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Editorial

SoME time ago, at a in London, L
deplored the fact that the scientific journalist is an animal
on the verge of extinction, “All the professional writers on
science for newspapers i the Bittish Isles could get into one
taxicab,” one of them said, and went on to remark that he
knew of no recrnts among the younger men to the task of
presentmg scientific information to the general public.
Various reasons for this were discussed. Perhaps one of
them 15 that there 1s httle opportunity for free-lance work
in science reporting, and consequently people have little
chance of discovening their abilities 1n this field and gaining
experience 1n 1t

It 15 therefore worth noting that Science News does
consider MSS sent 1n out of the blue, and only a part of
each issue 1s 1n fact made up of specially commissioned
articles  We are always glad to have these unsolicited
manusenpts, but we try to submit them to standards of
simplicity and extreme intelhgibility which an orthodox
technical or scientific paper does not have to pass Our
demands are not as strngent as those of a national daily
newspaper have to be. They are really nothing more than

. the rules of good teaching.

Every scientific subject, without exception, can be made
clear to the layman. All the :deas of science are basically
simple and understandable by the average brain, In text-
books and Joum;ﬂs they are, hov\ever, usually wrapped up

and p d m a very
form which assumes that the reader already knows a great
deal and s prepared to struggle for more The job of the
science wWriter 18 to unwrap, and to make the acqusition of
knowlcdgc a pleasure rather than a struggle, and this means
all the technical terms into speech, and
expanding the discussion of the facts and ideas by explaining
6
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their background. Provided an author really understands
his subject himself and has enough space_to wnite hus

expanded discussion 1n simple words, there 18 'no!hmg under
the sun which he cannot clanfy and teach.- JJnfonunmely
some people imagine that populansation means misstng out
even the amount of explanation a scientist expects, and
merely staing a few facts 1o technical jargon  They usually
begin by making the cardinal psychological error of
frightening the reader with “Of course thus 1s very difficult
to explain . " Never admit your mnadequacy m this
way: let the reader find it out.

If you really understand your subject you can explain the
problems facing scientists iz it, why they are mterested in
these matters and how they try to solve them  You can
also discuss the results and the ideas as part of a wider
whole, how they affect the rest of science, and mankind in
general. The discovery of a new drug like penwcillin, ar of
a new atomuc particle Iike the meson, 15 worthy of more
than a bald statement, it needs an account of how the
discovery came to be made, what other research 1t fore-
shadows, its effect on brological or physical theory, its
practical importance. In this way the lay reader begins to
appreciate 1t as a sensible job of work with some meaning
for hum, instead of finding 1t 1ncomprehensible magic.

It is very important in writing to be concrete—abstract
generalisation 1s usually vague and fills the reader’s head’
with nothing but damp muist Facts and actual smple
experimental observations come first, and the generalisations
then spring naturally and clearly from them. Even more
important 1s to write 1n everyday or conversational English.
The man who puts down “consume” when he means “eat,”
“contemporaneous” nstead of “present-day,” “disinte-
grate’” in place of “break up,” 1s setting hus readers a
double task. They have to translate lus article into under-
standable language before they can get to grips with ats
actual subject matter Frnally, try to imagmne the sori of
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questions a lay reader will be likely to ask you, and answer
them in advance 1n your discussion of your subject,

In this 1ssue of Science News, Professor I B. S. Haldane
describes the work he did during the war on diving. Dr.
G. E. R, Deacon gves the first popular outline of the
modern science of the sea, a subject which he has played
an important part 1n building, Dr. van Praagh outlines
simple experniments he has conducted on ice formation,
(Thss, mcrdentally, 1s also an important peacetime problem
every winter, when the conductor rails ice over, and
suburban electric trams are brought to an untimely halt.)
Dr. Keith Simpson expertly describes how the cime wave
is being fought; Professor Ashby brings some of the latest
news 1n botany; and m addition there are brief accounts
of progress in physics, chemustry and medicine. As usual,
we include a glossary and index



Life ar High Pressures
BY PROFLSSOR I1,B.S,HALDANE, FRS

MEN go down to considerable depths under water for both
peaceful and warlihe purposes  As you go down the pres-
sure increases  Suppose you have a vertical tube whose
cross section 1s a square metre full of sea water The
amount of water 1n every 10 metres of this tube weighs as
much as would all the air 1n 1t of 1t went up, say to a height
of 50 kilometres, above which there would be only a few
milbgrammes. This means that for every 10 metres, or
33 feet, that we go down, we get an extra atmosphere’s
pressure  Thus the total pressure at the surface 15 1
atmosphere, at 33 feet 2 atmospheres, at 330 feet 11
atmospheres, and so on. .

Now a man can cope with thus pressure 10 two ways, He
can get 1nto some kmnd of metal box which will resist the
pressure, while the pressure inside the box stays at one
atmosphere  The box may be a sphere, like that wn which
Beebe went down half a yule It may be a submarine
Whether any submarines can dive more than about 500 feet
without caving 1n 18 a secret  Or 1t may be an armoured
diving dress with more or less flexible joints. Such dresses
work well enough near the surface, but not so well at great
depths. The reason s smple enough. The shoulder
jomnt of a suit of armour must be a good deal broader than
that of an ordinary greatcoat. I doubt 1f 1t could be cut
down to an area of less than half a square foot, But let's
suppose it has been cut to 50 square mnches At 330 feet,
of an excess pressure of 10 atmospheres, the pressure on the
Joint is 10X 50X 15 pounds, for an atmosphere 1s 15 pounds
per square mch That makes 7,500 1b, or about 3 tons
6 cwt. Suppose by some miracle of lubrication the co-
effictent of friction were cut down to I per cent, this would
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mean that the diver would have to exert a force of 75 1b.
whenever he wanted to ruise his arm  And things would
be worse at greater depths, There 1s no future 1n armoured
suits. There 1s a future 1n pressure-tight chambers where
the diver can sit comfortably and operate machinery by
electncal control  So far however such chambers have been
most lly used with a telept to direct op
1n the parent ship as to how to use a grab or where to place
an explosive charge. -
The other way to cope with pressure s to submt to it.
In this case one must breathe arr at the same pressure as
the water outside. The reason 1s simple,  Supposing a man
with air at one atmosphere’s pressure mnside his lungs were
suddenly subjected to water pressure at 330 feet, and suppose
that on a bfe-size X-ray photograph his lungs cover half a
square foot. At 330 feet he would have over 3 tons of
pressure on the outside of his chest and none 1mside. It
would be 3 quick death The surprising thing is that
balanced pressure 15 completely harmless, and is not even
felt. Our tissues transmut pressure as smoothly and evenly
as if they were completely fluid. They give to an extent
which can barely be measured.  Actually your volume is
reduced by about one twenty-thousandth for each atmos-
phere.  But you don't notice this any more than you notice
the 15 Ib. pressure on each square jnch of your skin in
everyday hife.
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on his back. A glass window is screwed into the front of
his helmet. I had to reduce my moustache from Kaiser
Wilhelm's s1ze to nearer Hitler's size because 1t used to get
caught in the screw thread. Then he goes down a ladder
for six fect or so, after which he vsually transfers to a rope
with 2 lead shot at its bottom  Meanwhule air 1s seat down
to him. The air must be dehivered at a pressure egual to
that of the water round hum. This 15 easily achieved with a
pump if he 1s only down 30 feet or so  Butaf he 1s at 300
feet the air must be compressed to ten atmospheres pressure,
that is to say into one-tenth of 1ts volume. This needs
specially designed pumps and either several teams of very
powerful men taking spells on them, or better a small motor
with its exhaust well away from the air intake. The modern
tendency is to replace the pump by a battery of compressed
ar cylinders (‘bottles’, the Navy calls them). If so some
other gas mixture can be used 1nstead of air

The hose pipe 15 armoured with wire spirals between
layers of rubbersed cloth, and goes to hrs helmet through
a non-return valve. This 15 an essential safety device. If
the airpump fails and the valve startsleaking backwards, the
water pressure forces the diver up into hus helmet, His
blood and much of hus flesh go up the hose pipe, and all
that s left in the dress are his bones and some rags of flesh.
This has happened. But normally he gets a good stream
of compressed air which inflates his dress until, 1a spite of
the lead weights, his net werght 15 only a few pounds, He
adjusts this by opening or closing the screw of the eut
valve in his helmet, no more thinking about 1t than a
cyclist thitks of how to balance his machine,

In warm water one can wear a dress coming down to the
waist only. But the main other type worth mentionmg s
the self-contained. Here the diver takes his own air supply
with him in steel bottles. The dress may be as described
above, but the men-who went into enemy ports duning the
war wore skinfitting dresses and breathed through a mouth-
prece 1nto a rubber bag which the Amerrcans call a counter-
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lung, because it expands when the lungs contract, and
conversely, 1If the diver 15 supplied with pure otygen and
has a camister of soda-lime muxture n the counter-lung to
absorb the carbon dioxide which he breathes out, it is
obvious that he need not form any bubbles. It is also
obvious that 1f you are trymng to fix a time-bomb to the
bottom of a German battleship you have a farr chance of
dyiog anyway. but this 1s considerably increased if you
produce quantities of bubbles. Even if there 18 no enemy
near, compressed oxygen will last you about ten times as
long as the same volume of compressed air.

