a subject
for caleulauon. It is within reasonable limits deter-
munsstic. Now there is reason to suppose that in some
cases at feast the consequence of a given weather state
m1y depend on minute effects more detailed than
are accesble to ordinary meteorological observation.
The weather may be like a pencil balanced on its point,
‘;:‘;-f:r::z:a;llox:i way or the other dependingon some

g y even be truly indeterminate in the
quantum sense (p. 7),but mare probably it will depend
©n causes too small to be measured or which themselveg
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are due to unpredictable events, human actions for
example. Indeed it seems rather unlikely that really
long-term predictions of detailed weather will ever
be possible. However perfect the observation of the
present state of the atmosphere and however accurate
the mathematical analysis, the question whether it
will rain in London on the Queen’s birthday next
year may be truly unanswerable. It may well depend
on whether someone happens to drop a Eghted cigarette
in a particular patch of forest in the backwoods of
Quebee. But climate is different. It has stabifity, Over
a period of years certain average temperatures and rain-
falls remain. They will fluctuate a good deal from year to
year, but the average over, say, thirty years will not de-
pend much on which spell of thirty years is chosen for
the average. Over a longer term there may be changes.
Analyss of pollen from peat bogs has brought evidence
of appreciable and fluctuating changes in the climate
of Western Europe in the last three thousand years or
s0, but the fluctuations are slow enough to make it
meaningful te speak of ‘climate’; one can average over
a period long enough to smooth out the variations of
individual years, but short enough for there to have
been little fundamental change. It is this that one could
hope to caleulate.

Given the fairly large quantities of energy which are
Tikely to be available from atomic nuclel, there are
various possibilities by which one might try to change
climate. One might try to flood  hollow area, in the
hope that a large fake once established would prove
self-perpetuating. It might be possible to break up the
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Arctic jce by explosions and get it.carried dov!m south
26 feebergs to melt in the Atlantic—though it would
not be pleasant for shipping while the process lasted.
If the surface of ice can be covered with a thin layer of
black material it will 2bsorb radiation from the sun that
it would otherwise reflect and much more will melt.
The formation of ice appears to be a cumulative pro-
cess. The more there is, the more is likely to form. On
the other hand, if some changing circumstance causes
a decrease in the amount of ice this decrease also is
Yikely to be progressive At present glaciers are receding,
for some unknown reason. It might not be impossible
to hurry this process up, and perhaps even free Green-
land of ice—though the quantities involved in this are
terrifying; there is much more of it than of the floating
ice and it would be harder to detach. Unfortunately,
melting land ice, but not floating ice, raises the surface
of the sca. The Greenland ice would flood much
valuable land-—certainly including Cambridge!

Tt might even be possible to affect the total radiation
reaching the carth. Much of the sun’s radiation is
absorbed in the upper part of the atmosphere by rela-
tively small amounts of certain atomic species, Sawme
1 re-radiated and of this about half will go into
outer space and be lost to the carth. Certain kinds of
atoms and molecules have a great power of absorbing
particular wavelengths; for example, it has long been
known that the small amount of ozone in the upper
""T‘_O!Phc\:t absorbs a quite appreciable fraction of the
l;;::d;n;m?.' Recent .mc:xfch has 'suggcstcd that

quantities of sodium in the highest parts of
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the atmosphere may be producing a significant effect.
Presumably the sodivm comes from the sodinm chloride
which is shot into the air from spray from the sea—
unless indeed it has been there always, While it scems
on the borderline of the impossible, it should not be
entirely excluded that modifications might be made in
the absorption of the solar radiation in the outermost
layers of the atmosphere. It might perhaps be done
by an amount of material enough to make a layer not
much more than an atom thick—but even an atom
over the whole earth is quite a lot and samethsng of the
arder of a million tons would be needed. There does
not seem to be any way at present of saying how often
such a layer would need renewing, Unless it were fairly
permanent the effort would be prohibitive. But, of
course, all this assumes that an effective reduction in the
solar radiation is considered desirable and at present he
would be a bold man who would say so for certain.
In recent years serions attempts have been made to
produce artificial rain, The greater part of the work has
been done in the United States and Australia. In all
cases the object is to mduce a cloud, which would
normally be carried for Jarge distances by the wind, to
deposit its moisture in a particular place. There is no
jdea, at least at present, of increasing the total rmnfall
pver a very large area, All thatis aimed at is a redistn-
bution. The methods used £l into two classes accord-
ing to whether the upper part of the cloud is well below
freezing-point ot not. In the former case, where the work
is associated with the name of Irving Langmuir, theidea
s to prodnce smal] crystals of ice in the part of the cloud
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below freezing-point. The minute droplets of water
which compose the cloud normally do not {reeze, but
remain as water in what is called = supcrcoolcd~ state.
These drops of water fall so slowly through the air tha_(
a small up-current will keep them suspf:ndcd.‘ Only if
they can be made to grow larger will their speed
through the air increase sufficiently to carry them _out
through the bottom of the cloud. Now, below freezing-
point ice is the stable form, and supercooled drops tend
10 pass over into it by evaporation and ;
althaugh they are unable to do so by direct crystalliza
tion unti} a very low temperature is reached. Hence if
small ice crystals can be introduced among the super
cooled deops, the drops will tend to evaporate and the
vapour will be redeposited on the ice crystals, The
oot idea then is to produce a sufficient number of small
we crystals well distnbuted through the cloud, so that
the water from the supereooled droplets will reform
upon them, producing relatively large crystals of ice
which can fall out through the cloud. Tt is possible to
have (oo many of these ice nuclel, The whole ohject is
to incrrase the size of the individual particles of water,
which means, of course, greatly reducing their number.
One wants to *sced” the cloud, as the phrase goes, with
Just enough nucler to tap the material of most of the
suspended droplets and yet few enough for each to
collect the material of a reasonable volume. This is not
Perhaps quite as hard as 1t sounds, since the falling
€ytals tend 1o be spread by the turbulence in the
<loud, o that vhere is a fair degree of mixing.

Two mam methods have been used to produce the
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the atmosphere may be producing a significant effect.
Presumably the sodium comes from the sodium chloride
which is shat into the air from spray from the sea—
unless indeed it has been there always. While it scems
on the borderline of the impossible, it should not be
entircly excluded that modifications might be made in
the absarption of the solar radiation in the outermost
layers of the atmosphere. It might perhaps be done
by an amount of material enough to make a layer not
much more than an atom thick—but even an atom
over the whole earth is quite a lot and something of the
order of a million tons would be needed. There docs
not seem to be any way at present of saying how often
such a layer would need rencwing. Unless it were fairly
permanent the effort would be prohibitive. But, of
course, alf this assumes that an effective reduction in the
solar radiation is considered desirable and at present he
would be a bold man who would say so for certain.
In recent years serious attempts have been made w0
produce artificial rain. The greater part of the work has
been done in the United States and Australia. In all
cases the object is to induce a cloud, which would
normally be carried for large distances by the wind, to
deposit its moistare in a particular place. There is no
iden, at least at present, of increasing the total rainfall
over a very Jarge area, All thatis aimed at is a redistri-
bution. The methods used fall into twe classes accord-
ing to whether the upper part of the cloud 1s well below
freezing-point or not In the former case, where the work
is associated with the name of Irving Langmuir, theidea
is to produce small crystals of ice o the part of the cloud
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below freezing-point, The minute droplets of water
which compose the cloud normally do not freeze, but
remnain as water in what is called a supercooled state.
These drops of water fall so slowly through the air that
a2 small yp-current will keep thera suspended. Only if
they can be made to grow Jarger will their speed
through the air increase sufficiently to catry them out
through the bottom of the cloud. Now, below freezing~
point ice is the stable form, and supercooled drops tend
10 pass over into it by evaporation and recond i

although they are unable to do so by direct crystalliza-
ton until a very low temperature is reached. Hence if
small ice crystals can be introduced among the super-
cooled drops, the drops will tend to evaporate and the
vapour will be redeposited on the ice crystals. The
rootidea then is to produce a sufficient number of small
ice erystals well distributed through the cloud, so that
the water from the supercooled droplets will re-form
tpon them, producing relatively large crystals of ice
which can falf out through the cloud, It 1s possible 10
bave 100 many of these ice nuclel, The whole object is
10 1merease the size of the individual particles of water,
which means, of course, greatly reducing their number.
One wants to “seed” the cloud, as the phrase goes, with
Just enough nucles o tap the material of most of the
m’l{"“d“’ droplets and yet few enough for each to
t; r;c; the material of a reasonable volume. This is not

pread by the turbulence
eloud, 5o that there 11 a fair degree of mixingcc n e

Two man methods have been used to produce the
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which is being maintained by an up-current. This
carries the drops in and they grow by striking against,
and roalescing with, the smaller droplets. i
The assessment of experiments on these lines is no
easy matter. Obviously the mere fact that a cloud
which has been sceded produces rain is no proof—it
might have produced rain anyhow. The test involves
a statistical comparison with the rainfalls in other
Places and at other urnes and the possibility for argu-
ment iy considerable. The United States Weather
Bureay has taken a very cautious and rather sceptical
attitude, and some of the claims put forward by cam-
metcial operators seem to go beyond the evidence, but
Langmuir's experiments are difficult to explain away,
and most people seem 1o believe it possible to make arti-
ficdalrainby seeding with carbon diexide or silveriodide.
Towen's expenments in Austraba are also impressive—
he used a hygroseopic solution. It is hard to say how
far methods such as these, even if developed much
further, could represent a control of climate. Would it
be posible 10 deflect any appreciable proportion of a
vainfal) from one area to another? It stems too early to
sy The effect is somewhat fimited, for only water
which 13 already present in the air can be made to fall
even a the best, and in praciice only 2 part of this.
Nevertheless the wosk is only beginning and it would
be £ash 10 assign 100 marrow a hmit to its possibafities.
But when all is said, it is prabably stll truc that the
most promusing method of altenng climate is biological,
by growing p\:mv.; in desert areas and so altering the
absorption of radiation by the ground and consequently






CHAPTER VI
FOOD

Tz populabon of the world is pow ia ghc vicinity of
2,500 mullion and is probably increasing }7)’ about
25 million a year, 4 mullion of these in India. Many
writers from the time of Malthas on, have pointed out
that even 2 small pescentage increase operating by
geometrical progression will in time overtake any
possible supply based on an arca liruted by the earth,
The argument 35 in @ way 2 bit artificial as applied
specifically to food, for, even if 2 man could live on air
and sea-water, the same argument would show that
m a not-very-distant me there would not even bhe
standing-room an the earth, All the argument proves
13 that the replacement rate of a species can only differ
very slighdy from unsty when reckoned over any fong
pened of tme

Sull, at the moment, mankind is increasing quite fast
and rather unevenly, so that some countries, notably
Inda, are faced by a very serwous problem indeed.
What has techuology to say to this® Production of food
on the eatih can be increased in many ways, but they
fall roughly into four heads. Furst, one rught increase
the atea of land admmttedly suitable for cultivation
by opening up backward areas. Second, one might in-
crease the atea under food ctops by using land not
now regarded as suitable for raising faod or used for
other purposes. Third, one wught improve the yield per
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CHAPTER VI
FOOD

Tue population of the world is now in t'ht vicinity of
2,500 million and is probably increasing !ay about
25 million a year, 4 million of these in India. Many
\writess from the time of Malthus on, have painted out
hat even 3 small percentage increase operating by
geometnical progression will in time overtake any
possible supply hased on an area limited by the earth.
The argument is in a way a bit artificial as applied
specifically to food, for, even1f a man could live on air
and sea-water, the same argument would show that
in a notvery-distant time there would not even be
standing-room on the earth. All the argument proves
is that the replacement rate of 2 species can only differ
very shghtly from umty when reckoned over any long
penod of time,

Still, at the moment, mankind is increasing quite fast
and rather unevenly, so that some countries, notably
India, are faced by a very senous problem indeed.
What bas technology to say to this? Production of food
on the earth can be increased in many ways, but they
fall roughly into four heads. First, one might inerease
the area of land admittedly suitable for culuvation
by opening up backward areas. Second, one might in~
crease the area under food crops by using land not
now regarded as suitable far raising food or used for
other purposes, Third, one might improve the yield per
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acre of existing land. Fourth, one might produce food
chemically, either from inorganic materials or from
organic materials which are more easily grown than
actual foodstuffs,

Taking these in order, there are enormous tracts of
potentially fertile land in the basins of the Amazon, the
Orineco and the Congo. They are still very sparsely
inhabited and could support a very Jarge population
if'it were prepared to live at the standard of present-day
India or China. No one seems to doubt that these places
can and will be developed; the question how far they
can relieve the congested arcas of the world is political
and financial rather than technological. Technology
is, of course, helping. Development by aeroplane rather
than by road is already happemng i Brazil. Tropical
medicine makes settlement possible without fantastc
loss of life. Mechanical methods of handling and mov-
ing soil greatly reduce labour. Then, too, there is a
wide field for biological work in developing the best
crops for moist tropical conditions. One may expect
that besides the obvious rice, maize, and tapioca, novel
crops will be developed, crops, perhaps, which need a
good deal of processing before they are fit for food.
This is one of the most promuung directions for bio-
logical research.

