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Editorial

CuUR1OUSLY cnough, although nobody talks of 1939-435 as
the war which ended War, nobody is yet discussing the
form the next armed conflict will take. The exciting and
terrible power of the atom bomb seems to have hypnotised
us into claiming that the next war will end civilisation, and
therefore must not occur; and at the same time that we will
defend our way of life against anyone who tries to thrust
another way upon us. It may not be of Britain’s choosing;
it may not bc about or against Germany; but sooner or
fater, such being the way of mankind, it is highly probable
another war will break out and we shall all be involved. It
scems worth while to face this future realistically, which
diminishes the terror. What will it be like?

Bacteriological warfare, at present a top secret on all
sides, is a weapon aimed at the whole populatign. It secms
possible that it might be developed along two l.mes. One is
the simple spreading of infectious disease, for instance, by
dropping large numbers of plague-infected rats 1nto a city
to start an epidemic, or by spraying infantile paralysis virus
into the air over a town in a special way to ensure its aerial
peisistence and consequent continued infectivity., Although
it is true that perhaps only two persons in every hundred
cxposed would get the disease seriously, or even at all, yet
ina city of 500,000 this means 10,000 cases, which are quite
crough to swamp all normal medical services and result in
the stoppage of all activity, and a cease-fire. The other mode
of atiack depends on the fact that some bacteria produce
amazingly rowerful peisons. The toxin of botulism, for
mstanee. i~ deadly even in the merest traces. It would be
rossible to make it pure by the pound and distribute it in
water supnlizs or by aeriab sprays with devastating effect,
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Clearly the reply to this kind of warfare rests with the
medical services. They will develop ways of rendgring
poisons harmless and the air fit to breathe, and they will
teach everybody the rudiments of nursing and the recog-
nition of the infectious diseases.

As for the atom bomb, apart from its use as a surprise
opening to @ war, which could probably thus be prema-
turcly terminated through the resulting panic, its
fearsomeness may be over-rated. It produces three kinds
of attack: the destructive shock wave (blast), fires (flash)
and radiation sickness. The first two of these can be
minimised by a proper system of dispersal. deep shelters,
and the increased use of underground food stores and
fuctories, as already worked to some extent in 1939-45.
Radiation sickness. its prevention, its treatment, is again a
problem for the medical services. In fact the next war wilk
be par excellence 1 medical war. Its outcome will depend
entirely on the progress of medical rescarch and the training
of the Civil Defence Services.

These are a few random speculations : every scientist has
his own pet ideas of what to cxpect and how to deal with it.
The actual progress of military rescarch can obviously not
be included in Science News, but it seems worth while to
draw attention to the kind of planning and development
that must be going on. 1t is no use putting one’s head under
the blankets, and in an issue devoted largely to the applied
sciences (High-Speed Flight, Craftsmanship, the uses of
Photography, Calculating Machines) it would be wrong not
to include at least some reference to the most importan;
applications of all—to the next War.

Measuring Craftsmanship

DR G. W.SCOTT BLAIR

It all looked so easy - until I tried it myself! Under the
potter’s hands the mass of clay climbed up so gracefully and
evenly until the bowl was formed. I knew, of course, that
the clay must be plastic enough to hold together and not to
crumble in its rapid deformations, yot firm enough 1o hold
its height. I asked the potter how he could tell whether a
new batch of clay had the right ‘plasticity’. *"Well’, ke said,

. twisting a rod of moist clay round in his hands. ‘you can

see if it'll stand bending like this; but really, when you've
been making pots for thirty years as 1 have, you'll know the
feet of your clay all right.” *But how do you teach the young-
sters? I asked. ‘Well, I can't rightly say that 1 do teach
them. They learn for themselves, there’s no short cut to
knowing your clay!’

1 tried my {riend the buker. He was just starting to knead
up his dough. ‘That's a better flour’ he said; “That’ll take
about I5 gallons a sack!” ‘How do you tell how much water
it'l} take? ‘Well - when you've been on this job for as long
as I have ..’

So I went to the cheese store - rows of shelves from floor
to ceiling almost as far as the eye could reach ~ literally
thousands of cheeses. ‘t wish my thumb didnt tire so
quickly!’ said the grader, jabbing that organ into the top of
one of the cheeses. ‘Ah. that’s a better body for you! 1
gathered that this remark referred to some quahty of the
cheese and not to the fallible human instrument used to
testit. The grader was an old man and 1 wondered how many
vears it bad taken him to learn his very skillegd trade,

Now I've t.vcf:n more than twenty ):ears at my job ~ a
rescarch physicist. 1 hop2 perhaps that with the large card
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of rcn‘y ln::nfg:-lycc;?d ar}(i the much less reliable filing S)'hsl:m
started as 5 y<;1 m ri.crc. usc at the job than I was whe Al
cquipment thee Ingster with no more mental and physxf .
and m my hastily acquired examination knowledg
B Y Set of students® text books.
an ulillt;:‘:, s ;hc point: - 1f I had measured the viscosity ,Or
I should h::\i ectrical resistance of a wirc even in tlmscczjd.l;\;:
fessor: or. if | hg:(; t,hchsan?c rcault»las my n?ost leoéam el:illv
mistake ]_;] " n ?, ¢ would easily have spott somh‘ o
able for hi y mcasuremcnt. It would have been unthin
;0T him to have said to me: ‘When you’ve been domng
g}g’:::lt ?:gz::c’mcms for twenty ycars or so you'll get a
_HOW does the viscosity of an oil or the resistance of a wire
differ from the plasticity of a clay or the body of a cheese?
It would not be true to say that these latter things can't
be measured by instrumcnts — to some extent they can; but,
unlike viscosity and clectrical resistance, the best we can
hope from measurements of plasticity and body is that they
shall not depend on the skill of the person whq makes the
test (once he has acquired the very simple technique needed
to work the apparatus). The results will depend on the exact
design of the machine and precise technique for its uso; nor
can we be perfectly sure that the ‘plasticity’ or ‘body’ that is
measured will be exactly what the potter or the baker means
by these terms.
yUnformnatcly, in most industrics, the ‘properties’ of mat-
erials that are of practical importa:nce are not simple physical
properties like viscosity, or electrical resistance, byt complex
concepts like plasticity, of which Brogniart said ovcr:a
hundred years ago, ‘On a souvent parlé de cette p;o it
on semble la connaitre, mais on n'en 4 qu' Pflc ’
idée’. e vague
This being so, industry is boun
skill of the old craftsman) who kno?,vsohitscnd to rely on the
it always desirable to replace such C‘rafp materials - nor is
But there are many cases especially ; smen by machine-.
e Y in these times of econ-
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omic difficulty, when the necessarily large scale of modern
production makes it ‘essential to control materials and pro-
cesses by less subjective methods.

Cheese used to be made on the farm with a few gallons of
milk at a time, and 1 am quite cerfain that no one will make
anything as good as the best English farmhouse cheese,
without craftsmanship, by means of clocks and machines.
Yet it is positively pathetic to see an elderly and obviously
harrassed checse-maker trying to cope with a batch of
*slow starter’ or an unexpected deterioration in milk quality
in a big modern factory handling some 20,000 gallons of
milk a day.

_ A dircctor of-an old-established firin said to me recently,
‘We're prepared to use Science when it helps but not when
it makes things worse’. 1 think that by ‘Science’ he meant
‘Mechanisation’ or ‘Instrumentation’, as the Americans
call the mechanisation of testing materials. Science, us
organised common experience properly applied, could
hardly make things worse. But [ sympathised with him, for
I well remember on the continent some years before the
war a country where thic progress of vitally important wheat
breeding cxperiments was controlled solely on the results
from a dough quality testing machine, which I was able to
show from figures already available on the spot, bore no
relation whatever to the quality of the doughs as judged by
experienced bakers and millers.

It thercfore secms necessary to ‘measure’ craftsmanship
in order to find out just what these ‘properties’ are which
the potter, the baker or the cheese-maker claim to be able to
assess by handling materials; to find out how small a change
in such ‘properties’ the expert can correctly detect ; by how
much his judgments on any given material will differ on
different occasions: kow far the judgments of one expert
diifer from those of another; whether there is any quicker
way of teaching this craft to apprentices ; and whether when
ghf: hands serve as a testing machine, the expert uses his
joints and muscles to their best advantage.

k! |
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Often the expert does not himsell know to what extent
his judgments depend on sight or feel. Thus Binns found tha'l
a highly skilled wool-top tester could judge the softness of a
wool no better than could a school-child when both were
blindfolded, though the experts were certain that judgments
were made by feel and not by sight. The baker, too, uses
his eyes in judging the quality of doughs. Katz, following
cxperiments on blindfolded bakers, reports that ‘the baker,
in judging doughs, is not absolutely lost without vision, but
on the other hand, he can make the optical imipressions the
only ones to rely on if we want him to do so’. Katz himself
kneaded the dough and asked the baker to judge its quality
purely by sight. . ‘

Stickiness is an important factor in judging dough quality
and must be taken into account in designing any instrument
intended to measure ‘body’. In the judging of stickiness,
Katz found that tcmperature plays an uncxpected part,
‘The higher the temperature, the less sticky a dough will
feel, the lower the temperature the greater the apparent
(not the real) stickiness.’ . ‘

Miss Sullivan has shown how misleading the feel of
materials on the fingers can be if sight is excluded. A sub-
ject’s finger was dipped into water at a series of different
temperatures, the hand being screcned so that the nature of
the liquid could not be seen. As the temperature rose from
the freezing point to 42°C., the feel was described pro-
gressively as (1) mushy ~ like part!y—mdted snow ; (2) muddy
- like mercury ; (3) gelatinous - lxk'e gelgtxne; (4) wet - like
water; (5) (at blood heat) oily - like oil; (6) greasy — like
melted butter. o

V. G. W. Harrison, in his Interesting book on The
Definition and Measurement of Gloss* tells of (he very
complex blending of factors by which the gloss of paper is
judged. *‘Gloss meters’ of all kindg have beep made by the
physicist, but Harrison says ‘T¢ sum up: for metals, p}zlxints

* Printing and Allied Trad Ssociution, Lond
SSOCH; , London,

e Research g
December 1945.
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and varnishes, the “objective” gloss meter may be satis-
factory for certain purposes ; for textiles and papers, no’,

In our work at the National Institute for Rescarch in
Dairying, we have found that expert cheese-makers tend to
judge quality of cheese as a whole and that such judgments
of quality arc more reproducible than are those of non-
experts. But the experts find it hard to Jjudge one factor
(say firmness) separately from another (such as springiness)
and, as a result of this, the judgments of non-experts, though
less self-consistent, often agree better than do those of the
experts with testing instruments which measure isolated
physical properties.

Plate 38 shows a clicese-maker testing the quality of
cheesc curd in the making. Plate 39 shows an instrument for
measuring the weight and height (and hence the density) of
a cylinder of curd on the principle that the softer the curd,
the less casily can the heavier whey drain out of the test-
cylinder to be replaced by lighter air. The results of the
density test agree well with the expert’s judgment,.

Plate 40 shows a grader about to Judge the firmness o;
body of a "plug’ taken with a special borer from the cheese.
Plate 41 shows a huardness tester in which the penctration
of & ball into the surtace of the cheese under a standard load
Is measured. This serves as a kind of ‘mechanical thumb'
and agrees fairly well with the grader’s opinions, Keestra,
in Holland, has made a similar study of the firmness of
butter as judged by “thumbing’.

In order to determine the “thresholds’ or just noticeable
differences (j.n.d.’s) when people compare the firmness of
two materials by squeezing one in each hand, we started by
making experiments on materials which are physicaH:\'
simpler than cheese. Fnrmnc,ss of cheese cannot be expressed
by any one smglc ‘physical property’, but there are certain
bitumens which. though of abouyt the same firmness as
cheese, have the property of floving

at a perfeetly steady
rate under constant pressype and, when pressure s varied,
at a4 rate proportional (o it <o that even at the smallest
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pressures they will flow very slowly. This means that for
these materials, the conception of firmness must depend
simply® on the constant ratio of pressure to rate of flow,
which is called viscosity. Viscosity can be measured in a
variety of ways, all of which should give the same answer
if the temperature doesn’t change,

Though rubber is not perfectly elastic, as a first approxi-
mation it is true 1o say that just as bitumen flows twice as
JSast when you press twice as hard, so rubber deforms twice
as far and stays put when the pressure is constant. For
rubber, firmness therefore depends on the nearly constant
ratio of pressure to anmount of defarmation, which is called
an ‘elastic modulus’. When people were asked to squeeze,
one in each hand, smait cylinders of bitumen and, on other
occasions, small cylinders of rubber and to compare them for
firmness, trying 10 exert a steady pressure on each occasion,
it is not perhaps surprising that it was found that rubbers
could be compared with one another with about three
times as small a j.n.d. as that found for bitumens. The former
could be comparcd smticaHy, by comparing amounts of
deformation ; the latter were flowing all the time and had to
be judged by rate of flow.

Skilled cheese-makers did not notice smaller differences
than the rest of us, but younger and icss educated people did
rather better than older and better educated people, |
remembered this when, on a recent visit 1o a pottery, 1
watched very young girls manipulating clay with great skilt
and was told how satisfactory many of them were,

The j.n.d.’s don’t seem to depend on the sensitivity of the
skin so much as on the frame of mind of the tester, Routine
analysts, who are used to doing very carefy) work day by
day without knowing the purpose of the tests, and who do
not worry as 1o whether they are doing better thap thei

H 21 . cir
neighbours, showed strikingly low jn.¢.°,. Expert handiers
of matcn’als ch@u makers, bakers, ete, - arc apt to be

* Certain precaution: by

R be ke AR S i
- ke 1o enyie thin thus is really
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suspicious ia tests of this kind ~ and suspicion has a dev-
astating effect on the thresholds,

f1 might seem therefore that such experiments do not tell
us much about the real skill of the ¢raftsman. Nor do, they
unless we go further to study more complex situations.

What happens if you compare for firmness a bitumen in
one hand with g rubber in the other? The pbysicist will tell
you with horror that you can no more describe a viscosity
as greater or less than an elastic modulus than you can call
20 seconds greater or less thaa 15 feet. This, mn a sense, is
true. Yet few people have any difticulty in comparing rubber
and bitumen for fitmness. The decision as to which is the
firmer depends on the time allowed for the squeezing. If
this is controlled by means of a4 metronome or similar device,
it is found that the time of squeezing and the elastic modulus
of the rubber are equally important in cffecting the decision.

By what {uctor is the judgment made? In comparisons of
rubber with rubber, the deciding factor is the distances
through which the rubbers compress under the steady
pressure exerted.* In comparing bitumen with bitumen, it
35 presumably the rates of flow which age compared, In
comparing a rubber with a bitumen, the judgment can bardly
depend on a rate, since, except during the first fraction of a
second during which the pressure is being applied, the rubber
“stays put’; por in fact is the amount of deformation in the
course of the squeezing the deciding factor. If the amoynt of
deformation were the criterion, we should expect that a
rubber woyld be equated in firmness to a bitumen, if the
elastic modulus of the rubber were numerically equal to the
viscosity of the bitumen, in cases where the time allowed for
squeezing was oae second. This would follow from the fact
that the clastic modulus is defined us the ratio of pressure
to amoynt of deformation and the viscosity as its ratio to
rate of deformation which. for a constant pressure, is given
by the amount of flow in one second,

* Proper precautions are, of course, taken to allow for right and
{eft-handedness.
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In fact, it is found that only a third of a second’s sqqueezing
would be needed to give, on the average of many tests, an
‘equal firmness’ judgment between such samples.

It is concluded that the entity by which firmness is judged
in such cases is neither a distance nor a rate but something
in between. In comparing complex checse-like materials
with stand'f\rd rubber cylinders the same thing happens, only
here time is not as important as is consistency - for cheese
itself it is about a fifth as important. This relative importance
of time - onc fifth in this case - has been called the ‘Dis-
sipation Coeflicient’.

The dissipation coefficient of a cheese-like material can
be calculated, then, from the massed results of a large nuvm-
ber of squeezing tests in which the material is compared
with standard rubbers or bitumens by enough people to
climinate the personal factor. But it can also be measured
by compressing cylinders of the material under constant
pressure on a machine. As the cylinder compresses, it
increases in area and the force has to be correspondingly
increased so that the pressure, which is the force on cach
square centimetre of surface, can remain constant,

The values of the dissipation coeflicients agree excellently
when measured by these two quite different methods, which
means that out of all the complexitics of “firmness’ we have
evidently found something to satisfy the physicist which is
independent not only of the abserver but of the method of
measurement.

What are these peculiar entities which lic, as it were, bet-
ween distances and velocitics, by which firminess is judged?
Their mathematics had been worked out many years ago
by Heaviside (now of radio fame), but their introduction
into problems of measuring craftsmanship is entirely new,

It has becn suggested that they are needed in this field for
rather an interesting reason. For al] practical and scientific
purposes we tell the time by a clock. We say that two minutes
are of equal.lcngth because the hand of the clock nm‘\'c;
over equal distances on the dial in those times, But clock,
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don’t all tell exactly the same time. Even the rotations of
the carth are very gradually slowing down. When we say
‘slowing down’, we must mean getting slower in relation to
something elsc. The final criterion of cquality of intervais
of time is that light, out in open space, takes equal times to
traverse equal distances, whose equality could be measured.
in theory at least, by means of a foot rule. On this definition
depends our concept of constant velocity and, in simple
physical processes, the properties which are found to be
constant, like the viscosity of our bitumen, are built up from
velocities defined in this way.

But in more complex materials like cheese, clay or dough,
the natural time scale is not dependent on rays of light, the
rotations of the carth or the laboratory clock. Still less does
the craftsman or anyone else handling the materials have a
Newtonian clock (as it is called) in his brain. Quite other time
scales are used and, if we insist on translating the results
into terms of seconds and minutes (as we very rightly do),
we must expect that our constant ‘properties’ of materials,
oy ‘quasi-properties’, as | prefer to call them, will be found
to be built up of units which are not exactly distances,
velocities or accelerations, but lie between these entities.

The relationships between these new ideas and some of
the concepts of Relativity, which also modifies Newtonian
physics, are interesting.

In conclusion, I would say that I believe this to be the
sort of way in which Science can best fulfil its function.
From the potter at his wheel to the philosopher at his desk
stretches one single line of investigation. ‘Pure Science’ is a
mispomer, since it implies that some science is impure.
Science in the workshop without its counterpart in the study
is equally meaningless. Measuring cratismanship would
seem quite effectively o illustrate the unity of scientifie
advance. ’



The Hearing of Insects

DR GABRIELE RABEL

PHYSI0LOGISTS who, guided by an understandable preju-
dice, scarched for ears on the heads of insccts, did not find
any. But, uoexpectedly, ear-like organs have been found in
inscgts at odd places. How do these compare with our human
ears?

Essential for our sense of heating are two structures
(1) tbe drum (tympanum), a delicate, tightly-streiched mem-
brane with a cavity behind it, (2) a long, spirally-coiled tubo
(the cochlea) which contains, attached to it along one odge,
an extremely delicate ribbon, likewise spirally coiled, made
up of about 24,000 elastic fibres which gradually decrease
in length. These fibres are supposed to act like the strings
of a piano, each responding to a certain tope, the longec
fibres vibrating to the lower notes. This much quoted
int¢rpretation was propounded eighty. years ago by Helm-
holtz, but, surprisingly, it has still the scientific status of a
‘very plausible hypothesis’.

Now there are a few groups of insects which also have 4
tympanic membrane on either side of their body, with air-
sacs behind. Grasshoppers, locusts, cicadas and certain
moths carry them on their first abdominal segment, other
moths on their thorax, while crickets, and according to seme
writers, termites, have their ears on the knees of thejr fore-
legs. Roughly, one can say that those insects which make
musgc (as distinct from mere noise) have also an organ 1o
recerve it

Buc have they anvthing to tulfy ) .
function of the cochlear ribbbon'! Scic,rl)titw!:sc rsﬁr)und-dnalysmg

. . . S merly believed

they had. For one finds in all insecqs tructures whi
sist of paralle! clements - elong: s hruvtures which con-
’ >~ tlongated spindle-shaped Sensory

IS
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cells whose axes are prolonged into nerve fibres on the
central side whilc on the other side they are in contact with
the so-called ‘scolopales’ (pointed stakes). On the theory
that the elongated parallel elements act as chords (strings)
and have a ‘tonus’ or tension like strings, these structures
have been given the name ‘chordotonal organs’, but they
occur in all insects whether provided with a tympanum or
not and they are no longer regarded as resonators. Yet some
of them are associated with hearing and Epgers maintaing
that one can catch tympanal organs in the act of Geveloping
from chordotonal ones. Certain hairs and other body ap-
pendages are receptors for low frequencies transmiited
through the substrate. Caterpillars and other larve have
them too. And there is in a scientific paper a tale of larva
who were directed in their motions by the chirps of their
parents.

That some insects genuinely hear is no longer contested,
Leydig observed drummers training on the Wiirzburg
parade ground uproariously supported by a cicada chorus
in the vineyards which stopped when the drummers stopped
and started again when they did. The entomologist Colle-
nette was present at a ‘conversation’ between a bird and a
butterfly, their clicks being quite similar in quality and
speed. ‘The prompt response of the insect left no doubt
that it was replying to the bird.” Musical conversations
between two male tnsect songsters in which they go on for
hours alternating rhythmically in their notes are often des-
cribed, and a much admired feature in insects is their singing
in concert. One of the singers may drop out for a while, but
whea he resumes the musical play, he is always in perfect
synchronism with his fellows,

There have been endless controversies a5 to whether
lemates are attracted to males by sound or rather by sight
or smell or vibrations transmitted by the substrate, until by
hi:\ most inggnious experiments with crickets, Johann Regen
of Vienna disposed of all alternatives,

When he put a chirping but invisible male in competition
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with a visible but silent one, the Visible was unhcsxtatmgz
by-passcd, even if the chi.rp came from a dm;xs}t mun‘\‘ ouie
the phone. When he switched the current off, the kn'n‘]'t
turned away. When he switched it on, she cm:nc,—c\'cn i
meant fighting her way over a mountain of (50 ¢m. of
through high grass.

Experiments with artificial imitation of inscet song show ed
that male crickets and grasshoppers can be cheated only
when they are new and quite inexperienced. When they
grow older, they immediately stop their ducts if a bogus
male takes the place of a real one and tries to chime in in the
same thythm,

But how do insects discriminate between tone qualitics
it they have no sound analysing device such as mammals
possess? Trying to answer this guestion, Dr Pumphrey, of
Cambridge, broke new ground. His answer is: Amplitude
Modulation, '

Just as bats have applied the ultrasonic cchq method since
time immemorial, insects havc operated .w\ih ar;wphtgde
modulation long before enginecrs had any idea of its exist-
ence. Amplitude modulation comes about when an oscilla-
tion of constant freq.ucm.:y is xn:crfereq with by another,
perhaps irregular osc:ll‘auon 50 that. owing to Qns interfer-
ence the amplitude varies. In the wz'r‘elcss',. a high constant
frequency 1s pro@uced by an electric osuﬂa\u\)g circuit, g
Jow one by music or speech. What can be the analogy in
: Q)
ms(cicr;:shoppers or locusts produce their sounds b
a toothed ridge called a scraper acrgsZs the _sharp edge of 4
wing. Pumphrey thinks that tht? cc;nst“mt .h‘gh."?quengy is
given by the natural frequency o the wing, incited to jiy
vibrations by the scraper, while the teeth of it provide the
modulation. Not much work has yet been dane 1o determine
the frequency of each component. Pumphrey'y evidence i«
jndirect .

if a mammalian cochlca mtcd.thh_ sUiL
exposed to well-defined sound vibrations

Y druwing

u.blc ‘clccxrodcs 1y
s tives gy clec-
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trical response corresponding in frequency to the sound
presented to it. But if an insect tympanum is thus examined,
4 pure tone, even in the range of its maximum sensitivity
{3-20 ke, p.s.) produces a random electrical response which
i« the same for all frequencies presented and shows no time
pattern (rhythm) at all,

When, however, a pure tone of 8,000 cycles p.s. was com-
bured with a vibration of under 300 c.p.s., the nervous dis-
charge consisted of bursts of activity which corresponded
t the lower frequency. There is a striking contrast between
the behaviour of a human and a Jocust ear in this case,
though they are both equally sensitive to 8,000 cvcles. It
the pure high tone is combined with a low-pitched one, man
hears a trill. But he notices little change if the Jower fre-
uueney is widely varied, while he is sensitive to very slight
anations in the high frequency. The contrary is truc for
the locust, according to the observed electrical responses,
And this would imply that the insect can rcadily distinguish
different modes of using the scraper while it s indifferent
to the natural frequencies of wings.

It is a fact that sounds which seem identical to a human
car, can be casily distinguished by an insect and vice versa.
In Regen's experiments, a virgin female cricket would
approach a telephonc even if the chirp appeared unrecognis-
ably distorted to a human observer.

There is a theory that some classes of animals, including
man, have auditory organs which respond to the pressure
changes brought about by sound waves, but not to displace-
ment changes, while for other classes, including inseets, the
contrary is true. In the case of those inscets which have
tympanic organs, the view that what they perceive is dis-
placement not pressure is confirmed by the fact that these
organs are capable of discernipg the direction from which the
sound comes. in the case of ants, which i
organs, Autrum confirmed this theory
method. Sound was directed vertically
eeflecting surface,

AVe N tympanic
by a very original
downward upon a
thereby setting up standing waves. Ants
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which walked on the reflecting surface were in a region of

maximum pressure and minimum displacement, and such
ants did not respond at all to sound. But at a quarter wave
length from the wall is a region of maximum displacement
and minimum pressure. When Autrum  lifted his ant
cylinder which had a wirc net at its bottom, into one
of the regions of maximum displacement, he noticed 2
strong reaction to the sound, a sudden anxiety, fearful
running about, and continued restlessness.

Autrum also examined the sensitivity of longhorn grass-
hoppers to ultrasonics and found that their tympanal organ
responded to frequencies up to 90 kc. p.s., even atvery low
intensity.