The Dawis submarine escape apparatus 1s the simplest
form of diving apparatus It consists simply of a counter-
lung with a small oxygen cylinder and soda-lime canister,
and a mouth-piece. It 15 meant for getting out of a sub-
manne, but has often been used to do a job of work.

My man job during the war was to tackle the physio-
fomcal dangers to which divers and men trying to escape
from submannes were exposed, apart from any enemy
action T didn't even try to tackle aff of these. And [ was
only one of a number of scientists on the job, some under
my direction, others taking orders from the Royal Naval
Phystological Laboratory, an excellent institution estab-
tished during the war, and the Medical Research Council.
Apart from the Navy, we got invaluabfe help from Messrs.
Stebe Gorman & Co, the well-known makers of diving
dresses, and I certainly owe my lfe to the reliable nature
of their products.

A lot of our work was done “in the dry” in compressed
ax, for many of a diver’s troubles are stmply due to the
pressure, and you can give good jmitations of them and
find out how to prevent them, without going under water.
Most of our “dry” work was done n Sicbe Gorman's
Chamber No 3 (see Plate 25) This is a steel cylinder like
a boier. It fies on 1ts side and is § fi. long and 4 fi.in
diameter. So three people can sit in it, but one can't begin
tostand up. At one end is a steel door. This opens inwards
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and has a rubber flange, s0 once there is a good air pressure
inside, it is extremely tight. There arc some glass plugs in
the stde and the door, which act as windows, and of course
inlets and outlets for air, but ro lamps or telephone nside.
One communicates by a code of taps, by shouting, or by
holding messages to the window Thus factory has no water
more than 20 fiet deep, so to stmulate 5 deep dive we used a
steel tank about 6 feet across and 10 feet hugh, It had
about 7 feet of water 1n 1t, m which the diver could stand,
sit, crawl or e There was a pulley with a weight so that
the diver could do measured amounts of work, and a slate
to write on. Above thts was an atr space where the
attendant sat on a shelf with us feet in the water He kept
an eye on the diver, and could hauf him or her up with a
rope 1f he or she lost consciousness

By letting compressed atr 1nto the air space, one could
put any desiced pressure on the water, and we were able
to teproduce all the symptoms reported 1n genume dives.
There was one extra symptom Divers are tough men,
but some of them got @ gemune claustrophobia in thss
tank. They longed for the wide open spaces of the sea
bottom Certainly 1t was a queer experience to wait under
water 1n this rather dark tank, knowing that one might
fose consciousness at any moment, and perhaps wake
up with a broken back, concervably not wake up at all,
and to look out through the very small window at butterflies,
bicycles and other familar things. My father called this
tank the Chamber of Horrors. The Navy called it the Pot

Such was our sct-up. Now for the dangers which we had
to investigate, ‘The first, and least important, group arises
from very rapid changes of pressure  One feels pressure
changes in one’s ears, because 1f the pressure on the two
sides of the drum is unequal, 1t is strained. The drum is 2
thin membrane across a bony passage which goes from the
outside to one’s throat, and incidentally was a gili-slit when
our ancestors were fish. The air gets freely enough'to the
drum from the outside, unless, mdeed, one has a 6t g'l
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After these preliminaries we come to the real dangers.,
They arise from the fact that afl gases dissolve in liquids,
and the amount dissolved 1s proportional to the pressure.
Qur body consists mainly of liquids, so at ten atmospheres
there is, after a sufficrently long stay, about ten times as
much nutrogen 1n solution 1n our bodies as normally. Our
tissues use oxygen and make carbon dioxide, so these
gases do not obey the rule so accurately,

Al gases are porsonous. This has not yet been proved,
but I believe 1t to be true, and hope to make it plausible
to my readers. All sohds and higwds are pot porsonous,
because they do not dissolve in our blood and tissues.
Thus a lead shrapnel bullet under the skin 1s not deadty,
though lead acetate 1s so, and we can swallow paraffin
ol with safety or even advantage, though the same amount
injected mnto a vern would be fatal  In particular, nitrogen
is a poison.

If one 1s compressed to ten atmospheres one fecls very
abnormal  The feelngs are rather like those of alcoholic
1ntoxication, but perhaps more like those of mild intouca-
tion with petrol vapour or mitrous owude. I have lutle
control over my thoughts, and my consciousness 15 1nvaded
by cluldhood memories, and nensensical words which seem
to me very important. Amnother subject was first ashamed
at finding a little nasal secretion on her hagd, then ashamed
at her shame, and finally convinced of the necessity either
of divine grace or the extinction of her personal identity.
At atmosphenic pressure she is a materialist. Others
merely “feit awful” or thought they were dying. A few
were clated. I had no abnormal sensations, except oc-
castonzlly a curous velvety sensation on the lips, first
noted by Dr. Negrn, the former Spamsh Prims Minister,
who was compressed with me on one occasion. Others
said that everything felt Like ivory or that their fingers fult
like bananas, A few saw things as if through a white must.

For practical purposes what matter are disturbances of

. behaviour. We used two tests. One consisted of putting
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steel balls into holes, Lifting them with the fingers and with
speeial instruments.  The test was onginally designed to
weed out the clumsier candidates for the profession of

<dentistry. One compared the scores at one and ten
atmospheres. The deteroration was quute shght. A good
scorer was still good under pressure.  But a number of the
subjects were detected cheating, for example by using both
hands. The other test was doing multiplications such as
7486x 5137 as quickly as possible  Here the deterioration
was enormous.  Instead of geiting about runz sums out of
ten right, I usually got about threc One distingwshed
Fellow of the Royal Society put down two figures 1n five
munutes, one of which was wrong, and said he thought 1t
was a bloody silly test  The main difficulty with such tests
was that the tester wvas usually as intoxicated as the testee,
and often forgot to press the spindle of hus stopwatch, or
o take proper notes,

Captain Behncke, of the U.S. Naval Medical Corps,
first showed that these symptoms disappear if a muxture of
four volumes of helwm and one of oxygen 18 bresthed,
that 15 to say the nutrogen tn air 1s replaced by helwm,
Case and I showed that hydrogen 1s equally effective. We
made up a mixture of one volume of air with mne of
hydrogen. This contams only 2 per cent of oxygen. But
at ten atmospheres it contams as much oxygen per cubic
inch as ar at atmosphenic pressure, and as much oxygen
1s taken up by the blood going through the lungs So
it supplied all the oxygen we needed. On the other hand
there was not enough oxygen 1 it to render it explostve
So 1t was safe to store 1t 1n a cylinder, whereas with a pos-
sibly explostve mixture there is a chance that the friction as
1t leaves the cylinder may set it off. The moment we
switched over from air to helium-oxygen or hydrogen-air
we felt more normal withun 2 few seconds, and were
capable of domg anthmetic within one or two mimutes.

A Swedish engmeer called Zetterstrom 1ndependently,
though sightly Iater, discovered that hydrogen was as good
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as heum, He used a mixture of four per cent of oxygen
with the gas, consisting of three volumes of hydrogen to
one of mtrogen, which 1s made by “cracking” ammonia.
He also used o mitrogen-mir mixture for switching over
from atr to the mixture used at great depths, so that at
no time was the mixture in s suit explosive.  With these
muxtures he descended to a depth of 450 feet, and answered
the telephone rationally. Unfortunately he was pulled up
by means of a platform, and owing to some mustake, which
has not been very adequately explained, this was done too
rapidly, and he died of bubbles 1n the blood, 1n the way
which I explain later. Since helum 1s almost 2 monopoly
of one of the great American o1l trusts, it will doubtless
continue to be boosted. But hydrogen 1s probably as safe’
as helium, and cenmnly vastly cheaper Zetterstrdm's
death was due to an error commutted at the surface.