‘The proportion of waste land in the world is very
high. Only about g per cent of the land surface 15
actually cultivated; another 16 per cent is pasture,
producing some human food but much less per acre
than the arable. Some, perhaps 1o per cent of the
arable, is used for non-food crops, e g. cotton. If plants
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are tp grow naturally there are twe inescapable require-
ments, water, and energy from the sun. At prdt!\nt
there is not much agriculture north of latitude 60°
1n the southern hewisphere the only considerable
amount of land south of this is the ice-covered Antarc-
tica (which is jgnored in the above figures). It is not
at all certain that the present himit is a valid one, The
raduation on a flat field per 24 hours in latitude 60° in
June is actually greater that it would be on the Equator
because of the greater length of the day.! The problem
is to produce a plant which will grow and ripen
quickly. The start is limited by the clearing of the
cover of snow, and the autumn frosts bring the end.
Very substantial advances have already heen made in
developing quickly-ripening wheat for this very purs
Pose, but it seems reasonable to hope that considerable
Progress 15 sull possible, nor 18 1t certain that wheat iy
the best plant to grow. It might be possible to develop
Something quite different that would gtow in higher
latitudes to yield a food for men or for cattle. Modern
genetics opens great possitnlities. Now that Moscow
has renounced the Lysenko heresy it would not be sur-
prismg if the Russians did somethung important on these
tines If fmze\ 18 still serously short sixty years hence, it

1 to p ,{‘ that 1 Sibena and
northern Canada will be producing a substantial
amount.

The areas that are desert for lack of water are a
harder problem. We have considered the possibiliviey

sl ‘;fuu Natumal Physcal Laboratory Commitier on Uslisation of
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of controlling weather and have scen that they are
difficult to predict on present knowledge. Straight-
forward irrigation is an obvious way of using deserts, and
one that has been applied throughout recorded history.
At present most of the easy places have been exploited.
The large areas that are left usually have no sufficient
supply of fresh water within reasonable distance. If one
were seriously to contemplate, for example, irrigating
the Sahara, one would have to face two problems: water
and power. In very many parts of the world you find
water if you go deep enough, but this water comes, of
course, ultimately from rain which has fallen clsewhere
and made its way under the ground. Just as there are
quite definite limitations to the water that can be taken
from a river, so there are to the water that can be taken
from wells, though because there is an underground
reserve that may represent many years’ accumulations
the early flow may be deceptive. It may come from
capital rather than from income. In Australia, for
example, the flow from the artesian wells in Queens-
land is diminishing and the level of the water below
ground is falling.

If we trust nuclear energy to supply the power,
certain areas could no doubt be irrigated from water
pumped from local wells, but one suspects that these
areas might not be very large. Can anything be done
on a really big scale with sea-water? A rough calcula-
tion suggests that the cost of conveying enough sea-
water to be equivalent to a moderate rainfall necd not
be prohibitive. Could the water be freshencd for any
reasonable cost?
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In recent years a good dca_l of attention has been
given to the problem of producing fresh from salt water.
There is a variety of possible methods, but the most
prowmising are some variants of the old-:st.abhsh.cd dis-
tillation method, the use of special resins wufl the
property of exchanging jons, and electrodial ‘!n
distillation the water is removed from the salt, leaving
a strong brine. Tt takes a lot of heat, but most of .!his
can, in theary, be recovered from the vapour by varions
more or less ingenious p For ple, Claude
has suggested the use of the temperature differences
which exist between the surface and the depths of the
sea, especially in the tropics, to work a heat engine.
Such an engine would involve evaporation at low pres-
sure as one stage, and might be made to provide both
2 certain amount of power and fresh water, but initial
costs and depreciation are likely to be high.

The resins are promsing for purifying slightly brack-
ish water, but all the salt removed from the water clings
fothe resins, which have to be regenerated by treatment
with acids and atkalis. In dealing with sea-water the
quantity of salt would probably be prohibitive. In the
electrodialyns process the jons into winch the salts are
dissociated by being 1n solution, and which are electric-
ally-charged atoms, are pulled across a stream of sea-
water by electtic forces and sent through permeable
membranes into 2 *rinsing’ strearn which carries them
away. Membranes can now be made 5o as to be perme-
able onlytosansofonc electric sign (postive or negative),
and this grently increases the efficiency of the pro-
cess Even 5o all these Pprocesses are 100 expensive at
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of controlling weather and have scen that they are
difficult to predict on present knowledge. Straight-
farward irrigation is an ohvious way of using deserts, and
one that has been applied throughout recorded history.
At present most of the casy places have been exploited.
The large areas that are Ieft usually have no sufficient
supply of fresh water within reasonable distance. If one
were seriously to contemplate, for example, irrigating
the Sahara, one would have to face two problems: water
and power. In very many parts of the world you find
water if you go deep enough, but this water comes, of
course, ultimately from rain which has fallen elscwhere
and made its way under the ground. Just as there are
quite definite limutations to the water that can be taken
from a river, so there are to the water that can be taken
from wells, though because there is an underground
reserve that may represent many years® accumulations
the early flow may be deceptive, It may come from
capital rather than from income. In Australia, for
example, the flow from the artesian wells in Queens
land is diminishing and the level of the water below
ground is falling.

If we trust nuclear encrgy to supply the power,
certain areas could no doubt be rrigated from water
pumped from local wells, but one suspects that these
arcas might not be very large. Can anything be done
on a really big scale with sea-water? A rough caleuta-
tion suggests that the cost of conveying enough sea-
water to be equivalent to a moderate rainfall need not
be prohibitive. Could the water be freshened for any

reasonable cost?
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always be supplied from the soil as must a number of
socalled “trace” elements whose necessity in very small
quantities has heen established in recc_nt years. Fortu-
nately there are Jarge mineral deposits rzch in phos-
phorus and sulphur and these are not likely to run
out for o considerable time. Nitrates are already made
extensively from the air—it 1s just a question of power.
It would not scem impossible to condtion some at least
of the sofl which is now rejected and make it useful.
Some soil is too acd, but fortunately limestone is
common, though the cost of liming is high. However,
thus 15 the kind of process which improving methods of
handfing in bulk will make progressively easier. In
many cases the trouble 1s that the soil has the wrong
texture to retain moisture and yet allow sufficient flow
for the 700ts to draw nutrition from the salts contained
m the necessary volume. Two methods of attack here
seem Tikely, the chemical and the biological. The new
organic chemical Krilium 15 intended not to nourish
plants but to change the physical state of the soil. It
acts by surface p , and since a lecul

Jayer absorbed on to a surface alters its propertics, and
malecules are small, a handful of material can alter
a surpriumgly Yarge surface. OF course, the surface in
guestion 13 not the crude surface seen by the eye but the
vastly greater surface of the particles of the soil, Some
m%m‘ similar process probably accounts for the often-
claimed superiority of natural manure over artificial.
The natural manure contains proteins which have the
povier of insinuating themselves between the sheets in
which the atorus that make up clays are arranged, and
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Present to pe ¢Conomijc, Howcver, the theoretica} energy
Fequiremeny 4, freshen Sea~water to gp acceptable ex.
tent for dn'nking is only 0.y kﬂowatt-hours per ton,
It seems not imposszble that apn efﬁciency of 30 per
cent might pe reached, sp g, 23 kilowatt-hoyrs

made to yielg Crops after g initia} caprtal cost for
terracing—ope has only to look at Northerp Italy; the
Inca civilization was foundeq on such methods, byt
they are useq 10 few places only, and they use mighe
be greany extended,

Craps can, a5 18 wel} known, e 8Town 1n wager o ths

is supplieq With suitabje mineral sy, The soil s

OWn nitrogen from he air, but mosy have 1o have it
supplied as nitrate. Phosphorys and sulphyy must
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better off, except that one will be able to have 2 more
varied diet by eating the cattle. As far as actual pro-
duction of food is concerned, it is inefficient to grow
crops for animal consumption and eat the am‘mz_ﬂs.
Meat has normally been a semi-luxury article of diet.
Rarely, except among the Eskimos, has it been the
staple food of all classes. But this inefficiency may
cease to be jmportant for one of two reasons. The
animals may be able to live on food which can be
grown in places which could not produce food for man,
for example sheep on hill pasture, though even here
they are apt 1o tompete, and when sheep were exten-
sively ntroduced into the Scottish Highlands crofts
had to be abandened to give them some high-class
grozing, The other way is if it is possible to grow cattle
food at a yield per acre greatly exceeding that possible
for human food. Then one may have the double
advantage of high-grade meat equal or greater in total
food value to the cereal which could be grown on the
aren, and also Jarge amounts of natural manure, which
as we have said is supenior in the long run to artificial
fertilizer, and which should enable a Iugher yield to
‘e obtained on the land s8ll wsed for cereals.

Recent expenments in the U.S.A. and other countries
suggest that this may be possible by growing some of
the many species of alge. The particular one chosen
for the experiment is called Chiorella’, It grows as a
green mush in water in bright sunshine, The water
18 supphied with the necessary inorganic constituents:
nitrates, sulphates and phosphates of various kinds, and

! Chloells pyrimdina ia the specses that has been wsed most.
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so of breaking up the mass and exposing more surface.
Krilium is the first of its kind, and it remains to be scen
how effective it is, but the first word is not the last and
this is a line of attack which it seems safe to predict will
be extensively followed up.

‘The biological attack is more traditional. It is exem-
plified in the reclaiming of sand dunes. In principle
it consists in finding something that will grow, however
useless, and growing it. In the soil that this builds up
some other plant can grow, until by stages the condi
tions for a useful crop are reached. It would scem that
in the future, as genetics gets better understood and
as methods of producing mutations artificially are im-
praved, man will become less dependent on the plants
nature has provided, and it will be possible to plan the
reclamation of soils at present unsuitable, using a series
of plants each designed and evolved for a special
purpose,

It is remarkable how much greater the yield per acre
of wheat is in Great Britain than in the U.S.A,, Canada,
or Russia. The proporuon is roughly three for Great
Britain agawmst 1-5 for America and one for Russia.
Partly no doubt this is because wheat in Britain is only
grown on the most suitable land, but mostly it is a
question of manure and artificial fertilizers. Both are
used in greater quantties here than sn the other
countries. Artificial fertlizers are mostly a question of
energy, and one can safely predict that their use will
increase. Farm manure depends on having cattle food
in abundance. IT this has to be grown on land that
wauld otherwise be used for wheat, one will be Jittle
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better off, except that one will be able to have a more
varied diet by eating the cattle. As far as actual pro-
duction of food is concerned, it is incficient to grow
crops for animal consumption and eat the ammz_ﬂs.
Meat has normally been a semi-huxury article of diet.
Rarely, except among the Eskimos, has it been the
staple food of all classes. But this inefficiency may
ceate to be important for one of two reasons. The
anfmals may be able to live on food which can be
grown in places which conld not produce food for man,
for example sheep on hill pasture, though even here
they are apt to compete, and when sheep were exten.
swvely introduced into the Scotbsh Highlands crofis
had to be abandoned to give them some high-class
grazng. The ather way is if 1t is possible to grow cattle
food at a yield per acre greatly exceeding that possible
for human food. Then one may have the double
advantage of high-grade meat equal or greater in total
food value to the cereal which could be grown on the
area, and also large amounts of natural manure, which
s we have said is superior in the long run to artificial
fertilizer, and which should enable a higher yield to
be obtained on the land still used for cereals,

Recent expeniments in the U.S.A. and other countries
suggest that this may be possible by growing some of
the many species of alge. The particular one chosen
for the experiment is called Chlorellat, It Lrows as &
green xrgmh in water in bnght sunshine, The water
is supplied with the necessary inorganic constituents:
nutrates, sulphates and phosphates of various kinds, and

¥ Chlorela pyremdisa 1s the species that has been used most,
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trace clements in solution. The sunshine produces the
energy, and the carbon can come from the air in the
form of carbon dioxide, but to get seally high rates of
growth it is necessary to supply carbon dioxide arti-
ficially either by bubbling this gas through the water
or, better, by having the water in a container with a
transparent top and maintaining an atmosphere above
it richer in carbon dioxide thaw is normal air. The ex-
periments are still at an early stage, but it is claimed
that yields of 17} tons per acre of dried Chiorella
are possible. The protein content is very high, about
50 per cent, while that of wheat (which gives a yield in
Britain of roughly 1 ton per acre) is only 52 per cent.
While 1t may be doubted if this is yet a practical pro-
cess, the experiments are certasnly very suggestive, The
yield is reasonably high, even in terms of the quanta
of light absorbed per molecule of CO, turned mto
living matter. Photosyntheses, as these processes of the
building up induced by light are called, are an excel-
lent way of using solar encrgy. The radiation 13, in a
sense, at the temperature of the sun, and jt is far more
efficient to use it directly to induce chemical change
than to try to make power by way of heat, as, for
example, by boiling water and then using the steam
at a relatively low temperature to gencrate power.
In such a process the second law of thermodynamics,
our principle seven, keeps the efficiency poor.