Approaching
the Speed of Sound

PROFESSOR O. G.SUTTON

HitrerTO the behaviour of bodies moving at very high
«peeds through the air has been mainly the concern of the
ballistician, but with }he suceessful development of jet pro-
pulsion it is now possible to contemplate aircraft sufficiently
powerful to be capable of reaching and even surpassing the
speed of sound {about 760 miles per hour at normal tem-
peratures). Speeds of this order are low for modern artillery
whaose projectiles travel steadily and attain bigh accuracy
in their flight, and at first sight it is not obvious why it is
difficult to reach the speed of sound in a piloted aircraft,

To understand completely what is mvolved in ‘getting
through the speed of sound’ demands a knowledge of the
complex and largely mathematical science of aerodynamics,
It is possible, however, to describe in fairly general terms
some aof the difficulties involved, and the subject can be
clarified by the use of a simple analogy which, is, in fact,
more exact than might appear at fisst,

To begin with, the motion of an aircraft wing or other
supporting surface creates 8 force due to the resistance of
the air, and as long ago as 1809 Sir George Cayley, one of
the pioneer English workers in this ficld, accurately des-
cribed the problem of mechanical flight as that of ‘making a
surface support a weight by the application of povier to the
resistance of the air’.  [n aerodynamics it is customary 1o
resolve the reaction of the air on a sarface into two com-
ponents, namely /if7, which is that part of the force acting
upwards at right angles to the surface, and is thus desirable,
and drag, which is the component at right angles to the tifi
and which constitutes a loss since it resists the forward

S
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: riace through the air. An aerofoil, such as a
"?.ouoonr ?arilﬂflicn?tis simply a sﬁrface of special shape which on
\b\:ng propeiled through the air produces in certain condi-
tionsg considerably more lift than dr;{g. The problem of high
speed flight is largely that of producing an gsscmbly pfsucln
surfaces which can be relied upon to maintain a h)g.h‘hft/drag
ratio and to remain stable in the cxacting conditions met
with as the speed approaches that of sound,

Drag

e co(’;nmcncc by considering how drag, which represeats
energy wasted, changes with increasing spccd. This is most
simply done by comparison with (hc.coolmg of a hot body.
Such a body loses heat (i.e. energy) in three ways - by con-
duction, convection and radiation. In the same way a body
moving through air loses energy by skin friction (analogou.,
to conduction), eddy formation (anal.og‘ous Lo convection
and wave formation (analogous to radiation).

Skin Friction
Heat is conducted from a body by the molecules of air
coming into contact with the hot surface and acquiring
additional energy of vibration which is manifested as a rise
of temperature in the layers of air near the surface. In the
same way molecules of air adhere to the surface of a moving
body and thus acquire from it encrgy of motion. This effecy
is called viscosity and acts in a very thin layer enveloping
the body - the so-called boundary-layer of modern aero-
dynamics. This type of resistance occurs with | moving
bodies and can only be rcduced by making the exposed
surface very smooth. ‘

Eddy Formation
When a body with a sharply truncated () (such as g shely
moves through the atmosphere ut 5 moderate ; d,\ well)
«.x'nservcd that the air flows smoothly sround i‘( ‘p.lcm it
i» reached. At this point the -\Tac;m; N ";\.‘1i\lc tu(i“,l“ :CC lla'llxl
RS ake the
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sharp turn required to get round the corner and the flow
separates, forming a well-defined wake. In the wake masses
of air coil themselves up into vortices or eddies, detach
themselves from the body and drift away downstream. This
i> analogous to what happens with convection from a hot
body when masses of warm air rise bodily from the surface
and carry away heat to other regions. In the case of the
moving body there are of course no corresponding differ-
ences in density, but the swirling eddies left behind in the
wake have robbed the moving body of some of its energy
to feed their own motion, and this is felt as an increased
resistance, known as form drag.

I the tail is carefully tapered it is possible to prevent
violent separation and so to avoid most of this loss, and
podies designed in this way are called streamlined. A stream-
itned body is, in fact, simply a body whose form drag is small
compared with its skin friction - in other words, a body
which leaves behind it only a small wake. At these speeds
the importance to be attached to skin friction thus depends
< the magnitude of the form drag; in a modern aircraft,
tur example, form drug is so small that it is worth while
taking pains to get a smooth surface everywhere, but a
vgh polish on the body of a car is a matter of pride to the
owner and no more.

Wave Formation
The two types of resistance described above make up the
entire drag* at speeds which are well below that of sound,
and at these speeds the shape of the tail is more important
than that of the head in designing a body of low resistance,
As the speed of the body approaches that of sound, however,
an entirely new phenomenon appears, which is akin to
radiation in that it involves wave motion. Radiation from
a hot body is usually unimportant at fow temperatures, and
simifarly wave formation by 4 moving body does not really

* Foran acrofol

s necassary o introduce also the indyced drag,
Lo

part of the 1ol resistance which depends entirely on the Yift.
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begin to become im
thirds that of soup
temperatures),

It is not at first obvious why the speed of sound should
enter, but the reason becomes clearer when it is realised
that at low. speeds the air meeting the nose of the body is
not appreciably compressed and made more dense but is
deflected aside, something like a good-natured crowd giving
Way 10 a slowly moving car. At higher speeds the air near
the body has, crudely speaking, no chance to get out of the
way and is compressed. When such sudden compression
takes place the air near the body responds by passing on the

low and the disturbance is propagated throughout the fluid
asa wave, consisting of a succession of condensations and
Tal'c_facuons. I the disturbance is small the result is an
or dinary sound way, ¢, but if the blow is severe, such as occurs
With a massive body rushing rapidly through the air or with
an explosion, the result is a definitc atmospheric discon-
tinuity called a shock wave which travels initially with a
speed somewhat greater than that of sound. As it moves,
the shock wave continuously loses encrgy and slows down,
ultimately degenerating into an ordinary sound wave.

Thus in the case of an aircraft or a projectile moving at a
speed just below that of sound the air at the nose is com.
pressed and a spherical wave front rushes ahead, the whole
disturbance growing like a soap bubble. With increasing
speed the body approaches nearer and nearer (o the wyye
front until ultimately it catches it up and thereafter the way e
Temains attached to the nose and is carried along with it
forming a well-defined conc with its apex at the nose, Thc\,é
wave fronts are cxtremcly‘sharp - it can be shown mz'thlc-
matically that the region of highly-compregseq air is usx.n'{ll '
not more than a small fraction of an jnep in thickn; and
they therefore photograph well (5o plate 45) 4 d‘?” - :n?d
happened during the bombardment of Lond, g «.J\cn (as
ons) have been scen, by favourably-ploced }Un y \-\\cap-
curved line rising from the . > Pracedobservers, aya thin

e € scene of g dicr. ) .
ne of a distant explosion,

portant until the velocity is at least two-
d (about 500 miles per hour at normal
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Compressidifity

Phenomena of this sort are said to be due to compressibiliry
and give rise to what is known in ballistics as ‘head resis-
tance’ and in aerodynamics as wave drag. Because of their
importance in gunnery the effects of such wave formation
on resistance are now well established. In the narrow zone
of speed known as the traisonic region (between about 600
and 800 miles per hour at slormal temperatures) the resist-
ance changes extremely rapidly with velocity, suddenly
shooting up to a high value and then, rather more slowly,
steadying down to a more gradual rate of increase as the speed
becomes highly supersonic. This sudden jump in resistance
indicates the extra energy used in compressing and setting
in motion the air to form the system of shock waves at the
nose and other parts of the body. At these high speeds the
shape of the head becomes of considerable importance and
witi a high velocity shell most of the energy lost in over-
coming air resistance is ‘radiated’ away in shock waves,
This is in sharp contrast to what happens at lower speeds
when the main foss of energy is associated with the forma.
tion of eddies in the wake. Figure | shows diagrammatically
these various sources of loss.

- - e P b
W‘h_‘“m . e .
Ny = Toremih gl
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Fignre 1--50uies 0f resistance on g moving bods
(a3 boundary laver (shin friction) ;
(b} wake teddy formatiany:
(¢} shock waves (wave resistance).
Shack wases may ake form ot other points on the body.
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The Mechanism of Lift
We now consider the other - and uscful - part of the re-
action of the air, namely the lift force which actually causes
an aircraft to fly. At subsonic speeds lift can now be said to
be well understood, thanks chicfly to the pioneer work‘of
F. W. Lanchester in the early years of this century. L'lkc
form drag it is connected with rotary motion or circulation
in the air, but now in a well ordered form. '

When an aircraft takes off, its acrofoil supporting surfacc',»
start moving through the air at a small angle to the hori-
zontal, and almost the first thing that happens 1 that each
wing sheds an eddy (cull_cd the "starting vortex ) at t’he rca(;
edge. The reaction to this vortex causes circulation aroun
the acrofoil with the result that the air moves niore rapidly
over the upper cambered side than over the lower flat side.
By Bernoulli's thcorem this causes decrcased pressure on
the upper surface and increased pressure on the lower'
suirface, so that the wings are both “sucked” and ‘pushed
upwards, thus giving the necessary foree to make the heavy
machine rise. As the angle of incidence increases, the lift
also increases and the aircraft is able to climb, but if the
tilt is made too large the flow on the upper surtace scparates
and eddies are formed, resulting in a sharp»dmp in lifting
power. When this happens the aircraft is s;ud'to stall.

So far we have only considered speeds at which the effects
of compressibility are too small to be of importance, but
as the speed of the air-flow over the wing approaches that
of sound a ncw phenomenon appears. The pilot is able to
increasc or decrease the lift by altering the angle of incidence
and at the lower speeds the rate of change of lift with inci-
dence is usually fairly constant, but near the speed of sound
this rate of change suddenly drops to a very low value to-

gether with a large decrease in lift itself.
rf:gio_n of speed the pilot is thus faced not on
rise in resistance but also with a sudden |
control, a phenomenon known as )
other disturbing effects, making i

In this critical
ly with a rapid
oss of lift and
ock stall. There are also
t difficult for the aireraft
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to remain on an even kcel (chiefly due to the fact that flow
conditions are not exactly the same over the wings and tail
planes) so that, taken altogether, the dangers of high spced
flight arc not difficult to imagine.

The Mach Number
At this point it becomes necessary to introduce a concept of
major importance in the dynamics of high-speed flow. It
can be shown by fairly simple considerations that all phen-
omena at high speeds depend not on the absolute velocity of
the body tut on the so-called Mach number which is the
ratio of the air speed to the velocity of sound. (That is, a
Mach number less than unity indicates a subsonic speed and
one greater than unity, supersonic speed. The transonic
region covers, very roughly, the range of Mach numbers
between about 0.75 and I.1). Since the velocity of sound
changes quite considerably with air temperature, the Mach
number depends not only on the aircraft speed but also on
the height, the season and the locality of the flight.

The phenomenon which we have been discussing first
appears at a certain Mach number known as the eritical
Mach member whose exact value depends upon a number
of factors. There is also some evidence that if the speed is
high enough matters become casier again, so that there may
be an upper as well as a lower critical Mach number, or in
other words, safety lies in keeping well away from the trans-
onic region of speed.

The Desizn of Higli-Speed Aircraft
It is an unfortunate fact for the understanding of high
speed flight that not only is the mathematical theory of
fluid motion at these velocities extremely difficult and only
partially developed. but abbo that phenomena at high
velocities are often quite contrary to what experience »;n
every-day speeds would lead one to expect. (One of the nrost
striking examples of this is that whereas at low

_ speeds, as
we have seen. a fluid cannet

casily turn a sharp corner



10 SCIENCE NEWS VIl

without the flow separating and forming eddies, at supe;-
sonic speeds there are apparently no such difficulties and the
fluid is able to get around quite smoothly). If however,
certain facts of compressible flow theory are accepted R 8
possible to explain in a short space some, at Igast, of the
factors which influence the design of hxg!?-specd 'au'cvafg. ]
To attain very high velocities in a practicable 'fm"craft itis
obvious that wave drag must be reduced to a minimun. {\t
low speeds the drag of’ a wing is not greatly uﬂqclcd by its
thickness (up to a limit) but the wave drag of a wing moving
at high speeds is proportional to the square of the quck"‘::
plus a term proportional to the squarc of the lift. Thxs mea )
that supersonic aircraft should have thin low lift wm‘g»;
requirements that conflict with other demands for gf‘::
structural strength and considerable wcight-cqrrylmwm;
The necessity of keeping the flow over the wings i
critical Mach number has meant a considerablo :i: angatio
the shape of aircraft. As we have seen, the hft/Mrag T e
collapses very rapidly once the Mad} nu'mbcr‘ reac ‘fs
the critical value (say M=0.75). In its simplest form the
mathematical theory indicates that the velocity which
mattess in calculating the. effective Mach nu:pben far xc
wing is. the componant, of the speed perpendicular e the
leading edge. With. straight wings, th{s velocity is obwoydy
the sams.as the-forward spead of the aircralt, but if the wings
are givem g.certain agount of sweepback (Fig. 2), the velocity
perpendicular to the leading edge will be only a fraction of
the forward velocity. On this simple theory, as indicated by
Busemann in 1935, if M, is the Mach number for the aircraft
as & whole, the effective Mach number for the wing will be
Hocos6, where 6 is tho angle of sweepback. This means
that M,, itself may be above the critical value with the effect-
ve Mach number for the wing stil} safely below the critical,
grrit‘igélo‘}zer words, the use of swept-back wings raises the
speeds mg‘;hllnu;nber for the aircraft and allows the higher
The more :f’::c:e?hwnhom the danger of shock stall.
g cory shows that the advantage s not
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Figure 2—Aircraft with sweptback wings.
v - velovity of the aircraft forwards, or of the air flow over it in the
opposite direction.
reos ¢ - velocity of air flow perpendicular to the leading edge of
the wings.

quite as great as indicated by the simple cosine law given
above, and there are also certain compensating disadvantages
introduced by sweepback, but the net eflect is undoubtedly
beneficial. There are also other variants of the idea, notably
the “delta’ or triangular wing, but the discussion of these is
beyond the scope of the present article,
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Conclusions

Prophecy in scientific matters is perhaps only slightly less
hazardous than in other fields of human activity, but it
scems highly probable thut safe supersonic flight will be
attained and may cven become commonplace in the next
decade or two. Simultancously, it is likely that dcsigncrs‘
will turn their attention more and more to the ilying wing
type of aircraft {sec plates 44 and 46) and a relatively few
years may see the disappearance of the conventional fusclage
and tail. On the purely theoretical side progress is more
difficult to foreshadow, but the considerable advances made
in recent yenrs by Taylor and Maccoll in this country and
by Kdrman and Moore in America on the wave resistance
of projectiles are encouraging signs.

Postscript )  thes
The non-specialist reader who wishes to know more of these

rite o% know cf
matters may find this difficult; the writer does not ki

any simple and non-technical but accura‘tc %CC???TI (zf h‘?.’%
speed flow which includes the latcst.‘lfjmm'“"' For e
reader with a knowledge of m:\tf}cma“CS the best gcng;u
statement of the present position i3 undoubtedly that given
by Karman in the 10th \ynght Broth;rs L'ccmrc ta the
Institute of Acronautical Sciences and printed in the Journal
of Aeronautical Sciences Vol 14, No. 7 (July 1947), byt 1o
follow this account demands a considerable knowledge of
aerodynamics.

Research Report

A, WL HASLETT

Southern Stars
THE whole of stellar astronomy is based on a very limited
number of possible kinds of measurement. The most obvious
is measuremeni of position. This is the foundation of naviga-
tiomal astronomy, and wus implicit in the invention of the
calendar. The next oldest is mcasurement of apparent bright-
ness. This is due to Hipparchus of Nicaca who, about 130
8.C.. built an observatory at Rhodes, and made observations
cn about 1.OGU bright stars which could be seen with the
naked cve from the lautude of the Mediterranean. It is a
type of knowledge which is normally tuken for granted, but
which entors diveetly into many of the more abstruse deduc-
tions which can now be muade about the physical state of
stars. Together with measuremenis or estimates of distance,
it enables the ubsolute or truc brightness of stars to be cal-
culited, and this in turn tics in with the detailed analysis of
the radiation emitted by stars, which the spectrograph makes
possible. For example, the accepted classiication of stars is
based on a comparison of absolute brightness and spectral
type. There is also a ‘law’, duc to Sir Arthur Eddington,
which enables the mass of a star to be deduced from its
brightness. 1t follows that measurements of apparent
brightness, which astronomers as well as Jaymen are apt to
take for granted, occupy a key position in the whole struce

- ture,

Such 1s the background to a major and long-term under-
taking on which Dr R.H, Stoy, Chief Assistant at the Royal
Observatory. Cape of Good Hope, has lately reported to the
Royal Astronomical Society. What is being done is aothing
less than to determine the apparent magnitude or bright-

3
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ness of 75,000 southern hemisphere stars, and to link these
through further observations at Cambridge with the stand-
ard series of stars in the neighbourhood of the North Polc
to which all measurements of stellar brightness are referred.
Also, because of this new and more accurate joining-up
between northern and southern stars, the way will be paved
for the extension of the work by other southern observato-
ries — besides, possibly, leading to some apparently very
necessary re-examination of existing northern hemisphere
observations. It is quoted here as an example of a humdrum
but essential type of astronomy of which little is normally
heard.

The method of classification traces directly from that first
introduced by Hipparchus. He began by describing the
brightest stars which he knew as being of ‘the first magni-
tude’. Stars of the next step down in brightness which he
could recognise he called “second magnitude’, and so on
down to the faintest which he described as “sixth magni-
tude’. Rough and ready though it was, the system which he
intreduced has survived, with necessary moditication, owing
to the chance circumstance that the eye responds equally to
equal proportionate increases in brightness over quite a
wide range of light intensity. It was found later that his
scale of magnitudes corresponded roughly to increases of
2.5 times in apparent brightness, and the modern scale is
still very close to this figure. It has been so chosen that 4
hundredfold increase in brightness corresponds with five
steps in magnitude — which gives a brightness increase for
one magnitude of 2.512. But, as already indicated, the final
reference is to a sequence of standard stars, near the north
pole, which are internationally recognised for the purpose.

The present programme at the Cape was due in the first
instance ta Sir Harold Spencer Jones, now Astronomer
Royal at Greenwich, but formerly
Cape of Good Hope. A serious sta
on the main work of inter-comp
original 75,000 stars have now bhe.

H.M. Astronomer at the
rt was made in 1938, and
arison 25,000 out of the
€n covered. On the other
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hand, various special additions to the original programme
have added about another 45,000 to those on which measure-
ments are to be made. For ‘joining up’, the original intention
was to make use of previous brightness determinations on
equatorial stars, which can be observed from both hemi-
spheres. In practice, it has been found that no sequence of
intermediate stars is available, of which the brightness is
known with great enough accuracy 1o serve as the necessary
link. The task of linking up is therefore being undertaken
by Prof. R. O. Redman who, while at the Radcliffe Observa-
tory, Pretoria, had already co-operated with the Cape
Observatory in working out a series of southern standard
stars which provide the immediate reference for the whole
Cape observations. He has lately taken over the direction of
both the university observatory -and the solar physics
observatory at Cambridge; and he has agreed to complete,
at Cambridge, the necessary linking up with the north polar
sequence of international standard stars. This will probably
take about two years; but, when completed will be applic-
able via the Cape to all stars visible in the southern hemi-
sphere.

(Stoy. Monthiyv Notices Roval Astronomical Society, in the press.)

X-ray Progress
Procedure for the generation of X-rays of any specified
encrgy is to accelerate a beam of electrons to the required
encrgy, and then stop it by allowing the electrons to hit a
metal target. In Science News V, it was stated that the
Telecommunications Rescarch Establishment at Malvern
had attained the distinction of being the first laboratory in
the world to make a “synchrotron” wotk — a ‘synchrotron’
being one possible engineering device for the acceleration
of electrons - and that a larger piece of equipment capable
of producing 30 million volt X-rays had been designed.
Several new pieces of information can now be added. One
iy that two production equipments to this design are being
built for the Medical Research Council, They are to be
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installed in Cambridge and at the Cancer Hospital, London,
respectively - a disposition which will ensure that both the
biological and the medical effects are adequately examined.
The second is that a “synchrotron' capable of accelerating
electrons, not to 30 million volts, but to 140 million volts, i5
being built by the same firm for the Clarendon Laboratory,
Oxford. Finally, the Telecommunications Research Estab-
lishment, which first made the ‘synchrotron’ work, has again
demonstrated its technical competence by a similar success
with a quite different type of equipment, In this, known as
the linear accelerator, the electrons are accelerated by the
very simple method of allowing them to travel down a metal
tube in the company of centimetre radio-waves. The idca,
certainly, has been common talk amongst physicists ever
since the wartime development of practical and compact
radio transmitters working on these very high frequencies.
But, again, it is to the credit of the Malvern establishment
that they should have made the idea work. It is not just a
case of ‘injecting’ a beam of electrons into any metal tube
down which radio waves happen to be travelhng: but of
providing precisely caleulated conditions such that clectrons
and radio waves will travel together and ip step. In the first
section of the Malvern equipment to be completed, clectrons
have been ‘injected” into such a tube a( the comparatiyel
modest energy of 45,000 volts, and have been accelerated u);
the equivalent of 538,000 volts, Thig compares with a desj
figure of 540,000 volts. The significance of this close men
ment is that the 40-centimetres length of (ube - dgr;e—
guide, which has so far been used. is onj  OF waves
' . B8 y the first scction
of a very much Jonger accelerator. When o ! is Wi
be some 20 metres in lenpth - . 1 complete this will
, gt and, with the same radio
output, the clectrons should he acceler: .
portion. With the sin ) -cierated roughly in pro-
s far tested, less than 2%, of

¢r was transferred to the elec-
£ wasted. With the full pro-
at an efficiency of 80°/, could
sts that some such approach

t » the remainder beip
jected fength, it is calculated th
be secured. It is fejt by physici
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offers the most economical method of attaining the highest
energies, and this may also be true at the level of 30-50
million volgs in which doctors are chiefly interested. But,
whichever the final method, the Medical Research Council's
two “synchrotrons’ will ot have been wasted, since the
immediate need is for experience at these greatly increased
engrgies. For this purpose the method of production of the
X-rays is immaterial. while the “synchrotron” has the
practical advantage of being relatively compact.

tFry, R. 8. Harvie, Mullet and Walkinshaw, Nature, 1947, 160, 351

History of the Earth
One more has been added to the series of shocks which phiys-
ics from time to time administers to physical geology, The
first was Lord Kehvin's famous calevlation, based on the
known facts of heat conduction and cooling by radiation,
that the carth’s crust would have been oo hot to permit the
formation of oczuns at any period before about 40 million
yeuars aga, This was on the supposition - later proved false
by the discovery of radio-activity - that the carth contained
no source of heat witkin itself which could make pood in
part the inesitable foss of heat by radiation from the surface,
The Late ot such shoek is due o the realisation that radio-
active potdssium must, in the past, have made a very much
bigger contribution to the earth’s heat output than cither
vranium or thorium. H has been administered by E. Glad-
wtsch and T. Graf of the University of Oslo, and it affords
quite a salutary demounstration of the ditheulties attached
to wny calculation which seeks to determine conditions in
the remolr past from those prevailing ot the present time,
The chanye. compared with previous caleulations, is due 1o
the ot that whereas both vraniom and thorium break down
ar i reiatively show rute, even compared with the 3,000 mil-
fion years” esttmaied hifetime of the earth, radio-potassium
breaks down considersbly more quickly. The effect, working
backwards i time. s natarally cumutative, i uranium and
thorium had been the only signiticant sources of heat within
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the earth, the rate of release would
more than about half 4 great as it n
for the present surviving proportion
round figures one in every 10,000
necessary to suppose that the initial supply must have been
1,000 times as great. This in turn leads to the CO“CI“S'O‘"
that the release of heat from radio-potassium must h.a\:
been 200 times greater than from uranium 9nd tho.rl;H}r
combined. The full implications to geology of these r{f “i‘
startling readjustments must take time to assess. .Wh‘l,t,“z
more worth while to point out is that this very big "‘Crg‘);‘]
in the estimated contribution of radio-potassium hals‘ i“:
brought about by two comparatively small, if overc u:,
revisions in the numerical values obtained in some Ile)OrT:'
tory experiments in 1934, One is that the energy released "
the breakdown of a single atom of radio-potassium h‘:j‘
been increased by a factor of seven or cight. The Seccg’lo:
and more important, is that the rate of breakdown 0‘{ fﬂb ‘m
potassium atoms has been increased by a factor o d N
three. Yet if these considerable, but hardly .Spcc[;‘ltﬁu"}ﬂ
alterations are applied cumulatively over a period ol *j“mo
million years - the length of time to which the calculations
refer - they lcad to figures of a quite different order from
those previously quoted. 1t should perhaps be added that the
various methods by which the age of the carth has been
estimated are not affected by these considerations . and that,
in view of their importance to geo-physics, an independent
check of the present revised figures for radio-potassium is
clearly desirable.

(Gladitseh and Graf, Physical Revienw,

at no time have been
ow is. But to accoupt
of radio-potassium (l_fT
potassium atoms) 1t 1S

1947, 72, 640,

Submarine Gravity

he use of submarines for the making of gravity surveys
beneath the scy is due to Prof. Vening Meinesz of Holland,
who also designed the first gravity meter sufliciently sensitine
and stable to be usefully employed under such conditions.