It 1s a surprising fact that argon bas the same effects
as mitrogen, and at somewhat lower pressures. As it does
not combine with anything, this makes 1t fairly clear that
the narcotic effect 15 simply due to nitrogen and argon
getting 1n the way' of the normal processes 1n cells, If so,
it is reasonably sure that hydrogen and helium would have
simlar effects at very high pressures, and neon at an
mtermediate one  One minor point is worth noting.
The narcotic action of mitrogen was discovered on men.
Baboons compressed to 15 atmospheres showed no abnor-
mal behavicur. An eminent psychologist (who had not
himself been under high pressure) gave a psychological
explanation of the effect of compressed air on human
behaviour. As a mustake under water can easily be fatal,
the baboons and the psychol between them probabl
have some deaths to answer for.

Oxygen 15 a poison of quite a different sort. There are
two kimds of At hugh p the p
ate nervous.  One ends up with loss of consciousness and
a convulsnon qm(c like an ordinary epllephc fit, except that
are violent enough
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to break a bone. Before the fit there are almost always
vague feelings of discomfort. Usually, though certainly
not always, the muscles of the face stdfen and bega to
twiteh.  Some people get uncontrollable hiccups. There
is never any confusion like that produced by yutmgcn.
Unfortunately certain people often get no warning signs,
!hough 1 generally do so myself,

below three one may last long
cnough without a fit to develop lung irntation. This begins
as mild coughing, followed by paw, and develops into a
preumoma which may be fatal. However it 1s of very
Iittle practical importance At 2% atmaspheres (50 ft.) I
did not even start coughing for 3% hours, and when I
hnocked off after 4}, I had nothing worse than a chest
pain which lasted for a day or two. Dr. Case had a very
similar expenzence.  Most people would get a fit long before
this,

“The most cunous fact about oxygen poisonmng 1s that
the effects on the central nervous system are extremely
variable 1n therr ttme of onset, both between <hfferent
people, and n the same person from day to day. Even
after I had had two severe fits and crushed some vertebrae,
I remamed more resistant than the average. But after
about a hundred experiments, 1n half of which I had had
some nervous symptoms, I became so sensitive that I began
to twatch after breathing oxygen for five minutes at atmos«
pheric pressure. Of course this may be attributed to
hysteria, a condittoned reflex, or some such cause. But as
I 'started breathing air through a mouthpiece, and nobody
told me when the oxygen was turned on, nerther explanation
seems very likely Other people varied irregularly My
wife breathed oxygen at 90 feet pressure on 17 occasions,
On one she lasted for 88 minutes and knocked off with
warning symptoms. On another she had a fit after 13
minutes. Her other trmes were intermediate

Besides this great variation 1n the same person, there are
differences between different people  Some people always
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seem to be sensitive, and are cleatly no good for under-
witer work involving oxygen breathing, It 15 very im-
portant to weed such people out. There is no way of
predicting beforehand how anyone will behave  Men who
had been on several commando raids or got a G.C. for
dealing with mmnes under water crumpled up, when a
woman who screams on rather shght provocation, or an
elderly and rather flabby professor, were quite happy,
Worse still, one could not predict very accurately from
experiments m atf to what would happen under water,
1 had one of my fits for this reason.

One of the naval ratings who was being trained in the
use of oxygen under water was a boxer. While coming
round from a fit he asked “Who did that?”  As he was
Iying down and someone was wiping him with a towel he
probably thought he had been knocked out. The attendant
answered “Oxygen Pete.” Oxygen Pete caught on, Would-
be oxygen divers were first tested in No. 3 chamber. In
one corner of 1t someone wrote “Oxygen Pete sits here.”
If several people had fits on the same morming people said
“Oxygen Pete’s 1n form today,” and if one lasted unusually
long one boasted of having got the better of hun. I suppose
2 number of gods and devils started thewr mythological
hives in some such way 1n the past. Fortunately Oxygen
Pete arrived on the scene too late to be mcorporated into
a religion

The oddest thing we found out was that oxygen has a
taste. The textbooks say it 1s a colourless, modorous,
tasteless gas At six atmospheres I described 1s taste as
“Uike dilute mk with a little sugar m it™ My colleague
Dr. Kalmus described st as “like flat gingerbeer.” Anyway
it is both sweet and sour. Of course this is an example of
what Hegel and Engels called the transformation of
quantity into qualty. In pure oxygen at 6 atmospheres
there is 30 times as much oxygen gn a cubie inch as 1n air
at one atmosphere. And 30 times as much dissolves in a
cubic inch of water. You don’t taste sugar or salt dissolved
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in water til it reaches a certain concentration. Nor do
you taste oxygen. Sull it 1s rather striking that a gas with
no sensory qualities at ordmary pressures develops them
at tigh ones. In the same way ammonia and methane
have quite a colour if you look through enough of them.
The first men to go to Saturn (and by the way they will
have to wear self-contamned diving swits) will notice this
fact, for a spectroscope shows that the atmospheres of the
outer planets are coloured by these gases.

The greatest of all dangers to divers remains to be
descnibed  An average man has about a litre of nutrogen
dissolsed wn hus body. If he stays for six hours or so in arr
at two atmospheres, he will have two litres, and so on.
1t soaks 1n rather slowly. Organs Like the brain and Liver,
with a good blood supply, take 1t up quickly, but those,
hike the joints and fat, with a poor blood supply, take
some hours to fill up Now 1if you have a hquid in which
a gas 15 dissolved at a high pressure, and suddenly lower
the pressure on it, the gas comes out of solution "and
forms bubbles. Ginger beer and champagne contain carbon
dionide under pressure, and froth when a bottle 1s uncorked.

Much the same happens in 2 man or woman  If you have
been for an hour at a hundred feet, that 13 to say at a total
pressure of four atmospheres, and mcautiously screw up
the escape valve of your diving dress, 1t nflates until you
suddenly leave the bottom You shoot up to the top, and
within a few seconds you are black  the face, and uncon-
scrous, If the attendant undoes your dress, you will die
n a few minutes, and the post-mortent evamunatron will
show your bloodvessels full of froth. As your heart cannot
’ drive bubbles through your capillaries, you die of oxygen
want, In such a case the only thing to do is to open the
arr vent and drop you back to the bottom again. The
‘bubbles are at once compressed to a quarter of their size,
and soon begin to dissolve again 1n your blood. A number
of hives have been saved in this way.

Supposing, mnstead of coming up very rapidly, you do
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$0 1m two or three minutes, the blood will have time to
unload 1ts spare mitrogen in your lungs on the way up.
For on an average every drop of blood goes through your
lungs about twice a minute, But within a short time you
will be 1n severe pamn. The commonest places for this pain
are the joints, but one can get them elsewhere  You may
also become paralysed. The joint pain is called “bends”
because when one has 1t 1n the knee or elbow one finds it
difficult to straighten the imb concerned. The pain has
been described as unbearable. I don't behieve 1t. I have
never seen anyone sweatung with pamn from bends, which
I take as a good rough sign of severe pain. But it 15 quite
enough to stop one working efficiently, and may go on
for days.

Bends are probably due to bubbles in the bags of synovial
fhoid which buffer the jomnts. A bubble n the nervous
system 15 more senous, I have only had one This was in
the Jower part of my spinal cord. For several days I had
a burning pain 1n the skin of my buttocks. Ths gradually
died down to 2 tickle, combimned with a loss of ordmary
sensation. Both of these are still there after six years. If
T had lost most of the sensatton from my right hand, the
result would have been more serious.  Other people have -
had bubbles which interrupted the paths to muscles, and
therefore caused paralysts, and some have died from this
cause.

If one 1s decompressed under conditions which just do
not cause bends, a very common symptom is itching, often
combined with redness of the skin, Nobody knows how
tlus anses, though there are several guesses

My father, Dr. J. S, Haldane, worked out the method
which 1s umversally used to avoid bends He found that
however long an animal or a man had been exposed to
compressed air, it 15 always safe to halve the pressure,
Thus even after many hours at 33 feet of sea water, or
two atmospheres, one can come to the surface at once.
But after a long time at 66 feet, or three atmospheres, 1t
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is only safe to come up to 16 feet, or 1} atmospheres.
Then one waits unt)j one has got nd of some of the excess
nitrogen, comes up a further stage, wasts again, and so on.
For cxample after haif an hour to an hour at 175 feet,
one comes up to 70 feet 1n 3 menutes, stops 3 munutes at
70 feet, 3 at 60 feet, 7 at 50 feet, 10 at 40 feet, 20 at 30 feet,
30 at 20 feet, and 35 at 10 feet The total tume spent in
ascent ss 181 munutes, or perhaps three times as long as
one spent on the bottom.