It seems probable that some simple organism of this
kind grown under condstions in which the ‘harvesung’
¢an be made automatic and probably contnuous, as
has been shown possible, 15 the best way of using the
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sun’s radiation. We may expect that some process I.ikc
this will cnable mankind to have a higher proportion
of animal food than most of it gets at present and at the
same time increase the overall yield per acre.

All the above considers food production as tied to the
surface of the land—we have been speaking of yields
per acre, In the very long run I do not believe that this
will be 50, unless for some other reason population
decreases. It will be a sad thing if all the pleasant
places in the world have to be used for growing crops.
Man has been an agricultural animal for less than
10,000 yeats, and the ancestors of most of us hived by
hunting till perhaps a hundred generations ago. This
is a shart time in the history of a race, and probably
most men’s instincts for hunting are stronger than for
growing things. Perhaps this is not true of women, but
the men who would enjoy being ploughmen are, I
suspect, fewer than those who would enjoy being
gamekeepers.

With abundant energy it may not be necessary to
depend only on the sun’s radiation to grow our food.
ln@ced, since intensive cropping would certainly re-
quire large supplies of synthetic nitrate, the power re-
quired to make the food directly may not be so very
much more, We already have an example of the upgrad-
ing of foodstuffs by chemical means in the manufacture
of marganine. Fats of a poor quality have been made in
Germany! by a completely synthetic process. Hydro-
carbons derived from coal by the Fischer-Tropsch pro-
cest were oxidized to fatty acids which were combined

* Food and the Future, Williams, Soc. Chetn, Ind,
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with glycerine, which can jtsclf be made synthetically.
If it is ohjected that the coal was once organic material
the answer is that all trace of organization is destroyed
in turning it into hydrocarbons; inorganic carban
would have done just as well as the coal. These fats
had certain peculiarities which may have made them
less suitable as food, but they could have been made
normal at extra cost. From the long-term point of view
it is pretty clear that the synthesis of fats is mostly a
question of economics.

Sugars have proved difficult to synthesize, but there
can be little doubt that it could be done at a price.
Sugar is cheap however, and it is unlikely that such a
process would pay.

Fats and sugars are among the chemically simple
foods. It would be quite another matter to synthesize
a piece of beefsteak which depends for its taste not
merely on its chemical composition, though this is
complicated enough, but on its structure and texture.
It will be a very long time indecd, if ever, before
certain human foods are made from the elements. I
believe that one stage will be an increased production of
animalsfor food, the animals themselves being fod partly
on high-yielding organisms like Chlorella, partly on
compounds directly synthesized in factories. In some
cases the synthesis may not be a complete one; instead of
starting from nitrogen and carbon dioxide it might pay
to grow, for example, wood and use this as a starting-
point for the synthesis. It is quite likely that some of the
chemistry will be best done by organisms. We owe
alcohol and leavened bread to the use made by carly
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an of biological accidents; with improving biologi 1
knowledge it ought to be possible to breed organisms
10 carry out a great variety of similar changes.

Yeasts have recently been grown directly for food.t
They do not need sunshine and derive this energy from
the chemical energy of their *food’, which in certain
expenments bas been the waste sulphite liquor from
wood-pulp manufacture, and in athers melasses, with
some added chemicals, By varying the ‘food” it is possible
to geta product sich in protein or rich in fat as desired.
Though these processes involve growing living matter
the whole set-up is much more like a factory than 2
farm, For one tlung, it is indoors. These processes are
on the verge of being economic, but depend on having
a cheap waste product to feed the yeast, of which several
varieties have been tried,

1tis rare in technical progress for any one line com-
pletely 1o supplant another Probably all methads of
food production will be used. If a taste for mushrooms
pertists—ns 1t surely will—it is likely alvays to be easter
to grow than to make them. Other foods, and I suspect
an increasing proportion, will come from animals fed
in the ways suggested. Yet others, ncluding perhaps a

good deal of the butk, and many of the energy-producing
foc:;, may be made directly or from some easily grown
product.

Et ought to be possible to allow much of England to
return to parkland and to let the downs go back to
(Ems La?gc herds of cattle, fed mostly on synthetic
foods delivered automatically at distnbuting centres,

* Danckwerts and Sellens, 1o Food, January 1953,
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and unused to man, will roam through the trees as they
did long ago. Is it too much to hope that hunting with
the bow and arrow will revive as a means of procuring
food from these herds and supplying the chemical
engineers who made the fodder with a spice of
adventure?



CHAPTER VI

SOME APPLICATIONS
OF BIOLOGY

For the past hundred years, and smore, physics and
chemistry have been the sciences to which people have
looked for practical applications, Only through medi-
cine hay biclogy been decisive in influencing ordinary
mer's lives, It is obvious that this will change, it is
indeed already doing so. The sclence of genetics is
making it possible to improve on the rule-of-thumb
methods of the stock-breeder and the gardener in the
improvement of tame animals and plants. Increasing
knowledge of the habuts of insect pests 1s bringing them
under control and dinenishing, even if it is not often
possible to prevent, the losses in plants and animals
which they cause. One may expect that both these
applications wilt be enormonsly extended, but they are
not the only ones in sight. There is probably a very
targe ficld in the extension of the use of the more lowly
orgamsms in industrial chemistry. It has already been
suggested that it way be possible to use organic agents
to rare ials in ter, and that
yeasts may be grown as food. Recent work has em-
ph:ngd the important part bacteria often play in
carrosion, for instance the sulphur-reducing bacteria
which are vesponsible for much of the corvosion of
buned iran pipes. Then, too, modern methods of dis-
posing of sewage depend on bacterial avtions which are
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still not properly understood. One of the problems of
civilization is how to get rid of its unwanted products,
which include chemicals poisonous to fish and un-
pleasant to humans. There is a big field here for
bacteriology. For thousands of years man has been
dependent on organisms for the chemistry which gives
leavened bread, alcoholic drinks and vinegar. In spite
of the great advances that have been made in synthesiz-
ing very complicated organic compounds by purely
chemical means, it is by no means certain that this is
the best way to go about it in the long run. There is
extraordinary variety in the diet and chemical products
of the more lowly organisms, and they seem remarkably
flexible, as might indeed be expected from the rapid
succession of their generations. Within the time of an
experiment they can go through thousands, each of
which gives some scope for variation. I venture to
predict that plants, moulds and bacteria bred for the
purpose will in the long run compete successfully with
the chemist in making some of the more complicated

compounds.

Controlled Mutations

Inheritance is belicved to be controlled by what are
called ‘genes’. In sexually-propagated organisms these
are supplied by each parent of the new individual in
approximately equal numbers. The mechanism, and
indeed the naturc, of thesc genes is still unknown,
though very interesting suggestions with some expen-
mental support have recently been made. It has, how-
n cstablished that genes are sufficiently

ever, bee
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material to have a Yocation in space. They are 70‘75"“1
in elougated bodies which are visible under the micro-
scope and which are called chromosomes. The body
cells of every species have a definite number of chromo-
somes—an even pumber. The reproduction cells each
have half this number, so that when an egg is fectilized
by the entrance into it of a spesmatozoon half the
chromesomes come from the spermatozoon and balf
were in the egg originally. A long series of experiments
has shown that each chromosome contains the genes
that control a number of characters in the new indi-
vidual {in other words, it contains many genes) and it
has been found possible in the case of the much-
studied fly Drosophila to find the order in which the

genes oceur along the lengths of the ch 3
It may be that a gene is a long-chain molecule with
side groups of atoms arranged in a characteristic order
along the chain, with the property of being able to
give rise to an indefimte aumber of other molecules
?kc itself, rather 1n the way that a seal may make an
definite number of impressions. But again this may
be too great a simplification, or may only be true in
certain cases, What matters for our purpose is that
genetic changes can be produced by exposing the germ-
tf)ls 10 almost any kind of fonizing radiation; Xerays,
high-speed electrons, neutrons, alpha parfices from
radwim, all_ stem to produce much the same kind of
effects. t s reasonable to suppose that they alter
some eritical m’b'lccu\c or molecutes, either directly by
chane b °(;; otrons (jonization), and so causing a
g€ 10 the structure, or indrrectly by ionizing the
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still not properly understood. One of the problerns of
civilization is how to get rid of its unwanted products,
which include chemicals poisonous to fish and un-
pleasant to humans. There is a big field here for
bacteriology. For thousands of years man has been
dependent on organisms for the chemistry which gives
leavened bread, alcoholic drinks and vinegar. In spite
of the great advances that have been made in synthesiz-
ing very complicated organic compounds by purely
chemical means, it is by no means certain that this is
the best way to go about it in the long run. There is
extraordinary variety in the diet and chemical products
of the more lowly organisms, and they seem remarkably
flexible, as might indeed be expected from the rapid
succession of their gencrations. Within the time of an
experiment they can go through thousands, cach of
which gives some scope for variation, I venture to
predict that plants, moulds and bacteria bred for the
purpose will in the long run compete successfully with
the chemist in making some of the more complicated

compounds.

Controlled Mutations
Inheritance is believed to be controlled by what are
called ‘genes’. In sexually-propagated organisms thesc
arc supplied by each parent of the new individual in
approximately equal numbers. The mechanism, and
indeed the nature, of these genes is still unknown,
though very interesting suggesuons with some experi-
mental support have recently been made. It has, how-
been established that genes are sufficiently
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combinations than on using the maturally occurring
mutations, though no doubt these latter often help. It
seems Ukely that in the fture more use will be made of
mutations deliberately induced. In this connection
T can't help fecling that the highty developed methods
of what are called electron optics may be of great
serviee, Fast electrons can be deflected and focused
Like rays of light, and indeed the analogy is a very close
one, for electrons, like light, have wave properties. In
electron microscopes beams of electrons are bent and
focused to give very highly magnified images of objects
through which they have passed. They surpass optical
microscopes in resolving power, that is in their power
to separate fine details in the specimen examined. Al
ready the distance that can be resolved is much less
than the size of a large molecule and only two or three
fimes the diameter of the ordinary atoms that form
kiving matter. Now the same lenses that form a vastly
magmified image of an ohject can produce in reverse
an equally strangly diminished image of an electron
souree, can concentrate, that is to say, an electron beam
ona region comparable m size with that which could be
vesolved of the lenses were used as a microscope. If now
such a beam 15 directed at a particular chromosome,
OF even a particular part of a chromosome, in a germ-
cell, and turned on for the very short exposure which
might be expected to produce a genetic effect, it seerms
posuble that this could be controlled and that only one
Or tw0 genes would be affected, and a mutation could
be produced in them and in them only, No doubt, even
50, most of the mutations would be harmful, but you
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water near by and producing an increased concen-
tration of electrically-charged hydrogen atoms and
hydroxyl, These genetic changes are called mutations,
and are inherited according to the normal laws of
inheritance as first enunciated by Mendel. The great
majority of mutations so produced are harmful, ofien
to the extent of making it impossible for the creature
to grow to maturity. This is hardly surprising. The
mechanism, whatever it may be, which allows a com-
plicated organism to develop from a fertilized egg is
certainly a delicate one, and one is not likely to improve
it by knocking pieces out at random. To take a rather
different simile, it is like trying to improve a statue by
spraying it at long range with bullets from a machine
gun. Yet a few mutations are improvements or, at least,
changes which might be helpful in certain environ-
ments. All evolution is believed to be due to mutations
large and small, of which the latter may be the more
numerous and even in the long run the more ympor-
tant. Some mutations are caused in nature, as they
probably are in the experiments, by the ionizing action
of cosmic rays which irradiate us all, though rather
weakly. It is perhaps unhkely that all mutations come
in this way; there may be other and more spontancous
causes, for example, a bond holding part of the molecule
together may slip of its own accord, There is, however,
no evidence to suggest that mutations caused in one
way are more hkely to be helpful than those caused in
another.