He applied 1he method, during a series of prolonged trips

RESEARCH REPORT 39

i arine, t0 measure gravity _anomahes in
ltrk‘xeaarlz:stct})‘otsl;l%?the East and the West Indies, andf drew
some conclusions about the probable growth ;1) new
mountain chains beneath the sca. Shortly before t e.tlmc
of Munich, the Department of Geodesy and Geophysies at

Cambsidge University drew up plans for a more limited
. JR04 8]

) 10E . itions round the edge of the ‘contin-
mvcsugz;f‘ll?fl iﬂfﬁ? dlsi:lg:rsa:es Europe proper from ‘thc
cnt)z’:l [isc vThc Admiralty agreed to provide a submarmc,
.Al dnh 'ex dition was planned, and even begun,' in 19?5%.5.
and t ?h" pe36 hours of leaving port, the Munich crisis
But wit dm and the submarine was recalled. Further plans
develomd, up until August, 1946, when the submarin.e
;V{c;j S. Tudor-was made available fqr the resumed expedi-
tién, and still more lately a preliminary report has been
18SIL:‘r:S\.'ious information was that, whereas sediments lc:a'mcld
out to sea by rain and rivcrs_had r;suhed In a relatively
evel surface to the sea bed immediately roun‘d‘ Elf’rope,
]dbrvcfoping only slowly towards the edge of t'hc'd;hdt ,ﬂt!’\e
li:\dcrlying basement roclfs fell away mornf- ‘r:]!pl 1e¥1’t:(x)ni ]l:i
near the edge of the “shelf” the lhx_cknc?s of is;l‘(“l? oD gf_
reach many thousands of teet. This was estab lsd CSt' tgs r(:u:J
M. Ewing for the eastern scaboard of the Ur\ute ;11 fath
by Dr E. C. Bullard of Cambridge for the mouth of the
A ish Chaunel. The supposition, which remained un-
Enghsd a> that the growing weight of sediment, driven
g{ﬁ\‘i«i)r‘ds\‘ﬁom the 1nndbby the action ofme tides, ha(.i caused
the basemcnt rocks to sink more dgcply into the semi-molten
layer beneath, further sediment being again deposited at the
fower level. The theory, in shprt, was 1hat'thc. level of t'h.c
basement rocks was dclcrmmqq 'by gravﬂah_opa] cquihi-
brium. The object of the H.A.S. /f‘udnr'cxpcdmon was to
test this theory by medsurements of the mntensity of gravity
towards the edge of the “shelf”. Four different areas were
examined, and in three of them measurements fxnd theory
were in almost perfect agreement. These were off the mouth
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of the English Channel, and to the west of Ircland and
Scotland respectively. In each case equilibrium had been
maintained; and it appeared that, without sediment, the
original depth of the basement rock would have been about
half as great as it now is, That, therefore, was the extent
of sinking. Only the fourth area, the Bay of Biscay, was not
in equilibrium. Anomalies here were attributed to horizontal
pressure connected with the coastal ranges.
(Browne, Observatory, 1947, 67, 173.)

The Heart in Starvation
1t is no secret that the experience of doctors and research
teams, both in occupied Europe and in ithe rehabilitation
of those who had been in“Jananese prisorer-of-war camps,
resulted in a good deal of new mformation ubout the be-
haviour of the body under near-starvation conditions, and
also during renabibitation. In addition, many of the results
are now available of an experiment which was carried out
in the Laboratory of Physiological Hygiene of the University
of Minnesota, with fit young Americans a~ voluateer
subjeets,

The most genecral point which has emerged is that the
body can balance food intake and energy consumption at a
considerably lower level than had before been realised. ung
when this position has been reached no further o of
takes place. Loss of weight in itself redvces the o
fuel - from food or fat reserves - which et he
maintain normat bodily processes. In additivg, the individ-
ual learns to kecp his uymd:\. e output of muscular enersy
to the Jowest level possible. Both factory hel towards the
attam‘mcnt of a new balunce, and both in 1th Minnesota
experiment and in the Hong Kona civilian it "n,‘,n \ l,m;’
this was reached when weight hag 1'al,u““g: ~r.:n C,d ;
from its original level. Equaity. iy Wats {‘ . d} one quartee
ilitation that time - e S otnd during rchab-

T . 4 needed for a normal balance of
chemical activity

to be re-established \ i
' ‘ abished. Professor Beattie, for
example, of the Royal Collrge of Surgeons, has pointed out

cight
nount of
“burnt’ o
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that during the first stages of rehabilitation, practically the
whole of the protein caten as food, which one would norm-
ally expect to be largely utilised in tissue replacement and
‘building up’, was in fact burnt as ‘fuel’ - even although
enough Calories to meet energy requirements were being
otherwice supplied.

The most detailed and interesting findings are, however,
those at Minnesota on the response of the heart, The
traditional assumption in the past has been that, during
starvation of near-starvation, the heart and other vital
organs were ‘protected’ from damage for as long as a
necessary minimum of nourishment was available. The
experience of the 32 fit voung men who went through the
Minnesota experiment shows clearly. that this is not the
case. The outline of the test was that they were observed
fir~t through three months of normal dict, during which
period they required on the average 3,200 Calories for energy
bakince: then for six months with a food intake of 1,700
Calortes, by which time they had Jost 249, of their original
weight ; and finally, during rehabilitation, for three months
of controlied diet, and a turther {ive during which they could
eat what they liked. X-ray photographs, taken from different
angles, viere used to record the physical volume of the heart
at all stapes, and other measurements enabled the output
of work by the heart to be calculated. It was found that,
when adjustment to semi-starvation had been completed,
the volumne of the heart had beert reduced by 169, the num-
ber of strokes per minuie by 327, and the heart’s output of
physical work by as much as 497 Also, the margia of safoty
represented by unused oxygen, still left in the blood after
crreulation, had bzen brought down by one ha!f, Witk such
drustic changes, a quick return to normal would scarcely be
expected. In practice three months of controlled feeding
sufliced eniy to get the heart nearly, bt not quite back 10
normal in size. with practicaily no improvement in its
capacity for work. Nor did the inclusion of extra vitamins

and proteia in the diet make anv noticeable differcnce. By
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the end of five months, of which the last two had been on
unlimited dict, the heart size was slightly greater than it had
been originally, but capacity for work was still 10%, below
normal and only half of the lost margin of oxygen safety
had been made good. Finally, at the end of 32 wecks, only
very slight signs of abnormality could be detected.

Climate and Food

Evidence suggesting that dictary preferences are automatic-
ally adjusted to suit climatic conditions has been obtained
at the Medical Clinic of the University of Pecs, Hungary.
The basis of the experiment was to offer different groups of
mice the choice of three different food mixtures at three
different temperatures. Each food mixture was composed as
to one-third of a standard mixture, which provided in itself
the whole of the accessory factors needed for health, while
the remaining two-thirds was either starch, milk protein
(cascin) or fat. The mice were free to eat as they chose, and
at normal room temperature took roughly two-thirds of
their total calories from the fatty food mixture. The main
comparison was, however, between their feeding habits at
moderately low temperatures (50-52 degrees F.) and ap-
proximately tropical conditions (84-91 degrees F.). The
interest of the experiment was that, although differences in
total consumption ranged from about 20 to about 40°,, in
all cases practically the whole ditference was due to an in-
crease or decrease in consumption of starch, the amount of
protein zfn.d fateaten remaining approximately constant under
glitefg?cd:;o?s; T,hc mice, in oth'cr words,Adid precisely as any
and fat a\P‘t—}l“c “O?lj \hmc advised - !ukmg as much Pr(wt?x!}
to make »up l?’)c‘\;ﬁ l-wd,“and‘ 1hcn.1 using Asl;xrch as A buffer
gencration ago ‘l'f;ls‘ld'nh‘b' ol. their calarie requirements. A
forward as the ﬂplanl:;to wg)ruld no doubt have been put
control appears morw planu.s'b‘l)duy' some form of cl.\c.mlcu{
the thyroid gland may incrlc C Ahd since the activity of
low tempcraturcs, it is su oasc as mucltn :1.5' three-fold at

> suggested that it is through the
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thyroid giand that food tastes are thus reguiated. But,
although the cxperimental facts appear clear enough, it
should be pointed out that the suggested explanation is no
more than a speculation.

(Donhotler and Vonotzky, American Journal of Physivlogy, 1947,
150, 329.)

Conrrol of the Tsetse Fiy
Control of the mosquito and the locust having been proved
practicable, hopes have naturally been aroused that the
even more difficult and equally important problem of the
tsetse fly would also be solved. As the carrier of nagana
disease of cattle, this is generally regarded as the most
serious remaining brake on the future progress and develop-
ment of tropical Africa. Exceptional interest was therefore
takcn in a recent film demonstration by Dr P. J. du Toit,
Director of the Union of South Altica Veterinary Service, of
the use of D.D.T. from the air against the tsetse fly.

D.D.T. was first tried in the form of a liquid emulsion,
sprayed from the air. Thus used, it was shown by fly-trap
counts to reduce the tsetse fly population in the proportion
Qf 9.000 to 600 three months after treatment. This was a big
Improvement, but not enough to achieve the intended pur-
pose of local eradication. To get better results, it was
seahised, it would be necessary to get the D.D.T. to the
underside of the folinge. where the fly chiefly sheltered.
Further experiments were therefore carried out in which the
heat of the cngine was used 1o vaporise the D.D.T., and
the insecticide ejected from the aircralt as a fine smoke,
With this treatment the fiy population in the same area way
further reduced in the proportion of 600 to 3 - so that the
overald reduction was now about 3,000 to one.

Procedure is for aircraft to fly at a height of between 50
and 75 feet - little more than tree-top height - andin arrow-
head 1ormation. Each aircraft can cover a strip of 70 yards
i width, and a flight of six aircraft has been used. It has
been found that the slight breeze of carly morning helps 1o
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carry the resulting smoke blanket in under the trees. But by
ordinary standards conditions must be calm. Practice so far
has been to make six successive flights at fortnightly inter-
vals, and to treat residual fly patches with smoke generators
carried by hand through the bush and operated from the
ground. Cost is estimated at 18s. per acre - small enough,
certainly, in relation to farming output, but large when
multiplied by the total acreage of tropieal Africa,
Fortunately for Dr du Toit, the Union problem with
which he is immediately concerned can be treated in isolation
from the wider one of tropical Africa. in place of almost
unlimited areas, he has to deal with about 1,6C0O square
miles of active infestation, split up into some three different
areas, all in Zululand, und a further perhaps 4.000 square
miles of potential infestation. Also, between  the nmost
northerly of these Zaluland areas and the main belt stretehe
ing from eust (0 West across the whole breadth of Africa,
there s a gap of about 200 miles in which no tsetse have
been found in recent years. The aim,
eradication within these compuratively hmited areas, and
for this purpose the cost of the air treatment which has been
tricd wouid not be unreasonable. For the moment, treated
4reas are boasg “sealed” by the total removal of all bush
within a two-miles belt, and a waich is baing kept to sce
what happens to the smail rematning y poputazion, [t was
possible, Dr du Toit thought, that nuiural enemics would
do ti?e rest = but not all his audience felt the same cpumism.
Of ihe other possible methods of coatrol which jtave been
atlempted, game extermination has aroused ithe greatest
controversy. The basis for it iy the supposition that tsetse
ggn(O;b‘::i‘r‘;‘hé(‘)?l‘;fﬁntilHy. there are twenty ditterent specics)
cattle, 1t m Comrﬂo:;bn[t \tl'r?'.n wild game as well as from
reasan ~ that iy ”ifn ‘X' i«.vcd Lhcrclorg :m;? with some
and of the nugina ﬁ(ise':v:lu > 8 reservoir bu::z' of the fly
- 4 sease which the fly currics., it has been
pointed out, however, thay further research s ne
establish the contribution o lf er research iy nccdcd. to
ade by ditferent 2ame species,

therefore, is complete
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and that there is no casfe ﬁn ﬁientiﬁc grounds for the n-
iscrimi hter of all alike. .
dxsgza?";’?‘fi.sgl:ftén of the Lopdon School of ﬁgggfge g;mnci
Tropical Medicine, who 17resxded at Drfdxtx thotn s D
demonstration, drew attenuon a_tso to the fac :m n East
Africa selective clearing of as little as five ‘;ir-cl it of the
bush had been enough to bring about comp u'(,l o al e
ination of the fly. The difliculty is that sulxce’ iolc.} ioscrics "
naturally vary, and that cver qul‘tc.sma‘.[. arcasu, ‘wouid o
detailed studies by ‘ily-minded nwc.sngato‘r: e ot
necessary. Similarly, under the suvannuh' %011 O e
Northern Nigeria, where during the hot season tltarance
fly barely survives, 2 relatively :-.ma!}.amoum ol ¢ es that-
can produce big results. The feeling of the meeting }va holé
although no single mcthod is likely to solve tltlzl :Z'orth
problem, Dr du Toit's smoke-spray atl‘ack. 15 "W
trying ender as many conditions as possible™.

Midee {nvestization ,
Neurerh home, ﬂ:c Universities of Glasgow a",d. S\I/cﬁ?:;tigi
have lately comibined to begin a seven-years m1 o en
of the midge, the activities of which ha\fc ’bee?gnd:at midge
for granted thun studied. The fact.Ahowe\c;, ;icvclopmeﬂt
infestation could be a serious handicap t(;.ttc omparatively
of wmuch of the westers Hég:llg;;l STZ;:f :tp;li:::s bgth to the

i 15 know out 11s D1 . . R .
Gbieuton o spoces, of Iich some Uiy e ecognised,
although most of the human biting 15 .at.tfl. . GF ample
t© the fife-cycle and habits of the insccts. For example,
Sthough the adul st cin be kept sl o1 up 10
months in the laboratory with access 1o carbonyars s )
it is not known whether under natural conditions the .C-
veloped insect takes any further food than the blood mea\l
neoded by the female for the dcvclopn}ent of 'hcr eggs.
Little is known cither about tlh.e conditions under Wmcf\
eggs are laid, although damp soil 1s thqught to be probub\g .
A huticd laboratory has been cstablished, as a centre for
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field studies, at Rossdhu, Loch Lomond, and variogs
laboratory investigations are being carried out in the Uni-
versity of St Andrews.

Embryo Nutrition

Increased use is being made of the radio-active tracer
method of studying the developing embryo, It is particularly
well suited to this purpose since the capacity to *label’ atoms
of particular chemical elements in the mother is precisely
what is needed for the investigation of the transfer of those
same elements to the embryo. Earlier work in the United
States, mainly between 1941 and 1942, did little more than
illustrate the scope of the method and was interrupted by
Pearl Harbour when the most interesting stage appeared
likely to be reached. One such test, with radio-calcium in
mice, confirmed that there was a transfer to the foetus of
calcium which had previously been ‘fixed’ in the bones of
the mother, and showed that the last calcium to be absorbed
was also the first to be released for transfer. This was in the
Crocker Radiation Laboratory at Berkeley, California.
which later took a leading part in investigating the absorp-
tion of plutonium and fission products formed in the
uranium pile in relation to safety precautions for atomic
energy workers. Another such experiment, carried out at
Rochester University, showed that the time interval be.
tween the feeding of iron to the mother and the appearance
of radio-activity in the blood of the embryo was only forty
minutes. The text-book description of the formation of
blood cells in the embryo was that the red celly of the
mother travelled as such through the umbilical cord to the
embryo, and were there broken down, and the iron which
they contained re-used in the formation of the o mn
own red cells. But the shortness of the e Lmbryo ;
1y 10 the point of impyeper ¢4 interval

uld be correct, Fj 'lllnlp()bsthlllty t.hut thi
of Wisconsin. ,md- ¥ Dr p. I:._NI.ClSOn of
I carned out a simifyr and

y of the transfer of phosphorus,

explanation co
the University
preliminary stud
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Greater availability of radio-active supplies is now leading
to an increased interest in the method, for this as for other
research purposes, and at a recent mcgting of t}w Bio-
chemical Society, Dr G. Popjak of the National 1nst1tute.for
Medical Research described the results of a more detalle.d
investigation in the case of phosphorus. The probl.em 1s
simifar 1o that raised, and aiready partly u’nswcre'd, m-th_e
case of iron, Can the embryo make use of ﬂmple inorganic
materials, and if so how are they converted into organic
form? fn particular, what is the origin of the complex P)hos-
pholipids - fat-like substances - neceded by_cvery c_el!. Dr
Nielson's work had already suggested that inorganic phos-
phorus could be used. Dr Popjak has now shown furt}pr
that both from the liver and the placenta of the embryo‘n is
possible to extract phospholipids which, weight for weight,
are more highly radio-active than the blood plasma of the
mother, into which the test injection had been made. This
could scarcely happen unless in these organs, at lea'st, the
embryo was doing its own building up. Simiiar expepments
have been carried out on rats, guinea pigs, and rabbits, and
they all support the same conclusion. There is also more
limited evidence suggesting that all the organs of the em-
bryo, and not only the liver and placenta, are capable of the
same building up process. This was obtained by direct in-
jection of the embryo with radio-active phosphate,

. (Popiak, Biochenical Journal, in the press.)



Ultrasonics

DR GABRIELE RABEL

THE terms ‘Ultrasonics’
ing about recently in the
has aroused considerable

and ‘Supersonies’ have been buzz-
news, and espeeially the “Bat Case’
_ : : interest. The subject of this article
1s to give a briel account of what ultrasonic wives {USW)
can do, but as I have noticed here and there some confusion
attached to. the terms ultra- and supersonic, it seems desir-
able to begl.n by clearing the terminological ground.

‘ Ultf:isomc vibrations are of the same type as sound
vibrations, but have a frequency too high to be sensed as
sound by the human car. )

The threshold of audible sound is 30 vibrations per scc-
ond. Its upper limit is said to be 20,600, but for old people
1t1s considerably lower. What is above 20,000 is not audible
to the human ear, but is ultrasonic.

In papers written in English these high frequencies are
often describied s “supersonic’, but ‘ultrasonic’ is preferable
for three reasons: this word has chronological priority, it
matches the German ‘Ultraschall’ and the French “ondes
ultra-sonores’ and airminded people usc the term ‘super-
sonic” for a velocity not for a frequency. What do they mean
by a ‘supersonic velocity™ They tell us, it makes a
difference whether a jet of gas or a bullet or ajreryfy moves
through air ‘faster than sound” or slower. They do not mea;
that it may be important to hear an aircraft before iy
but that the aircraft (or air-jet) itself is deciyjy
by its own ‘supersonic’ velocity. How on ¢; o
come into the .problcm? The answer i : I’l(():l'llz-lt[h'1(:;)&’x sound

Every pressure change, every disturbance B
non-periodic, spreads in air with the same veloéi(pcrmdlc or
a pressure change. Therefore sound, too, spre, Y- Sound i

a8 » Spreads with the

an
arrives,
cly influenced*
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same velocity. But as this latter fact is irrelevant, the term
‘supersonic velocity’ is misleading, and I propose to use the
non-committal terms ‘Supervelocity’ and ‘Subvelocity’ for
speeds above and below the general ‘Disturbance Velocity’.

If an aircraft moves with subvelocity through air, the
disturbance created by it runs ahead and prepares the way
for the coming traveiler. If, however, the aircraft travels
faster than the disturbance it has created, the result is that
a cone of highly-compressed air (called a shockwave though
it is not really a wave) envelops the bow of the craft and
acts as a resistance. ,

Similarly if an air-jet moves with supervelocity, entirely
novel conditions arise. The jet breaks into segments, and
if a tiny cavity, say a tube of | mm. diameter and the same
length, closed on one end. is introduced into certain parts
of these segments, the cavity hurls the air back periodically
and the periods are of ultrasonic frequency.

This is one way of producing USW. One further gets
them from a Galton whistle, or jingling keys, or from Mag-
netostrictive or Piezoelectric Oscillators.

Magnetostriction is the periodic contraction of a nickel
rod in an alternating magnetic ficld. The end of the rod
emits high frequency waves.

Piezoclectricity is an electric charge developed on the
surface of certain crystals, including quartz, under pressure.
If, conversely, an alternaiing voltage is applied to a plate cut
out of such a crystal, the plate contracts and expands period-
ically, causing compressions and rarefactions in the sur-
rounding medium.

Every body has a ‘natural frequency’ (Eigenschwingung).
If the rhythm of the externally imposed alternating voltage
coincides with the very high natural frequency of the quartz
plate, the maximum effect, Resonance, is obtained, and the
vibrations thus produced have enormous and astounding
effects.

The energy of sound waves is proportional to the square
of the frequency ; that is why vibrations up to a million cytles
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per second or more are so powerful. E, Meyer has computed
that if an orator talked without interruption for 150 years,
the sound energy expended would be just enough to boit

water for a cup of tea. But water traversed by USW boils -

an egg in a jifly. R. Wood tells us that the acceleration at
the surface of a vibrating crystal, though the amplitude be
only 0.008 mm., can amount to 40,000 kilometres per sec-
ond per secong.*

Wood and Loomis reported, among other spectacular
results, that in a dish of oil with a piezoquartz at the bottom,
the oil drops surged up to 40 cm. height as from a miniature
volcano. They worked with 2 kilowatt power at 50,000 volts.
Later Qriitzmacher constructed piezocrystals in the form
of spherical mirrors and at the focus of such a quartz mirror

a power of only 4-kilowast at 2,400 volts makes the oil jump
even higher,

A recent development is the construction of ultrasonic
lenses.

Up to World War I, piezoelectricity was a laboratory
curiosity. In 1917, Langevin constructed a device which
made it possible to send out a narrow beam of USW under
water for signalling and for determining the position of
submarines by the echo method. USW are well suited for
the purpose because they are very little absorbed in water -
much less than in air.

The echo principle is also used for measur;

nng ! asurin
of the sea. Utilising multiple cchoes it jg pogsgblgc n:: 1dep§h
to get a profile of the sea bottom, buyy even to chk{c (')hf)l? y
it consists of sand, mud or clay, whether

George Godwin in hig book M i
. A . Marcon SCrl S .
interesting Admxralty order receiveq in 1942 f' d‘escnbes -Mi
Buoy radiating ultrasonic sjppal ith ol *< 04 Submarine
to prevent identification, g for lc)e]'dn‘gmg prlse rates

* If n body moved Out Into spuce wi anngs to be taken
would acquire a velocity of 40,000 “‘Fh,S“Ch 4n acceleration, it
by this time be 2 million : ™. p.s.in 10 seconds and would

flicient

Km. away
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on, but not to be picked up by the enemy, blowing itself up
if fished up, transmitting every one or two hours day and
night but only for 14 days in the 28, with the task of acting
as Radio Underwater Lighthouses. In Sicily and at Anzio
these buoys guided radio-equipped landing craft to their
appointed positions on the beaches. In the English Channel
and in the North Sea they marked sunken wrecks. Before
D-Day these ultrasonic buoys were laid off the French shore
to guide the ships through the enemy minefields without
arousing the suspicion of a highly-nervous enemy.

The principle of sending out USW pulses and measuring
the reflection time is used in industry for finding flaws in
metal blocks or the level of a liquid in a metal tank.

A liquid or solid traversed by an ultrasonic wave system
acts on light like a diffraction grating, the lines of com-
pression being lines of greater density. If USW are thus
applied to anisotropic crystals, they give rise to interference
jmages which reveal at one glance the elastic symmetries of
the crystal. Bergmann who shows some beautiful pictures
of this type in his book on Ulrrasonics emphasizes that one
and the same sample yields at once a complete system of ali the
constants in a way not obtainable with any previous method,

The diffraction spectra produced by USW are also used
in England by the Scophony system of television.

The extreme shortness of the ultrasonic waves down to
the order of 0.00055 mm., that of visible light, makes them
handy as a measuring device, while the long, audible sound
waves are unfit for laboratory purposes. Instruments apply-
ing USW can be used as saccharimeters. They are also used
to determine the velocity of sound in different substances;
which in its turn reveals many physico-chemical character-
istics of the medium, such as compressibility, chemical
structure, concentration, specific heat. In soil analysis, fre-
quent shaking and centrifuging is required to disperse the
colloids from the soil grains. But treatment with Usw
disperses them in a few minutes.

Immiscible liquids such as oil 'water or mercury/water are
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transformed by USW into very stable emulsions. Collo_xdal
systems with any desired size of particles can be obtained
by USW radiation, especially in combination with electroly-
sis. Nitrogen can be dispersed in steel tor hardening pur-
poses, nickel molecules are loosened up, facilitating magne_ﬂc
reversal ~ but to what extent such methods are applied in in-
dustry it is difficult to ascertain. The photographic industry,
it seems, makes extensive use of this property of USW to
produce fine and homogencous emulsions.

While USW energetically disperse solids and liguids in
water, they have the contrary effect on systems called acro-
sols, such as fog, mist, dust, smoke - solids or liquids finely
dispersed in air. Such substances when irradiated by USW
are instantancously clotted togeiher and sink down leaving
the air immacuiately clean. Why this opposite effect ? The
answer s thut @ starlingly revoiutionary process calied
Caviration occurs in waler but caniot oseur in g g,
Cavitation so distupts a liguid that cvenc it it was formerly
gas-free, it is then interspersed with gas bubbles. When 4
cavity collapses, pressures of thousands of atmospheres may
be developed, and high kinetic energies concentrated at very
small spots create devastating mechanical eflects. Cavitation
is produced by high speed propellers and causes heavy
erosions in armour plates, a headache for naval engincers.

But cavitation is also produced by USW during the ox
pansion phase. It is not the formation of a cavity, but its
vehement collapse which causes such turbulent processes
as emullsgﬁcauon. lt_a'lso brmgs OXygen into a reactive state
;f;gmvgdcf:)og; o‘-‘)&gf:lcr;l\layrizc\ilsogsc, €.g. the formation of

P ; hus be indirectly stimulated by
USW. Liquids often emit visible }j
Obviously some kind of exciting or e

go on in those cavities, If cavitation is prevented, which can
be done either by working in a vacuum os under high ex-

ternal pressure, USW neither liquefy gels nor emulsify oils,
but in the cmulsification of water and mercury, cavitation
has 1o part, Ty,

ght during cavitation.
lectrifying action must
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Liguids with a low boiling point can be made to distil at
room temperature when radiated with USW in vacuo: as
the liquid boils in the cavities, the gas bubbles quickly com-
bine to larger bubbles and climb up.

If small living organisms are exposed 10 USW, they are
mostly torn to pieces or burnt or otherwise destroyed. But
what really happens is not yct quite clear. In some cases,
cavitation has been observed in the medium, in others it has
not. Living beings exposed at the same time to violent
compressions and rarefactions of the medium, cannot endure
the enormous tension. But if they are small enough to be
collected in the nodes of standing wave patierns, they may
rest there happily and unharmed - as long as no cavitation
occurs.

If a liguid which swarms with bacteria is expesed to sound
waves, the ccils explode quickty and the antigens, otherwise
difhicult to extract, are liberated.

In Japan, a verminous parasite used to ruin billions of
silkworm cocoons annually. 1f the affected cocoons are
immersed in water and bombarded with USW for 3 minutes,
the parasites withdraw into the body of the worm and
quickly die there from suffocation.

USW are further reporied to deprive yeast cells of their
power of multiplication, luminous bacteria of their lumin-
osity, pathogenic bacteria of their virulenee, to steriiize milk
and to give milk a ‘soft curd character’.