Sir Robert Dawis, of Siebe Gorman and Co, speeded
up decompression by the following device. The diver
comes up to the first stop, and then gets into a chamber
Iike a diving bell with an open bottom. An attendant helps
him out of hs dress, and gives him oxygen to breathe,
In consequence almost all the mitrogen i the blood passing
through his lungs comes out of 1t, and he can be decom-
pressed a lot quicker than if he breathed arr.

My father also recommended the use of muxtures of air
and oxygen under water, so that the diver would take up
less mtrogen. However no systematic work had been done
with such mixtures, The matter became urgent n 1943,
Jt was foresecen that when we captured ports from the
Germans they would feave belund them munes and obstacles
such as sunken ships, which would have to be removed.
Now you must be a very brave man ndeed to hunt for
magnetic munes 1n muddy water, especially if you have
seen some of your comrades go up  You must be a man
of superhuman courage if you know that, 1f you hear a
mine beginning to tick, and go up to the surface quickly,
you may be paralysed for Life 1f you are not blown to pieces.
There 1s another resson why you should be able to come
up quek. In an air raid on Le Havre or some other re-
captured port 1n 1944 a man 1n a boat was 1n no greater
danger than the average Londoner at the same timet But
if he was under water he might be killed by the shock wave
from a bomb bursting 1n the sea several hundred yards
off. For water 15 so incompressible that a shock wave
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must travel very much further than in air before it fades
out. So divers should come up dunng an air raid

Clearly 1f the daver breathes a muxture of arr and oxygen
ke wiil absorb less mitrogen than 1f he breathes air. Hence
he can come up safely from a greater depth  So one wants -
to cut the mtrogen down as much as possible  On the other
hand of he gets too hitle mitrogen, and too much oxygen,
he will have a fit. It 1s safer to have a fit when clearing
obstacles with a comrade ready to haul you up than when
crawltng under the Tirpitz. But 1t is not a hundred per cent’
safe. So my wife and I set out to find the safest muxtures
1o use at various depths and for various times There were
some calculations to be done first, for the mixture in the
dsver’s lungs 1s by no means the same ‘%s that 1n his bottle.
Then we had to try the mxture out This meant going
say to 70 feet pressure for half an hour. One of us would
work while the other kept watch Then we were rapidly
decompressed  If there were no symptoms we repeated
the experience the next day for three-quarters of an hour,
and so on. If either of us got bends we generally took a
day off to let the bubbles disappear.

These expeniments were successful. According to the
offical tables, a diver who had been at a certam depth for
a certam time was supposed to take forty-seven munutes
to come up. We did 1t m two minutes without anything
worse than stichmg, though I admit the naval officer who
tned 1t next got a rather stiff shoulder. So the official time
for an ascent from such a dive is, I think, seven mmutes.
But one could come up in one minute dunng an ajr raid
without serious danger. The muxtures wiich we had tested
in 1943 were used by the “P-parties” which cleared occupied
ports in 1944, This was our mam contribution to Winning
the war, though I gave a good deal of advice on all sorts
of matters, from tanks to bomb-mming, and some of it
was accepted -

One of these matters was escape from submarings, and
here Dr. Case and I had to deal with still another gas,
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carbon dioxide. Suppose a submanne is on the bottom
and cannot rise. By the time this is clearly known the air
is farrly foul. Now all the hatches of a submarmne open
outwards, so that the water pressure outside heeps them
shut. They cannot be opened tll the air pressure inside
is equal to the water pressure outside. Men can get out of
a submarine one at a2 time from a small escape chamber,
or twenty or thirty at a time from a flooded compartment.
Suppose you are at 300 fect, you let 1n water ull the arr
in the compartment 1s squeezed 1nto one tenth of its origmal
bulk. You then put on your Davis apparatus, open the
hatch, and ascend to the surface. At least you are
supposed to.

But there will certainly be some extra carbon dioxide m
the shup’s air from the crew’s breathing, even 1if the arr-
punfying apparatus is acting well At ten atmospheres
there will be ten times as much in each cubic inch  We were
asked to find out how poisonous this gas was at hrgh
pressures  ‘The average man loses consciousness i about
five minutes at ten atmospheres when there is as Ditle as
threc-quarters of a per cent of carbon dioxide in the air
breathed. This gives the same absolute amount per cubic
inch as if he were breathing 74 per cent at atmospheric
pressure.

The standard set-up was an mqusitor (Dr. Case or
myself) and a rabbit (somebody else, after each of us had
acted as rabbit). The inquisitor wore a resptrator to absorb
the carbon dioxide in the air breathed. If he kept 1t on he
bad the fun of seeng the rabbit Jose consciousness and
finally fail to respond even when hus or her eyes were
touched. Sometimes however the inquisitor got so intou-
cated with mitrogen that he forgot to put his respirator on
after takmg 1t off to say something. Then there were two
unconscious rabbits, amd an observer outside gave the
order to decompress when both appeared to have taken

- the count. .
The Admiralty also wanted to know what happened if
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the water was very cold, as it is in the Arctic Ocean. So
we used to lie 1 a shurt and trousers 1n a bath of water
with melting ice in it untdl shavering became uncontrollable.
This took about 15 minutes for Case, and 20 minutes for
me, as I am fatter. Then we were compressed, and any gas
required was added. These experiments were not appre-
ciably unpleasant. One fecls a sharp pain round the neck
at the surface of the water. The rest of the skin soon gets
numb. One’s resistance to high pressure gases is slightly
but not very greatly lowered,

Dante said that the very worst sinners were frozen in
ice. They were also exposed to compressed air (“I'aér
perso™ is his phrase, and the pressure would reach 10
atmospheres at a moderate depth) and presumably to
carbon dioxide from the flames  As one of the two people
who bave tried it, I can say that the great Italian poet
exaggerated the d1§comfon of the sinners 1n question. 1
hope that if any reader has qualified for the eternal ice by
the treacherous murder of a relative or benefactor, this
may console lum.

It now remamns to draw the moral. The first point is
that such experiments can and should be done on human
volunteers. The Nazis did simular experiments on political
prisoners and on Russian mulitary prisoners, They kdled
many of them, but the mnformation which they got was of
Little value. These expeniments were, mn fact, almost as
futile as they were cruel. For the mmportant practical
question to be answered 15 how long 2 man can carry on
with his work under unfavourable circumstances, not
whether, after he has become unconscious, one can bring
him round agam. Expeniments on ammals are useful to
show the hind of danger to be expected, but they do not
tell exactly what a man can stand. This can only be done
on human beings whose courage or curiosity will keep
them going till they drop

The second pomt is even more important, for few Britsh
people outside the B.U.F. defend the Nazi doctors, These
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\
experiments ought to have been done before the war, and
done much more methodically than we were able to do
them. It is monstrous that 2 man should be exposed to
dangerous environments, whether tn war or in-industry,
before the most thorough tests have been done to see how
men can stand up to the strain 1n question. And 1t is often
possible to weed out those who will not stand up to it.
Let me take an example from industry. Thousands of
men and women have to inhale tho vapours of solvents,
for example of benzene 1n the rubber industry. Some fall
1], some do not. No really quantitative work has been done
to find out exactly how much benzene must be mhaled to
produce symptoms of given severity n, say, five per cent
of a group of people. If this were done, two things might
be possible. Furst, the dangerous concentration of benzene
vapour could be much more closely defined than at present.
Second, it might be possible to pick out a certain group of
workers (say the very fat, or those whose kidney function,
was below the average) as specaally ltkely to be injured.
Such things will not be done until our mdustries set up
physlologxcal laboratories like the Raynl Naval Physio-
logical Lab y for this h and
dangerdus servxcc The only bodies which are likely to
insist on this being done are the Trade Unions. It was, 12
fact, a Trade Unton (the Amalgamated Engineering Union)
which started me on the work which I have described here
when they asked me for advice regarding some of their
members who bad been killed in H M.S. Thetis.
+ Compressed air 15 only one of hundreds of abnormal
environments in which people have to work Al of them,
could, and should, be investigated,




The Jet Locomotive .

BY WILFRED F. COXON

* THE rocket depends for its motive force on the generation

of hot gases from an explosive charge. These gases force
themselves out through a restricted hole 1n one direction
and so push the rocket head away 1n the other, an nstance
of the Newtonian law that action and reaction are equal
and opposite. The war saw many advances in the applica-
tion of this pnnaiple.  For example, on the undercarnage
of aircraft were carried rockets filled with cordite, which
burns at a controliable rate. When 1gnited, the rocket
shot forward along two rails under the aircraft, and was
thus given durection. The well-known Vampire and Meteor
Jdepend for their motion on a charge being fired m 2 com-
bustion chamber and the hot compressed gases escaping
throughra backward hole, so that a forward thrust 15 given
to the awcraft. However, attractive as the applications of
Jet propulsion may appear, there are lmmtations for
ordinary purposes. A jet-propelled motor car or motor
bus belching forth sheets of flame and hot gas would be a
Little menacing 1n the traffic congestion of Regent Strest.
In the same way a locomotive dong the same thing, and
passing at hugh speed through a country station, would
leave 1n 1ts wake the effects of a mumiature tornado. So-
Jjet propulsion 1n 1ts direct form has 1ts himitations for land
and sea traffic.