Present-day methods of breeding depend more on
shuffling about existing genes so as to got favourable
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combinations than on wsing the naturally occurring
mutations, though no doubt these Jatter ofien help, It
seems likely that in the future more use will be made of
mutations deliberately induced. In this connection
1 can't help fecting that the highly developed methods
of what are called electran optics way be of great
service, Fast electrons can be deflected and focused
Like rays ol light, and indeed the analogy is a very cluse
orte, for electrons, Bke light, have wave properties. In
dlectron microscopes beams of electrons are bent and
facysed to gve very hnghly magnified images of objects
through which they have passed. They surpass optical
microscopes in resolving power, that is in their power
to separate fine details in the specimen examined. Al
ready the distance that can be resolved is much less
than the size of a large molecule and only two or three
umes the diameter of the ordinary atoms that form
tiving matter, Now the same lenses that form a vastly
magmficd image of an object can produce in revesse
an equally strongly dimimshed image of an electron
souree, can concentrate, that is to say, an electron beam
ona region comparable in size with that which could be
sesoheed 1f the lenses were used as 2 microscope. I now
nuch o beam is directed at a particular chromosome,
o even & particular part of 2 chromosome, in a germ-
cell, and turned on for the very short exposure swhich
“\\R\.\\ e expeeted to produce a genetic effect, it seems
possible that this could be controlled and that only one
05 two genes would be affected, and a mutation conld
be produced in them and i them only. No doubt, even
58, most of the mutations would be harmful, bu,t you
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would not have to grow the product for long to be able
to reject the great mass of fajlures and concentrate on
the few that looked promising, It would not be difficult
to do this with plants or even perhaps with the lower
animals. With placental mammals there would be more
trouble. Either some means would have to be found of
introducing the partly developed feetus into the womb
of a foster-mother and getting it attached there, or the
fetus would have to be grown entirely in artificial
surroundings, which has not so far proved possible.
Still, it does not seem out of the question, Whether it
will ever be possible to direct the electrons with suffi-
clent accuracy to produce a required mutation at will
must remain a guess till one knows much more about
the mechanism by which the genes work than is known
at present, but even if ail that is possible is the lumited
degree of control descnibed above, by which one could
determine which gene was altered, but not the altera-
tion produced in it, the prospects for the improvement
of species would be vastly improved. I have very little
doubt that it will be posable to improve plant and
animal breeding enormously, both in the speed with
which new stocks can be established and in the range
of variation possible. This by itself will make a great
difference to agnienlture and to the world’s supply of
food.
Domestication

1t is a deserved reproach to civilization that hardly
any new species has been domesticated in historic
times. A possible exception is the recent success in the
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Belgian Congowith African elephants, ifit is true, which
seems doubtful, that the clephants used by Hannibal
and the Carthaginians generally were really of Indian
not Alrican origin.? It is difficult to believe that no
other species contd be uscfully domesticated, and still
harder when one considers the favourable changes that
domestication can produce even with old-fashioned
methods of breeding. Recent attempts with mink and
sifver fox may be the beginning of a needed reform.
Even if it becomes possible to make most natural pro-
ducts artificially there will always be room for the
natural to give variety. Silk production has became a
fess important industry, but the silkworm will never be
enurely put out of business by mechanical extrosion.
As bulk manufacture improves there will be more
surplug man-power for luxuries, and the artistic possi-
bilities of natural products will secure a demand.

Even with food one feels something cauld be done.
Beef, mutton, pork, is & marrow range. Surely some
enterprising company or country should find 1t worth
while to popularize antelope or bear. It has been sen-
ously propased to exterminate game 1n Africa because
of ssetse fy; it would be a disgraceful act. Man should
keep aut of the danger area til he has learnt enough
to deal with the fly, or with the parasitic trypanosomes
which it earries and which in turn carry disease. By
then he wilt have learnt how to make use of the game,

* 1t scems from i Wi i
t‘ " P}J,?‘;,’, ‘mml:emi:n‘:x'mﬂ Gowers (dfrican Affaivs, 47,
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would not have to grow the product for long to be able
to reject the great mass of failures and concentrate on
the few that looked promising. It would not be difficult
to do this with plants or even perhaps with the lower
animals, With placental mammals there would be more
trouble. Either some means would have to be found of
introducing the partly developed feetus into the womb
of a foster-mother and getting it attached there, or the
foetus would have to be grown entirely in artificial
surroundings, which has not so far proved possible.
Still, it does not seem out of the question, Whether it
will ever be possible to direct the electrons with suffi-
cient accuracy to produce a required mutation at will
must remain a guess till one knows much more about
the mechanism by which the genes work than is known
at present, but even if all that is possible is the limited
degree of control described above, by which one could
determine which gene was altered, but not the altera-
tion produced in it, the prospects for the improvement
of species would be vastly improved. I have very little
doubt that it will be possible to improve plant and
animal breeding enormously, both in the speed with
which new stocks can be established and in the range
of variation possible. This by itself will make a great
difference to agriculture and to the world’s supply of

food.
Domestication

It is a deserved reproach to civilization that hardly
any new species has been domesticated in historic
times. A possible exception is the recent success in the
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Blgian Congo with African elephants, ifitis true, which
scems doubtfu), that the clephants wsed by Hannibal
and the Carthaginians geperally were veally of Indian
not Afiiean origin? Tt 15 difficult to believe that wo
other species could be usefully domesticated, and still
Tarder when one considers the favourable changes that
domestication can produce even with old-fashioned
methods of breeding. Recent attempts with mink and
silver fox may be the beginning of a needed reform.
Enen if it becomes possible to make most natural pro-
ducts artficially there will always be room for the
matgral Lo give variety, Silk production has become a
less important industry, but the silkworm will never be
entirely put out of business by mechanical extrumon

Ar bulk manufacture improves there will be more
!qrplus man-power for luxuries, and the artistic possi-
bilities of natural products will secure a demand.

Even with food one feels something could be done.
Beef, mutton, pork, is 2 narrow range. Surely some
enterprising company or country should find it worth
while to populanze antelope or bear. It has been seri-

:“xs(y Pmpos:fi 10 exterminate game in Afnca because
" ewse fiy; it would be a disgraceful act. Man should
mt‘r o‘u\ of the danger area ull he has learnt enough
“hi:}a\ Wth the fiy, or with the parasiue trypanosomes
- ;: h“ carries and which 1n turn carry discase, By
@ will have fearnt how to make use of the game,
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if not commercially at least as an important element of
culture,

On the whole the present age is one in which the use
of animals for purposes other than food is diminishing.
The horse is obsolete in the most civilized countries
except for pleasure and sport; it is doubtful if wool will
retain its importance as a clothing material for more
than a few decades, though it will no doubt always be
used for a few purposcs. Even the elephant may survive
in captivity more because it is picturesque than because
it is useful. But are there no other possible applica-
tions? I believe that insufficient attention has been
paid to the hand. The monkey’s hand, though not as
good as ours, is a remarkable instrument, especially
when considered in connection with its eye and brain.
Think what a lot of electronics it would take to make a
machine capable, for example, of picking an orange
from a tree without wrecking the tree. One would feel
one had done pretty well to get the gear into a large
Jorry, and it would take kilowatts of power to operate
it. The monkey does it on a weight of perhaps 40 Ibs.
and a daily consumption of a pound of nuts!!

It seems to me that this combination of hand and
eye connected through a2 moderately intelligent brain
is one of the best bargains nature has to offer us. We
ought to make more use of it, and I have little doubt
that we shall. The picking of crops of all kinds from
trees and bushes—fruit and cotton are obvious examples
—-are tasks which use up a lot of human effort, which
e O seions bteri, i Comer s el 1, e
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are decidedly difficult to do by machine yet whick
o uot really require the full human faculties. :l‘hesc are
perhaps not the only tasks of this kind. Certainly there
are any number of factory operations which .do n?l.
exerche the full human faculties, but operations int
factories are under close control in a way that opera~
fions on growing plants are not, It wilt probably be
possible to arrange these dull factory jobs so that they
canbe done mechanically. The photo-clectric cell pro-
vides a mechanized ‘eye’ which is adeguate for maay
manufacturing purposes, when enly one kind of object
has to be examined, and that in = particular way.
Nature scores on flexibility of operation, machines on
accuracy of repetition. Yet one may suspect that there
exists 3 proportion of factory operations, even if pethaps
a2 small one, which are sujtable for tramed monkeys.
T will be an interesting profession, breeding and
trainung these creatures. With advancing knowledge of
geneties very large modifications in the wild species
an no doubt be made. Even the old methods were
pretty good; ook at the vanety of dogs that have been
bred. One may hope far improvements in two main
w3y, bewer hands and greater docility, Later on there
may came & demand for greater intelligence, and the
passibilities here are intriguing!

Population

Qne of the hardest things possible to predict is the
course of populangn. Almast all the carefid attempts
made in the tast bundsed years to predict how the
Population of Europe and the United States wounld
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change have proved badly wrong, though censuses are
detailed and the initial data good.

In the past, population has on the whole increased,
but these is evidence for periods during which it has
been stationary far centusies—for example for about
the first thousand years of our era. One could explain
a good deal on political grounds if onc were sure that
the political changes were not rather the consequences
of changes in population than their cause. Even so, itis
odd that the samc pause in the increase of population
seems to have happened simultaneously in Europe and
in China though there was then very little connection
between them.

Nowadays in civilized countries with good medical
services the rate of increase could be enormous, but it is
in fact kept down by the use of contraceptives. The con-
trolling factors cease to be biological; population is not
limited by food-supply or disease but by the wishes of
the people. They may be swayed by emouonal con-
siderations as well as by economic ones, and scientific
prediction becomes impossible. However, one thing
seems to have been learnt, namely, that a modern
government can do a great deal to control population.
"The population of France, almost stationary for cighty
years, has since the war begun to inerease quite fast
under the stimulus of family allowances. It was thought
that the population of Britan would begin to dechne
about 5950 and then go down steadily, but it s still
increasing; that of the United States has taken a sud-
den upward swing. These hwo countries may onlyy .bn
showing a reaction from the custom of very small families

Y
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which fallowed the introduction of contraception and
Ied to 2 big drop in the birth-rate. It seemed at one
Ume as if the white peoples intended to extingnish
themselves by reducing their families well below
replacement.level, but this does not seem to be so.
There s nio true instinct prompting the human race to
have children; its place is taken under primitive condi-
tions by the sex jnstinct, and under modern conditions
by a rational desire for the pleasures of a family,
by public and sometimes by religious opinion, and in
some countries by ¢conomic motives. The experience
of the last few years appears to show that these motives
combined are, or can be made, sufficiently strong to
provide at least 2 stationary populagon. With a heavy
fesel of taxation, it is not diffienlt to provide economic
incentives for large families. But all these are matters
of pyschology, for even the economic mative depends
under modern conditions on the views of the govern-
ment, and they are uncertamn and unpredictable. One
an guess perhaps that the population of civilized com-
munitics will wncrease {but not very fast) for the next
few genesations, but 1t 13 2 guess, We have already
: eussed the provision of food for an increasing popu-
auon and shown that the Yong-term prospects, even if
there as 2 large increase, are pretty good. On the short-
l&tm, sexious woubles are apparent, which are indeed
c;:t:’::?‘ ‘\‘h:‘g;ﬂ;x’cuh question of race or rather
e reliom ot Ch.m\m r;en of India and Indonesia,
mcanAfﬁc.\whuartm:; a? .DlLZD;x o dcg"rcc, e bl:imk
hard on the are, ; b2 o.‘a‘ 'yim:x\nll b‘e, pressing
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change have proved badly wrong, though censuses are
detailed and the initial data good.

In the past, population has on the whole increased,
but there is evidence for periods during which it has
been stationary for centuries—for example for about
the first thousand years of our era. One could explain
a good deal on political grounds if one were sure that
the political changes were not rather the consequences
of changes in population than their cause. Even so, it is
odd that the same pause in the increase of population
scems to have happened simultaneously in Europe and
in China though there was then very little connection
between them.

Nowadays in civilized countries with good medical
services the rate of increase could be enormous, but it is
in fact kept down by the use of contraceptives. The con-
trolling factors cease to be biological; population is not
limited by food-supply or discase but by the wishes of
the people. They may be swayed by emotional con-
siderations as well as by economic ones, and scientific
prediction becomes impossible. However, one thing
seems to have been learnt, namely, that a modern
government can do a great deal to control population.
The population of France, almost stationary for eighty
years, has since the war begun to increase quite fast
under the stimulus of family allowances. It was thought
that the population of Britain would begin to decline
about 1gso and then go down steadily, but it is still
increasing; that of the United States has taken a sud-
den upward swing. These two countries may only be
ving a reaction from the custom of very small families
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they arc not brought up together. One has onlytobea
member of 2 famuly even of a moderate size to know
that innate differences exist even between people as
close genctically as brothers and sisters. If men are born
equal it is a convenient legal fiction, not a fact of
experience. 1 do not believe any schoolmaster would
ever agree that the mental capacity of all children is
really the same and that the differences in ability that
he perceives so clearly and so early are only the result
of eather environment. But granted, as I think one
must, that heredity has a great deal to say in determin-
ing mental ability even in adults when differences have
been blurred by education, that gives no proof that
there is a marked difference between races.

It is perhaps worth considenng the analogy of

athletics. There is undoubtedly a great difference
between the potential and, sull more of course, the
actual, ach i i

ual, of diff dividuals in bodily
activitics, Yet the Olympic Games are worth holding.