Everybody would expect that powerful rays which can
be focussed would be valuable medical assistants, and
indeed the literature abounds with pious hopes in this
direction. But the only paper  have discovered that tells of
real cures is one hy Pohlman. Richter and Parow (Medizin-
ische Wochensehrizt, 1939) who successfully treated cases of
Sciatica and Plexus Neuralgia.*

While the production and exploitation of USW is a new
adventure for us human beings, animals have used tk}pm since

* More clinical experiments will be needed to Know if this treatment
has real vatue. B
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time immemorial, The hearing apparatus of many an";;:w
is obviously sensitive o these vibrations. When Guuonthing,
his high frequency whistle, spectators who heard “goings.
but saw his dog obey the call, suspected 0ccul¥ "y
Ultrasonie utterances have been studied in g”mhog\?ﬁcn
but the best examined case so far is that of the t‘)fnts.g they
they fly through dark woods or long tortuous LdV(‘;]-d ont
do just what Langevin did first in 1917, 'numclz S;i:rcclion
pulses of USW 4nq then decide from the time un‘ d(* ¢
of the echo where there i an object lurking in the "‘ch- bats
The Americans Pierce, Griffin and _Galamht‘f In(‘;,:rkncss
fly through barriers of parallel wires in complete l]lh was
and recorded the hits or misses. When only thAm,O. s with
covered, the bats were as unaware of the ‘;llr‘jlc‘;t their
plugged cars. When only one car was L‘O\:L_"'CfL t w.{bl as We
pluck. They need both cars for Jocalisation, jus
do. . (1) a
Bats emit three distinetly different types l‘,’ijﬁg'f;eio)nd
shrill audible cry (7,000 cycles per Sccofl;i'n:c; (2) an ultra-
or less) not contributing to obs.taCle ‘l“;ol(asang 0.15 seconds,
sonic cry (ranging from 30-70 klloc);f;:bl’c click which.' when
unfailingly accompanied by (3) a uickly as to be noticed as
the bat is in flight, is repeated so g ] ‘
a buzz, v their ultrasonic utiey.
Remarkable is the way ::“ar‘cag,d what they are domy,
ances according to wh;:(;c‘:mzsonic cries per second, when
They utter less than d preparing for the flight: 2.3 when
sitting on the want?sr:ructed space | 50-60 whep approaching
flying 1hroug'h[::,? there is a sudden drop 10 30, and when
the obstacl:i;ppcns’ you know they have 20t through yn-
this d:jol:;f it does not happen, this iy 4 bad sign.
scarlt‘i: audible and the inaudible or
once, but as the audible is never |,
inaudible obviously IS o overtone, |
voice of its own, an individy
and relative intensities, Thig

ies can be emitted at
cird during flight, the
ach bat has 4 *personal’
al combination of frequencics
Significant ry’ comes from
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ing to fly or to alight, from caged bats seeking
b pr:ealr))adncagve bats awakcnecl:l gé?silﬁi%'s? They are cer-
escﬁ?)iv do tne batsf ‘i;(;d:f()eu?:\, tzmd they are probably p:}?;
tain to come out O e oxpianation s proba f?rr e
e e l?’??:::x:.mdible and ultrasonic t?'ntetsror (o}
imtjgs?(?iirz‘acr?}; high rate of emission of the latter.
ex



Anti-Vitamins
FROFESSOR 10N Y.L'DX!T\'

MaNy substances are now known which antagonise the
actioa of certudn of the vitamins. Such substances may, in
an animal, produce the signs of vitamin deficiency, even
though the dict containy what s normally an adequate
amount of the siamip. Y so far, therefore, as these “anti-
FHAMIOS" may oceur in natural foadstutls, they are cloarly
of importance i the teld of practical dicteties. But a closer
study of them, and of the bistory of their discovery, shows
that they have a far wider theoretival and practical interest.
An wnderstanding of them s, for oxample, hecessary for
those who are concerned in the present intensive seareh for
new deupes for the reatiment of human diseasc,

Mest of the anli-sbamins belong o the Froup a!‘ meta-
bl wnalopues” of competitive inbabitogs, To windurstund
how this type of substanee funetions we hall bave to wo back,

& Yong wuy Throt ngh guite unexpecied paths, Wo mwh( begin
mih Ehrlich, who, searly 8 yeers ago. deseloped &

ehain’ theory 10 avcount for the Nw"m)lu; W oef
pmmunity.

When a2 peeson devadlops dn mmu‘mza\ £y by
fion like typhoid toer b blood beeo: nes capable of re-
seting with the typhoidt bacteria, and maki (hep - ageiutin:
i, or clump together, What ko happenad i thy s\t d»zn‘;w
the infection, the ryphoid bacteriy (ihe antigen) made the

infected patient produce in his ow

s that \f:hmu"r the bloud ;ﬂ zf}fi‘;:;i {:ﬁ:‘uhc anibody

typhoid bacteria, the J?’Ubom reacte ith imu;:d x:sfzti

which then agelutioure wnd 5o grp Fendered 4 be bucreriy,
Avcording 10 Ebriich’, theory, the 1 T M:(:?ﬂne“ 11

antibody ée"““?kd n the biﬁ(mt and the .x‘xm‘ui‘;ft:: I

> >J\§e..v

spReii

Aterid inf}.\.«

36
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bacteria occurs by a union between the two; the fact that
antigens for different bacteria combine with different and
very specific antibodies in the host is supposed 1o be due
ta the twa substances being of such 3 structyre that the one
just its into the other (Fig. 3). No other antibody will com-
bine with this antigen because no other will have a strocture
which fits the appropriate group or side-chain® of the anti-
gen,

| \
i
|
i
A
BACTERIUNM
L pacrenivn
antigens }

Figure Jn—~Davteria entering hody of howt,

i
/ an tiJu‘f}ie 3

ot SN

A
\\”/

Figore 3b— Becterial amigens stimtifere t.C’h. of host (0 produe
antibodies, which Ciroukate i e conditreany,

aath g» - R
and baowna sfc R
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Specificity of Enzymes )

A similar idea was developed by biochemists to explain how
it is that enzymes, like antibodics, arc very ‘fussy’ about !hc
exact constitution of the substance (substrate) with which
they react. For example, the pancreas makes several
enzymes, which digest proteins, carbohydrates and fats.
But the enzyme which digests proteins will not digest fats
or carbohydrates. More than this, an enzyme which will
act upon once sort of carbohydrate will not agtack another.
One enzyme will act on cane sugar, but not on malt sugar;
although they are similar sugars, there are certain chemical
differences between them which make only the one able to
attach itself to the enzyme. The simile which is commonly
used to explain this extraordinary specificity of enzyme
action is that of the ‘lock and key’. The atoms and bonds
which go to make up a chemical substance confer upon it a
characteristic structure just as the grooves and notches
confer a characteristic structure to a key. And just as the
key will only fit a lock for which it is'made, so a chemical
substance will only fit its appropriate enzyme. Unless it
fits, the enzyme cannot act upon it.

Enzyme Inhibition

With this sort of picture in mind, many workers have heen
carrying out investigations on the mechanism of ¢
reaction. One of the most active laboratories in this field s
at Cambridge, where Dr Stephenson and her colleagues have
been studying the enzymes of bacteria for morcblh"mt 0
years. In one of these studies, it was found by Dr Q‘u'n;‘l
that certain substances interfered with the action of m; "
zyme upon its own specific substrate. The action whicl L}l-“
was studying was the oxidation of succipje acid by (:L‘l \1,
zyme succinic oxidase, and the substance which _31 1;}21;
was malonic acid. One curious thing about the : inter Ll’(_(‘
was that the degree of interference ;g not d . ln(crfcrcn;x.
on the absolute amount of malopje acid [h'CPCr}'(i so much
as on the relative amount of yy, 1o s “.‘”4 Wwis present,

suceinic acid. When

nzyme

alonic
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malonic acid was added to the active enzyme, the rate of
oxidation of succinic acid was reduced, but it was consider-
ably restored if more succinic acid was added apd again
inhibited if more malonic acid was added.

CHy, COOH ?H,_, COooH
CHa, - COOH ooy
Succinic qeid ) Malonic acid
Figure 4

It seemed as if there was a competition between these
two substances. Because of their similar structure, ejther
could apparently combine with the enzyme, although only
the succinic acid could be acted upon (Fig. 4). Since therc
was only a limited amount of enzyme, the combination of
malonic acid with the enzyme meant that there was less of
the enzyme available to combine with the succinic acid,
One can picture the molecules jostling each other for places
on the enzyme. And one can sece how it is that the amount
of oxidation which occurs depends on the relative amounts
of the two competing types of molecules,

Sulpha Drugs
A similar explanation was advanced by Dr Woods, who had
also been a pupil of Dr Stephenson, to account for the action
of the sulphonamide type of drug on bacteria. Bacteria may,
like animals, require particular nutrients —~ vitamins - for
their growth, and one of these, required by several species
of bacteria, is a substance called para-aminobenzoic acid.
Dr Woods was struck by the chemical resemblance of several
of the sulpha drugs to this substamcc., and .suggcstcd that
these drugs act by competitive inhibition (Fig. 5). That is,
they get in the way of the vitamin wherever it is in the bac-
teria that it carrics out its function. This theory, that the
sulpha drugs act as anti-vitamins for certain species of
bacteria, is supported by the fact that bacteria prevented
from growing by the addition to their culture medium of
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NHL NHL NH p2
\Y
| !
COoH SO, S
I I
NH g N
N
A. B. C.
A para-a.ninobenzoic acid. B sulphanilamide. C sulphapyridine.
Figure §

onc of the sulpha drugs, arc able to grow again if para-
aminobenzoic acid is added.

Vitamins and their Competitors
Since that time, a number of substances have been found
which act as anti-vitamins in animals. Ny of them ure
substances which have been specially synthegised so 1 to be
chemically similar to vitumins: others have been found 1)
occur in nature. An interesting feature of e synthetic
substances is that, until they are tested, one doe, not kaow
whether they act as }f}tflnlins oras anti-vitaming, A sub\i;ln;.‘t
acts as a vitamin if its structure is sufliciently simijar for
it to take part in al} thg essential functions of the cell in
yvhwh the onglpa{ viamin is involved, Op e other hand,
it acts as an anti-vitamin if its structure jg stfliciently simijar
for it to attach itself to the appropriye cinte of aeii ».n “f
the vitamin, but not enough for i to fulfil jre l'unc‘t%‘ ‘ i ('n
this way it simply displaces the vitamin and m: l()ns.'l‘
deficiency discase in the animal. Hhd may produce

One of the first examples of (ks
is a substunce - pyrithiam
to vitan:in-B, (thizmine),

N ,
o > waich was discovered,
-/:L ; wiich gty antagonistically
Y EAnee at e formulae shows
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CHy

===(C~(H,(H,OH
+/C ™2
~

AN

H— 3§

CHa

Prrithicmine.
Figure 6

how closely similar are the chemical structures of these two
substances (Fig. 6). Pyrithiamine fed to mice rapidly pro-
duces deficiency of vitamin-B, - produces it, in fact, more
quickly and more severcly than does feeding the mice on a
diet deficient in the vitamin. If the amount of vitamin-B, in
the diet is increased, no deficiency is produced; if more
pyrithiamine is added, deficiency again occurs and again
may be avoided by increasing the dietary s.up.ply of the
vitamin still further. In other words, this anti-vitamin acts
as a competitive inhibitor just like the sulpha drugs in
bacteria. ]

Many similar substances have been discovered or pre-
pared and we now have anti-vitamins for a great many of
the vitamins. Many of them are known to act only on
bacteria but quite a number can be shown to produce their
effect in animals (e.g. Fig. 7). It would be a formidable task
to enumerate all of these, so we must be content with choos-
ing some of the more interesting examples.
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Ribotlavin. .
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CH,\ \./NH
; ?\

Galactoflavin.
Figure 7
The Sweer-Clover Discase

One such example concerns a naturally occurring anti-
Vitamin which has considerable practical importance. Some
‘éa“)';e:arsas(gjo ha disease was observed in the prairies of
cattle Suﬁ"ere(; ;’- Western States of America in which the
Many deaths, A l'Olfn.ha:morrhugcs severe enough to cause
Or even 3 scr.atc;efmve"y small operation such as castration,
sometimes coulq ni)(imb: fence, often IFd to hlcchg which
thought to be duye 10 stopped. At f!rslt this dlS(?ilSC was
search. failed 1o rcves'(l)lm? sort of infection, but intensive
Organism. After a time i(t w: ny - possible dnscu_sc-producmg
10 be associated with th s noticed that the disease scemed
spoiled sweet clover ande tonsumption by the cattle of

s animals could often be cured if

£y
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this food was removed from their diet. Attempts were then
made to extract what was apparently a toxic material from
the spoiled clover, and after a great deat of difficult chemical
work, a substance was isolated which seemed to be the cause
of the disease. This substance, dicoumarol, was found to
cause bleeding in experimental animals because of an inter-
ference with the clotting power of the blood. The effects
produced by feeding dicoumarol were exactly similar to
those produced by a deficiency of vitamin-K, and adminis-
tration of vitamin-K overcame the toxic effects of dicoum-
arol (Fig. 8). The spoiled sweet clover, then, produces ifs

0
y

(Hig

CroMso

o

Vitamin K.

. g 0 0

Divoumarol,
Figure 8

effect becausc it contains dicoumarol, which leads to a
deficiency of vitamin-K in the cattle owing to its action as a
competitive inhibitor of the vitamin.,

There are two further points of interest in connection
with this. One is that dicoumaro}l is now being used in
medicine in conditions where it is desirable deliberately to
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decrease the clotting power of the blood ; amongst such con-
ditions are coronary thrombosis and thrombophlepltxs.
The second interesting point is the possible anti-vitamin-K
activity of salicylates or aspirin. Very large doses of these
drugs are given in some conditions, notably rhcu‘matlc
fever, and it has occasionally been noticed that this is fol-
lowed by a tendency for bleeding from the alimentary .cana.l-
If such effects occur nowadays, they are treated with vitamin
K. The cheinical structure of salicylates and aspirin shows

that they might well be expected to act antagonistically to
vitamin-K (Fig. 9).

COONa COOH

oH OCOCH;

Sodium salicyate. Aspirin.
Figure 9

Apart from the naturaily occurring dicoum?ml‘.m?}fr
antagonists for vitumin-K have been synthesised ‘rl"xcroi
Jaboratory : one of these is a substance called a-tocopb 0
quinone. This is similar to vitamin-E (ﬂ'[(_’COp.hcm”, y l,[
also resembles vitamin-K. In pregnant mice, 1t leads to a
cessation of pregnancy, just as does a deficiency of vita-
min-E. Curiously, however, its harmful cffects are npt over-
come by vitamin-E but they are overcome by vitamin-K. Sf)
here we have a substance chemically similar to two V‘tam.lmf
which causes a deficiency of one vitamin, but whose effects
are only counteracted by the other.

Vitamin or Anti-Vitamin ?
It was mentjoned earlier that a substance made so as to
resemble the chemical structure of a vitamin might not
necessarily act as an anti-vilamin, but might actually be

b vi"‘ ;- (Lo Ry boundar!
d : methods of cultivation, land usage, and boun anes.
ng:f imRﬁgﬂﬂL".ﬁg marks, footpaths. and cul{nvatqd strips in these
fields : and the farm buildines lefi-centre.  R.CAF. photosraph.
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Plates 2 and 3. Caen, N(;.rmandy. The typical Air Photograph lﬁ»ﬁ
mosaic collection of details which are only properly appreciated w oh
viewed under high magnification and stereoscopicallyv. This ph-omgr'alpc
of Caen - taken during the battle of Normandy ~ was of tactical va ur
In that it revealed the usable roads, etc., in the town. Photographs of
this type reproduced in the Precs were normally made from Comf
deratives and reproduced on too small a scale to reveal the wealth 0

detail recorded. The rectangular arca outlined in white is reproduced in

ﬁ?/?pm detail opposite to show the damage to the bridge. ¢ rown Copy-




S ‘i : ercially valuable scaweed by making
ates 4 Detection of commercia uable scaweed :
{’I.nq 4\3:(1 H:;lns)thv green light (sec above) and mfm-rf Mdmllion (gx..lob\z'i[.
LT%T[:J”"] mi., photograph shows a belt of probable roT( »\cug . an tdbare
f';xbrul weed C. That belt B is weed and not dar —'lom‘:’ o\l;:cbri re
?ock )lls“::?u ;rom the infra-red print, on which thc ?\g'cflk.\;(vfr{u)ar(r:r Ls;nynd ugnd
owing (0 1ts high reflectisity in e et 10 the weed Undor.
shi - ar dark on the mfra-red p xeent for isolated plants
:S:Pc%l(;\‘xdm(z‘)‘ix invistbie on the nfra-red print 'L,\u.[?( for l)slol’;ztti‘ y‘»rinls
covered by a few inches of water; sIereoscopic c“"“"?"\["”," o ;; K. Wiggs,
however, confirms bottom weed at (C). ¢ uur.lt.;\v\( «IZ’ ajors P. K. 5
P. E. Conant and the A my Photographic Research Unit.
™ Ly ey W F

v

Plates 6 and 7. The Human
Chest, above as seen by the
€ye, below as recorded by
infra-red photography. The
surface layers of the skin. g
like the haze which obscures
the detail of a distant land-
scape, the surface layers of
oil paintings, and a large
variety of dark pigments, al}
transmit infra-red ravs and
SO permit the photographer
1o record detail invisible to
the eye and the normal
photographic emulsion. Here
the method has a medical
applicdtion - the recording
of the superficial veins run-
ning hidden beneath the skin.
Itis of value jn the study of
varicose veins, the dilatation
of veins of the breast in some
hgan diseases, certain skin
discases {e.g. eczema and
|UPU$): and for recording the
.condition of the jris of the
eye through an opaque
cornea. There is a common
misconception that infra-red
photography will penetriate
clouds and fogs. In fact, as
acomparison of Plates 4 and
S demonstrates, photo-
graphable infra-red radiation
is absorbed by water and the o
infra-red camera is nearly !
as helpless as the human eye §
in fogs. Infra-red does. j
however, penetrate heat
haze and when long-distance
infra-red photographs are
made in very clear weather,
they will accordingly record
details invisible to the human
cye because of haze. Courresy:
Eastman Kodak .
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Plates 13, 14 and 5. A natterjack toad cating an insect. The exposure times in
cach case was about o millmn\}\ of a second .lnd‘w‘ls miven by a ‘l)awcs micro
flash unit. This is triggered off by a weak clccmcal cireuit which is completed
when the moist tongue of the toad touches the insect resting on a weakly clcg-v
trified plate. By introducing a very shght delay between the making of this
contact and the firing of the flash, events taking place 4 very short time u!lcrw:mls
can also be recorded, as in the case of the insect halfway nto }hc toad’s moglh.

' By courtesvof the Curator of Reptiles,

London  Zoological Gardens, and
B ANodah Rexearch aboratoriey.

Plate 16, A chameleon
prcking up an insect.

; — in
Plate 17. Low altitude aerial photographs are of value in town planning

and in making trathc survey rccqrds at app‘rop‘rum t(;rr'lnlcsb(‘):fcl(t)\lcleglaeyd
The *bird's eye view provides evidence which L\)L'll ~ ;;}le e collected
very laboriously from the ground. When phmfolggo%th are made from
fuxl'-moving aircrafl, eaxposures of the order o § ! o s e
used. At low altitudes the image cast by the Lx'lmf‘l'd_ ns moves very
apidly across the focal plane. By arranging lhat“ un‘n’g> the o pos re
lrl;:,“ film is automatically wound 1hrou'gh lhc _ca‘nz‘.‘m‘hl:r 1» eict‘:\rr]es
direction and at about the same Qp'_:ed as tlns l‘lT\dLL, S 3 [\'p N ‘
.an be made even when the aircraftas l»ravcllmg:n 400 miles an hour.
z:’(?mmrc‘ page 107, par. 2. Courtesy Fastman Kodak .
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Plate 18. Comparative infra-red and Sy
same Area of Forest. This technique en
be differentiated. The subtle differe
repraduction, but from the actual photographs the six types of tree are

distinguishable as indicated on the Key. Courtesy of Harvard Forest amd
Fuairchild Aerial Survevs, fne

per-XX Pan photographs of the
ables certain types of conifer to
nees are lost in photomechanical

i : e m roung growth;
o e pine old growth: 2. White pm.c‘ you b
‘a( ' \\Nl i ' i\r"{chli‘r:dipclu:ing old fence row: 3, Mixed white pine, her’nl(:k.
,_a.‘ h;‘;:S\eoods- 4. Hemlook: S0 Mived hemlock and hardwoods:
ang S, .
6, Hardwoods.



Plate 19. Photograph for Determining Tree Heights by Parallax
Measurements (see page 83, R.CAF. Photograph.

: 2 Y - A 5~
Plate 20. Geology: Fault North of Great Bear Lake. Courtesy of W/C
Pearce. O.B.E., Dr. A. W. Jollifle und the R .A.F.

e ———

[

: R
Plate 21. Man's fight against land erosion (sce page 86). R.C.AF.
Photograph.

Plate 22. Geology: Tertiary Strata ncu Cape Yakatag: ' ka O
. g ataga, Alaska - Qil-
bearing strata have bcqn revealed as a result of oil seepage, recorded
in such photographs. Courtesv Bradford Washburn. )
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Plate 25. Production of dimen-
sional plans from photographs.
After the church had been
destroyed (left) the essential
dimensions were deduced from
the pre-war snapshot (right).
The task is greatly facilitated
if the photographs are made
under properly controlled con-
ditions and, if necessary,
facsimile replicas of such
objects as the Elgin Marbles
could be produced with the
aid of properly-made stereos-
copic photographs. )
The science of deducing
dimensions from photographs
is called Photogrammetry. it
was not until 1946 that Great
Britain followed the cxample
set long before the war by all
the other major nations and
established a University Chair
in the subject.

Ordinary film base expands
and contracts with changing
humidity in a somewhat ran-
dom fashion and until the
introduction of ‘“Topographic
film base, negatives from
which very accurate dimen-
sions were to be deduced were
made on glass plates. ‘Topo-
graphic’ film base has uni-
formly predictable and very
low shrink characteristics, and
is used in air survey work. If
the prints are made on bro-
mide paper laminated to
aluminium foil, dimensional
accuracy is retained in the
print - from which it is usually
more convenient to work.
(Reproduced from ‘La
Metrophotographie appliquec
a [larchitecture’ by courtesy
of M. H. Deneux).



Plate 26. Golf ball at the moment

spark) flash study. Courtesy of
H. E. Edeerton & K. J. Germes-
hausen.

Plate 27. Radiograph of golf ball
and club at the moment of impacl,
showing how the core is deformed.

of impact. A high speed (clectric

Plate 28. Radiograph of 16-mm. magazine Cine Kodak. Eastman Kodak Company.

Plate 29. Radiograph showing the path of the dirt particles
In a vacuum sweeper while in operation. The bag is seen
bottom right. Westinghouse Electric International Co.

& Y



Plate 30. Photo-elasti i
e 30. AStIc stress analysis. Str i ]
s S ¢ . €sses in roots of
IOI!;bm;l blades of a jet engine. (See the explanation on page
) National Gas Turbine Establishment.

Plate 31. Typi . .
alloy cast irzg'ia:a];"e'a"l"&ml Photomicrograph. High chromium
%

Plate 32. Typical Instru-
ment panel as installed in
a prototype aircraft during

given by the various forms §
of recording devices meas- 3
uring strains, stresses, etc.,

and recorded by a sub- 8
standard cine camera.

Plate 33. Still from time-lapse cinemicrograph, showiag cell-division in the
sperm-mother cell of a grasshopper. This stage is the anaphase, taken while -
the chromosomes are separating into two groups. This photomicrograph of
the living cell is made by the method of phase microscopy, at an approx.
magnification of x 1,200. Phase contrast microscopy is a method by which
focal variations in refrac- _' S SR W‘: 1

tive index or thickness of
the specimen are shown up
in the image as though
these  vanations  were
brought about by differ-
ences in opacity. This
enables a high contrast to
be obtained in photo-
graphs of living cells, and
details thus made visible -
which otherwise appear
only in fixed and stained
preparations. From a film
made in the Zeiss Labora-
tories, Jema, by Dr. Kurt
Michel.
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Plate 3_8. Hard cheese is made in a large vat rather like a bath.
The milk is set with rennet into a junket and then cut up with
special knives into small picces about the size of a pea. The
mixture of curd and whey is then stirred and the temperaturc
gradually raised until the fumps ot curd have exactly the right
‘fecl,’”aflcr which the heat is turned off and the tumps of curd
are allowed to settle to the m of the vat. Jp
The cheese maker is here ggcor[lt(t)csting the curd to find out |fl|t
1s yet firm enough to settle. This judgment requires conmdqrab (3
skill and experience. By permission of REM.E. Mugazine.

vt o0 e

Plate 39. The correct consistency for settling the curd (see plate
38) still has to be decided on by the cheese-maker, but it is a
great advantage to have an instrument which gives a figure for
consistency so that no skill is required to find out whether the
chosen consistency has yet been reached. Plate 39 shows an
mnstrument for measuring the weight and height of a cylinder
of curd, and also automatically calculating the density. The
density (weight of a given volume) tells us how far the heavier
whey has been able to run out of the curd to be replaced by
lighter air. The firmer the curd the easier thig process becomes.
When the density has fallen to a previously chosen figure, the
curd is settled. Courtesy of Kraft Cheese Co.



Plate 40. The grader tests the ‘body” of checese either by :‘ka':g
a cylindrical boring with the tool shown in_the ﬁguror by
Judging the “feel” of the plug of cheese in his fingers. of by
Pushing his thumb into the rind. But his thumb quic useful
and long training is needed to acquire the skill to give us
Judgments in this way.

Plate 41. A hardness tester in which the penetration of a ball
into the surface of the cheese under a standard load is measurpd.
This serves as a kind of mechanical thumb and agrees fairly
well with the grader’s opinion. Keestra in Holland has made a
similar study of the firmness of butter as judged by thumbing.
Courtesy of Kraft Cheese Co.
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Plates 42 and 43. Micromotion study of the Collation of Documents.

(See also page 107). The girl had small lamps strapped to he;a ngstli ;‘;
that her hand movements in sorting papers could be record fet%,'ort e
€xposure on one plate. Notice how much more economical o

the arrangement in the lower picture.

without fuselage or tail-plane, has at last succeegied. The Armstrong
Whitworth tailless glider was constructed to provide data for a larger
power-driven flying wing (sec Plate 46). It is bche_ved that this highly
efficient aerodynamic form, for which a great future is envisaged, will lead
to the simplified structure of aircraft of great strength. The glider, which
carries a pilot and engineer-observer, has a wing span of 54 feet, wing
;‘9“7“ 443 square fect and totat weight of 6,000 Ib. Photograph by Charles E.
rowi.