There 1s however another way in which this principle
can be applied. In the steam turbine 2 jet of steam at high
pressure impinges against a paddle-shaped wheel so that
the latter revolves at high speed, and the circular motion
of the turbme wheel is then transmitted to dave a dynamo
or the marme engine on 2 ship, or even a ralway loco-

. motive, as used 1 America. Suppose now that instead of
30
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allowing stcnm to impinge on the turbine blades we allow
the d gases of jet to drive the turbine.
We then get a gas turbine engine. This is undoubtedly the
form 1n which et propulsion can be most readdy controlled
and adapted for use on land, and 1t 1s with such a gas
turbine that it has been found possible 1n Switzerland to
buld a jet-propelled locomotive.

On the face of 1, it seems a strarghtforward proposition.
All you have got to do 18 to mux some fuel ol and air
together 1n the correct praportion, 1gaite them 1n a confined
chamber and allow the highly compressed pases to escape
from a hole and 1mpinge on a turbine blade. The latter
revolves at great speed and provides the necessary motive
force. But like so many other thungs, the transition from
an 1 principle to which 15
commercially practicable tavolves a comprehensive study
by experts 1in many fields, and this can best be realised by
considening the construction of the Swiss gas turbine used
in thetr locomotne.

It conssts of three main parts, as shown in the sketch

EXHAUT

HENERATOR

Fig t —Diagram of aplan ng:u turbine of locomouve, Aurenters
compressor B from outside at 1 by a pipe not showa.

at Fig. 1. There is the Turbine A, the Compressor B and
the Combustton Chamber C. There 1 also a heat
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Exchanger D, but for the time bemg we need not consider
this. The unit works by sucking in air from an inlet (1)

ing it in the and allowing it to
escape through holes surroundmg the burner. An
electric candle 1gnites the fuel mixture as 1t escapes so that
the combustion chamber 15 filled with hot compressed
gases. These in turn impinge on the turbine, causng it to
revolve and drive a big dynamo whlst at the same time
driving the compressor and so giving a further circulation
of air. So 1f you look at this system again you will see that
the motive force provided by the burning of the gas in
the combustion chamber 15 driving three things—first the
turbine, second the compressor, and thirdly the dynamo,
which delivers electricity to the electric motors of the
tram. It 15 only the energy which is avalable from this
dynamo which can be usefully employed to drive the
locomotive. It 1s possible fairly easily to make a carefully
balanced turbine so that the energy loss due purely to its
revolution 15 very small But a considerable amount of
energy 1s required to drive the compressor In fact so much
is absorbed that in the Swiss unit the gas turbine must
develop an output of 8000 b p. in order to deliver a useful
output from the dynamo of 2000 hp., because 6000 h.p,
is absorbed in dnving the compressor atself The first
necessity, to make use of jet propulsion for a locomotive,
was to develop a which had a very
high efficiency.

Now look back at the turbine itself. Obviously it must
be made from metal, and you will notice that the hot gases
from the combustion chamber are passing straight on to
the blades of the turbine alt the time that the engine is in
use, In fact the turbine blades are always operating at a
dull red heat. Here then was the second problem, which
the metallurgists had to solve. They had to develop a
heat-resisting steel alloy which was capable of operating
under these severe conditions, for the hife of a locomotive
must be at least 15 years Even so, the temperature of "+
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combustion in the combustion chamber is so great that
if the gases were allowed to 1mpinge directly on to the
blades their life would be very short indecd. That g3 why
if you look at the sketch you will see that no: all the air
handled by th 1sused during Some
of it passes round the outside of the combustion chamber,
thereby lowering the temperature, and at the same time
mixing with the hot gas from the combustion chamber
so that by the time the gases reach the turbine stself the
temperature is considerably reduced. In actual fact the
gas temperature here 13 between 850° and 1100°F. Now
this gas having passed through the turbine and completed its
job 13 still warm, and to increase efficiency 1t is necessary
to make use of this heat. The warm gases therefore pass
up to the heat exchanger D, and there they circulate
round the outside of the air which is being delivered by
the compressor, 50 warming 1t before 1t reaches the gas
burner. A heat exchanger, then, 1s merely a means whereby
the heat which would normally be wasted 15 used for
combustion.

Tt is perhaps useful to have some figures on the perform-
ance of this gas turbine electric locomotive, as used by
the Swiss Federal Railways The guaranteed continuous
output of the heat umt when measured at the generator
coupling is 2200 hp. The motive force measured at the
wheel rim 1s 29,000 1b, at the start up to 16 miles per
hour, Tt is 17,000 Ib. during one hour when the loco is
travelling at 30 miles an hour, and 1t 1s 11,000 Ib, con-
tinuously at speeds about 45 mules an hour. The fuel
consumption at full load 1s about 1 Ib, an hour at the whee!
tim, which is about 2,000 Ib. of fuel ol per hour for
2000 h p. at the wheel nm. Its maximum speed is 70 miles
an bour and the effective weight with full fuel tanks is
92 tons.

Having now descnbcd some of the essential features of
this jet or gas turbine locomotive, it may be as well to
summarise its points of comparison with the orthodox




34 SCIENCE NEWS IV

steam Jocomotive which is familiar to us all. In the first
place the gas turbine engne is not yet capable of using coat,
50 that 1ts use is restricted to those countries with a reason-
able fuel supply of their own or where 1t 15 easily obtained.
The use of this fuel of course helps a lot to reduce the
foulness of the atmosphere which 1s particularly noticeable
in a large town. As far as lubrication costs arc concerned,
there 15 a considerable saving with the gas-turbine loco-
motive. The consumption of lubricating o1l 1n the orthodox
steam locomotive costs round about 10 per cent of the

fuel costs, whercas with the gas turbine unit, where purely
rotating machinery 1s employed, the corresponding figure
is less than 1 per cent. There again the gas turbine unit

does not require to carry water for steam generation, and

in a really heavy locomotive the weight of water carried

may be as high as 100 tons. Ths also gives an added

advantage to the gas turbine unit because there are no

Interruptions in service for marntenance such as cleantng

and repairing the borers. It 1s estimated that the wear of
the turbine machinery 1s consldembly smaller lhan that

of recip g (shding)

1n locomotive dcslgu, whlst it 15 esnmatcd that the imtial

cost of the gas turbine locomotive lies half way between

the cost of a steam locomotive and a Diesel electric loco-

motive. The figures are respectively £8, £14 and £22 per

hp. based on pre-war prices.

As far as thg future 15 concerned one such locomotive
has been built and operates successfully in Switzerland.
‘The same locomotive 1s now undergoing service trials on
the French railways, whilst the Brtish Great Western
Ralway have placed one on order whick will include many
refinements discovered as a result of service operations:

Although the gas turbine principle ttself 1s wholly new,
yet the application to a locomotive does not give us a
complete locomotive entailing all new features. For
example, 10 America the steam turbine locomotive has made
many strides in recent years towards excluding the older
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locomotive from the American market, At the same time
the Diesel electric locomotive 15 a well-tried transport
medium. , It uses a Dresel enpme to dnve 1ts dynamo, and
the principle of electric transmission to the driving wheels
is yust the same as for the gas turbine engine.

Whether the gas turbine locomotive will be the loco-
motwve of the future it 13 yet too early to decrde I the
experiments which have proceeded on the design of
pulverised-coal gas turbwmnes are crowned with success the
future will be very brght mdeed. There seems httle reason
why it should not be possible to achseve an efficiency of
90 per cent for the gas turbine of 1t is posstble to make
the compressor 85 per cent efficient, because the heat
losses due to the latter can be partially recovered m the
gas turbine. It only requres a 4 per cent improvement
11 the efficiency of the turbine to give a 16 per cent 1mproves
roent in the efficiency of the locomotve itself.

Arnd lastly the metallurgssts must continue their work
on specral steel and alloys to resist high temperatures,
Between 1925 and 1940 the creep strength, which really
measures the heat resising properties of the stecl, more
than doubled itself owing to research by the metallurgsts,
Since 1940 thss Houre has been mmproved still more  Ths
means higher working temperatures and therefore greater
efficiency so that the jet locomotive of the future will really
be 2 true representation of research and development in
an extraordinanly large variety of scientific fields,

It is reported that the Admrralty are to convert alt naval vessels to
use gas turbmes for dyviog the propellors When Si Maleolm
Catnpbell makes his next attempt on the world’s water speed record,
e wall be usmg a true “jet-propelled” speedboat



Science and Crime Detection.