Itis not a foregone conclusion that any nation or even
group of nations will win each particular event. Such
tendencies as there are in thus direction are probably
due as much to the way in whach success breeds success,
by directing attention to the particular sport and setting
up 2 good school of traiming, as they are to innate dif-
ferences of ability. Tnnate differences on a statistical
scale probably exist, but they are rather small and
limuted to particular sports, They seem rarely to extend
10 an overall superionty or infertority. If the inhenited
mental differences between racial groups are not
greater than the athletic differences they are not of
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Race

There are few people in whom the problems of race
do not produce a highly emotional response. Some find
it shameful to suppose that groups of men exist of
markedly different inherent mental ability, others find
it hard to believe that people greatly differing from
their own, especially in colour, can be their equals.
Partly because of this emotional atmosphere, but per-
haps more because of the intrinsic difficulty of the sub-
ject, there is very little worth-while evidence to enable
one to say whether the minds at birth of a sample
consisting of, say, a thousand negro babies are dis-
tinguishable from those of an equal sample of English
babies, and if so what the difference is. It seems certain
that no individual however great can transcend his
social environment to more than a certain extent.
Shakespeare and Newton may fairly be taken to mark
the limit of the possible. The thoughts and behaviour
of a man are mostly determined by those of the society
into which he is born, If one judges a man on the surface
by his actions, his opinions, or his words, conditions are
more decisive than birth, If one of our ancestors of the
Stone Age came to hfe he would be, superficially at
least, more different from his modern descendants than
those descendants are among themselves. In this sense
environment counts for more than heredity. It is not
so certain that this holds where the differences in
environment are less, for example inside a modern
nation. Observation of identical twins shows that they
preserve similarities in character and behaviour as
marked as their physical resemblance, even though
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areas and under cruel conditions. In reaction, humani-
tarians may insist on measures which result in a long-
tera deterioration of the human stock. If ever there was
2 ease for fair and honest investigation it is here, and
a0 price would be too high to pay.

W the scientific position is so full of doubt, the prac-
tical one is the same Will India be successful in
ebtaining an outlet for her vast and increasing popula~
tion, or be abe to grow enough to feed them until the
intrease can be checked by birth-control? These are
really questions in psychology and practical politics
and fie cutside our seope. No one can tell how long the
“ducation of n vast population will take nor how the
1o of the world would react 1o Jarge-scale fammmes.
Corsidening haw primitive agriculture is in India one
isinchned to beheve those who say that production by
known methods could be stepped up a lot. It would be
worth while for the rest of the world ta devote a large
Proportion of its seientific and technical effort to the
froblem of there is yeasonable hope that birth-control
ean become effective in a generation or two. If not it
mught be better 10 ket the crash come soon on the
grounds that the larger the population the worse the
catastrophe wall be, Other places besides India have
difficulties nearly as acute, but the vast scale of India
Pats it in a class by fself as a world problem.

Medicroe

Medtemne, like transpart, has progressed so far in the
last century that 1t 35 reasanable to sit back and think
what more we teally expect of 1t The expectation of
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major importance. But this is what one is hardly
entitled to say an the hasis of present evidence, Arguing
a prieri one can say on the one hand that if the process
of inheritance is the same for mental and physical
characters—as most people believe—there is no reason
to suppose the results to be markedly different; on the
other hand it could be claimed that since the brain is
the part of his body in which man differs most from his
remote ancestors one might expect a greater varation
between the brains of separate and possibly diverging
stocks than between their bodies, which had anyhow
changed relatively lLittle. It is wisest simply to admit
honestly that we do not know, that equality and
inequality are still both tenable hypotheses. The
problem is not insoluble if honestly tackled, but it
is not an easy one, espeaially since one cannot do the
same kind of large-scale controlled experiments on
humans as one can on animals.

Since sacial equality usually implies mixed marriages
the problems of racial mixture are relevant, What
effects may one expect from mixed marriages? Are
some mixtures good on the whole and others bad? Or
are all good, or perhaps all bad? These are very im-
portant questions. I onc produces an undesirable cross
in cattle it can just be allowed to die out. With humans
this is hardly possible, at least without causing much
suffering. One must hope that serious study on these
lines will be made by people who will try to be as dis-
passionate as possible. The future of the hufnan race
depends on it. Prejudice against men of certain colours
may lead to their being foreed to live in too restricted
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There does 1ot seem to be anything in the nature of
the reproduction of tissue which demands its death;
eells of a chichen have been kept alive for a period far
exceeding the normal bfe of the bird, It appears to help
if they are given nutriment derived from an embryo of
the species, though this nutriment is not in any sense
dlive, On the other hand the peculiar aberration of
eells which Jeads ta uncontrolled multiplication and i
called cancer is more Likely to happen in the cells of an
od individual, There may be some slow progressive
change n the chemistry of an individual, but it hardly
looks 2y though it is in the nature of things. The higher
anumals are so complicated that what one calls old
3¢ is likely 10 be the result of many quite dissimilac
and unconnected causes of which sometimes one pre-
dominates and sometimes another, rather than the
operation of some unescapable principle of nature, If
.1t may be avaidable. 1 believe medical research
should spend increasing effort on the prevention, which
a ﬁr.:t will be postpanement, of old age. This is in my
Opision more important than reducing the killing dis-
cases much further, It 18 no good making everyone live
o muety‘ if the Jast twenty years are decrepit. When
OV:E considers the very large differences in the age at
“"b ch senulity sets in, it does not scem at alt a hopeless
’:m tofind ways of postponung t. It means learning 2 Tot
m:" 3"0‘" physiological processes, especially the more
“qr; cnz ones, In the course of this work the mystery
done D;ﬁmab’ be sohed, There has been so much work
oy it with 10 hittle real result that on analogy with

€1 problems one feels that a direct attack 18 unlikely
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life at birth is now 63 allowing for all accidents. It is
truc that there are still 2 number of people who die
befof‘e 50, but they form a small and diminishing pro-
portion. Apart from minor ailments which cause a
certain loss of working days but do not really do any-
body any serious harm, the major problem is that of
old age, Is the age of 7o still to be regarded asa natural
limitbeyond which the normal man is worked out? Ifso,
one may reasonably ask whether one wishes to prolong
the period of life beyond 70 much more than it is at
present. The fairly considerable number of people who
die in the sixties and later fifties represent a problem
but hardly a major one.

The whole business of old age is odd and Little under-
stood. Some primitive organisms which propagate by
division are immortal apart from accidents. Plants can
be propagated by cuttings for long periods of time. A
cutting is still a part of the original individual, and in
this way the life of 2 plant can be prolonged if not
indefinitely at least well beyond the normal span of the
species, In general, plants have a definite norm of life
at the end of which they die even though the environ-
ment remains fivourable. Their old age, and for that
matter ours also, may be a disease, for example, an
accumulation of some poisonous product or the wearing
out of a few special parts for which the replacement is
inadequate. Since the molecules of living bodies are
being replaced all the time a mere wearing-out is an
insufficient explanation. It might be, however, that the
control of the rebuilding is imperfect and allows
changes to occur predominantly in one direction.
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CHAPTER VI
SOME SOCIAL CONSEQUENGES

Crvitizen mankind at present is rather fike a chuld
who has been given 100 many toys for its birthday. Life
seems unreal and out of focus. Shall we be able to
settle down or will there be 2 constant and bewildering
mecession of fresh toys? Even allowing for the disad-
vantage of a very large population and of the exhaus-
tionofoit and of the easly accessible supplies of metals,
it is reasonable to expeet that expanding knowledge
and advanang technology will altow a steadily im-
proving standard of living. In what form will people
E“h it; 28 more toys, as amusements of complextty and
ingenuity sull undreamed of, or perhaps by mcreasing
tasure? If the tatter, how will they spend it?

l’ss:hnlogy 15 not an exact science, and one may
doubt of it can answer such a problem. Though the
ratrapolation of trends 15 an extremely dangerous
method of prediction, as all scentists know, it secms
about all we can do here, Even 50, one must choose
what seem the more fund 1 trends to extrap

1 scems to me that one tendency which may be
vouced 1 the fast few centuries 1s the decline in per-
sonal extravagance. Rich men have fong ceased 1o eat
and dnnk as much as they can afford, or even notably
more than poor men. Men, though this may nat be
frue of women, no longer show thewr wealth by the
banety and magmficence of their clothes, In the
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to succeed. Success will come, when it daes, from some
quite unexpected direction 3 some discovery in physio-
logy will alter present ideas as to how and why cells
grow and divide in the healthy body, and with the right
fundamental knowledge enlightenment will come, It is
only the rather easy superficial problems that can be
solved by working on them directly; others depend
on still undiscovered fundamental knowledge and are
hopeless till this has been acquired,

Permanent youth will certainly bring its problems,
and the politicians and preachers of the fature may well
curse the physiologists as heartily as they now do the
inventors of atomic hombs. Perhaps however, indeed
probably, the process of discovery will be gradual. One
cause of senility after another will be found and
removed, each resulting in only 2 minor extension of
active life. One cannot help wondering what will
happen if the causes are all known and found curable.
There would then be no natural term of life. All death
would be by accident or intent, for in a sense death by
a disease which is well understood and not normally
fatal is an accident as much as a death in a motor
crash,

Such a state will profoundly alter men’s attitude to
death, and perhaps not for the better, It may make
them cowardly, for there will be more 1o fose. Perhaps,
and that is what onc would hope, they will become
more philosophical, willing to resign their place onr
carth after a long innings and make way for new life,
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shut and filtering the air that is used for ventilation.
Dust from fabirics can be reduced by improving the
wearing properties of the fabrics, which is anyhow
desirable, and there is already evidence to show that
artificial fabrics can improve on the natural ones in
this guality.

{ do not believe that there will be an indefinite
extension of the desire for mechanical entertainment.
There ate a few abvious possibilities still to come after
calour televmon, One is recorded television, whereby
ane could put on a record of some famous company’s
production of Hamlet a3 one now can for a concert
piece. Individaal television, in which one sees the
prrson to whom one is telephoning, is a working tool
and 2 valuable one as we have scen in Chapter IV,
though of course 1t has its human value as well,

Mechamaation

There seems to be hittle tmit to the extent to which
producuon in factories can be mechanized. The first
stage, which we have long passed, is to zeplace human
tutcles by power, and the control of movement that
€y exerts on hand by the ngid precision of mechanism.
The next stage is 1o take over the task of control, ta
replace, for example, the human watcher of instru-
ments whose job w2 is to see that some process goes on
in the deured way.

Cyberneucs, the saience of contrs), it called so from
the Greek word for a steersman, One of the best and
carliest examptes, sndeed, is the autematic pilat of an
actoplanc It is not such a simple job as it looks; even
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present generation the habit of living in large houses
has almost come to an end, and though this is partly
the result of taxation and lack of servants, one wonders
whether many people would really like to live in Blen-
heim or Audley End apart from historical association,
and even so would not wish them smaller.

If then we suppose this tendency to extend, we may
expect a people living in houses of quite moderate size,
with moderate demands for food and clothes, even
perhaps for motor-cars. Since it is obvious that in any
papulation only a minority at most can have servants,
increasing general wealth will continue to be used to
provide mechanical means to replace them. Improved
means of preserving and pre-cooking food will make the
preparing of meals easier; can anything be done to
make cleaning easier? It does not seem easy to provide
mechanical devices for dusting, that most futile and
wearisome of occupations, but a great deal could be
done to reduce the need for it. Some of this will happen
automatically. If, as we suppose, most power is pro-
duced either from nuclear energy or from coal turned
into oil the industrial production of solid particles in
the air will become small. If cities grow smaller the
density of domestic smoke will diminish. The other
main sources of dust are wind-blown particles from
roads and fields and the detritus of fabrics. Large
amounts of wind-blown dust mean serious loss in fer-
tility, which must and will be reduced by methods snlxch
as those that are now proving cffective in reducing
erosion in the United States. If necessary, dust can be
prevented from entering houses by keeping windows
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thut 2nd filtering the air that is used for vcntAi!ation.
Dust from fabrics can be reduced by jmproving the
wearing propetties of the fabrics, which is anyhow
Qesirable, and there 13 already evidence to show that
artificial fabrics can improve on the natural ones in
thiy quatity.

1 do not believe that there will be an indefinite
extension of the desire for mechanical entertainment.
There are a few obvious possibilities still to come after
colour tel One is ded television, whereby
one could put on a record of some famous company’s
production of Homlet as one now can for a concert
picee. Indivndual television, in which one sees the
person to whom one is telephoning, is a working tool
and 2 valuable one a¢ we have seen in Chapter IV,
though of course it has its human valne as well.

Mechanization

There seems to be Gittle limit to the extent to which
production in factories can be mechanized. The first
stage, which we have long passed, is to replace human
mutcles by power, and the control of movement that
eye exerts on hand by the rigid preaision of mechanism.
The next stage s 1o take over the task of control, to
replace, for example, the human watcher of instru-
ments whose job 1t 15 o see that some process §ots on
in the desived way.