Plate 45. Photograph of a bullet moving at supersonic speed, showing
shock waves emanating from the nose,and other parts of the body
and also the turbulent wake. Photograph by C. B. Daish. ’

B ) : 3 L i 3PE s N
Plate 44. The Flying Wing. The quest for the flying wing, an aircraft
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83 ?;"_‘aén able to act as the vitamin itself, Only a trial can determine
gﬁé'ﬁ whether the new substance fits into the appropriate places
f - 5; in the living cells well enough for it to take over the functions
CEPE of the vitamin, or only well enough for it to get in the way
ety of the vitamin. In some instances a chemical substance may
g2sc o . M :
Zs §: be able to actas a v:tamlq for one species while it is an anti-
F39¢ vitamin for another species. H'ere are two examplx?s. The
3 $ ;: first concerns vitamin-B, or pyridoxine, one of the vitamins
gfé':‘sé that are sometimes classed together in.the vitamin-B, com-
B b plex. One derivative of this, desoxypyridoxine, can be usgd
ac_f-_'*E instead of pyridoxine for the growth. of certain bacteria,
3% :2 whereas in the chick it acts as an anti-vitamin and causes
<3v*
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.",gfg . Figure 10 '
g‘ggf deficiency of pyridoxine (Fig. 10). Another derivative is a
Z.E*‘; [ vitamin for some plants, for example tomatoes, and an '
‘é_i-; oF anti-vitamin for certain fungi. The second example concerns
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biotin, another vitamin of the vitamin-B, complex. A
derivative of this, desthiobiotin, acts just as well as biotin
in certain yeasts, but as an anti-vitamin in some species of
bacteria (Fig. 11). In this instance, it has been found that the

yeasts (or which desthiobiotin can act as a vitamin have the .
property of converting it into biotin, whilst the bacteria for

which desthiobiotin is an anti-vitamin cannot do this.

Artificial Vitamin Deficiency N
Some animals normally do not require a particular vitamin
in their food, since they are able to manufacture it them-
selves. For example, apart from humans and some of the
higher apes and guinca-pigs, all animals are able to manu-
facture vitamin-C (ascorbic acid), so it is not pOSS{ble tp
produce scurvy in rats or mice by a diet deficient in this
vitamin. It has been claimed that glucoascorb}C acid, a
substance similar in componition to vitamin-C, will produce

io HO ! 5
HO- T i
oo ‘*°'f___|
Ho'f H=C
l |
H-C Ho-f—H
HO~(C—H HO—-C-H
: |
CH,0H CH,OH
Glncoascorbic acid.
Figure 12 ¢
a scurvy-like condition in mice or rats (Fig. 12). More rcc:tils
work, however, suggests that the action of this substance o
different from that of an anti-vitamin since the gond}tl%
15 not quite identical with scurvy nor is it cured by vitamn-t-
There is, however, a more satisfactory example of deficiency

being produced in animals not normally requiring a partic-
ular vitamin. Mice are able to manufacture sufficient nico

Ascorbic acid.
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tinic acid for their requitements, whereas in man a dietary
deficiency of this substance leads to the disease pellagra.
It is possible, though, to produce deficiency in mice by
feeding them with 3-acetylpyridine, a substance ailied to

Coou CocHx

N . N

Nicotinic Acid. 3-acetylpyridine.
Figure 13

nicotinic acid (Fig. 13). That this is a true anti-vitamin eﬁ?ct
is shown by the fact that feeding nicotinic acid to the mice

overcomes the delcterious action of the 3-acetylpyridine.

Pellagra
We might here consider in a little more detail some of the
recent work on the causation of pellagra. This disease is
widespread in the southern states of America, ix_l parts .of
Africa and in the Far East, and is especially associated with
the consumption of corn (maize). For a long_tlme, it was
thought that the disease was due to some toxin prc_sent‘m
maize, but gradually it began to be looked upon as a vitamin-
deficiency disease. In 1937, it was founfl .that'the disease
could be considerably improved by nicotinic gcxd,‘although
it often needed the administration of other vitamins which
were lacking in the diet in order to produce a complete cure.
Since then, methods have been perfected for the estimation
of nicotinic acid in various foods, and it gradually became
evident that the maize diets consumed by patients developin g
pellagra often contained more nicotinic acid than those diets
containing no maize, which were consumed by many indivi-
duals who did not develop pellagra. Part of the explanation
for this is that the body seems to be able to use an amine-
acid, tryptophane, from which it can make nicotinic aciy.
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So the development of pellagra depends on whether thgre is
a deficiency of both of these substances in the diet. Malzg is
known to be very deficient in tryptophane as well as l_‘m.rly
deficient in nicotinic acid, whereas other diets, containing
for example rice, even though they may contain less nico-
tinic acid, have enough tryptophane to be able to make up
for this. But this does not seem to be the whole story, for 2
diet containing just enough nicotinic acid apd tryptophanlc
to prevent the development of pellagra, will produce l;]x:t-
lagra if maize or maize products are added..lt secmsnt at,
after all, the old ‘toxic’ theory of the causation of pellagra
must have had at least some truth in 1t ._Al'though we are ng‘t:
yet certain what this toxic substance is, 1L 1s very likely to ¢
an anti-vitamin for nicotinic acid, and in fact recent wor

suggests that it is indoleacetic acid (Fig. 14).

l_—-—]CHLcoou

N

Induleacetic acid.
Figurc 14
Anti-Vitamin as Insecticide
Nicotinic acid is one more of the group ©
vitamin-B, complex. Still another is inosito
has not been shown to be of much importanc
animals, it is needed for the growth of some ycasts & he
would seem, for some insects. And it is of.m'tercs.t in twt'.
same sort of way that para-amino benzoic acid is O'f interest.
We noticed that the sulpha drugs act by ‘starving bacfcf!a
of this substance, which, for them, is an essential nutrl_cm-
Similarly, a substance is known which competes for inositol,
so that yeast will not grow in its presence unless a great deal
more inositol is added. Y ou may not recognise this substance
by its name eof y-hexachlorocyclohexane, but 666 or gam-

f vitamins in the
1. Although this
e in the higher
ts and, it
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Inositol. Gammexane.

Figure 15

mexane no doubt strikes a more familiar note (Fig. 15). It
is a powerful insecticide and there is good reason to believe
that it works as an anti-vitamin, starving insects of inosito]
so that they die of a vitamin deficiency disease.

Bacterial Anti-Vitamins
During the last few years, increasing evidence has accumu-
jated that some vitamins are synthesised by bacteria in the
alimentary canal of many animals. Appreciable amounts
may be absorbed into the blood stream of the animal and
decrease the dependence of the animal upon dietary sources
of these vitamins. A curious result of this arises from the
administration of anti-bacterial drugs, such as the sulpha
drugs by mouth. This may cause a considerable decrease
in the number of certain species of bacteria in the alj-
mentary canal and consequently a decreased synthesis of
vitamins. As a result, the amount of these vitamins in the
diet, which was adequate when supplemented by the vitaming
synthesised by the bacteria, may now not be adequate, and
vitamin deficiency may be induced. This has been cl’earl
demonstrated in experimental animals given sulpha dr /
In some instances, such as vitamin-K ip rats, the an; ugs.
a vitamin synthesised by the alimentary b'i,Cte . Olunt qf
difficult to obtain deficient animals by djet acteria makes jt
whereas the simultaneous a - cHary means alone,
leads to rapid and severe de 'on of sulpha drugy
» milarly, deficiency of

dministrag
ficiency. §j
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some of the members of the vitamin-B, complex (biotin,
folic acid and pantothenic acid) can rapidly be induced in
rats by treatment with these substances. We have, then, the
interesting fact that they exert their effect by rendering the
bacteria deficient in a vitamin, and in turn the death of the
bacteria may render their host deficient in one or more
vitamins. i,

There has also been some suggestion lately that penicillin,
as well as the sulpha drugs, may have a similar effect.
Patients given penicillin by mouth scem sometimes 0 de-
velop mild pellagra, and this would be due to the decrease
formation and absorption of nicotinic acid, because of the
killing of alimentary bacteria by the penicillin.

Quite apart from this indirect production of deficiency "
the host the action of anti-vitamins on the bacteria lS,}(]’
course, important in itsclf, as we have seen in the case oft_e
sulpha drugs. The use of these chemotherapeutic Qrug;;‘;
medicine began seme years before their mode of acuoI: im-
known, but now that we have this knowledge, @ gfcaLarge
petus has been given to the search for new \dr,ug» hope
numbers of anti-vitamins have been synthesised in the Ito E)s
that they wiil prevent the growth of harmful bacteria. theil:
of course, necessary that thesc substances sban exert he
effect to a far greater extent on the bacteria than on ¢
infected host.

So far, it must be admitted that the scarch has not pro-
vided any spectacular results. However, some interesting
developments have occurred and it seems likely that further
work will provide something realty worth while. On}: of the
most promising lines of research is concerned with sub-
stances which antagonise pantothenic “acid, still another
vitamin of the B, complex. This is necessary for the growth
of such bacteria as the streptococcus and the pneumococcus,
the organisms which produce among other conditions
blood poisoning and pneumonia. The most effective antag-
onist to pantothenic acid is pantoyl-taurine (Fig. 16). This

-
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CH,0M C\,0H
é (AN I‘C@ui)
CHOH C‘LH OH
to (o
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‘%Hz EHl
CH, “Ha
(I‘.oobi SosH

Pantothenic acid. Pantoyktaurine.

Figure 16
prevents the growth of several species of bacteria in labora-
tory cultures and will also prevent infection with these
organisms in rats. Unfortunately, it is necessary to give far
larger amounts of pantoyltaurine than could possibly be
used in medicine, but it is likely that other derivatives of
pantothenic acid may be more successful.

There is some evidence that the drugs which are used in
the prevention and treatment of malaria ~ quinine, mepa-
crine, paludrine, and others - may act upon the malarial
parasite in some such way as do the anti-vitamins. If this is
confirmed, we shall have a new method of approach in the
preparation of anti-malarial drugs. It has also been shown
that antj-vitamins for pantothenic acid can cure ex-
perimental malaria in chicks. Again, this work is as yet not
sufficiently developed to be applied in human malaria
because it i3 necessary to use such amounts of the anti-
vitamin as to produce deficiency in the chicks as well as in
the parasites.

Anti-Vitamins which are not Competitive Inhibitors
So. far, we hav.e described substances which are chemically
allied to the vitamins and act by competing with the vita-
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mins for 8 place in the living cells. There are some anti-
vitamins, however, which act quitc differently, either by
combining with the vitamin so that it becomes inactive of by
actually destroying the vitamin, ,
ng-whitc contains a substance which has a very strong
affirity for biotin. This ega-white substance, avidin, ¢l
bines with the bivtin of the food and the resulting compoun
cannot be utilised by the animal. Experiments have been
donc both with laboratory animals and with human beings:
and biotin deficiency produced by diets containing large
amounts of egg-white. One way of overcoming the effect
of avidin is by giving biotin anti-vitamins like the desthio-
biotin we have deseribed. These can combine with the avidia
and leave enough biotin for the usc of the animal. So we have
the interesting situation that either avidin in egg-white, Of
synthetic anti-vitamins like desthiobiotin, will each produce
. biotin deficiency in an animal, but that both together may
lead to normal healthy growth, since they combine With O
another and icave the biotin itself free. . +oh act
There are only a few examples of anti-yvitamins whic the
by destruction of the vitamin. Breeders of sitver foxes 1o
United States of America were much concerned a few yeafs
ago by the fact that some of the foxes on their farms ]os(;
their appetites, became very weak of €ven paralysed, aln o
many eventually died. Investigation into the cause of this
disease, which threatened serious financial c;onsequel.m.e s 1o
many of the farmers, showed that it was due to qeﬁ91ency'
of vitamin-B, (thiamine). It was then shown that th.s‘dlsease
was associated with the consumption of raw fish which was
often fed in considerable amount to the foxes. The raw fis
contains an enzyme, thiaminase, which acts upon and des-
troys the vitamin in the food. Simple cooking of the fish
was sufficient to prevent the disease since, like most enzymes,
thiaminase is quite easily destroyed by the heat. A similar
enzyme which destroys vitamin-C, is found in green vege-
tabies, and this accounts for the instructions given by the
Ministry of Food for the cooking of green vegetables. I
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they are put into cold water and gradually heateq, especially
if they have previously been cut up so that the enzyme and
the vitamin in the cells are brought into close contact, quite
an appreciable destruction of the vitamin occurs before the
heat is sufficient to destroy the enzyme, On the other hand,
it vegetables are put straight into boiling water, the enzyme
is rapidly destroyed before it has had much time to act
upon the vitamin-C.

This short account of anti-vitamins demonstrates three
things. In the first place, the nutritionist has been able to
make many advances in fundamental knowledge about the
way in which vitamins act. He has also been able to produce
experimental diseases for detailed study, in animals in which
it had previously been difficult or impossible to produce
them. He has, that is, 2 new technigue at his disposal for the
study of nutrition and. as with all experimental sciences,
development of fundamental knowledge cannot proceed
faster than the technical methods which ace available.

Secondly, we now know that we must 100K, in our foods,
‘not only for the presence of adequate supplies of vitamias
but for the passible existence of substances which antagonise
them. Mt is very unlikely that the anti-vitamins in raw fish
of in maize are the only ones which exist, and it is necessary
to bear in mind that there may well be others.

Thirdly, we have a completely new approach to the
problem of the production of new chemotherapeutic agents
whereby we can study the nutritional requirements of
disease-producing bacteria, and then attempt to kill them
by interfering with their nutrition by anti-vitamins, There is
no doubt that, however laborious the search will be, and
however numerous the compounds which have to be made,
therc will be sooner or later & numbcr of effective new drugs

ovhich will give still more of that benefit to mankind which
penicillin and the sulpha drugs have alrcady given.



Modern Applications
of Photography

D. A. SPENCER

USES OF AIR PHOTOGRAPHY

ALL our economists are agreed on onc point, namely, that
one of the most vital problems confronting the British
people - a problem that must be solved if social S??““W
is not to remain a pipe-drcam and the standard of living 18
to rise rather than fall - is to bring about a great increase In
national efficiency by the raising of national productivity,
both in volume and quality. I belicve that phqtogfap_hy. n
its many forms will be an indispensable tool in achieving
this object.

Unfortunately, man is on the whole int',"“‘?c.waux ‘alszs’
and it is a sad thought that only under the primitive ;nm:r
of war does he usually muster the collective Yvnll ?n, . tﬁz
to apply available knowlcdg’c to achieve }ns aims x;]
shortest possible time. The major contributions ,p.}ozﬁ)-
graphy made to victory depended not sO much on basically
new discoveries in the range of photographic technique as
on the effective harnessing on an adequate scale (.)t tccl}-
niques whose potential value was known in 1939. This thesis
is well exemplificd by the recent history of air phO‘_Ogra.ph.y'

In 1940 a remarkable organisation was built up 10 Bntain
for collecting by air photography information about the
day-to-day progress of our encmies’ war cffort. This organ-
tsation - the Photographic Reconnaissance Units and ?.he
Central Interpretation Unit — was responsible for obtaining
the majority of the intelligence intormation we received
from Occupied Europe after the fall of France.

thn. the Allies have got sufficiently tired of maintaining
occupation armies in Germany it is to be cxpected that they

74
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will recall how successfully we kept an eye on Germany by
the far cheaper and more convenient technique of photo-
graphic reconnaissance. In conjunction with a small group
of specialists on the ground it is quite capable of ensuring
that no major industrial or warlike activity takes place in
Germany without our knowledge. :

That aerial photographic reconnaissance would be an
important source of information was, of course, recognised
before the war, but few, even of those intimately concerned,
realised before 1941 the remarkable results that could be
obtained by a combination of first-ciass aerial photography
with a thorough study of the resulting photographs by
experts in many different fields working in close collabora-
tion. The experience which has been gained is capable of
direct application to peace-time research. Indeed, much
information of interest in this connection is probably poten-
tially available in the many thousands of negatives aiready
made by the Allied air forces, and it is to be hoped that this
will eventually become accessible through appropriate
centralised libraries.

Interpretation
There are tw¥o main types of aerial photograph - the oblique,
that is, the pictorial or bird’s-eye view made through the side
of the aircraft (Plate 23), and the vertical taken through the
floor, producing a photograph of the ground as on a plan
(Plate 1).

Although to the untrained observer the oblique presents
the more famitiar view, the scale varies from foreground to
Jbeckground and there is much ‘dead’ ground in hilly or
wooded regions, and vertical photographs were of much
greater use to Our interpreters.

Such photographs are pot pictures in the conventional
seaise, but rather a mosaic collection of details whose mean-
ing is not §mnlcd1§fely obvious. The amount of information
which aq interpreter can extract is directly proportional to
his experience. This in turn is dependent on his full under-
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standing of air photographs as a source of information, his
knowledge of the subject being studied and his access to a
'series of photographs of the same area made on earlier
occasions. He is immeasurably helped by the fact that the
photographs can be viewed stercoscopically; that is, the
picture appears to be a visual model in three dimensions.
A right and left eye record is necessary for a scenc to appear
in relief, and the amount of this relief is determined by the
distance apart of the two viewpoints. When we examin¢ 2
scene with our eyes, which are only about a couple of inches
apart, all sensation of relief disappears when objects are
more than 500 feet away. But the interpreter examines the
landscape as though he were a giant with eyes several
hundred yards apart, merely by placing in his stereoscope
a pair of prints from the series of overlapping l'c?ords which
the detached eye of the flying camera has provided.
Every sterco pair of war-time reconnaissance photograp hs
was studied by specialists in many different fields, SUPPI)'}l“g
its quota of information to each. By 1943, we yad c(f)_l::;;y
what was virtually a photographic Lloyd’s Register © es and
shipping, and we had learned to tell the type of cargod e
probable destination of every enemy ship that mattf;ril: cliv-
followed every important aspect of German industrial a "
ity and knew with remarkable accuracy the month-by-mon "
output of all important factories. We watched Germany's
progress in research on radar and atomic bgmbS- Photo-
graphic intelligence revealed enough information about th;;
development of the flying bomb in time for us t0 make suc
preparations as were possible to reduce the attacks from a
major disaster to a nuisance of no effect on the outcome of
the war. Meanwhile, we were accumulating, via the air cam-
era, essential information on every aspect of the No'rmandy
beaches and landscape which would facilitate invasion.

Future Applications
We have accumulated, then, considerable experience with a
powerful tool of research, and it remains for us to adapt 1t

USES OF PHOTOGRAPHY 77

to the sane requirements of peace. A complete understanding
of the various ways in which this is being done would require
knowledge of the technique of photography which I must
not assume. Accordingly, I shall have to ask the reader
to accept some of my statements as to what is possible
on trust, though I will illustrate them as well as T can by
photographs showing the techniques in action. The fact
that with one blink of its glass eye an air camera can make
a detailed record of the countryside which it would take an
artist months to draw is of course well known. What is not
so obvious is the enormous importance of the fact that the
record is an exact one from which sizes and distances can
be accurately deduced. Much of the value of air photography
in war and peace is due to the many ways in which such
measurements can be turned to advantage. The most fam- _.
iliar, because the most obvious, is the use of air photographs
in survey.

Surveying
The speed and convenience of aerial mapping has long been
admitted, and for inaccessible or difficult country such as
the jungles and swamps of Africa, aerial mapping is ob-
viously invaluable, but its pre-war accuracy left something
to be desired. As a result of war cxperience, it can safely be
claimed that any required degree of accuracy is now attain-
able. In some cases, this accuracy exceeds that of conven-
tional ground surveying, while the improved techniques
available are resulting in appreciable saving in cost.

The usual procedure is for the aircraft to fly backwards
and forwards over the territory to be mapped, taking vertical
photographs on calibrated cameras - the dials of instruments
recording height, tilt, etc., being photographed simultan- -

" eously along one edge of the film. The cameras employed

are set to take photographs automatically at predetermined
intervals, which are such that there is an overlap of about
60%/, between neighbouring records. This is necessary in

order to provide the stereo records on which most mapping
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systems depend. Moreover, to ensure that gaps are not left
in the record as a result of navigational errors, the parallel
lines of flight are close enough together to ensure a generous
overlap between each string of records. This lateral ‘insur-
an_CC’ overlap, which is wasteful in time and material, is not
necessary in the most modern air survey technique in which
the navigation of the aircraft and the operation of the survey
cameras is by radar control from a ground station. The
pilot’s responsibility is reduced to keeping his aircraft flying
at the specified height along the radar beam, the camera
operating at the correct intervals without his interventi?n'
This technique also makes it possibie for the ground station
to direct the aircraft to any predetcrmined point on the
terrain and then operate the camera as many times as are
nceessary to fill in any gap in the records of an earlier fRight,
due, for example, to the presence of an isolated cloud below
the aircraft. As a result, two or three photographs are all
that are necessary to cover such gaps, as against e s
hundreds of exposures which are required to ensure prOPeé'
coverage when navigati aphy are controli
gation and photograp
by the aircraft crew.

The resulting photographs are built up into a mosaic

record of the whole territory — a pictorial map adequate for”

many purposes and containing information from Wh'.c}:
dimensionally accurate maps can be prepared. The aeria
camera in effect brings the territory to be mapped to the
surveyor’s laboratory for measurement )

It follows from the fact that by suitable techniques 2
contoured map of the countryside can be prepared that
dimensioned plans of buildings can be derived from such
photographs. From such plans accurately-scaled models
Gan be prepared and rendered remarkably lifelike by sensi-
tsing Qhelr surface with photographic emulsion and then
projection printing on to them from a negative of the target.
The clockwork precision of the successful attack on St.
I‘ﬁlzalredm March, 1942, owed much to the photographic-
ally-produced model of the port which was made during the
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previous year. This model was photographed from various
angles of approach and in lighting corresponding to that
which would prevail at the time of the attack. Thus the
participating forces were briefed with photographs of their
various objectives which looked as though they had been

made at ground level from a distance of a few hundred feet.

The technique of deducing the dimensions of a building
from photographs was applied after the 1914-18 war to the
problem cof reconstructing war-damaged buildings of which
dimensioned plans did not exist. Several French churches,
for example, were rebuilt from accurately-scaled plans
deduced from snapshots. Plate 25 is an illustration from
Deneux’s La Metrophotographie appliquée a Uarchitecture, a
fascinating account of the geometrical methods available
for carrying out the calculations. B

In Auerica at the moment, air photographic surveys are
being carried out over all existing and several projected
highways. It has been shown that it is possible to calculate
from the photographs the cubic footage of earth to be re-
moved or the corcrete required at particular parts of the
route far more simply and accurately than by ground meth-
ods, and the economy which has resulted is already regarded
as having paid for the cost of the survey.

Air photographs made primarily fo# survey purposes will
record a mass of data of interest to all those concerned with
such economic aspects as land utilisation, agriculture,
mining, town planning, electricity, water and transport
services (see e.g. Plates 1, 18 and 17). In many cases, how-
ever, special flights at particular seasons and times of the
day will be necessary if air photography is to contribute
fullw to developments in other fields, of which the following
are representative examples.

Archaology
Archzologists were made aware through the picneer work
of Cra'wford, Kieller and Insall of the value of the point of
view given by the acroplane, and many sites of archeological
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importance have been discovered by its use. Slight banks,
grass-covered foundations or depressions in the earth’s
surface which are all that.remain of carly earthworks, may
pass unnoticed on the ground, but acquire significance when
viewed from such a distance that any shadow cast forms a
geometrical pattern which is obviously man-made. Such
shadow sites will be most clearly revealed when the sun is
low and in the right direction to cast a significant shadow.
However, the most fascinating -~ because quite unsuspected
- phenomenon which air photography revealed was that

growing vegetation is affected as regards its average siZ¢.

and colour by the previous history of the soil. For example,
if a ditch has been dug on a chalk down and afterwards
ploughed flat and sown with corn, for ever afterwards the
silt filling that ditch differs from the ancient, never disturbed
soil. The more moist or more fertile silt promotes the grovyth
and deepens the colour of the crop and hence in the spring
:ihe ancient excavation is annually outlined by 2 patch of

arker green corn (Plates 36 and 37). imes

Ancient roadways and wall t‘ou)ndations are sor'net;‘mlc?
revealed by the reverse cffect. The shallow stony soil of the
site results in a relatively poorer growth of ﬂ}c crop, o
during a drought leads to more rapid ‘parching of vegeta-
tion on the site (Plate 35). .

A remarkable example is the ground plan of Carstor, near
Norwich (Venta Icenorum). The roads, streets, houses,
temples and market places of this Roman town are ail
clearly revealed in an air photograph made during the
drought of 1928. It will be a matter of chance whether su_ch
ctop markings will record on air photographs made for
oghcr purposes, and for maximum results specially arranged
flights under the dircction of an archxologist must be made
over areas, known to be of interest, at appropriate scasons
and times. A recent serics of flights planned in this way, i
two days® flying time, added more 1o our_knowledge of

Roman Britain than the previous two centuries of archi-
ological research !
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Ecology .

Ecologists, concerned as they are with what might be
termed biological geography, bhave already used air photo-
graphic surveys of South America to provide data on the
density and distribution of population, distribution of arable
land, natural barriers and natural avenues of travel, sources
of power, fuel and water, land utilisation, facilities for trans-
port and the influence of topography on the location of
roads and towns. Such investigations have a close relation-
ship to the sort of studies we have made of Germany during
the war, while the methods so successfully applied to ferret-
ing out the activities of our human enemies are directly
applicable to non-human pests - animal and vegetable. The
control of such disease-carrying insects as the mosquito
and the tsetse fly by spraying from the air is now familiar.
More indirect methods of control may well emerge from
studies of bird migration and population on inaccessible
islands made by means of the air camera. As a minimum,
surveys of this type should be a very convenient method of
checking the efficiency of our attacks on such pests as the
boll weevil or the Colorado beetle. Meanwhile, the advance
of bracken over grassland, and of prickly pear in Australia,
and the distribution and effect on each other of plant com-
munities (woodlands, jungles, prairics) are already being
cffectively studied by air photography.