BY DR. KEITH SIMPSON

A POLICEMAN on his beat 13 no tonger the plodding pie-
crust lover, the butt of the crook. The stolid pencil-licking
P.C. so beloved of the crime novelist has given way to the
mobile police officer, co-ordinated by wireless, trained in
modern methods of crime detection and confident m his
knowledge of the at lus elbow. When
the P.C. blew us whustle for help 1n the days of *“Father
Brown” he was lucky if he got the brawny assistance of
another lone P C. Now the cat burglar who climbs through
a cicuited window sets off his own alarm, causes a net of
fast patrol cars, wireless linked, to close round him and
seals lus own channels of escape without even being seen
or heard. He may leave indelible evidence of his connection
with the scene of the crime, and every uniformed or plain-
clothes. man who bounds out of the p:m'ol car lo corner
him is trained to spot and preserve these “clues.”

The public is entitled to know of the vast strides whxch
have been made by 10 criminal d
of the traming that 1s given to the detective officer in modern.
schools like that at the Metropolitan Police College, at
Eynsham in Oxford, Wakefield and elsewhere. The officer
who comes out of these schools 13 trained to spot the
slightest deviation from the normal—-a thread of cloth’
caught on a window-sill, 2 sohtary hair on a curtain, a
_finger print, 2 pinhead of blood or the smear of lipstick
or salwva, a flake of paint or the merest trace of a metal
dust ground off a safe-breaker’s tool—any of these, or
more probably several of them together, may undo the
perfect crime  In these daysethe criminal’ss chances of
making a steady living are thin and the super-crook has
virtually disappeared. Crime has been on the increase—

g




SCIENCE AND CRIME DE'I:ECTION kg

but so also have arrests and convictions, a fact often feft
out of the reproaches levelled at the police forces. Crime
will always exist, but the real measure of any success the
police may achicve must be their ability to cramp the free
style of the habitual crimmal. He may be cunmng and
may expend much care and thought 1n planning s coup,
but he is matching lus brain and slender resources aganst
all the might of a vast police network with nfinite resource,
and an efficiency the envy of the world.

It would be seasattonal to say that a murderer was
“hanged by a thread,” an “ear of barley 1n the turnup of
a trouser™ or a trwvial skip that left some wital clue at
the scene of the crime, but it 1s rare for this to beso. indeed
the Director of Public Prosecutions would be likely to
*offer no evidence” for a prosecution 1f 1t was so slender—
it would not be enough to convince a jury of guilt. What
does convict 1s a senes of tnvialities and the backing of

2t ial evidence that from the taking

of statements—often by the score or hundred. Few people
who absorb the headline “hanged by a hair” realise the
patience in collecting and sifting cvidence that goes on
steadily from the moment a body 15 found to the hoped-for
sequel when a suspect 1s charged Let me give you an
example, nvolving the problem of 1dentity, one of the first
obstacles to success 1z crime detection.

The Problem of Identity
One foggy November afternoon m 1943 two sewer men
who were testing water levels in a stream which ran along
the outskuts of Luton found the naked body of a young
woman tied up in four potato sacks. She had been
murdered, beaten on the head with some blunt instrument
‘and strangled, stripped of all clothing and tipped down a
bank into this stream in the fog The police were faced
with a big problem, for whilst clues to this crime, were
cooling and the criminal was busy covering his tracks, the
C.LD bad to set about the first big problem of afl ~ "
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murders—who was she? It’s easy when clothing and
papers are on the body, but when there 1s nothing how do
they set about 1t? This Luton sack murder was a good
example of the colossal labour such a task may jnvolve,
and of the patience and industry the police may show in
working on such a problem,

They hoped by pubkcisiag 2 photograph of the victim on

local cinema screens and 1 shop windows, even house-to-

house visits with a p to get to

the victim, but nolhmg came of these measures. The B. B. C.,
the press, the Police Gazette extended thus publicsty all over
the country. Finger prnt records were searched, but the
dead woman's were not on record Four hundred and
four misstng women were either traced or excluded during
the weeks which followed. Six hundred and eighty-one
addresses of women were traced through poste-restantes
and letters undelivered, but the police got no further.
Thirty-nine visits were made to the body in the presence of
police officers by people who thought that she resembled
someone they knew and who was mussing. Nine people
identified the body m genuine error as that of four different
women—none of whom proved to be the actual victim,
1t looked hopeless

A milk roundsman who drove past the scene each day
and whose lorry had left tracks on the ground was traced
and pressed for information, but he insisted that he'd have
noticed the difference if he had delivered a body in potato
sacks in mstake for 2 can of milk.

Two hundred and fifty lorry drivers whose trips to a
local works took them past the stream where the body was
found were interviewed separately and statements were
taken from them without any useful fact emergmg and
innumerable people who were sure they'd heard screams
or bumps or seen something suspicious in the nerghbour-
hood at about the time of the murder were also jnterviewed.

Nearly three months had passed and nothing useful had
emerged from thess painstaking enquiries. The ordinary

[
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man might have given up the call as utterly hopeless, bot
Chief Inspector Chapman, the Yard officer in chatge, was
00 ordinary man  He pursued the enquiries tenaciously.
Reviewing the mass of data he had by now collected, he
one day ordercd another and more searching examunation
of the bits and pieces of clothing found in street corners,
bins and refuse dumps, and this time a real clue emerged.
In the loose packing of the lining of a piece of a black coat
which had been found loose in the town there was dis-
covered a small dyers’ record tag A corresponding entry
was traced 1n the books of one of the dyeing and cleaning
firms in Luton and the Yard Inspector himself went to
the address given The door was opened by a girl of 17
who Iooked to hum 50 like the victim of the crime that he
felt he was near the end of his enquiries. Her mother
had left home about the time of the cime  Photographs
of her mother and the victim were exchanged and they
“proved to be so.nearly alike that Ittle doubt remained.
A visit to the dental surgeon who had attended this woman
1esulted in the discovery of records identical with those of
the dead woman, and Superintendent F. Cherrill of Scotland
Yard's finger print department found a print identical
with the victim’s on a pickle jar 1a the house to which that
dyer's tag had taken the CID (secplate 9) Blood splashes
were found on 2 door jamb of a group the same as that
of the dead woman. No doubt could remam as to her
identity.

The girl understood that her mother had *“gone home”™
to her own people after a quarrel with the father ‘The
address was located: she had not been seen there

Meanwhile her husband had been interviewed and as his
story proved unsatisfactory he was pressed for detarls,
broke down and admitted killing hus wife. He was found
guilty of murder at the Bedford Assizes trial which fouqv,cd,

‘This question of identity-proof, so important in érime
detection, may run on more scientific lines as, for instance,
in the classical Dobkin (Baptist Church Cellar) murder, .
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In that case only the dismembered and partly burned

remains of a woman were found.
Sex was m no doubt, for the dried, partly dissected womb

was still present Even had 1t not been, the female form of |

the bomes of the hip girdle would have sufficed. An
apnatomist can tdentify the sex of even small parts of certain
of the bones of the skeleton by exact measurements, since
their dumensions duffer slightly according to sex.