Cybernencs, the seience of contral, is called so from
the Greek word for a steersman. One of the best and
carhest examples, indeed, is the automatic pilot of an
acraplanc, 1t 13 not such a nmple job as it looks; even
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apart from the complications of three-dimensional
motion, merely keeping an aeroplane, or even a ship,
with its axis pointing in some assigned direction is not
casy. There is a lag between the application of the
rudder to correct a deviation and the response of the
ship, and when the response occurs it takes the form of
giving the ship a rate of turn, Merely putting the rudder
central when the ship points as you wish it to do is nat
good enough. The ship will swing past the right posi-
tion and require another correction backwards. It is
quite possible for a steering device to produce an oscil-
lation of increasing violence—to ‘hunt’ as it is called—
while all the time it is trying to make the ship go
straight. But the theory of such devices and of servo-
mechanisms generally (as machines are called which
direct rather than supply power) has been worked
out and it is now possible to control the most varied
kinds of process provided one has the right instruments
to say what is happening and some suitable control
by which the rate or direction of the process can be
altered,

A still more advanced stage of mechanization is to
use something like a compuung machine to control
the controls and change them, so that, for example, a
chemical reaction can be kept cooking for a pre-
determined time at a given temperature and then the
temperatute raised or lowered or some other ingredients
added. The computing machine may be made to cal-
culate the time, which might depend, for example, on
information derived from obscrvations on the infra-red
spectrum of a sample of the batch being cooked and
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into the caleulati hine by a sep chaz}ncl.
E;‘\:c processes of control conld be made more reh':xblc
than human beings and probably more .cconomxc:):!.
Tdeally, 2 manager might come down to his Afac(ory in
the moming, program its work for the day in aCm.rd-
ance with the demand for bis products by punching
holes with a special typewriter in cards or a stnp of
paper, and leave the machinery to work unatlendvcd
while he gets on with his correspondence. In practice
one has a long way to go before this comes true, but
some big chemical works give a hint of it. Yt s easiest
for bulk products, next for large numbers of iden-
tical smalt objects and hardest, probably jmpossible,
whese the product is a small number of large and com-

pheated machines—machimery for power stations, for
cxample,

The Future of the Stuprd

From the social aspect the interest lies in the tendency
for routine work 1o disappear. At present a large part
of the population spend their time tending machines,
The number of these jobs 1s likely to fall steadily in the
most cinlized communities, If a job does not require
samething like the full human faculties one can make
a machine to do 1w, usually both better and cheaper.
As 3 5tep 10 end drudgery ths 1 clearly a gain, but 1t
is not sa clear what the people who now do these Jjobs
will find t© do. There will be a large demand for
people to design machinery and perhaps an increase
t the number of really skilled workmen to make
oxpenmental machines and “one-off jobs generally,
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But this work requires very considerable intelligence.
What is to happen to the really definitely stupid man,
or even the man of barely average intelligence? There
will not be much room for him on the farms; already
mechanization is taking over there and reducing the
number of men needed on the routine jobs. The same
is true even in distmbution. The American habit of
Ietting customers collect their own groceries from the
shelves of the store is said to lead to increased sales, so
temptingly are the tins displayed. It is likely to spread
to other countries and other goods. There are limits of
course. Some people enjoy or need personal contacts
in shopping. I cannot see it applying to hats for ex-
ample; men would get discouraged, ladies would miss
their fun.

The one direction in which at present there is ex-
panding scope for employment is in paper work, and
this is very sad, for it is one of the least satisfactory way?
of spending one’s energies. But even here therc are
possibilities, chiefly coming from the new calculating
machines. These, both 1n the ‘punched card’ and in
the digital type, are capable of repfacing a great deal
of administrative work, not all of it merely routine.
But even with all possible mechanical helps adminis-
trative work is likely to increase,

So also, one hopes, is the work of artists, The more
mechanized production becomes, the fewer hours a day
will 2 man have to work to provide all that he is hikely
to need in food, clothes, housing and ordinary furniture.
There will be a surplus which can be used to allow the
individual to reassert himself. People will want to have
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ings in their houses which are different from those
of their neight works of eraft hip and works
of fine art, However pood reproductions may become,
and they will probably become indis\inguishab.!c from
the criginals except by scientific tests, people will want
wmtthing new and something different, even if
artistically inferior. There will be surplus wealth to pay

antins of all Kinds and they, with the rest of the crafis-
tnen, should prosper.

But we come back to the queston of what our
descendante will do with the stupider people in their
ntw world? Engineers, artists, teachers, scientists,
administrators, even salesmen have 2 place and a good
one, but these posts are not for the stupid man. He
cannot plan the day’s work of a complicated factory,
or take 2 class of boys learming clectronics. Perhaps
truck-dnving may account Tor a fair number, for Bt
Tooks a8 if the advantage of sending goods in the same
schicle from door to door may outweigh the extra cost
of the larger number of drivers needed, but this source
of employment alone will not go far. The proportion
of boys in Britain yudged intethigent enough to go to a
Grammar School 1s about 20 per cent; add to these a
few, probably a very few, who may have a special
ability 25 artists or craftsmen without ranking high in
schoot, and one 13 sull Jeft with a substantial majority.
Will our descendants have to preserve inefficient ways
of doing tungs 1n order 1o keep employment for the
Iest lted inteflectually? A siser course would be to

we some of these men and women to humanize a
cvlization grown too mech

L. There are plenty
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of jobs—tending the aged is one—where kindness and
patience are worth more than brains. A rich State
could well subsidize such work.

Unfortunately the present differential birth-rate
between classes tends to a general lowering of the
standard of intelligence as generation succeeds genera-
tion. The cffectiveness of the educational ladder makes
this more serious than it ever was. We in Britain are
taking the cleverest boys of the poor classcs, very effi-
ciently selected, and putting them into positions where
they are likely ta have fewer children. Possibly they will
have even fewer than the average of the class they have
reached, for with no capital they are likely to be slightly
worse off than those with whom they come to associate,
of whom some at least will have a little private means.
One of the easiest ways to neutralize such differences
of income and appear equally well off is to have fewer
children. The country is living on its capital of inherit-
able intelligence. Besides the bad effect of decreasing
the intelligence of the country the present method has
the disadvantage that if it persists for a few generations
it will create a real and permanent difference between
the classes, and the poorer oncs will be ‘lower’ in a
sense that was not true when the phrase was commonly
used. On the other hand the nation needs intelligence
now, and can hardly afford to leave clever boys in
unimportant jobs merely to provide for the next
generation. The obvious solution is to make it pay for
skilled workmen and the professional classes to have
more children and for the unskilled to have fewer.
But this is politics, and the outcome is unforeseeable,
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though it is safe to say that the pmbicfn from which
we started of providing jobs for the less tutetligent hall

fthe comemunity will be one of the headaches of future
politicians.

4 Unified World

The Yast century has seen the warld unify 'xf\ culture
to @ surprisng extent, 10 the process cantinues for
another century, and short of a cataclysm it is pretty
sure 10 do so, the social differences between one part
of the world and anmother, except in so far a5 they
depend direcily on climate, will be smalt, Presuraably
differences m language will persist for a long time;
nationalism is stilf a terribly strong force, and people
prefer a fanguage which few can understand because
it gives them a sense of cohenion, like a group of smallt
boys wventing a secret code.

But f paiitics allow, and in the long run they pro-
bably wall, one may expect large seasonal movements
of peaple. Dufferent parts of the carth are pleasant at
dilferent times, but an even stronger reason is the
seasonat character of so much work. There Is not much
aeed to hive on a wheat farm in Canada during the
winter when 1t is alt under snow  As transport becomes
casser people will acquire the hatut of emigrating bke
the swatlows, ot the buffalo 1 the A days on the
American plaws Fewer people, peshaps, will live in the
dull places at any vme. If agricuhure s sl practised,
¢nough people wilt be there for enough of the year to
30w and 1o harvest. Perhaps a few will have to stay
@ tend arwerals. One wonders what will happen to
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based on no real evidence, Yet evidence can be got.
1t is perfectly possible to devise cxpm'mAmts on a
properly statistical plan, which, like those in a.gr.xcul-
ture, can give definite results even thongh individual
observations show discrepancies and spread over a
wide range.

Take, for example, the teaching of reading. There is
far lesy real evidence on the best method than there is
on the best sort of potato to grow. Doubtless in both
cases there is no quite simple answer; the one will
depend an the soil and the time of year when the crop
1 needed, the other on the age of the child and, perhaps,
whether he has a visual or anditory memory. It seems
absurd and a little pathenc that st should be possible to
introduce a new method—or for that matter to retain
an old ane—on so much poorer evidence than would be
needed to satisfy a decent agricultural research station.

The educators of the men who are to take the fead in

d g science and technology face the difficulty of
steadily increasng knowledge. A man must know more
and more before he reaches the frontier and can break
new ground There i3 an inevitable pressure to extend
the length of umversity courses and to expect men to
take more and longer postgraduate studies. But the
human brain remains the same. It is not good for a
man to spend 100 tong on being educated and 1o delay
beyond a certain age starting his hie-work, This age
varies, it is true, and 15 higher the abler the man is, bat
for very few should it extend far 1nto the twenties. Some-
thing can be done by improving teaching, discarding
the unessential and concentrating on the root ideas,
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d.'e rorr{anu'c but out-of-the-way places—St Kilda or
villages in the Pamirs. Perhaps they too will be inhabited
for a few months in the year and abandoned for the rest.

Education

Education will be even more important and neces-
sary than it is now, especially technical education. A
larger proportion of the population will be teachers,
and it may reasonably be hoped that the process of
education will be more scientific. The present state of
knowledge of the principles of education is a disgrace,
and very little that is effective is being done to remedy
it. One has only to compare the fraction of the expen-
diture on armaments which goes into research with
the corresponding fraction in education: the former
must be hundreds of times the greater?, Yet military
men are sometimes accused of being unintellectual!
Certainly research on education, if done properly, is
expensive. If a new method of teaching is to be tested,
the test must be on a scale large enough to average out
the good and the indifferent teachers. This means
that even if one is only aiming at a modest 10 per cent
accuracy one must employ groups of, at the least,
150 teachers each. So often in education the spread
of a new idea is determined by thc accident of its
inventor being personally a good teacher or not.
It is too casy for a few leading men to set a fashion

3 Figures for research expenditure on defence are not given separately,
but one may guess about 5 per cent of the tota) defence ‘expcndnurt.
An enterprising industry spends abous 2 per cent of it tumover,
education in Britain probably spends on research not much more than
o°1 per ceat of its total expenditure.
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Far more boys, for example, learn calculus at school
now than did so fifty years ago, while there are still
parts of school mathematics that could be cut with-
out serious loss. But there is obviously a limit to this
process,

It is incvitable that as knowledge advances the
fraction that any one man can know will diminish.
This is harmful in at least two ways. Since there is s0
much that he must know to carry on his profession
there is a very strong temptation to learn little that is
not directly useful. The man gets an unbalanced view
of the world he lives in, People’s minds tend to fall into
one of two classes, the humanistic—interested mostly
in people and words—and the scientific and enginecring
—interested mostly in things and ideas. A man naturally
takes up the profession which the bent of his mind fits
best and he is unlikely to take much trouble over
knowledge which is neither useful to him nor par-
ticularly congenial, It is an old evil which is getting
worse, and there seem only partial solutions. Those
fortunate enough to go to residential universities may
Jearn much by close assaciation with men of other
interests and other types of mind. It is to be hoped that
some system of this kind will be extended in the future
to an increasing proportion of the community.

The other harm comes at a later stage of specializa-
tion. Many advances in science and technology come
from applying idcas or techniques in ficlds other than
those for which they were ordnarily intended. To do
so requires a width of knowledge which it is progres-
sively harder to acquire. It may well be that this will
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st the nitimate Hmit to scientific advance, but much
can be done to retard such a disaster, In parucular we
have only just started systematically making new dis-
coveries available for specialists m allied fields, This
semi-popularization will have 10 be greatly extended.
It it mot an easy thing to do, and those who do it
successfitly deserve quite as hagh a place in scientific
esteem Ay research workers. The common pitfall is to
bt 1o detailed and too inclustve 1t 15 usually hetter
done by someone who i not 2 speaabst in the field
reported upon As science extends it will be necessary
1o emplay in addition to these popularizers, professional
fason officers between speusfic fields whose duty 3t
wiil b (o point out where useful contact seems possible
etween the fields Scrence will have fotced upon 1t the
same kind of develop that has bappened to the
army The soldier w the front fine needs more and
more auxhianes behind him 1o make him effective, and
the same is happening to the research worker,

Letsure and Adeenture

1t 15 reasonable to suppose that avaitable lasare wit
conunue to increase. But what will people do with ie?
Thost who are so fortunate as 1o have a definite Yean~
ing towards must or the ans will have no problem,
nor wilt those with strong invellectual tastes, for whom
the *world s %o Tub of 5 number of things’ and whe
setamn to maturty the fresh interests of childhaod But
these people are now a minonty of the population as a
whole, and if one blames this on bad education they
scem sull in a minority, though perhaps not smallage,
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among those well, or at least expensively, educated.
If, as I fear, it is more a matter of nature than of train-
ing there will be many who will not wish to occupy
their leisure in these ways. Will these be condemned
to divide their time between super-television, the
cinema, and the football match? In this country, at
least, gardening has a very wide appeal. A substantial
fraction of the population, perhaps even a majority of
the male population, can happily spend quite a lot of
time each week on a garden patch. Another group,
smaller but still large, enjoys some mechanical hobby
from houschold repairs to model railways.