Colour Filter Techniques
So far I have dealt with ordinary black and white photo-
graphs of the type one can make with the photographic
films used for amateur snapshots, but made through a
medium yellow filter. This absorbs ultra-violet radiation
and deep blue light which, being scattered by haze, would
otherwise reduce the clarity of long-distance photographs.
Full advantage has yet to be taken of the fact that, by the
use of specially sensitised films and sunitable colour filters
the camera record can be made to emphasise detail and
differentiate between various fea‘ures of the landscape in a

1
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manner quite impossible to the human eye. Forestry pro-
vides a number of simple illustrations. Thus, a recent air
survey of the forests of Southern Sweden was made at 2
season when the beech foliage contrasted with that of other
trees — enabling the beechwood resources to be assessed..ThlS
is a simple case, however, for, to the eye and the ordinary
photographic film, beech foliage is noticeably lighter thad
the general run of leaves. ) its
By employing over the camera lens a filter which transm o
only the particular part of the spectrum reflected molc
freely by the foliage being studied, it is possible to Cxaggfra
in the photograph subtle colour differences which wou
undetectable on an ordinary photograph.
An extreme example of this technique
made sensitive to invisible infra-red ra
photographs differentiate coniferous trees
from deciduous - the latter recording as thoug
was white (Plate 18). filter
An interesting war-time application of Suct?s coc;-lglé{shofe
techniques was the determination of the Pst hotographed
water along enemy coast lines.* If 8 b dl rsvater detail s
vertically from the air a fair amount of uP ﬁ- the sea-bed
recorded. This means that we are photograp -mrgnore rapidly
through the overlying water. Now red light 1s gh greenish
absorbed than green light during passage throus hs ~ one
sea water. If therefore we take two photographs - the
through a green filter and one through a red 'ﬁltc’fr deter-
relative blackening on the two photogl’aphs Wh'lCh 15 e er
mined by the amount of light reaching the film willbe 8

is the use of films
diation. Infra-red
very stropgly
h their foliage

. itude -
in the case of the green filter photograph and the magmot\:ler_d

of the difference will depend on the thickness of the o
lying water. By careful measurement of these relati
blacknesses it is therefore possible to calculate the actud
 depth of the water down to depths of 40 feet. Such information
wasinvaluable in planning landings on enemy coasts and has

* Devised by the Army Air Photography Research Branch &'
Larkhill. .
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already found one peace-time application in oceanography.

Marine biologists arc using it for making surveys of ani-
mal communities such as oyster beds and seaweed concen-
trations (forinstance, plates 4 and 5). In its present form it
has potential value in the preparation of navigation charts, -
control of pollution, erosion, and the study of the effect of
currents and tides on the formation and movements of sand
bars. When sufficiently refined, it has been suggested that the
method might even be capable of distinguishing between the
differing bodies of sea water whose movements determine the
movements of fish shoals. The shoals themselves could al-
most certainly be detected by appropriate forms of recor-
naissance photography - an innovation which would have
obvious economic importance.

Forestry
These, however, are possible future applications of colour-
filter techniques where the records must be made under
properly controlled conditions if they are to prove of real
worth, and, as I have already indicated, their present use is
mainly in forestry studies. Here, even qualitative techniques
have already proved of real value. Thus Canadian foresters,
from aerial photographic surveys of forest Jand, have ob-
tained, in addition to such obvious data as the types and
density of trees, details of the composition, age and structure
which are invdluable in forest control. From the photo-
graphs, type maps can be prepared which speed up, simplify
and cheapen the operations of forest management, By
measurements on stereoscopic pairs of photographs (of the
type of plate 19) the height of the timber can be determined
by simple instruments. Air photographs are also used ip fire
control, planning, evaluation of damage by insects, location
of property lines, relocation of Canadian highways and the
planning of new ones.

It is frequently suggested that col
the air would simplify the task of ;
graphs, and already it is known th

our photography from
nte.rpreting such photo-
at in some cases useful



SCIENCE NEWS VIl
8 tainable from black and white photo-

information not ob ed on colour film. Insufficient experi-
. n

d
graphs & :’:,«;fﬁ;n made, however, to draw any but the
ve

ments ha jons.
most gen'er;‘lcgloont:::u;flllotograph is easier to interpret by the
. acnﬂbut it is possible that only in certain special cases
“'?SK.' u‘;‘:’of important assistance to the skilled interpreter.
will it g the war a limited amount of ‘Aero Reversgll
ol‘)j:cﬂ:lor, was used by the British and Arqericap Air
;‘(o _ This was an integral tripack film wh!ch yielded
subtractive colour transparencies built up from msegarablc
cllow, magenta and blue-green dye images (see artl.cle on
Colour Photography in Science News 3). Its main #p-
lication was for such specialised purposes as rgcordmg the
coloured identification pattern of the target mc!xcator flares
» Pathfinders during night raids and the

dropped by the T ;
rccfr%eing gf underwater obstacles near landing beaches in

1h;nP:Crf§aiﬁed form of this film one of the sensitive layers
consisted of an infra-red emulsion and the three .Iayers were
processed in colours which were not negessarll)_' complc’-
mentary to their colour sensitivity — as 1s requxrccli fo;‘ a
‘natural’ colour rendering. In consequence, green gm'bs, or
example, might appear magenta 11l the colour transparcim)
and features in the landscapc which 1n a normal co ’Oler
photograph might escape detection could often be cledr‘y
differentiated in this ‘camouflage detection’ _ﬁlm. Slld’l
material has potential peace-time applicutions in fore_stfy,
but more objective research is required to evaluate statistic-
ally the relative advantages of such specialised forms and
natural colour as against black and white air photograph)’,
for it is easier than might be thought to be the case, for a
skilled interpreter to distinguish between different types of
vegetation in black and whitc air photographs.

Geology
In some regions, vegetation is zoned with respect to cleva-

.

v
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tion, inclination of slopes, proximity of water and rock
outcrops, and hence provides a guide to the interpretation
of topographic features, some of which - such as the site
of old beaches — are obscure on the ground.

Changes in vegetation over a period of time are often
associated with important topographic processes, and as the
surveys spread to such vegetation types as sphagnum bog
and submerged seaweed beds, they impinge on the interests
of geologists, for they yield indirect data on such problems
as the silting of estuaries, coast erosion and other factors
controlling the development of scenery.

The geologist is, in any event, already aware of the value
of air photography in simplifying his studies of geological
structure and land forms. Thus, the size, shape, distribution
and evolution of complex sand dunes is much easier to
assess from the air. Air photographs made for such purposes
will in turn facilitate the work of prospectors for mineral
depesits, and the mining engineer (see e.g. plates 22 and 24).
In Canada, for example, the information on the distribution
of rock formations furnished by the early geologists was
mostly confined to the main water routes and did not help in
the case of wide areas distant from the principal rivers. It is
estimated that only 119, of Canada has so far been ade-
quately mapped from this point of view, and that without
the use of air photography it would take 200 years to com-
plete the task at the present rate of progress. However, the
Canadians are now going all out on an air survey pro-
gramme, and during 1946 a basic photographic coverage of
about half-a-million square miles was obtained - about one-
seventh of the total area. For 1947 the target is another
three-quarters of a million square miles. Already this work
has paid a dividend in the discovery from the photographs
of rich tantalite deposits. graphs

Soil Erosion

One of the earliest and most characteristic features of the

growth of a civilisation is the change which 1s imposed
N on
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the vegetation of the countryside. Where Nature would
have a forest - or, as in the case of the Nile Valley, a desert -
man makes fields, and so on. When, as in England, the
country is small and the civilisation old, one finds that the
landscape is eventually a'most entirely man-made. With
increasing facilities for making such modifications which
the twenticth century has placed in his hands, man runs
grave risks of upsetting the balance of Nature to his OWR
detriment ~ as when he creates huge deserts in America by
unwise deforestation. The new deserts in turn facilitate the
production of disastrous floods which, among other things,
may lead to the transfer of ailuvial soil to inconvenient
regions, )
Accordingly, extensive development of land by empirical
methods will sooncr or later have to give way to contro

development based on a study of conditions which cat con- .

veniently be made from the air. Since the natural V.egetatlon
over any particular region is a product of the various %6::
logical and climatic attributes of that region, i!s study ble i(t)a-
any development is planned can lead to 2 rational ¢xp Oour
tion of virgin land and appropriate ™ ‘;’d ifications (0
treatment of land which is being misuscC

Already over 50% of the U.Sg.A. has bcen.photogf?Phe(;
from the air to cnable the Soil Conservation®Service 0
Washington, D.C., to compile an inventory of the physical
land factors involved in soil erosion. These photographs
(lee 21) are used to determine soil type, land slope, grad-
lent, present use and degree of erosion. The records not only
provide a factual bird's-eye view of the land and its p,-f:scnt
condition, but will be invaluable in future years as a basis for
comparing land conditions from time to time and for follow=
ing trends in land use. The acreage of crops and other vegeta-
tion can be determined very rapidly and economically by
colouring the photegraphic prints according to the crop,
cutting up the prints and weighing the collection of various-
;haped pieces of any one colour. The area can be determined
irom this weight with an accuracy of 1 in 1,000. Such

USES OF PHOTOGRAPHY . 87

photographs can also supply a basis for the making of
payments to farmers for diverting acreages from soil-deplet-
ing to soil-conserving crops, and for carrying out approved
soil building practices.

Physics

* The photographs we have been considering were all made

from aircraft flying at heights of not more than a mile or so,
and the physicist is, on the whole, only mildly interested in
them for the data they provide on atmospheric haze. The
physicist is more interested in the records obtained on
photographic plates which have recently been sent into the
stratosphere in rockets. He has thus obtained records of
cosmic radiation and the sun’s spectrum made above the
absorbing blanket of the atmosphere. The man in the street

‘is more impressed when automatic cameras installed in

such rockets primarily for other purposes bring back from
100 miles up photographs of the earth’s surface which dem-
onstrate conclusively that the earth is a ball. However, the
data on cosimic radiation will, in the long run, be a far more
important contribution to our control over Nature than
spectacular confirmations of something known to Galileo.

The Future
Unfortunately, many of the most interesting peace-time
applications of air photography have no immediate com-
mercial future, and the problem is tHerefore bow to get such
work carried out. The British Ecological Society has taken
a first step by circulating to scientilic authorities and res-
ponsible Government departments a memorandum recom-
mending the establishinent of an aerial unit for scicntific
work. Such a unit would form an invaluable focal point for
researches in many fields and would be of great potential
value in another cornection. Photographically speaking
we were very backward in air photographic techniques ;t
the beginning of the recent war. Photography was not hiéb]y
regarded as a service career and certainly offered fow atirac-
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tions to the scientifically-trained young minds on which
research largely depends. The question is therefore how to
keep alive this interest in the minds of intelligent men, who’
doubt whether the next war will be anything like the fast onc

and_ who are averse to wasting their creative energy on the
devising of techniqucs which may not be required. ﬁ’:

creation of aerial units for scientific work, operating from
-principal armed forces” air photographic research establish-
ments would seem a reasonable solution, if any grovP of
investigators faced with a scientific problem which ‘atxr
photographs might help to solve could, through appwp"ahc
mechanisms, have access to such units. The grf’""d teci-
nicians would then have a worthwhile interest 10 d?vli:gs
modified equipment and techniques for the solution ot 11
different types of problem. fa

There would be?eal satisfaction in beind 2 n;erléltz(r)lzgi‘
team whosc work involved helping, through E;ln; ing, under
cal group, to uncover details of our histor tzrp of 'cosmic
the guidance of physicists, to clear UP the myst si)ail erosion
radiation; fighting with the geotogists agamfs ests: and 5D
and with the ccologists against the 'ravagcs 0 p h ‘t( e of
on. Devising techniques most suitable for ea;: y)‘encc
investigation would result in the accumulation y ciperérker
and a nucleus of the right type of wained researe’ ¥ ar
and technician. It would fotfow that, if ther® (5 anothe;\t’ o:
photography from the air will be ready from the wor f is
to play its part in man's next effort at destroying wha
left of his civilisation.

SOME APPLICATIONS IN INDUSTRY

Broadly speaking, photography is of yalut in commerce

and industry because it can:

(1) make records which are permanent SOurces of ref'er-
ence and exact measusement in a vasiety of convenient
forms; .

(2) operate efficiently under conditions where the eye 15
helpless either because the light available is too high
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or too low in intensity, because the event is too trans-
ient or too protracted o see, or because visible light is
not involved at all; :

(3) record movement, if necessary it such a way that the
1ime scale is altered ;

‘(4 play a basic part in certain fabrication processes;

{3) facilitate alt aspects of training and education.

Records
Let us dismiss with a mention such obvious applications as
he choosing of factory sites by aeria} survey, the recording
of cach stage in the erection of puildings and plant and the
photographic printing processes ~ known as blue print and
diazotype ~ by which the plans for such activities are dupli-
cated. A conventional photo-copy of a plan made by these
processes is the same size as the original and only minor
improveiments in the processes themselves have taken place
in the Jast 20 years. Document copying processes in which
enlargements or reductions are possible, however, are grow-
ing rapidly in importance. In these processes-the original s
photographed by various forms of specialised carera on to
bromide paper, photographic film or plates. In the mere fact
that the photographic record can be made smaller than the
ariginal we have the subject-maiter for a long book, for new
applications arise almost daily.

In the Statfile system, enginecrs’ drawings are reduced to
6} inch by 4% inch records on non-inflarmmable film. 1a this
foim an enormous bulk of drawings can be filed n a
relatively small space and at a standard size. From the
negative, copies on paper to asy required dimensions can
be praduced by conventional enlargement. la addition, there
are yumerons systems for recording documents on 35 mm
or 16 mm. film with correspondingly greater saving of Spacc'
These range from primitive adaptations of conventional
miniature camera ‘eqfupmcnt to specially designed fully
automatic machines which can be operated by people with
no knowledge of photographic technigue, ple wit



90 SCIENCE NEWS VII

During the war essential information about every mf_:mbel'
of the armed forces was recorded on 35 mm. film, in the
first instance to simplify keeping pay rccords,ve't_c-, up to
date. However, the same technique obviously facilitated the
sendina of information on other subjects from one theatrg
of war to another, A specialised aspegt of this so-cglle
microgram service, namely, the Airgraph scheme - a direct
descendant of Dagron’s pigeon post from beleaggercd Pall‘IS
- made one advantage of such micro-records obvious 1o the

. = : ‘ e than 1,000
general public, who rceeived and sent }nOf]e war. The
million Airgraph and V-mail letters dur1"g6 tnim film for
original letters were photographed on to 1 - ‘print en-
convenience of overseas transport, afld ;rOZtCh by suiface
largements made at the receiving end for disp
mail. -
_ The release and saving of va’lt’mb s by war, accident of
ing of irreplaccable records against (0sS v . dvantages
theft, and the increased availabtiity are o’bv1ou’, J, l‘ouscs
of micro-records, of which baiks a‘r.ld big bU‘S‘”fS;:I How
are making growing use. U.S. pubiic documents . One
by law be thrown away if minaturc ﬂlm copies exist. one
machine tool firm which had nearly half-a-miliion dmw'l‘?i-
occupying 1,500 square feet of floor space has now mf;.ﬁh
filed the lot in two drawers of a letter file. IAlbral.leS, W ll;e
began by storing the contents of newspapers in this wal\)l > aks
now extending the method to their books. All __Enghsh 00 .
in the British Museum wriiten before A.D. 1500 have .b.c‘e
recorded in this way, and the Library of Congress ofters a:
service of micpofilms or positive enlargeinents of any -par
of its ten million volumes. Such roproductions serve the
student just as well as the, often irrepiaccable, Oﬂgmf_‘ls'
This technique has also been suggested as a means 9f deahng‘
with the problem of publishing and distributing those
scientific papers which are too specialised or transxpnt_m
interest to justify printing in full in the ordinary scientific
journals, .

Specialised machines - of which the Recordak is a typical

le storige Space, proiect-

USES OF PH_OTOGRAPHY 9N

example - have mechanised the procedure for transforming
huge piles of documents into midget records on microfitm
to a point where the cquipment can take its place side by
side with other ‘business efficiency’ aids such as accounting
machines and office dupiicators. In the latest model of the
Recordak, for example, documents such as cheques need
only to be fed into a slot by the operator. When'they emerge
a few seconds later both sides of the document have been
recorded next to each other on 16 mm. film. Many docu-
ments are recorded in this way, at a rate of 1,000 per hour
if necessary, purely as a safeguard against loss or fraud - for
example, the cheques passing through a banker’s clearing
house or the incoming entrics complete with serial number
and date in footbalt pool and bookmakers’ offices. In such
cases systems are available for finding automatically partic-
ular records on the negatives. For smaller users combination
units are available which both make the micrefilm record
and project it for reading purposes.

Increasing attenticn is also being given to mechanising
the production of paper prints from these negatives, and
war-time developments in high-speed automatic processing
are a promising first step in this direction. Thus the U.S.
Navy required positive photographic records of the images
produced on the fluorescent screen of radar cathode ray
tubes in the shortest possible time: the right-hand side of
plate 34 shows the kind of picture. The problem was soived
by producing a photographic film which could be processeg
to a positive image in a matter of seconds in g processing
machine which applied hot solutions to the filiy jn rapia
succession. Each solution was removed in turp by vacuum
suction and permanent records of the changing images o
the radarscope could be seen twelve seconds afyer phot n
graphy. _ 0-

In America hot-processed motion pictureg have alread
been used experimentally as a source of television ‘orjg; Y
gf news eventls. rThe overall time for cemplete pro Ce‘;;‘f;”nalii

rying a single frame 6 ~ligan

ying a sing of the 16 mm. used was 45 seconds g
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against 40 minutes for the normal procedure, and the pro-
cessing machine operated at the rate of § feet per minute.

The R.A.F. asked for a photographic paper which could
be printed in contact with an unwashed negative and dried
ig a minimum of time, and here again the problem was
successfully solved. . oned

By combining thesc two techniques, sunably-desxgl!))e
machines would make it possible to produce a large ’}‘)‘.‘mw;;
of copies of a document in a matter of sef:onds lfwtoxﬁd o
required. A fully automatic machine of this t);peand small
course be an expensive piece of.equnpmzﬂ_r; the various
organisations are more likely to be intereste lIn making a
improved forms of reflex copying systems. graphic paper
reflex copy of a document a sheet of thin photograp 'C(Ij) apnd
is pressed into contact with the document to; ; ?iﬁlc senéi-
this is then exposed to light- th(;%UE:;;Zitbi; ]i(g)ht reflected
tiz . ifference 1n .. R i
bye:lhé)::izer;( I:g ﬁght portions. o‘f the orlgmalddo..lum;n;nlts
utilised to form the photographic 1mage. -U_pon e:,ig,%er of"
4 negative image i obtained from which any

positive prints can be made. ‘ ) )

Crudepreﬂex copies can be made with ordinary lpg())(r):](;
graphic paper of high contrast. For best rcsults.specl(;l orm:
of so-called reflex bromide paper and s_pecmlly— esxgnef
printing frames are recommended as a simple method o
obtaining copies of documents at a cost of 2 few pence per
square foot and minimum capital outlay.

Quality of Raw Marcrials .
Turning from business to industrial efficiency, let us glance
first of all at photographic tools which are helping m.c.ontrol
the quality of raw materials. Most of these tools originated
in research laboratories, because scientific research is based
on cfforts to reduce phenomena to forms that can be secn
and measured. The powers of exact description provided by
photography are the very foundation of precise knowledge
and make it natural to use appropriate types of photographic
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material as the retina of microscopes, telescopes, spectro-
scopes, oscilloscopes, stroboscopes, stereoscopes and X-ray
tubes, converting them into recording instruments infinitely
more versatile than the human eye,

Using these instruments enables us to reveal and record
layer by layer the composition, structure and characteristics
of materials. Starting at the outside, a beam of electrons, if
suitably reflected from the surface on to a photographic
plate, produces a diffraction pattern which reveals the
arrangement of the atoms in the outermost layer of the
reflecting body - of importance in the study of lubrication,
polishing processes and other surface phenomena.

Photomicrography normally records the surface as the
eye sees it. By sending a beam of electrons through thin
layers of material an electron image of objects far smaller
than can be seen by optical instruments can be recorded
photographically. X-rays, when suitably reflected from
surfaces, form diffraction patterns on photographic plates
which will reveal the architecture of the molecular structure
of matter to a depth of a few hundred atoms. X-ray micro-
graphy, in which X-rays transmitted by layers a few fractions
of a millimetre thick are¢ recorded on fine-grain photo-
graphic emulsions, yields radiographs which when studied
under the microscope will settle such questions as whether
the copper in a copper-aluminium alloy is in solid solution
or not. Infra-red photography will penetrate thin crusts of rust
and reveal, for example, the cause of porosity in tin-plating.

The now familiar radiographic and gamma ray techniques
enable flaws and faults to be recorded even though they are
embedded in the centre of steel a foot thick. Plates 1] and
12 illustrate how X-rays can show up the faults in a welded
metal junction. Finally, the Betatron, which generates
20-million-volt X-rays, is extending this non-destructive
probing for faults into even greater thicknesses of metal

Some of these techniques are still in the labor'ttory sta.!

. ¢ ge.
Others have already been harnessed 3 Industrial tools a:'
result of the development of apparatus which can sz\fc]ylhz
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placed in the hands of people almost ignorant of physics.

Of these techniques, let me illustrate three.

Spectrographic Analysis
The conventional method of determining the composition
of materials is by chemical analysis, and this is still the most
reliable method in the case of non-metals. The engineer’s
main raw materials are, however, metals, and in particular
alloys, and here photography in conjunction with the
spectroscope has freed hundreds of p<_:ople from the bore-
dom of routine analyses, for it yields, in a few minutes and
at a fraction of the cost, results which would otherwise
involve hours of laborious work. Spectrographic analysis
as a technique was handed over (o industry almost ready-
made by astronomers who had perfected it in their efforts
to determine the composition of the stars. Industrial spectro-
graphic analysis i based on the fact that when clements are
heated in, for example, an electric arc, they emit character-
istic line spectra. In a mixture of substances the intensities of
the lines of the various elements, as recorded on the photo-
graphic plate of the spectrograph, are related to each other
in a way which depends on the percentage present.

Both qualitative and quantimtive an
particle of a substance is therefore possible in the few
minutes necessary to expose and process a photographic
plate and measurc the densities O
densitometer.

Absolute methods of quantitative analysis in which the
densities of the lines are interpreted directly as percentages
are not yet reliable for a variety of reasons. On the other
:l:’;(:; tl;e :\ajority of rolutinc_works analysis is pcrfqrmcd
Specinfensc O?k on the uniformity of a produ_ct. _Accord‘mgly,
Compositio: aaccurately known and qualitatively §1mxlar‘
graphs from w;‘c_ ltl\se: as standards for the production of
trum of these é‘; the analysis is read off direct, the spec-
reference alongsid:en ;:lz:rlson standards being recorded for

at of the sample to be analysed. In

alysis of a mimute -

btained with a micro-
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this way very high accuracy can be achiev

reutine procedure. It so happens that the ‘seen(iitti’zealix?eusteg;
metal§ (i.e., those which are in évidence when only minute
quantities are present) lie between 2,000 and 10,000 A., and
are therefore accessible with a quartz s?ectrc‘)graph wo.;kin
in aiv and recordable only by photography. The sensitivgc
lines of most non-metals are of wavelengths shorter than
1,850 A., and bere a vacuum spectrograph - a more expens-
ive instrument - is required. Accordingly, although the
economy in time and material with which spectrographic
analysis can be carried out suggests that it may eventually

_ replace the majority of routine chemical analytical control,

as yet its chief industrial application has been metallurgy.o
The application of the method to the control of the composi-

tion of alloys has been onc of the outstanding developments

in the non-ferrous metal industry during the past ten years.

Refining operations can be followed step by step, and many

firms now control their foundry output by this method. In

the case of alloys, the refercnce standards referred to above

must have a known history, since the intensity of ‘the lines
in an alloy spectrum may vary according to whether the

samples are in the as-cast state, the wrought state or in the

heat-treated condition. .

The working procedure has been reduced to a simple
routine by the design of apparatus requiring a minimum of
adjustments in use, and specially devised photographic
plates whose characteristics facilitate the easy interpretation
of the records, )

Metallography
From the engineer’s point of view the correct chemical com
position of a structural material is, however, only half t[l:
battle. It may still be useless for his purpose if the .
stituents are not properly combined or the material is o
homogenous. Unless, therefore, the engincer k;ol\ssm;xri}-
N

_ material literally inside and out he

; AR X : must play for safety in

designing castings, struts, and so on, compengastirgcgt fom
;
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ignorance in this respect by undesirable dead weight. This is
costly, and, in such machines as the modern aeroplanc,
impracticable.

Fortunately, in the case of metal alloys a thorough
cxamination of the surface layers of properly chosen spect-
mens will provide much valuable information about the
metallurgical structure of the material.

The photographic examination of the surface | als s
called metallography. Such mechanical properties i}s :t il
ness and ductility are related to the microstructure Ot'n[;lc(m
and alloys, and numerous defects are directly attnbt; a g
abnormalities in this structure, which is built ut? oh a m'.!::

«0f interlocking crystals. Accord_ingly, one of the m: l)-
objectives of the metallographer 1S 10 obtam pl{oto-.mlyctr; :
graphs of polished and etched metal surfaces, recording 73)0
nature and size of the individual crystals as in plate 2.
Recording their change in 5iZ¢ and nature with heat.trc.lu:
ment, cold working and fatigue has lllelped to explain dt he
basis of these phenomena and - more important - helped to
bring them under the metallurgist’s comm!. N

Photography of the macrostructure, r.e., the str.uctit;‘rc' 1:
seen by the eye, not only helps in the sclection of sign 1<‘:d;(_
areas for photomicrography. but provlgics a record pf mar y
ings indicative of unsoundness, cracking, segregation, an
other faults.

The distribution of particles

tface of metals is

of sulphide in steel proy ides &
clue to the process of crystallisation and can be recorded (311
the photographic emulsion without the usc of a ‘can?cl a,
simply by placing a sheet of bromide paper soaked In d!\u\cf
sulphuric acid in contact with the polished surface of ic
specimen. Hydrogen sulphide is liberated locally by reaction
between the sulphides and acid, and this in turn rcacts wit ’
the Silver halide in the photographic paper, forming & dark
silver sulphide image.