Stature was estimated from the reconstructed body,
making atowance for parts destroyed by fire and for flesh,
Thus was confirmed by the mathemattcal method devised
by Pearson, who compiled tables relating the length of
certain of the arm and lcg bones to the total height of the
body. These Pearson formulas are quite remarkable in
thewr aceuracy. The height of this victim, esumated at
51t. to 5 ft. 1 1n, proved later to be correct

Age can be judged n young persons, up to about 25,
from the development of the temporary (milk} and then
permanent sets of teeth, and by the appearance, growth
and fusion of the centres of bone formation in the gristly
bones of youth. After 25 it 1s more difficult, though certain
bone plates, like those of the skull which fuse together
very late, may help. They fixed the age of this victim at
40-50. '

Colouring was settled by a nucroscopic tag of partly
burned hair found clinging to the back of the head. It
was dark brown turmng grey

Teeth details lay in some number 1n the upper jaw and
both filings and marks of wearmg a denture plate were
there also  Further, the womb contained a fibroid tumour
large enough to have caused the woman to seek medical
attention

Thes woman was 5 ft. to 5 ft. 1 in, aged 40-50, with dark-
brown hair gomg grey, and should have had records
soméwhere of both dental and womb treatment. ‘It seemed
likely she had been lying where she was found at Jeast
some 12-18 months

I



SCIENCE AND CRIME DETECTION 41

Police enquirics had revealed that the wife of the fire
watcher to those Baptist Church premises had disappeared
mysteriously after badgeriag fum for maintenance acrears
some 15 months previously. She was 5 ft. 4 1n., 47, with
dark-brown hair going grey, and bad, as enquiries revealed,
dental data (recorded at her dentist’s premises 1n North
London) preciscly rdentical wath those of the victim. What
is more, she had attended two London hospitals for womb
trouble of the kind found tn the victtm--and had i each
case refused operation, This was, no doubt, the fire-
watcher's wife

Police enquiry showed that she had last been seen with
her husband, q 1L 15 moaths previously Four
days after she disappeared a fire broke out wm the cellar
of the Baptist Church and a passing police officer called
the N.F.S., who drew the attention of the firewatcher 10 a2
fire on his own small premises a strange affair. The
Baptist Church parson, looking around nett morning,
found bits of straw mattress and a fork in the cellar—but
no body. He was suspicious, but went no further with
the matter as the firewatcher was vague and rather offensive
when questroned.

The police, who were pieciag all this tagether, naturally
felt susprcious that this fire which the firewatcher himself
had failed to repors occurred because he was at that time
attempung to burn the body of thts woman—who appeared
on identity data to be tus wife. They also found he had
some lime in his p! though he demed thi d
lime was found sprinkled over the body. This was, in
fact, Dobkin's undomg, for that lime which he intended
should accelerate the disposal of the body had, of course,
preserved it, and preserved among other things the bones
of the larynx or vorce-box, Cateful examnation of these
showed a fracture wiuch, for practical purposes, only occurs
in stranglmg by the band. This victim was, no doubt, his
wife with whom he had last been seen at about the time
she disappeared, four days before that mysterious fire in
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the cellar, and she had died of strangling. Dobkin ve-
hemently dented she had ever gone to the place and he
also demed going back there humself after the fire, but a
‘War Reserve Police Constable had seen him there one day
and remembered shouting to um about showing a light.
Dobkn was lymg. He even demed knowing therc was a
cellar in the place, but tus pr made no

on the jury at the Old Bailey, who found him guilty of
murder. He was executed at Wandsworth Jail.

You may feel this question of identity has occupied a
great deal of space, but 1t is not unjust that 1t should do so,
for the identity of a wictim 1s the first problem of any
murder and 1ts selutton is vital to rapid solving of the
crime, Three months elapsed before the Luton sack victim
was rdentified, yet 36 hours was enough to solve the cime
after that.

Laboratory Aids

‘What of the modern scientific aids to crime detection,
the laboratory resources? These include many of the
methods, mostly applications of quue ordary screntific
tests developed 1n other fields, which take crime detection
mstde the laboratory. It often happens that some chance
observation in the laboratory has a dect and highly
important application elsewhere. Penicillin was discovered
because Fleming happened to notice that certam cultures
.of orgamsms were not growmg properly mn areas where
this mould had, quite by chanoe, developed. The use of

ltra-violet and infT P graphy in police work arose
from the recogmition that certamn pigments or colours
seemed to allow these light rays to pass through them,
whereas others tended to reflect them. When different inks
or pamts are used to alter or fake a2 Road Fund car heense,
photographs taken with infra-red light (filtered white light)
may show that some strokes of a piece of writing were
done with different mk from that nsed for the rest of the
writing. An APF.636 changed in a stolen car to ABE.680-.
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showed as plainly as if the altcrations had been made with
black ink upon writing in pencil, and a long train of potics
enquiries was set securely on its way, It is incredibly
stupid of the car thief to think that such an elementary fake
would escape detection as soon as suspicion was aroused.
The study of classical pamtings has been much advanced
by the same method, for touching up by dealers and fake
signatures have thus been revealed.  Espronage letters which
helped to locate spies 1 this country dunng the war were
detected in an instant in the same way, and so are falsified
cheques and bull dates, over-paiated 1dentity batch numbers
and the like.

There is a catch of course. Ultra-violet kight 1s a strong
bleacher and tends to make some pigments fade rapidly.
A robbery 1n Surrey a few years ago was done by a man
who, when arrested, had mn his wallet some writing almost
rubbed out. Ultra-violet Iight clanfied the words—which
proved to be the address of the robbery--but the card
became too bleached to show thus to the court which later
sat on the case. Fortunately, bearmng this in pund, a
photographic record had already been made of 1t n its
fresh state,

‘While on the subject of pamts we should say | something
of a very modern 1nstr the for this
will dstect the most mmute difference m the muxmg of
paints. A motorist who has collided with a bicyclist but
denies that the pamt scraped along lus wing 18 off the
bicycle, may so be trapped. The two may be shown to
be identical, not in coarse appearance, like colour, but i the
finest details of chemcal consistency. In one such case
traces of the car type paint were found mngramed with a
green bicycle paint on the bicycle frame, and green paint
of>the bicycle type on the car fender. How 1s it done?
‘Well, an electric charge 1s passed through the test substance
and 1t is made to glow with a kind of incandescence. This

™ light s then split wp by pnsms into 2 spectrum which is
photographed. Every metal or substance that can be mac
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absolute fairness. The Crown is prosecuting the aims of
justice, not hounding persons in the desire to pin crimes
on indwiduals. and nothing short of convincing proof can®
be likely to convict a suspect 1a any English court of justice.
The law, Dickens wrote, 1s **an ass”, and 1t may sometimes
appear to be, but it 13 a remarkably wise ass, given to
stubborn demands for strict fairness How often 1t is said
in criminal courts “It is important rot only that justice
shall be done, but that 1t shall also appear to be done.”
These munute traces of gwilt must have absolute values which
will sound rcasonable and appear well reasoned and which
will withstand ion by skilled defendi;
counsel determmned to test the soundness of the case for
the prosecution on behalf of their chents, The public is
the jury, as the jury comes from the publc, and 1t 1s for
them to judge the quakties of this scientific evidence.

One of the most remarkable of all scientific evidences of
guilt 1s the fingerprint, and the study of this subject, dactylo-
graphy, 1s a fascinating chapter in forensic science. Every
mdividual 1s stamped before birth with indelible lines of
indviduality Which remain with um for life. It is un-
fortunate for the crimmal that the most detailed of all these
lic on the ball of the finger—the very part of the rogue
that he raust use to break and enter premuses, to manipulate
locks and safe doors, to wield a weapon or to drag s
victim away to a place of concealment.

The principal lines are set in the form of an arch, a
loop or a whorl, or 1 some composite arrangement, and
it 15 these major data which form the basis of the primary
classtfication of fingerprints. Each individual hine bas a
great deal of further'detail. 1t may come to an end, fork
or contra-fork, or loop like a tramline junction. Further,
the ndge of each line 15 marked by httle niches or inter-
ruptions owing to the emergenco of the skin pores. So
much detail may be included 1n a very small area that a
single impression of one of the fingers left at the scene of
8 crime is wfinitely more telling than the signature of the +
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cmmn:\l. Indced, in the East, this method of signing
trading bills and documents existed long before writing
was sufficiently universal to enable signatures to be used
for such a purpose. Galton, the famous aathropologst,
estimated that the chances of two complete fingerpnnts
being identical was as remote as 1 in 64 thousand mullion,
some 30 times the world population. Superintendent
Cherrill, Scotland Yard’s fingerprint expert, has estimated
that the chance 15 hing bke 11 a 1 that 15
a figure with no less than 42 zeros, many mullion tunes the
world population, The figure, whatever 1t 1, 1s 50 astro-
nomucal as to justify confidence 1n 1t as a proof of identity.

The print may be developed by todine vapour or osmium
tetroxide when the faintly greasy ines have been absorbed,
say, on to paper, or photographed after dusting with a
clinging powder of some contrastng colour.

Even the palm print has sufficed to convict a thief who
broke imto a shop 1 Shoreditch and rifled a safe, kiling
the old proprietor who stumbled 1nto the shop to investigate
the sounds of disturbance he had heard. Many a ciminal
has lost hus chances of beating his way out of a mass of less
convincing evidence piled up aganst him, because he
inadvenmuy left thus tell-tale evidence of association with
the crime.

It is unfortunate that the skm 1tself 13 not a good surface
for the d; and of these
‘There is no telling whose hands strangled or pinned down
the victim from the impresstons the fingers leave.