The biggest unsatisfied demand is for adventure,
which in Britain is expensive enough to be almost
reserved for the professional and upper classes. This
is the price we pay for a dense population, for most
adventure nceds space. It is dangerous to repress this
desire or make it difficult to satisfy. Wars arc caused,
more than is generally admitted, by boredom, by the
desire, unexpressed but for that reason all the stronger,
to escape from a dull routine into exciting adventure.
One of the advantages of being able to make food in
factories is that it will release large areas of the world
as playgrounds where men can follow for a time the
traditional life of the hunter and fisher and regain touch
with reality.

But this is not the only possible kind of adventure,
1 believe that space-travel will come fairly soon, ang if
so it will provide an outlet for communal cffort like
climbing Mount Everest, but on an enormously larger
scale both as regards the number of people concerned
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and the time the effort will last. Tt will give young men
the feeling that they are engaged on something unique,
worthy of all their efforts, demanding self-sacrifice and

calling to danger, bringing out to the full the joy of
felowship in a cause,
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ing there will be many who will not wish to occupy
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fraction of the population, perhaps even a majority of
the male population, can happily spend quite a lot of
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Experiments under focal anesthesia show that clectric
stmulation of certain pants of the braie produces 2
feeling of compulsion to move particular parts of the
body, A different line of attack is the discovery of
clectrical rhythms in the brain which can be detected
by external coils, can be amplified and analysed. In
thiswork, with which Lord Adrian, the President of the
Royal Society, has been greatly concerned, it is for Ehc
fint time poswble 1o xecord physical cffects coming
from the living human brain, which are different in
kind from the normal messages along the nerves which
it1s the function of the brain to send out. These waves,
of frequencies varying in the region of t to 20 cycles
et secand, can be detected over different pasts of the
bead. They are not the result of thought and may be
more prominent when the brain is resting; they are
apparently caused by very large numbers of cells work-
ing in synchromsm. It has been suggested that one of
the most prominent of these waves is a scanning
mechamsm associated with viston, by which the brain
txamines in succession the impulses sent in by the
different elements in the retinas of the eyes to sce if
there is anythimg of mterest. When attention is directed
ta some particular visual object these ‘A* waves cease;
they are not so noticeable when the eyes are closed.

her waves seem o be associated with emotional states
or therr absence.

Stll another kne has been suggested by the theory
¢ ion developed b

of P We have
already veferred in Chapter IV to the possibility of
measuring information numerically and cafculating
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CHAPTER IX

THOUGHT, ARTIFICIAL AND
NATURAL

JusT as the ecarly seventeenth century gave men the
beginning of physical science by Galileo, Kepler and
Gilbert, so our age marks the beginning of knowledge
about thought. There has been a variety of approaches.
Freud and Jung have produced a kind of half-science
in which minds are coaxed into revealing hidden con-
tents by their reactions to words and ideas suggested
by the experimenter, or which come to them spon-
tancously in dreams and reverics. The method suffers
from a difficulty which recalls the Heisenberg un-
certainty principle in quantum mechanics. This ind
of investigation necessarily involves influencing the
mind to an extent comparable with what it is hoped to
discover, and in consequence it is difficult to know how
far what is found was really there to start with and how
far it has been put in by the investigator. Yet certain
discoveries have been made: for example, that things
may be forgotten not for the commonplace reason that
they are trivial but because they are too important or
pechaps rather too highly charged with emotion.

More recently progress has been on other lines.
Surgery of living brains has provided important evi-
dence. Severing the connections of the front part of
the brain makes only a minor difference to the ability
to think, but can modify character and temperament.
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Experuments under local anasthesia show that electric
stimulation of certain parts of the brain produces a
Feeling of compulsion to move particular parts of the
body, A different hine of attack is the discovery of
dlectrieal Thythms in the brain which can be detected
by external coils, can be amplified and analysed, In
this work, with which Lord Adrian, the President of the
Royal Society, has been greatly concerned, it is for the
finst time possible to record physical effects coming
from the living hwman brain, which are different in
kind from the normal messages along the nerves which
itis the function of the brain to send out, These waves,
of frequencies varying in the region of 1 to 20 cycles
per second, can be detected over different parts of the
bead. They are not the result of thought and may be
more prominent when the brain is resting; they are
apparently caused by very large numbers of cells work-
g in synchronism. It has been suggested that one of
the most prominent of these waves is a scanning
mechanism associated with vision, by which the brain
tamines in succession the impulses sent in by the
ifferent elements 1n the retinas of the eyes to see if
there js anything of interest. When attention is diected
{0 some parucular visual object these ‘A’ waves cease;
they are not so noticeable when the eyes are closed.
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the maximum amount that can be transmitted in a
given time along a ‘channel’ of assigned range of
frequencies. Closely connected with this theory is
that of the digital computers, the great machines,
usually electronic, which have been developed to solve
by arithmetical computation very complicated mathe-
matical problems. In such machines two kinds of
‘information’ have to be fed into the machine and
retained until they can be used, One is a set of instruc-
tions telling the machine what to do, the other contains
the numbers on which it is to operate. To take an
extremely simple case the instructions might say ‘add
this number to tkat and multiply by a third’. The
second part of the instructions would be three lists of
“this’, of “that’, and of the ‘third’. One of the great ad-
vances in the design of digital computers is to ‘code’
the first part of the instructions into the same code of
numbers as is used for the second. It is then possible to
include in the instructions one which tells the machine
to opcrate on the number representing the instructions
by one of the numbers it has caleulated and use the
answer as a new instruction. For example, you could
make the machine print the answer to the above sum
if that answer happened to be cven and, say, double it
before printing if it happened to be odd. You could do
this by taking the last digit of the answer, which in the
¢scale of twa * commonly used is zero for an cven num-
ber, and one for an odd number, and adding this to
the number representing the instruction. In the sccond
case the answer would be different, and this difference
could be coded as an order to double.
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Preparing the instructions for these machines is
called *programming’s 1t is one of the new rising pro-
fessions. There is probably at least an analogy between
what goes on in a brain and in a computer. In both
casts clectric signals go along linear conductors, wires
in the case of the computer, nerves in that of the brain.
The computer has switching devices, often in the form
of valhes, which can be controlled by one electric
mpulse 50 a5 either to transmit o hold up some other
impulse, and on repeated stages of this process, associ-
ated where necessary with tme delays, the working
of the computer depends. It is beheved that the
synapses in the brain, where nerves join or closely
approach one another, act in some roughly similar
way. From expenence m the design and programming
of digital computers men can see how to imitate elec.
tronically some of the simpler processes of the brain,
and to build mechanical ‘ ammals®, Such “animals’ can
not only, for example, follow a signal, eg. a light—
afeat simuiar to the ‘honung’ of a guided missile—but
can br made to ‘learn’ m the sense of developing a
conditioned reflex. Thus just as Pavlofl’s dogs could
be taught to salivate at the sound of their dinner-bel],
30 a meck 1 ammat Ly d by a “gh;.
has' been ‘taught’ to come at the sound of a whistle,
This, of course, requires not merely that the animal is
prowd:q with an ‘ear’ so that a sound produces a
current in some part of the mechanism that controls
it, but that the interconnections of the parts of (:,
mechanism are such that a succession of sound impu;s;
cach followed by a light changes the electrical stare till
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fessions, There is probably at least an analogy between
what goes on in a brain and in a computer. In both
cases electric signals go along linear conductors, wires
in the case of the computer, nerves in that of the brain,
The computer has switching devices, often in the form
of valves, which can be controlled by one electric
impulse 50 as either to transmit or hold up some other
impulse, and on repeated stages of this process, associ-
ated where necessary with time delays, the working
of the computer depends. It is believed that the
synapses in the brain, where nerves join or closely
approach one another, act 1 some roughly similar
way. From expenence in the design and programming
of digital computers men can see how to imitate elec.
tronically some of the simpler processes of the brain
and to build mechanical ‘znimals’. Such *animals® ca;\
not only, for example, follow a signal, e.g. a light—
afeat similar to the *homing” of a guided missile—but
can be made to ‘learn’ 1n the sense of devcloping a
conditioned reflex. Thus just as Pavlofl’s dogs could
be taught to salivate at the sound of their dinner-bell,
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Thus, of course, requires not merely that the anima] s
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a sound impulse produces the same effect as a light
though it did not do so originally,

The Bell Telephone Laboratory has developed an
‘animal’ which can ‘learn’ its ways through a maze,
‘remember” its successful method so that it can go to
the centre without mistake, and even be human enough
to ‘forget” if left 100 long without practice.

It is reasonable to foresee a time when a real know-
ledge of the working of the brain will replace our
present hesitant guesscs, it is much harder to foresce the
effect of this knowledge on men’s lives, Speaking for
myself, the result of a very superficial study has been
greatly to increase my respect for humanity. This com-
plex instrument which we all have, or all are if you
prefer it, with its ten thousand million working paris
and jts countless possible interconnections, so vastly
exceeds anything we are ever likely to be able to make
and is so unlihe the unorganized masses we physicists
study, which show at best the rather banal wallpaper
patterns that crystals display. The study of astronomy
makes men humble. It is somehow pathetic to read the
obvious pleasure with which astronomers have now
proved that our sun mstead of being, as at one time it
seemed to be, near the centre of our galaxy, is really ina
wholly undistinguished position, ncither at the centre
nor at the edge. Perhaps knowledge of the human brain
will make men proud, or perhaps appreciation of its
defects will accumulate so rapidly as to deaden our
pride of possession.

Knowledge of how we fecl will perhaps have more
effect on action than knowledge of how we think. One
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wandess swhether, for example, fervent nationalism will
survive even a rough knowledge in terms of clc.cmcal
tircuits of the process by which it has been t?mh up.
"Then humour: sceing 2 joke it pretty obviowsly a
matter of unblocking some circuit or feeling a group of
eouflicting mpul: ddenly arrange themselves in 2
new pattern, Would it still seern funny if we knew just
what the new arrangement was? I centainly hope so,
and after all our pleasure m a play or a povel is not
7 ly reduced by k ledge that it is fiction. It
probably the things to which men wish to attach
great and fundamental smportance which will fare
hagdest, Principles may be diffienlt 10 setam if they can
be said, plausibly of inaceurately, to be ‘merely” circuit
agrams, even comphicated ones. Thus may do harm,
espeanally to the not uncommon knd of mind which
Supposes that, for example, tracing man’s ancestry back
to lung-fish how makes b y less dignified
1t is very important that people who are concerned
with mantaming “values’, and surely no one would
adaut that he 15 not, should be prepared for these dis-
toveries and walhing to wse mental effort to fiad ways
by which what we now feel to matter can be retawned.
inessence thongh 1t will most Uikely have ta be changed
i form 1t surely a mistake ta suppose, as many do,
that saience and “values’ are such different things that
the ane has no infiuence on the other, The universe
that nctedes our perceptions and var feelings is one,
and no single part can be put imto a ting-fence com-
pletely solated from all the rest. Besides this logical

there 15 a psychol

4y
i

gical one. Habits of mind
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2 sound impulse produces the same effect as a light
though it did not do so originally.

The Bell Telephone Laboratory has developed an
‘animal’ which can ‘learn’ its ways through a maze,
‘remember’ its successful method so that it can go to
the centre without mistake, and even be human enough
to ‘forget” if left too long without practice.

It is reasonable to foresee a time when a real know-
ledge of the working of the brain will replace our
present hesitant guesses, it is much harder to foresce the
effect of this knowledge on men’s lives. Speaking for
myself, the result of a very superficial study has been
greatly to increase my respect for humanity. This com-
plex instrument which we all have, or all are if you
prefer it, with its ten thousand million working parts
and its countless possible interconnections, so vastly
exceeds anything we are ever likely to be able to make
and is so unlike the unorganized masscs we physicists
study, which show at best the rather banal wallpaper
patterns that crystals display. The study of astronomy
makes men humble. It is somehow pathetic to read the
obvious pleasure with which astronomers have now
provcd that our sun instead of being, as at onc tim.c it
seemed to be, near the centre of our galaxv, is reallyina
wholly undistinguished position, neither at the centre
nor at the edge. Perhaps knowledge of the human brain
will make men proud, or perhaps appreciation of its
defects will accumulate so rapidly as to deaden our
pride of possession.

Knowledge of how we fecl will perhaps have more
effect on action than knowledge of how we think. One
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ifone had even the roughest idea of what they mean in
terms of circuits. .y .