X-ray Crystallography Che
X-ray_crystallography is another typical example ol the
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development of a research into a works tool. This is a
technique which reveals the molecular architecture of crys-
tals by a study of the patterns produced when narrow wave-
bands of X-rays are diffracted during their passage through
the material. The atoms of solid substances are always
arranged in a characteristic manner which determine the
physical properties of the material in bulk. The various
patterns produced by diffraction by parallel layers of atoms
are characteristic of these various geometrical groupings.
The first interpretation of these spectra requires of course
an expert physicist, but from the point of view of non-
destructive testing the method can be used in a variety of
ways by workers who need no more knowledge of the phys-
ics of the subject than the average owner of a wireless set
has of the physics of radio. The interpretation of patterns
produced by a modern industrial X-ray crystallographic
unit is, m their hands, not so much in terms of crystalline
structure as on such broad but informative lines as variations
in heat treatment, corrosion, cold rolling, anncaling and
residual stresses. It is interesting to note that a ‘picture’ of
a molecule showing the arrangement of the atoms in space
can be made by working back from these diffraction data.
A series of masks is madc consisting of opaque bands whose
widths and oricntations are calculated from the diffraction
records. Successive exposures on a single sheet of photo-
graphic paper are made through these masks and the super-
imposed record shows the spatial arrangement of the atoms
in the molecule. This method eliminates the laborious calcu-
lations inherent in indirect methods of determining mole-
cular structure from X-ray diffraction data, and the physi-
cist’s picture of a molecule which results is identical-with
that previously deduced from chemical evidence.

Fabrication Processes
Turning now to fabrication processes, perhaps the most
potentially valuable development will be the wider applica-
tion of a photographic technique which shortened by monthg
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esign SLage & he first flight of the
i tween the design stage and t the
the pctnodsb‘; aircraft. This is the so-called photo-templdt:.
later N te is a copy or pattern of some part of &

stem. A templa | X :
byw}'mnic;\l structure. It 1s usually flat, muade of metal or
Tgcod and carrics construction details ot the particular part
v

which assist the fubrication and asscmbly of machinery af

squipment. . o -
Lq’ré)mplatcs have been used since the begmning of the ninc
teenth century and some of the more elaboratc modem
forms requirc as many as 400 man-hours to draw out. More-

over, the laborious scribing opcrati9n5 involvegl haﬂ\'c O“f““_
o be carried out as many as half a dozen times. It hd;
frequently been pointed out that a trcn?cndous amount ©
time could be saved and risk of dimensional crrors elimin-
ated if these subscquent drawings were rcproduceq on the
metal by photography. [t was, however, the special com-
bination of circumstances arising in mass production ot
war-planes that brought about practical devclopment O
this idea. A modern aircraft contains as many s 25, "
parts, whose outline at some Stage had to be dr‘uwnA on m;"ld‘
with an accuracy measured in thousandths ol an inch. 1\5
design serves as a guide when the sheet is cut, filed, dnl‘ot
or punched to make the aireraft part itself or»thc mgls wi (}
which such parts are made. For the precision inspection an¢
assembly of components, accurately made check xcmplalh.
and assembly jigs are required, all pmduccd from thft samt‘
basic drawings. The high degree of precision cs?cnt‘la!, tht
complexity of the designs, the frequent modifications a5
design progressed, the need to ensure exact interchange-
ability of parts made in different aircratt plants and th‘t‘
vital need for speed resulted in the photographic reproduc-
tion technique becoming thoroughly established in Americalt
aircraft plants. Months of time and many thousands ol
pounds were saved on each design, and it seems certain that
such methods will find peace-time applications in other
engincering industrics,

In a typical photo-template techaique the design is seribed
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once and for all on lacquered aluminium sheets. These are
placed on suction copyboards and photographed down on
to glass plates, using precision cameras of the pmccs; .
engraving type. The negatives are then projected in the saﬁc
apparatus on to sheets of aluminium sensitised with photo-
graphic emulsion (Plate 10).

The big advantage of this prajection system is that the
scule can be altered when required - for cxample, to allow
for different degrees of shrinkage when the metal from which
a part is to be made is changed, or when preparing smati
models for wind tunnel or other forms of examination. The
projection process is, however, relatively costly to instal, for
precision equipment is essential it the photographic image
is to reproduce the original within the tolerances of typical
specifications.

For small parts where no change in scale is involved 5
simpler and cheaper method is to make a reflex copy of the
full-size drawing on a glass photographic plate and then
print the negative down on to a metal sheet coated with u
light-sensitive emulsion. Alternatively, the original drawing
can be made on a translucent coating on plate glass ana
contact negatives made from this are then printed directiy
on to the sensitised metal. However produced, the metat
print> are then cut out and becore the templates or patterns
that go to the shops.

It is claimed that photographic template methods have
saved as much as £5,000 in building prototype aircraft and
shortened the time between designing and test flight by
from twa to four months as a result of the reduction of time
required to turn out patterns for shop fabrication. So far
only the aircraft industry has made any serious attempt tc;
exploit the process. It would, however. seem immediately
adaptable to motor-car and bout-building, even if only o
factlitate the work involved in making mock-ups, i.c., fuli-
scale models in wood, by photographically rcproduci;;a the
original layout d.irectly on the wood, which the blrildcr
would wse immediately without the delay of marking out.
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Photo-mechanical Processes .
Photographic prints on metal arc the basis of another major
industry ~ photo-lithography - and here again war-ume
researches have made possible considerable simplifications
in the working procedures. Thus the rapid production of
maps in the field was facilitated by the preparation Oﬁlﬂg;j
plates coated with photographic emulsion on :zee“s]sing
negatives could be projection-printed. A mnpledp for use
technique resulted in litho prinfing plates lrezt yroduction.
Although this technique simplified printing p ate l?tl"'“ tech-
it did not cheapen it, and further dcvclopment o .‘L c:} o
nique may well be of greater interest to bustness bouses w.n
already employ simplified photo-litho mctlhods t})r‘ Preg;
aring their own literature rather than to litho printers

such. ’
_called ‘coloured contact screens

The introduction of so : _ :
which eliminate the necessity for skilled haad \fvork in repro
s is however an important ad-

ducing half-tonc illustration . )
vance. These screens may well represent the mosttxmgor:‘_i :r:
. Y : -as$ s he introducti
improveme the halt-tone process since t

provement 1n he contrast of the

adjusted to that of the original s a
J variatioas in the colour of the
me time they automatically yicld
accurate tone production than
al haif-tonc process.

final printing plate to be
result of making controlle
printing tight, and at the sa
a much closer approach to
can be achieved by the convention Pr a
A typical photomechanical printing Pl"“.c_‘s n effgct
photograph in metal, and by making the original d"““'fngla
suitable design it becamec possible to make exceedingly
delicate metal devices - such as the grids of valves of the
hair-line resistances known as strain gauges - by stripping
the metal photograph off its temporary glass suppoft.
Sometimes, as in the thousands of hair-line g“‘t.‘cu!cs‘
which were used in gun sights, the metal image is 1eft on 3
glass support. By using substantially grainless photographic
emulsions the lines on such graticules were quite frec from
graininess and could, when necessary, be made so thin that
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as many as 1,200 separate lines could be produced in each
millimetre width,

Quality of the Preduct
Radiography. - The war also led to a considerable increase
in the use of photographic methods for examining fabricated
articles. The most important of these was radiography ~ the
recording of X-ray images on photographic film or paper.

X-ray pictures are essentially shadowgraphs made by
placing the object to be examined between the X-ray tube
and a fluorescent screen or a light-tight cassette containing
photographic film. The image which is seen on the screen
or recorded on the fiim is produced by differential absorption
of the radiation during its passage through the specimen and
when articles made of light metal and of low economic
value are to be examined as manufacturing routine, visual
inspection of the image is the usual practice. Examination
of the core of golf balls, flash lamp cells, or of the electrode
assembly of small radio valves are typical examples. The
method is also uscful for the inspection of lower-grade light
alloy castings. The photographic method is, however,
essential for densc materials, for the examination of fine
detail and where records are required to meet a specification.
Typical examples are the checking of the proper alignment
of the inner components of sparking plugs, shell fuses,
torpedoes, electrical condenser units and vacuum pumps.
In some cases visual and photographic inspection is profit-
ably combined. Thus the centering of the core of a heavily-
insulated cable can be viewed at right angles as the cable is
drawn behind the fluorescent screen. On seeing a suspected
region, the operator throws a switch, thus making a radio-
graph and marking the region in question on the casing,

During the development stage of an assembly, X-rays will
help to demonstrate why a device fails to function, cxamples
being the revealing of the presence of drops of SOLdgL.th;L
may cause short circuits, o, in the casc of g mﬁmsb:
mnterfere with the hidden mioving mcmbc{:’@ y
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. The valuc of X-rays as an inspection tool has been clear
since Rontgen made the first half-dozen radiographs some
45 years ago, for five of these were typical of the subjects
now cxamined by the industrial radiographer. The early
industrial applications of X-rays were, however, attempted
with adaptations of apparatus primarily designed for medi-
qul work, and it was only when equipment specially designed
for industrial use appeared that radiography came to be
regarded as an essential enginecring technique.

Typical industrial equipment is mobile and can be aPPIECd
{o structures in situ. It thus becomes possible to determine
the position of concealed wiring and plumbing, determinc
the general character of the reinforcement in old concrete
floors to be used for supporting new wachinery or cheek
telephone poles in the highways for unsound wood. Repeat
radiographs of old timber will show whether death-watch
larva are alive by recording any change in their position.
These are more or less specialised applications, however,
and it is in the foundry and welding shop that X-ray equip-
ment has become imperative.

It is now quite common for specifications 1o dcmun'd
radiographs of welds and castings, for X-rays il
demonstrate the presence of cracks, blow-holes and slag
or sand inclusions which might otherwise be revealed only
after expensive machining, or remain as an undetected
menace to the soundncss of structurcs on which our lives
may depend. Not only does radiography reduce machining
costs by keeping unsound parts from the production line
but, by showing the nature and Jocation of irregularitics,
it indicates methods of avoiding them, thus increasing the
vield from such raw materials as castings. Because radio-
araphy cnables soundness to be assessed it ofien permits
the use of lower cost materials and fabrication methods, as
when sand castings are substituted for forgings or spot
welding for slower rivetting. Accordingly, no high-pressure
'\chQed boiler receives a Lloyds’ Class I certificate unless
radiographs of cvery weld are forthcoming, and cvery light
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alloy casting used in aircraft construction is first submitted
to X-ray examination. The thickness of metal which can be
penetrated is directly related to the kilovoltage of the X-ray
set, and a modern portable industrial unit employing 400
kilovolts will penetrate up to 5 inches of steel. For thicker
or inaccessible specimens gamma rays are employed.

Ganuna Radiography
Whereas the wavelengths of X-rays are approximately one
hundred thousand times smaller than those of visible light,
gamma rays are nearly one million times shorter, and we
have to employ one million volts to generate them by the
technique used to produce X-rays.

Radium is a natural source of gamma radiation, and a
radium bomb - that is, a tiny fragment of a radium salt
enclosed in a platinum capsule in a protective lead cylinder -
is all the equipment required. Exposures of the order of
several hours are given by removing a lead plug in the cyl-
inder, and radiographs through 8 inches of steel are possible.
Radon, which permits an even smaller source of high
gamma-ray intensity, is to some extent replacing radium in
industrial radiography. It is highly probable that artificial
radioactive elements will also be employed for this purposc
in the future.

X-ray equipment has been devised which will yield gamma
rays. An example is the Betatron, which is essentially a
specialised form of transformer in which the secondary
consists of electrons rotating in a ring-shaped vacuum tube.
At a certain point in the alternating current cycle an addi-
tional high voltage pulse is applied to the primary, causing
the electron orbit to expand. The electrons in consequence
strike a platinum target, producing million-volt X-rays
which will penetrate 20 inches of stecl ~ a thickness far
bevond that economically practical by other means,

High-specd Radiography
For the majority of industrial work, an exposure of seconds
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matography. Details of displacement and distortioﬂvo'
objects in rapid motion are directly obscrvable as a function
of time when the film is projected at normal speeds, white
velocities and accelerations can be calculated from frame-by-
frame measurements.

Typical engineering applications are the observations of
oscillations or surges in valve springs, the hunting of sy0-
chronous motors, the functioning of telephone n':layS:
clutches, ringers and dials; coin-collecting mCChamsmS’,
contact conditions and the arcing of switches at makc'brcu’l\:
It has proved of value in studying such diverse problems &>
the behaviour of high-speed loom shuttles and obscrvations
of warp breakages, the melting of fuse wire during & b‘.lm,_
out and the detection of gas lc?akugc arcund the charge 1-‘? ]J‘
gun when fired. It has been applied to the testing of m;xtermd?
In connection with impact testing, stress analysis zmd(bc'f;‘ug
ing moment, and to the reduction of nois¢ in such Z\PPdrij'
as typewriters and accounting machines. Valuable sll{u;:
from the design point of vicw have also been made 0:‘, b:md
relatively slow-moving machines as milling nmc‘P‘lll"'v:rm“C
punch and hydraulic presses. Thus it will rcvf‘ll ANCES,
operations caused by excesive detiections and Flc‘::rz;t and
and information relating to punch and dic anJl::m
1o the flow of metal dlfring punching O.P"mw;, thmical, it
_ 1M the movement to be studied is rotary ©f ' xyi down 'by
ts well known that it can be AtPPi‘rc“”y 5[0\\.*—1( spropriate
vViewing the subject by stroboscopic light .Oi :liI‘:w of air

Tequency. A typical example is the study of mb~ (1 cam Lo
through a fan blade, smoke being ted nto the arr s‘ r .
make the air currents vicible, Tn such cases the recor -ll‘:o

f)t Course, be made in an ordinary camera, but lhc. "?k 2i0-
'S of limited application. Genuine ultra-speed Cmu'n‘-cll'
gl'aphy demands radical redesigning of the cumcr‘abg;t ‘
mi?:usc the film mugt rush thn;ugh the camera at “. ossi-

& Minute, a speed which effectively rules out the p

bility of i s
1S normy ~ L alernate te P
and starts, Al methoy of progrew~ion alte

’
USES OF PHOTOGRAPHY 107

A laboratory type makes use of an argon-filled discharge
tube capable of flashing from 1,000 to 5,000 times per
second. No shutter is used on the camera since each flash
lasts only 1/250,000th second, and the film does not move
appreciably during this period.

In commercial ultra-speed cameras, moving optical dey-
ices are built into the camera which send the images formed
by the lens streaming along in synchronism with the rysh
of the film. Thus, for a very brief time, as the film and image
flow together, each image is stationary with respect to the
film. Perhaps the simplest camera of this type is the Eastman
High Spced camera which uses a rotating glass block.
Although this camera can record up to 3,000 pictures per
<econd, 1,000 pictures per second is adeguate for the study
of most machine parts. Naturally, instruments of this type
are fairly costly, and since the majority of enginecring firms
could only find occasional use for them, it is usual for them
:0 hire the equipment, together with a trained operator as
.nd when required.

Cine-records of the movements made by_wgrkers engaged
on repetition jobs can be analysed in a similar manner jn
order to determine the most eflicient and least tiring
sequenice of operations. As an cxample, a step-by-step
analvsis of a timed cine-record of a girl sorting spools led
10 the devising of a method which incregs;d her output 809,.
The sorters find the new method less tiring and, being paid
on an output basis, everyone profits by the change.

It has been suggested that making such records on infra-
red sensitive film would have the psychological advantage
that the worker would not be disturbed by the obvious
presence of a flood of additional lighting which is necessary
when ordinary cine-film is exposed in typical workshops.
The recent spectacular increase in the working speed of
nfra-red emulsions makes such a proposal quite feasible.

For the so-called “micro-motion study’ of repetition move-
ments a cine-record is not necessary. Instead, small lamps
can be aitached to the msoving paris of the operator’s body,
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their light being then recorded over one cycle of the opera-
tion by working in a dimly lit room while the camera shutter
is left open. If the lamps are made to flash at a uniform rate,
the speed of the operator’s movements can be calculated as
well as their path. When two hands are emploved - as In
the case illustrated in Plate 42, saw-tooth modulations of
different types can be employed in each lamp to facilitate
sorting out on tite photograph of the movements made by
each. The figure shows a girl collating the sheets of a manu-
script. The movements made by her bands along the desk
are revealed by the intermittent light trace. The greater
smoothness of movements, speed and economy of effort
resulting from a rearrangement of the posiiions of the
various piles of paper fs seen in Plate 43. Messrs. W. H.
Smith used this technique to study the movements made by
a typist in making out invoices. This led to a rcarrangement
of the data on the form, which reduced the time of typing
each form by two-thirds.
Here again, by working in a room lit with fluorescent
light - which contains o infra-red radiation - the ‘IamPS
attached to the worker's wrists can be covered by visually
opaque infra-red transmitting filters and the record made
on an infra-red emulsion. This adaptation o\fz} war-devel-
oped technique used in training the pilots of night fighters
has the advantage that the operator ca work uf_‘d?r norrpal
illumination conditions and with a minifum O.‘ distraction
due 1o the presence on her wrists of the recording lamps.

Plotoelastic Analvsis
Many faulis in the operation of machines are dugc 1o Sresses
whose cxistence it is impractical to predict &t the design
stage. Valuable guidance can, howcver, often be obiained
by the technique of photoelastic analysis. )

A scale mudel is made of the object to be tested, using &
suitable transparent material. Loads proportional to thOS}i
acting on the real objuct are applicd to the model. which 1s
then examined by polarised light. An urstraned maodel
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placed between crossed Polaroid screens appears uniformly
black under these conditions. Whenever stresses occur
however, the refractive index of the material is altered ami
bright lines will appear which contour the principal stresses,
providing valuable information as to the internal conditions
of- a similar shaped metal object under similar conditions
of load (Plate 30).

If the model is made of a thermo-setting plastic the stress
pattern can be rendered permanent by heating the meodel
while it is under load. It can then be cut apart for three-
dimensional stress analysis. Calculation of the stresses in all
such cases involves measurement of the distribution of the
pattern, and this is materially simplified by making these
measurements from photographic records ~ particularly
when the stresses are dynamic in moving parts. Here, a cine-
film record is the only practical way of assembling the data
in measurable form.

Conclusion
This review has been an attempt to demonstrate how certain
photographic techniques originating in research laboratories
have so far contributed to industrial efficiency.

New ways of harnessing photography as a research toel
are constantly being devised, for its powers of exact des-
cription are the very foundation of exact knowicdge.

It was Eddington who suggested that all that could ever
be known of Nature consisted in essence of pointer readings.
Certainly the scientific research worker nearly always takes
pains to arrange his experiments so that the final observa-
tion employs the sense of sight, and the ways in which photo-
graphy can be used to produce records for visual inspection
is limited only by the ingenuity of the worker. Its value for
recording invisible radiations is obvious, but even when the
eye might appear to be an easier or quicker means of making
a record, the camera is often a convenient tool for t:iiminat’f
iqg drudgery and ensuring accuracy, as when it watches
dials, counts dust particles. records pressures, and so on.
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Tiny pulsations duc to subtle faults in machines can be
recorded and enlarged until not only is their presence
demonstrated, but measurements which reveal their cause
become possible. The differences of refractive index in the
)uminzc of hot and cold air produced by stringing heated
wires across a wind tunnel can be recorded and intensitied so
that even air currents may be photographed.

In many cases, such as the movement of the light spot on
the cathode ray oscillograph, the human eye can only see the
movement as a blur of light and the moving photographic
film is an essential tool for reducing the record to intelligible
form. In others. as in the transient tracks produced in
QIoud chambers by subatomic particles, photography
15 the only way in which a record can be made for subsequeint
interpretation and measurement. When the disintegrating
dtom is embedded in a photographic emulsion the tracks
made by its debris of charged particles are produced by
direct action on the silver salts. Measurement of thess
tracks made permanent by development enables the cnergy
and momentum of the various particles to be determined,
thus providing the vital key to the interpretation of the
atoniic explosion (see plate 31 in Scicnce News 5). It can
therefore safely be claimed that but for photography our
hopes of harnessing atomic energy would remain a nos elist’s
pipe-dream.

I think it will be obvious that many of the techniques
described are highly specialised and can only operate
at maximum cfficiency when the behaviour of photographic
materials under a wide variety of conditions is properly
understood and catered for. It is therefore a matter of regret
t}.mt Ay vet not one of our leading universities has established
either a teaching course or a research department on Photo-
gra‘\phy. In Germany, before the war, nine universitie>
offered training and facilities of the type required, in Japan
two and in Italy four, to refer to our late enemies alone. In
England such courses as are available are intended primaril
for professional photographers; and thosc enterprising
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industrialists who wish to make use of this twentieth-century
tool for solving one of their twentieth-century problem's
must as yet rely on their own resources, or the technical
service departments of the photographic manufacturers, for
essential guidance on photography as a record-maker in the
widest sense.

However, a commiittee appointed by the Royal Photo-
graphic Society has recommended the establishment of a
readership in Photography within a British university. Such
a course would be a valuable first step in ensuring a supply
of thoroughly competent workers of the type required if
we are to take full advantage of this potential contribution
to our industrial eficiency.

Thiv articie is based on two of the Cantor Lectures on Photography
which the Auther cave to the Roval Society of Arts in March, 1947.



Mathematical Instruments and
Calculating Machines

DR GABRILLE RABEL

WHO are EN12C, EDVAC and EDSAC?

If you think they are old Anglo-Saxon kings from the
days of 1066 and all that, your guess is wrong. ENTAC 18 an
Electronic Numerical Integrator and Calculator, 3"‘3
EDVAC and EDSAC are pecsons of a similar character.
ENIAC and EDVAC are of American parentage, EDSAC
is English, a native of Cambridge. Their remote ancestor
is Calculus who, surprisingly, was a simple pebble. ‘Thrac-
ians, we are told, set aside dark calculi to count their dark
days and white calculi to add up the happy oncs. Another
ancestor is Abacus, a board on whose drawn lines (or rods
or wires) counters are pushed along. One form embraccs
Heaven and Earth, carthly beads counting as on¢ unit,
heavenly beads as five.

No improvement of mathematical machinery is reported
before Napicr’s Bones (1617) which were a kind of movable
multiplication table. The seventecnth century is character-
ised by vigorous endeavours to ‘rationalisc’ nmthcmat'lg‘a!l
practice, relieving the worker from mechanical repetitive
procedure to free his mind for real thinking. One approach
to this goal was to simplify the lunguage of mathematics
through various systems of notation and the Symbol".“'”
calculus as devised by Victa, Descartes, Newton and Leib-
niz. Another path to the same goal was the relegation of all
mechanicil work to machinery. In 1642, Pascal built the

* DV stands for Discrete Variable, and DS for Delayed Storage.
E always means Electronic, A Automatic, and C Calulator. The
ENIAC has been in use for some time, the other machines are stll i
statu nascendi,
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Arithmometer and, inspired by this addition machine,
Leibniz made a better one. He is also said to have con-
structed an algebraical machine for the solving of equaticos.

In the early 19th century, a young mathematics professor
in Cambridge, Charles Babbage, dedicated his life to the
idea of saving the time and brains of mathematicians. by
means of mechanical aids. He devised two types of machings,
which he called Difference Engine and Anatytical Engine.

The Difference Engine is based on an arithmetical law.
which appears to the layman almost miraculous. If we form
the squares of the numbers 1, 2, 3, 4 eic., we get the scries
1, 4,9, 16, 25, 36, 49 ... and find that the differences between
them are 3, 5, 7, 9, 11, 13 .. so that the-differences of the
second order are constant=2, The first differences of the
cubes 1, 8, 27, 64, 125 ... are: 7, 19, 37, 61 ... the second:
differences: 12, 18, 24 ... so that the differences of the third-
order are again constant==6. Somewhere the differences of.
any such sequence seem to become constant, and this gave
Babbage the idea that one can build up tables by adding
differences. His Difference Engine was to compute any kind:
of tables (e.g. of logarithms and trigonometrical functions)
both more quickly and more correctly than was- possible
before. But the machine remained unfinished for lack of
funds, and for the same reason the Analytical Engine could-
not even be begun - which is a great pity, for it was designed:
in full detail and meant to be a ‘General Purpose Machine’
like the EN1AC.

The mechanical aids to mathematics are of two distinctly
different types which Professor Hartree distingnishes as
‘Mathematical Instruments’ and ‘Calculating Machines,’
while the American engineers call them ‘Analogue’ and
‘Digital” machines. It is essential to understand what con-
stitutes the difference between them.

Two mathematical instruments, the Slide Rule and the
Planimeter, are widely known. The purpose of the plani-
meter is to find the area of a figure encompassed by a given
curve. If a pointer connected to a wheel is made to follow
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this curve, its sideways movements combined with the
revolutions of the wheel make it possible to read off the
area under the curve, Mathematically one finds the area ofa
rectangle by multiplying width and height. 1f a figure has an
irregular contour, one can divide it into a great numbcr.O'
narrow rectangles and sum up these small strips. 1 the strps
are supposed to be infinitesimally narrow and their numpcr
infinitesimally great, the summation is called integration
and the rough-hewn sign for a sum X mellows nto the
more elegant yet widely dreaded sign [ which denotes atl
integral. The planimeter achieves mechanically what nte-
gration achieves muathematicalty. The tigures submiuc_d‘ to
the planimeter are often symbols for physical quantiies.
¢.g. the indicator diagram which measures the efficiency ot
a steam engine. Ogherwise the curve may represent any
mathematical function whatever. Some of the most com-
plicated instruments called Integraph, Integrator or '?'ﬁ“’
ential Analyser may be roughly described as one planimeter
working on top of another. Onc integraph uses optical
methods. It measures very small and irregular areas by the
amount of light they transmit. Another much-used type ot
‘Analogue’ is the Electrical Model, especially l_w"*?-" tor
the solution of flow problems. To find the distribution of
the current in an extended network by computation implie>
the solution of a great number of lincar equations 1t b
casier to build a model of the network adjusted to the given
conditions and to carry out simple measurements. Such an
electrical model can be used for networks of any kind.
because the luws of flow are similar for eclectric charges,
rases, water, steam or heat, and it is simpler to in.scrt. an
ammeter into an electric circuit than. say, a flow meter Inte
a pipeline. ’ .
These few examples suftice o illustrate the principle of &
mathematical instrument or Anatogue. Numerical data are
not used directly for computation, but transfated into physi-
cal quam‘itics. In the slide rule, numbers are represented by
lengths, in the planimeter by lengths and arcas, in the
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electrical models by amperes, ohms and volts. We might
perform a simple multiplication such as 13 x 0.74 by using
the formula Voltage==Current X Resistance. If we send
through a resistance of 13 Ohms a current of 0.74 Ampere,
we may read from the voltmeter the product 9.62 Volis.

But obviously the result is burdened with all the inaccura-
cies of measuring instruments and there is a limit of accuracy
even for the finest instrument.

The situation is completely diflerent in digital machines.
They deal with numbers as such and usually count some
discrete events, e.g. electrical signals. They cannot, like the
Analogues, handle continuously varying quantities ; if asked
to solve differential equations, they must confine themselves
to summation and cannot pass on to integration. But their
accuracy, not depending on physical measurements, is the
same for the 10th or 20th decimal as for the first.

It is not the purpose of this article to describe any one
machine fully. I have only tried to clear up, first for myself,
thein for others. the elementary principles of such contriv-
ances. This, 1 found, can best be done by reverting to the
first modern calculating machine as sketched by Babbage a
century ago. At that time the Jacquard Loom had just been
invented and its punched card method was eagerly seized
upon by Babbage. He writes: "!‘he Jacquard loom weaves
any design which the imagination of man can conceive.
The patterns designed by artists are punched by a special
machine in sets of pasteboard cards and when these cards
are placed within the loom, it will weave the desired pattern
— either as a damask cloth if warp and weft are of the same
colour, or using different colours.” ‘The analogy of the
Analytical Engine with this well-known process is nearly
perfect. The Engine consists of two parts: (1) the Store in
which the variable to be operated upon and the results of
operations are placed ; (2) the Mill into which the quantities -
are brought to be operated upon. Every formula which the
Engine can be required to compute consists of algebraicui
operations to be performed upon given letiers and of modi-
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fications depending on the numerical values assigned to
these Jetters. There are thercefore two sets of cards, the first
to direct the naturc of the operations, the other to direct
the particular variables on which those cards are required
to operate ... The Engine is of the most general naturc.
Whatever formula it is requested to develop, the law of |t§
development must be communicated by two sets of cardg.
Some professor inquired what the machine could do, if In
the midst of algebraical operations it was required to usc
logarithms or trigonometrical functions. Babbage answqred
that the machine might compute the desired numerical
values in the shortest possible time, but that it might also
use punched card tables. ‘Suppose the engine required the
logarithm of a given number, it will stop, ring a beil and
ask for it. Thanks to the configuration of holes, only the
right logarithm will fit the given number. If the attendant
has brought the wrong card, the Engine will ring a Jouder
bell.’ Babbage adds: ‘It will be an interesting question which
time only can solve whether tables on cards will ever be
required, for the computations made by the Engine are s0
rapid that it may make shorter work by computing direct
from formulae.’

The problem is not solved yet. The ENIAC useS ready-
made tables, another American machine does not. And
concerning a ‘punched card memory’ Professor Hartree
reasons that ‘though it greatly increascs the power and range
of the machine, it does so at the expense of the speed and
fully automatic character of the work.’ It is still true that
cards require human attendance, and humans arc sO
slow!

One of Babbage's greatest worries was the carrying over
of the tens. In principle the problem was solved by Leibniz’
toothed ‘stepping-up wheel’ which, when passing from 9 to
0, moved another wheel by one tenth. But what troubled
Babbage was the time required for the carriage. ‘1 concluded
that nothing but teaching the Engine to foresee and then
act upon that foresight could achieve an unlimited number
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of carriages in one unit of time.’ He actually succeeded in
devising a mechanism by which all the movements the car-
riages required when adding two ten-digit numbers were
made at once instead of successively, and he estimated that,
if the velocity of the moving parts were forty feet per minute,
one addition or subtraction could be completed in one
second.

The EN1AC completes 5,600 additions in one second.
The punching system for giving instructions and for register-
ing results is still in use, a card reader scans the punched
cards and electrical contacts are made through the holes,
Thus the card data are conveyed to the ‘Constant Trans-
mitter’ which makes them, in the form of electrical signals,
available to other units. Babbage’s two sets of cards are
supplanted by two sets of communication lines - pro-
gramme lines transmitting pulse groups which represent
instructions, and digit lines transmitting pulse groups which
represent numbers. Further all the thirty EN1AC units are
permanently connected to a third set of lines which supplies
a standard pattern of pulses from the Cycling Unit. This
contains an- oscillator which runs at 100,000 cycles per sec-
ond. By a Pulse is meant a change of voltage, positive or
negative with respect to some reference level. Each pulse
lasts two microseconds (0.000002 seconds). The standard
pulse pattern is repeated every 200 micrqsqconds. This period
is the unit of time for the EN1AC, for il is the time it takes
for an addition. Other operations require multiples of this
period, e.g. a long multiplication takes 13 addition times.

The pulses are the money which causes the machine to be
a going concern. The Cycling Unit is the mint which issues
the coins, the constant transmitter a bank or clearing house.
The pulses distributed to the various units stimulate the
operations all round and synchronise them. When one unit
has firished its work, it may transmit a pulse to another
unit as an order to perform in its turn.

Each of the thirty units has more than one function.
Their electrical interconnection-depends on the plan of
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operations and is done by hand. but when once sct, the
machine performs extended sequences of computations
automaticallv. Special instructions are given fo each udit.
but a “Muaster Programmer’ controls the work as &
whole.

The basic unit is the Accumudator. An accumulator s d
storing device. The chemical accumulator stores energy, the
¥NIAC accumulator numbers. But it also adds numbers.
This it does through electrical counters. Euch accumutator
vontains 10 decade counters and cach decade counter If'
gadgets with the rather flippant-sounding name *flip-flop..

A flip-flop is pair of vacuum tubes, cach of which pos-
sesses three electrodes (a triode), namely (1) the C atllqdc
which when heated, emits electrons, (2) the Anode which
receives the clectrons, and (3) between anode and cathode
the Grid. If the voltage applied to the grid rises above 3
certain amount, current flows from the anode to the
cathode,

Vacuum tubes of this kiod often act as ampiiers, but
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Figure 17 -A Rip-fiop electronic counter vircuit,
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here they perform another service. The emission of a signal
depends on whether a tube does or does not conduct, while
the magnitude of the current is irrelevant. When a tube is
non-conducting, there is a considerable difference of poten-
tial between anode and cathode, but when current flows
through, the anode potential drops and at this moment it
emits a negative signal to the outside. When its voltage rises,
it emits a positive signal.

The two triodes of each flip-flop™are so interconnected
that never do both tubes conduct at once. A flip-flop is said
o be ‘on’ or ‘set” when its left-hand valve conducts and then
only an indicating ncon lamp glows. When the right-hand
tube is conducting, the flip-flop is said to be ‘off” or ‘re-set’.

The ten flip-flops within a decade counter represent from
left to right the digits O to 9, while the whole decade repres-
ents one place of a ten-digit number, Suppose the number
6,093,528,012 were held by the accumulator, 6 wauld
appear in the first decade counter, 0 in the second ctc. The
counters count clectrical pulses which come, directly or
indirectly, from the Cycling Unit. The 10 flip-flops within
a counter ring are so connected that at any time one of them
only can be ‘on’, and that reception of a new pulse (which
alters the grid potential) causes the one flip-flop which is
‘on’ to be re-set and its successor to be set. This is the actual
counting process. It means that the counter advances, say,
from stage 4 to stage S and, after the next pulse received, to
stage 6. Not all adding machines operate thus by actual
counting. Some use addition tables.

When a counter has reached stage 9, and receives a further
pulse, the last stage is re-set and the first is set, while at the
same time a carry-over pulse passes to the next decade.

Subtraction is treated as a form of addition, grocer fash-
jon. When you give your grocer a pound and your bill is
11/6, he will not say 20 minus 11,6 is 8/6, he will add on to
11/6 until he reaches 20. Here is an example of how it is
done. P means plus, M minus. If 801 is to be subtracted
from 527, the complement 10'% minus 801 is added. Thus:
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P 0 000 030 527
M 9 999999 199

M 9 999 999 726

The last line is equivalent to (-274). There is a special
mechanism through which an accumulator can doliver the
complement of the number which it holds.

Muitiplication can be donc by repeated addition, and
division by repcated subtraction. But the ENIAC uses a
multiplication table and has a special squarc-rooter and
divider. Division always takes much time, but in practice it
can mostly be avoided. ‘

Each accumulator has channcls for receiving and trans-
mitting digit pulses and others for programme puiscs. What
it does when a programme pulse reaches it whether it
receives or transmits, whether it does so once of repeatedly,
whethor after transmitting a number to another unit 1t
continues to hold it or clears it away, depends on the position
of switches on the programme channel.

There are no special devives for solving algebraical and
differential equations. The formulae are broken down into
sequences of simple arithmetical operations. integration
into step-by-step suimmation ; the machine evaluates squares
or cubes or roots and adds or subtracts the rosults. A group
of operations may have to be repeated many times, of agamn
the regular repetition may have to be interrupted. Sometimes
the moment for a change in operations cannot be specified
beforchand und the results themselves determine autos
matically which course the machine should follow. Indica-
ti(?ns for 1 new course may be a negative sign, or cquﬂm)'
of two numbers, or a certain difference between them.

That the various units must be connected by hand, ustng
legions of plugs and switches, is one of the drawbacks of
the ENIAC. Another imperfection is its insufhcient storage
capacity. There are only 20 accumulators and cach of them
can only hold one ten-digit number. Further the ENIAC'S
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requirements in space and glectric equipment are enormous
~ 18,000 valves, 5,000 switches, 159 kilowatt power.

The new machines now under construgtion will work with
one tenth of the valves and of the power and will connect the
various units automatically. The EDVAC is developed in
America, the A C E (mentioned in Science News 5) in the
National Physical Laboratory in Teddington, and the
EpsAC in Cambridge by the director of the Mathematical
Laboratory, Dr M. V. Wilkes, who specialises in combining
mathematics with electronics. The common feature of these
machines is a new and surprising method of storage. A six-
foot tube filled with mercury terminates at both ends in a
piezo-electric quartz crystal. Such a crystal transforms pres-
sure changes into electric irnpulses and vice versa (see Page
49). Thus, if signals in the form of electric waves reach the
entrance quartz, it transforms them into high frequency
sound waves. These travel through the mercury column
and the second crystal reconverts them into electric impulses.
In this form they make their way back to the first quartz
and keep circling round like a moving staircase. The ditferent
rhythms or patterns of the signals represent partly instruc-
tions, partly numbers. As they leave the mercury tube, they
can be sclected and switched into the operating circuits so
4s to enter into the required operations. .

Each ‘memory-unit’ consists of 16 tubes containing 200
ib. of mercury. Dr Wilkes plans to emplo.y.two such uaits
with a total storage capacity of 500 ten-digit numbers. He
hopes to have the machine ready for a rough testing by the
end of 1948. Refinements are to be mtroduged later.

The new machines will use a new counting system. The
fact that valves have only two positions, ‘on’ and ‘off’, has
suggested the application of the hinary;ystem of notation
instead of the customary decimal notauon.

In the latter the symbol 1111 means 1< 107 4- 1x 102 +
110 + Ix 10°==1111. In the forimer the symbol 11t
means 1 %29 4+ 1> 22}tk 1 20==15 and the symbol
1010 siguifics 1520 = 020+ 12 40.20=10.



122 SCIENCE NEWS VII

There are no other figures but 0 and 1. A closed valve
transmits no signal, an open valve one. A second signal
reaching a valve necessitates carrying over as the tenth does
in a decade counter. All this looks very awkward, but the
system requires less complicated equipment.

A machine which can make 1 miilion multiplications it
an hour, opens new possibilities. A scientist need no longer
shrink from tackling a problem which requires several mil-
tion multiplications, he nced only give instructions to the
machine, which will accomplish the work in a day. Quite
a4 number of scientific domains are mentioned which baflle
the physicist, not by the difliculty or profundity of the
mathematical operations implied, but by the sheer amount
of numerical work to be carried out and the multitude o
equations to be solved.* This typs of perplexity has faced
scientists dealing with the structure of atoms and molecules,
the movements of water and air. the results of X-ray
crystallography. But the whole realm of statistics and ec-
onomics, too, is waiting for the machine.

The *Flectronic Brain’
1t is always much casier to introduce a false term than to
evict it. The term ‘electronic brain® has probably come
to stay, but it must be handled with care. ' .

Professor Hartree cxplains: "The automatic con(rm.m
the computing sequence by the results of the culculqtmn
itself endows the machine with “judgment” in a rcx(rlc}gti
<ense, and 1 think it is this, or possible developments ol x.t.
which has led recently 1o the use of the term “clcclrgnlc
brain”.” But it must be clearly understood that the sitwations
requiring this judgment, the criteria to be u}’P“Cd; the
assessment of the results of applying them and the decision
on the action to be taken on the basis of this assessment. all
nave to be foreseen and appropriate instructions o be
worked out in setting up the machine. 1t can only do strictly
and precisely what it is told to do.

® § . 7 Yy ey N -
toranstance, see Science News 6 page T
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‘It is disconcerting how litcrally it takes even the most
“phoney” instructions’ ... It will go on for ever, say, trying
to divide by zero, which no human computer would do.

Dr Wilkes observes that the ENIAC is the equivalent of a
desk calculating machine plus operator, the operator being
a moron who cannot think but can be trusted to do exactly
as he is told.

Tn a letter to the Times (7.11.46) Professor Hartree ad-
mitted that the ENIAC excrcises ‘a certain amount of judg-
ment’ whereupon Sir Leon Simon asked what exactly was
meant by this phrase, and suggested that Hartree's left hand
had given back what his right hand had taken away. Har-
tree, after repeating the above quoted description, added : ‘It
is this faculty of selection of one procedure from several
alternatives on the basis of specified criteria that is meant
in writing of a machine as exercising a certain amount of
judgment ~ a certain amount. The machine can only deal
with those situations covered by the instructions supplied
to it, and every step has to be foreseen and thought out by
the operator and supplied to the machine as operating in-
structions.’

It is interesting that Babbage too ascribed judgment to
his Engine. I make four objections against the phrase ‘a
certain amount of judgment’: (1) Judgment is a faculty
which one either has or has not. It is the knowledge and
training that form the basis of correct judgments of which
one can have a certain amount. A farmer may show ex-
cellent judgment as to crops but nonc as to Kant’s philos-
ophy, while a profound judge of phlloso;_)hy may be ur}ab!c
to judge crops. Has each of them a certain amount of judg-
ment? (2) Judgment must be conscious. If a horse finds its
way to the stable while asleep, it does not exercise judgment.
¢3) Tt must be possible for a judgment to be false. The
ENIAC's judgment is necessarily correct. But if it did make
a mistake, whom would the engincer scold, the machine or
himself? Judgment and responsibility are inseparable, even
in courts of law. (3) To judge and to assess a criterion arc
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mental faculties, and 10 ascribe mental faculties to a machine
may appear as one step towards declaring that “‘man is
fml)’ a machine™ - quite against Professor Hartree's own
intentions. Others have found it possible to describe the
activities of the £N1ac without using these terms.

Sir Charles Darwin, again in that instructive Times
correspondence, wrote: 'in popular language the word
**brain” is associated with the higher realms of the intellect,
but in fact a very great part of the brain is an unconscious
automatic machine producing precise and sometimes very
complicated reactions to stimuli. This is the only part of
the brain we may aspire to imitate.’

Let us imagine some future machinery imitating in all
details the activities of our brain. You may call it boldly an
electronic brain, as long as you do not imagine that a brain
thinks. The term ‘elecironic brain® is only dangerous if
applied in the spirit of Karl Vogt's much-quoted dictum
that the brain secretes thought as the kidney secretes urin,
and if it aims at confirming that shallow creed that man is
only a machine. There is no harm in using it if we realise
that it is not the brain but the mind which thinks, that our
mind is not the product of the brain, that generations of
minds have built up the brain as gencrations of engincers
have built the calculating machine and that the mind uses
the brain as an engineer uses his calculating machine.

. D. R. Hartree, Nature, 20th April, 1946 and 12th October, 1946:
Calculating Machines. dnaugural Lecture, Cambridge University Prese.
1947 Jourzal of Scieniific Instruments, vol. 24, July, 1947 Royal Naval
Sciemtific Service Journal, July, 1947 M. V. Wilkes, The ENIAL,
flectrenic Engineering, 19th April, 1947 Goldstone, Muthomatical
Tables azd 4ids to Conpraarim, vol. 2, p. 97, 1udb, Camplete deseription
of the L.

GLOSSARY

ANISOTROPIC crystals are crystals which have different physical
properties according to the way you look at them. Thus such a
crystal may show a greater resistance to the passage of an electric
current when its east and west faces are connected in the circuit
than when it is turned ninety degrees and connected through its‘
north and south. Anisotropy is a reflection of dissymmetry in the
interpal molecular make-up of the crystal.

BALLISTICIAN : One who studies the mathematical laws governing
the aiming and firing of projectiles.

BiTuMeN : crude tar.

 CHEMOTHERAPY : The study of chemical substances which may be

valmable in the treatment of disease.

CORONA'RY THroMBos1S: The heart, like other organs, has a
special supply of blood to nourish its muscle, in addition to the
great mass of blood which it pumps through every minute. A
coronary thrombosis is the name for the sudden clotting of the
blood in one or more of the special cardiac blood vessels, the

= supply of nourishment to a part of the muscle being thus arrested.

ENZYME : A general term for certain protein chemicals produced by
living cells and capable of bringing about various chemical
reactions, though present only in traces. They are the parts of
digestive juices which break up and dissolve the fat, starch and
meat of tood; they are also responsible for fermentation: the
word ‘enzyme’ in fact means merely ‘in yeast.’

PELLAGRA : A discase in which the chief symptoms are diarrhoea,
a peculiar symmctrical dermatitis (inflammation of the skin) and
often mental changes (dementia), the whole being curable by a
suitable nutrition.

* puLEBITIS : Inflammation of the walls of veins, often associated with
the clattiag of blood in the vein, near the damage. )

SACCHARIMETER : An instrument for measuring the amount of sugar
in a solution, usually through the measurement of some simple
physical property of sugar, such as its power to rotate the plane
of polarkation of pciarised tight.



Our Contributors

G, . Scotr Blair wus born in 1902, He is now Head of the Chemiti
Department ar the National Institute for Rescwch in Dairying, but
his own feserch is more concerncd with physics than widh chemistry
Previously he was at the Rothanssted Experimental Station studying
the physical propertics of soils, flour dough, honey und other mateiah
connected with agriculure, In 1929-30 hie held o Rocketeller Fellow:
ship at Cornell University, where he studied the plasticity of poten
clays, He has written two boaks on rheoloay, the study of the flow an
deformuaiion of materials, s
AW Hustert is s Cambridge graduste, who  has mude scientitiv
journalism his curcer. He is the Editor of Science Fo-day, and authof
of & number of books of which Science in Fransition has Lately been
recomniended by the Book Sodiety.

Gabricle Rahel, of Vienna, studied Physics and Biology at Viennd:
I ¢iprig and Berlin, Author of various publications on the history ¢
scieree including a book on Goethe and Kant. X
D. 4. Spencer is # Past President of the Royal Photographic Socity
{1935.36) and before the war was a Consulting Cherhist and Managits
Director of Colour Photographs [imited, a tirm that, until the O*;:;
break of war, supplied 0 British commereiad ph»otosrﬂphe"“‘_ 1Be
nuiority of the colour photographs used in advertising z!h:st;aupnsi
wined the Kodak organisation at the outbreak of war, and was !o‘m?
to the Royal Aircraft Fstablishment, Farnborough, subsequentiy
becoming Principal Scientific Officer in charge of research and dcvfﬂ.o‘}'
ment on Al Photography in the Ministry of Aircraft Produci}:?;‘-
Afier the war. returned to the Kedak organisation, and is now lech
nical Adviser to the Kodak Organisation. Education: Wyggeston
Gramunar School, Leicester, und Roval College of Scncncc.‘i_ondon.v ‘
Cliver Graham Sutson is Bashforth Professor of Mathematical Physics

at the Military College of Scienge, Shrivenham, \\'insézig ::‘;‘,:‘g:‘;egx

ity teaching 10 join the Meteorologicat Ottice 1 1 - o
research work on turbulence in the fower axmus&phcr‘%}f)ufrfg,g \‘,J"f,}f’;,‘;
was successively Superintendent of Research it the € '.emiL[ Rw‘c;n'dl
Experimental Station, Superintendent at the l;mkArmdmf.‘n | td P
Establishment, Chief Superintendent of the Rudas Rescatch and Deve
clopment Establishment, Maliern, Wores. He 18 marricd and has twd
TN,

John Yudhin was born in London in 1910, He graduated T
a1 London Upiversity in 1929 and in bicchemstry at Cambridge n
1931, He spent the next twelve vears at Cambridge, where he wis
engaged in tescarch in biochemisiry and nutrition. In hus spare (t(r}ni
he qualitied in medicine, trught physiology and was Director of Mediza
Studies at Christ's College. He spent three years in the R,A:M.L:
part of it in West Africi, where he managed to do some furthes
tescarch on nutrition and ahw on makiria, In 1945, be was appoiated 10
the Clhair of Physiology at King's College of Houschold und Social
Science (University of L ondon) where he is continuing his nutrion
seprch His wife comes from South Atvica und they Buve 1o 50

J in chemistry

INDEX

Ampli&udc modulation, 20

Auntigens, 56

Archacology, application of
photography 10, 7Y

Bt fight, 54
iletatron, 103
Bilini, {05

Cavitation, 51

Chesse testing, 13
Chordotonal organs, 19
Colour filter techniques, 31
Compressibility, 27

Dicoumarol. 63

Diet, etfect of climate on, 42
Dhissipation coefficient, 16
Drag, 24

Ecology, upplications of photo-
graphy to, 81

Lddy formation, 24

L:lastic modulus, B4

Electronic brain, 122

Embryo nutrition, 46

Enzyme inhibition, 58

nzyme specificity, 58

Fhip-flop, 118

Forastry, applications of photo-
graphy to, 83

Gamma radiography, 10

CGammexane, 69 X

Geology., application of
graphy to, 84

Giioss meters. 12

Heurt in starvation. 40 )

High speed cinematography, 103

High speed photography, 104

High specd radiography. 4

Tuonitol, 68
Insect comersitions, 19

Jaodoond

photo-

Lir, 28

Moach number, 29

Magnetostriction, 49

Mechanical thumb, 13

Metaltography, application of
photography 1o, 95

Midges, 45

Mineral prospecting, 83

anier’s boues, 112

Okceanography. applications of
photogtaphy to, 83

Pcliagm, 67

Photoelastic analysis, 108
Photographic records, 89
Photo-template system, 93
Piezo electricity, 49
Planimeter, 114

Radio-potasstum, 37

Skin friction, 24

Soif erosion, 85
Spectrographic analysis, 94
Stalling, 28

Star magnitude, 33
Submarine gravity, 38
Sulpha drugs, 59
Sweepback, 30
Sweet-clover disgase, #2
Synchrotron, 35

Tsetse fiy control, 43
Ultrasonic buoys, 5t -

Vegctable cooking, 72
Viscosity, 14

Water. depth determinuation, 82
Wave formation, 23

X—ruy crystaliography. 96
Xeray micrography, 93
»



PENGUIN OCCASIONALS

T hese publications, appearing at irregular intervals, are intended
for the reader desiring authoritative information on science, the
arts, and contemporary affairs. Subscriptions for all of them
are accepted by the publishers, Penguin Buoks Limited, Har-
mondsworth, Middl:sex, at a rate of seven shillings post Iree
for four issues of one book.

PENGUIN NEW WRITING
A collection of critical and creative writing. Its contributions
are selected from the work of world-known writers, anlists
and new authors, Each issuc contains sixteen pages of platcs.

PENGUIN PARADE
Presents in an invigorating manner informative articics by
authoritative writers on social and artistic affairs. The eon~
t@nts are varied, consistiig of critical essays on the arts and
social problems, short stories, poems and illustrations.

NEW BIOLOGY

A miscellany of essays summarising aspects of contemporary
biological research and application. Each number fras 2
sixteen-page inset of plates and a glossary explaining the
scientific terms used in the text.

SCIENCE NEWS

Authoritative information on scientists and their Worl,
compiled by experts for the student, teacher and the.yion-
ne drawings and phéto-

professional reader. Also contains !i
zravure plates to illustrate the subjec

PENGUIN FILM REVIEW
A publication devoted to up-to-the-minute film news and
matters, surveying, in a progressive, stimulating manney, all
the activitics and influences of the film. Also contains rty-
two pages of illustrations from British and foreign films.
PENGUIN MUSIC MAGAZINE

Is intended to give the music lover information oa the world
of music and musicians, The articles, written by acknow-
ledged authoritics, are varied and controversial and each
issue has thirty-two pages of iltustrations.

One hilling and sixpence each

ts treatod.

2)

S -

(2)
._____.. -
i P—
ST
I |
| |




	168359_Page_01
	168359_Page_02
	168359_Page_03
	168359_Page_04
	168359_Page_05
	168359_Page_06
	168359_Page_07
	168359_Page_08
	168359_Page_09
	168359_Page_10
	168359_Page_11
	168359_Page_12
	168359_Page_13
	168359_Page_14
	168359_Page_15
	168359_Page_16
	168359_Page_17
	168359_Page_18
	168359_Page_19
	168359_Page_20
	168359_Page_21
	168359_Page_22
	168359_Page_23
	168359_Page_24
	168359_Page_25
	168359_Page_26
	168359_Page_27
	168359_Page_28
	168359_Page_29
	168359_Page_30
	168359_Page_31
	168359_Page_32
	168359_Page_33
	168359_Page_34
	168359_Page_35
	168359_Page_36
	168359_Page_37
	168359_Page_38
	168359_Page_39
	168359_Page_40
	168359_Page_41
	168359_Page_42
	168359_Page_43
	168359_Page_44
	168359_Page_45
	168359_Page_46
	168359_Page_47
	168359_Page_48
	168359_Page_49
	168359_Page_50
	168359_Page_51
	168359_Page_52
	168359_Page_53
	168359_Page_54
	168359_Page_55
	168359_Page_56
	168359_Page_57
	168359_Page_58
	168359_Page_59
	168359_Page_60
	168359_Page_61
	168359_Page_62
	168359_Page_63
	168359_Page_64
	168359_Page_65
	168359_Page_66
	168359_Page_67
	168359_Page_68
	168359_Page_69
	168359_Page_70
	168359_Page_71
	168359_Page_72
	168359_Page_73
	168359_Page_74
	168359_Page_75
	168359_Page_76
	168359_Page_77
	168359_Page_78
	168359_Page_79