An, retigion, patriotism, humanitnnat}lsm., what will
zath look Like when we know what circuits are ex-
cited, and in what sequence, in the brains that feel
their emotions? If one may judge from the hisxory‘o[’
thought about other aspects of nature, things which
now scem much on a level may be found to have
widdly different degrees of importance, things which
seem rather stmple may turn out very complex, and
perhaps the really significant and important things be
found among those we now think rather trivial. Con-
sider the relation of Jove’s thunderbolt to the fluttering
of chaff round a prece of rubbed amber, consider how
hathely easy we now find the movernents of the planets
and how hard it still 15 to understand the workings of
aworm,

In 2 this 1 have tacitly assumed that there is a one~
one cotrefation between brain and mind, that to every
state or action in the bran corresponds a conscious
fiate, or in some cases unconsciousness, and that if you
think twice of the same thing, say your first remembered
sthoolroom, there 15 hing w what goes
onin your brain on the two occasions which would not
be found at the many ather wemes when you are not

thinking of the room. Now this may not be true. The
endence for it 15 very partial and rather indirect,
certainly far less strong thaw the evidente for de-
termumsm i the world of physics before 1goa. Still,
nothing 13 known to conteadict 1t and the only facts, if
they are facts, which do nat fit in with 1t at all well are
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that are constantly used in one part of a man’s life are
very likely to spill over into another. For a time mental
compartients may remain nearly watertight, but
sooner or later—even if not 4lf the next generation
the walls begin to leal, People's views on ‘values® will
be influenced by how they regard the materia) world.
This is specially true of religion, which uses a Janguage
of symhbols derived from matenal things and processes
and from human relations. The meaning conveyed
to & gencticist by the symbol of the seed which “dies”
is not the same as it was to a peasant of the Roman
Empire, nor does ‘father’ carry quite the same emo-
tional content to the average modern young man that
it did even a hundred years ago. }f the symbolism
is left unchanged, the meaning of the phrases that
contam st will awtomaucally alter with tme,

As knowledge of the bramn advances, the study of
‘ealues’ will become possible in a new sense. Lsthetics
in partcular will be greatly modified. There is obviously
much that is mechamecal i the appreciation of the
simpler forms of music, indeed the carliest conscious
scientific discovery may have been that of Pythagoras
relating the harmeny of notes to the lengths of the
strings that produce them. A full understanding of, for
example, the way the brain treats rhythm, which one
would think must be a relatively umple matter, would
surely make quite a difference 1o musical theory.
Then there are the obvious and fasainaung problems
concerned with the difference 1n the kind and degree of
the pleasure caused by represcniational and non-repre-
sentational act, which would be better worth discussing
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2 revolution in thought. The evidence is strong, but
not strong cnough, partly because relatively few people
have worked on it. There are instances in the history of
physics where good experimenters have pesistently
got results which have eventually been completely dis-
proved and abandoned. 1 find it a bad sign that the
experimenters have been forced to introduce one
hypothesis after another to account for the results of
vather similar experiments; true, this might be because
the whole idea is so removed from our ordinary
thoughts, but it disturbs me. Even if the whole thing
tarns ous to be untrue, a lot will be learned in proviag
it so. 1€ 3t really is true, it would not necessarily dis-
prove the view that bsain and mind have the Aind of
tonnection suggested, but it would follow that thought
isfree to influence brains directly, not only but including
the thinker’s; it would show mind as a force acting
more divectly than we now suppose, and on¢ might be
inclined to regard the brain as merely the shell that
hoids the oyster, Jimiting it in some respects but not in
ali—but what a complicated shell!

The changes that have been brought about 1n the
beliefs of phymoists by the aceeptante of the quantum
theory and the principle of indeterminacy {p. 7) can-
not help affecung ane's view of the brain. The brain
s certafnly 3 deheately poised system with working
parts on the molecular scale or very hule larger. It
would seem a case in which the principle of inde-
termunacy mught be effective. Quite apart from the
fact that brains somehow have minds connected with
them, there is therefore no certainty that a brain is
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those of “extrasensory perception’, This phrasc is used
now to cover what used to be called *thought-reading’:
the recently claimed power of *precognition’ by which
a percipient is able to name a card of a series before it
has been turned or seen: the powes of “chirvoyance’
or correct guessing when care has been taken that
nobody knows the right answer, and the supposed
power of ‘telekinesis’, that is of influencing cvents of 3
random character without the intervention of ordinary
forces.

Evidence for all these effects has been collected by
a number of experimenters, notably by Rhine in North
Carolina and by Soal in England. Most, but nat all,
of it consists in the records of experiments in which
people are asked to guess what is on the face of a card
which they cannot see. Many of the expeniments have
been conducted very carefully with a varety of pre-
cautions suggested by experience, for it is casy to get
false results. The evidence 1s quite good, good cnough
to produce acceptance if what s claimed were not such
a fundamental upsetting of the systems of thought
adopted by most moderns and especially by scientists.
For it seems that the evidence for clasvoyance ss about
as good, and of the same kind, as that for thought-
transference, so that it 1s dufficult to aceept the one and
reject the other. The evidence for precognimion and
*telekinesis® is also strong, and all three are much less
easy to fit into our general scheme of thought than s
thought-transference.

The smpostance of the subject 1s enormous and much
too littlc work is being done on st. If true st will produce
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hey think or not is perhaps mostly a mater 'of
, though it is hard to se how a behaviourist
1y them the same status that he gives to his
nd relatives, but they will cestainly have an
s effect on human thought. From a scientific
view one of their most important uses is to test
ts of hypotheses and compare them with facts.
weorics, especially in the more abstract parts of
prigsu are just too difficult to work out in the ordinary
way by mathematical analysss, but if the theory is
logically sufficrent it ought to be possible to work ont
numerical cases. In this way, the theory can be given
a check. Often the work involved is far beyond what is
possitle for the human computer and bece the machine
onmes in, This possibility of dealing directly with
theories, even complicated ones, and putting the results
down as numbers may prove in the long run com-
parable in its importance to science to the use of mathe-
matics wself, Just as the introduction of mathematics
wto dynamies 1o the seventeenth centary showed how
worthless were the vague qualitative conceptions of the
antients, so caleulating ines i the fieth may
find holes 1n many well established theories. There
are ternbly few problems in atomic physics, for exam-
Ple, that one can really solve completely analytically,
and one 15 perhaps too apt to suppose that because
a Qiscrepancy lies within the wide uncertainty of the
calculations 1t counts as an agreement.
In the more pracucal world, computers of various
kl‘nds are alrcfldy being used as a substitute for certain
inds of clerical labour, and this trend will certainly
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even effectively deterministic as o physico-chemical
system. I do not venture to say that this has anything
to do with free will, nor indecd do I know exactly what
is meant by that phrase, but the relation between an
undetermined brain and a mind may well be other
than would be possible if the behaviour of the brain
were determined in the same sense that the motions
of the planets are.

The true fundamental relation of mind to matter is
the decpest secret of the Universe, It will certainly
never be solved by mere abstract thought, words
spoken or written on paper. Perhaps experimental
knowledge of the effect on minds of changes in the
matter in the brain may help a little, not indeed to solve
the problem but to Hmut it and make it more precise.
Perhaps it wal) remain for ever an example of the signis
ficant but never known,

These is more hope of pracucal application of the
new knowledge. Why, for example, does pain burt?
Even extreme pain docs not necessarily do any per-
mancnt harm though it sometimes comes from bodily
injuries which do. Is it possible to stop pain not by
cutting the paths which Iead it into the brain, or by
destroying all consciousness by complete anasthesia,
but by modifying the reaction of the brain to the im-
pulses in the pain nerves which seem to be charace
terized by the great irregularity an their suceession,
Perhaps the Indian fakus have fearned to do some-
thing of the kind. What a protection agamnst the
oppressors if pain could be conquered from wsthin!

Let us come batk 10 e big compuung machnes;
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machine ought to be able to cope. It might even be
able to predict panics if they come from a real insta-
bility in the situation. 1t will not usually be ahl'e to
deal with circumstances which depend on the will of
one man, a Hitler or Stalin, especially as men who
achieve great power are necessarily exceptional and so
their reactions cannot be predicted from an average.
1t is almost worse in a democracy, where both the
Behaviour of the Jeaders and their support by the masses
are matters of g . i p would
bebetteroff with hereditary monarchs of the eighteenth~
century type.

Yet there are wide fields in which machines yill
certainly have saluve. They will at least predict the
effects of gven small changes, e.g,, of crop yield onan
assumed stable state, Situations will be analysed so as
$o depend on a few major unpredictables and the con-
sequencesworked outineach case. Ifone must still guess,
at least one will know what one is really guessing about.

Already Gallup polls influence polites. In human
affarrs predictions are both a consequence and a canse.
1f the results are to be published the machine st
allow for thus by feeding in the consequences of its own
conclusions. This, while not difficult to do techrucally,
usually tends to produce instability. But I doubt if rulers
wiih allow people access to the results of such calcula-
tions. They will be state secrets, and the making of
them a government monopoly ke atomic bombs,

To deal wil’}ll such 2 world men will need a more
e 3 1

. in one’s own and
other languages should take jts place with painting and
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spread. Routine operatsons will more and more be done
by machines, especially those of the kind in which
information is recorded mechanically on cards. Whether
this will reduce the need for clerieal labour remains to
be seen. So far all the improvementy in adminsstrative
technique have had the effect of inereasing the number
of people needed in admmistration. Pepvs ran the
Royal Navy in wartume almost literally on mwo men
and a boy, and sent ten thousand seamen to sea. The
Admiralty staff 1n Nelson's davs was munute compared
with that of the last war though the number of men at
sea was not veny different Of course, modern admuns-
tration 1s far more precise and can cape with difficutues,
and cspccinll} with compleamies, whath would have
sunk our ancesters Probabfy this trend will continue
and the mam cffect of the machines will be to ad-
minister increasingh complex organszasons using pos
sibly increasing human staffs  Machines wall malke
possible accurate guantitauve planmng where we now
rely on expentenced judgment Lvons for eaample use
an electromic compurer for commercaat clercal work
of mam hinds, including deahing with the orders sent
1o the central affice by the branch tea-shops

Machines of a ven simple kand hase already been
mate $o determine the result of external changes on an
assumed ceonome structure. They are almost certarmh
too simplified, and leave out 100 mam things that
matter, for their conclusians to be worth anvthing.
except pethaps for teachng, but thew nrr'Dnh be-
gianing. As Jong a3 people react 1o changes in a fore-
secable way, whether this way 1s rational or not, a
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wmachine ought to be able to cope. It might even be
able to predict panics if they come from a real insta-
bility in the situation. It will not usually be able to
deal with circumstances which depend on the will of
one man, a Hitler or Stalin, especially as men who
achieve great power are necessarily exceptional and so
their reactions cannot be predicted from an average.
It is almost worse in a democracy, where both the
behaviour of the leaders and their support by the masses
25¢ matters of & ork. E i p would
be betterofl with hereditary monarchs of the cighteenth~
century type.

Yet there are wide fields fn which machines will
certainly have value. They will at least predict the
effiects of given small changes, e.g., of crop yield on an
assamed stable state, Situations will be analysed so as
to depend on a few major unpredictables and the con-
sequences worked out in each case. [fone must still puess,
t Jeast one will know what one is really guessing about.

Already Gallup polls influence politics, In human
affurs predictions are both a consequence and a cause.
1f the results are 1o be published the machine must
allaw for this by feeding in the consequences of its own
conclusions. This, while not difficult to do technically,
usually tends to produce instabitivy. But T doubtif rulers
will altow people access to the results of such calcula~
tions They will be state secrets, and the making of
them a government monopoly bke atomic bombs.

To deal with such a world men will need a more
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spread. Routine operations will more and more be done
by machines, especially those of the kind in which
information is recorded mechanically on cards. Whether
this will reduce the need for clerical labour remains to
be seen. So far all the improvements in administrative
technique have had the effect of increasing the number
of people needed in administration. Pepys ran the
Royal Navy in wartime almost literally on two men
and a boy, and sent ten thousand secamen to sea. The
Admiralty staff in Nelson’s days was minute compared
with that of the Jast war though the number of men at
sea was not very different. Of course, modern adminis-
tration is far more precise and can cope with difficultics,
and especially with complexities, which would have
sunk our ancestors. Probably this trend will continue
and the main effect of the machines will be to ad-
minister increasingly complex organizations using pos-
sibly increasing human staffs. Machines will make
possible accurate quantitative planning where we now
rely on experienced judgment. Lyons for example use
an electronic computer for commercial clerical work
of many kinds, including dealing with the orders sent
to the central office by the branch tea-shops.
Machines of a very simple kind have already been
made to determine the result of external changes on an
assumed economic structure. They are almost certainly
too simplified, and leave out too many things that
matter, for their conclusions to be worth anything,
except perhaps for teaching, but they are only be-
ginning. As long as people react to changes in a fore-
seeable way, whether this way is rational or not, a
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The future will see, I think, men’s brains released
from a tangle of hindrances that come from wrongly
sorted impressions or barriers that have been set up.
Whether it will be done by physical action, by feeding
in perhaps electrical impuises of the night kind, or more
subtly by an extension to earliest youth of the methods
of the psychiatrist, 1 anybody’s guess, When brains have
reached the natural limit, and probably before then, it
will becorne possible to produce better ones by selected
mutations. Most mutatons are harmful, but if none
improved the brain we should still be primitive prumates,
nat to say jelly-hsh, and it seems most unhkely that the
Irmit of the possible has been reached.

There 1s mo reason to anticipate that anything
irreparable will go wrong with the carth physically for
many mithons of years, and are there not other planets
and other stars? It s difficult to exterminate a species
once well established, and man’s best efforts to kill
himself are unlikely to be more successfid than those of
the plague bactllus or the influenza virus Even with
the present brains of intelligent people Man may expect
a glorious future. Who will dare to set hinuts to what
he may reach as his brain improves? This future 1s not

foreseeable!