Hair and blaod have features of 1dentity which are far
less certam 1n their individuality Foresgn hairs found on
a suspect may be identical 1 colour, texture and form,
with those of the victum with whom he has struggled, and

_ you mught lightly assume this to be good evidence to asso-

cmte the two. But it is not, for there are thousands of

and blond artificial d  their

hairs, varying sl@(ly in shade, may resemble each other
so closely 2s to be indistinguishable from each other.
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A W.AAF. was found on her face in a ditch near her
camp at Beccles, Suffolk, raped and suffocated in the mud.
She had fought with her assailant and both blood and hair
mmght'have been expected on hum.  Susprcion fastened on
a man setving 1n an adjoining R.A.F. camp—who was said
to bave been found at 5 am, the mormng followng the
murder, washing tus trousers and pressing them. There was
a good deal of evidence ponting to his guilt and even one
harr like that of the vicim on his clothing would have
carried great weight with the jury, There were three.
Unfortunately, for the sake of scrupulous fairness, the
police also took samples for comparison from the man’s
womenfolk at home as well as from the victun.  The sample
from his wife was quite indistingwishable from that taken
at the post-mortem on the W.A.A F., and the sigmificance
of those foreign hams was nulliied Not only did the
Crown decide that what mught have been incriminating
evidence could not be used* the Director of Public Prose-
cutions went further and placed the evidence 1n the hands
of the defence A conviction followed on the weight of
the other evidence available,

Of course, in the majonty of cases, forexgn hairs found .
on victims of crime do carry their proper weight in the
accumulated evidence against the accused, even though
defending counsel obtain the admission that similar hairs
need not necessanly have come from the same individual,
The distinction between human and animal haurs is usually
easy and never confuses the course of enquiry.

Blood 1s a most mteresting laboratory study which has
much the same weight 1 evidence as hair. There are too
many people with similar blood groups to make the test
individual.

‘The soldier who brmally clubbed a young grl to dcath
in a rye field near Aldeburgh in 1944 walked out df the
field with a vital clue caught in the foot of the trouser leg—
a fragment of an ear of barley with 2 drop of blood splashed
on it. The blood was of the same group as that of the
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victim—and, fortunately, the suspect was of a different
group.

Sometimes the wiping of 2 weapon may leave tell-tale
shaped stains on cloth. A Cznadan coloured soldier who
stabbed & girl in a lane outside Guildford wiped the blade
of the kmfe on his handkercheef and threw the weapon
into the bushes by the road. It was found, and traces of
blood of the same group as the stabbed girl’s lay on ts
angulated blade. When the suspect was arrested he had,
in his pocket, a handkerchief stained with blood clearly
wiped on folds rather than splashed or sozked, and with
one well definad Ling angulated just like that of the blade
of the knife. Moreover, the blood group was that of the
girl—not the suspect. An explanatton he pave that he had
cut his finger and mopped 1t with this handkerchief was
palpably untrue.

Blood grouping has become more and more complex
with the discovery of new specific agglutinable (clump-
forming) substances In addition to the four principal
groups A, B, AB and O, Al and A2 sub-groups, M, N, and
P and the ‘rhesus factor’ have recently been added—in-
creasing the chances of differentiating the blood of victim
and suspect The chances are greatest, of course, when
B or AB, the rarer groups, are concerned, and the blood
must be clean and not decomposed. Typing can be done
even when the stain 1s quite dry and has been so for long
periods, and as bttle, for iastance, as that caught under
the finger nail of a negro who murdered a taxi-driver in
Essex might be enough to provide this telling evidence
for the prosecution. Just as with hair, no one can ever
say of blood that 1t belongs to anyone, only that it was of
the same blood group and could bave come from the
victim (or assaitant) whereas the tested group of the assailant
(or victim) respectively is different. No jury is asked to
credit this evidence with more significance than this  Some
of the body fluids also contam the same subsunces and lt
may be possible to te, or
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suspects with, say, cigarette ends or handkerchiefs which
have been stamned with saliva, These tests, like those on the
blood, have their most telling value in climinating suspects
whose group proves to be different.

Let us ste, now, how much evidence you might leave in
breaking into premuses and, though you had never intended
it, using violence to quet someone who unexpectedly
disturbed you,

Suppose you crept at dead of night to the back of 8
pub where you and a “screwer”’ of yours bad decided to
“do a bust,” turned the fasterung catch of'a small window
and crept mside Tt was common talk mn the bar where
you had been getting some inside dope that the licensee, an
elderly widow, usually took to bed with her the accumulated
takings of the week : she might have as much as £300-£400
m her room at night and would be an easy victim. You
crept upstaurs in the dark, located the old lady s room and,
after a short search, found the money in two bags in &
dressmg-table drawer, the lock of which you forced with
a “stick”.  As you were going through the loot you heard
your pal draw up outside in a car as arranged: everything
seemed to be going all right, for the stufl was in your hands
and there he was, ready with a *drag” to transport you
both at speed through the rught and deposit you both
80-90 rules away in a large city where you, your pal, the
car and the money mght become absorbed without
comment.

You might think it was easy. But suppose one lttle
thing were to miscarry—any httle part of this intricate
crime “sct.”  Suppose, for istance, the old lady was
awakened by the noise of your forcing her dressing table
drawer. ‘This was, 1n fact, precisely what happened in the
case which 15 being used here to illustrate the complcvuty
of even well-planned crime

The old lady sat up with a jerk, started to scream and,

. stumbling out of bed, endeavoured to reach the window
to call for help. You struggled with her to stap her,
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clapped a haad over her mouth, gripped her by the neck
to silence her and fell with her to the ground. She was
still screaming and you knelt over her tightening your grip
to stfle her cries—when she suddenly went Limp, dead.
Suddenly your sunple robbery had become, first robbery
with viclence, then, worse, robbery and murder: for killing
—even if it were not intended—whilst commutting & felony,
would be murder,

You ran out to your pal and together you made your
getaway without further incident, or so you thought But
when the char came in the mormng the hue and ery was
soon started. The old lady bore the meffaceable marks of
strangling on her neck, of being pinned to the floor on her
back and being violently asphyxiated by the tightening of
a hand on the front of her neck  The measurement of the
steady cooling-off of the body—a routine the police officer
will himself perform immediately he finds it—showed almost
exactly when she had been murdered: the fixing of a tme
is of the greatest importance 1 narrowing the times for
any abbi which a suspect may later attempt to establish,

Some smeated blood stams were noticed on the clothing
and laboratory tests showed that these wers human, but
not of the same group as a sample of the victim's blood.
Here was a specumen of the blood, in all probability, of
the murderer

Two fingerprints were found on the sill of the window
frame where entry had been made and these were at once
photographed and classifed  Comparison showed they
were not alceady on record, or the “wanted” notice would
be all that was necessary to narrow the search to an
individual. They were kept for comparison with those of
any suspect.

Examination of the fingers showed a small head hair
caught under the nght forefinger nail. Tt was plainly
human, and quite different from a specimen taken for
comparison from the old lady. This, too, was added to
the evidence of identity of the culpnt, which was mounting,
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The dressing-table drawers rcvealed scratches where the
lock was forced, and the spectroscope revealed traces of
several foreign metals scratched into the brass.

So the police had already 2 number of idcntity data
which mxght enable them to pomt an accusing finger

at a suspect—when they had hold of hum.
And I haven’t mentioned the routine enquiries they would
have begn makimg all this time  What strangers had been
noticed about the bar in the last few days—anyone making
enquiries about where the old lady kept her money or
whether she slept alone? Had anyone heard or seen
anythung that mght? In fact, 2 woman next door had.
She had been awakened at exactly the time the police now
knew the murder had been commntted, by screams, and
she bad gone to the front window just 1n time to see a
man run from the public house to 2 waiting car which was
driven away up the London road. She had noted the number.

The number was circulated and a lock-up proprietor in
London tecognised 1t as having come m early on the
morning following the murder. The plam clothes men
waited and arrested the man who called for it next day:
he gave away his confederate and tlis man’s gpuilt was
clinched as soon as the blood group, fingerprint, hair
sample and a scraping from a small jernmy found at his
lodgings, were examuned. It might have been you—if you'd
had the cruninal urge to attempt such a tempting robbery.

The scales are heavily loaded against crime: your meagre
wit and puny reserve, against the modern scientific mtelti-
gence and 1nfinite resources of the most efficient police
force the world knows, Crime may pay—once or twice—
but not for long, and the patience and tenacity of the
cnmrmal 1avestigation departments of the English police is,
no doubt, one of the prime forces 1n the preservation of
law and order. No country which claims a civilised order
lacks crime, but none can afford to tolerate it, and the
forces ranged agamst such disorders will always—must-=
outweigh them,




Noises from the Sun and Stars
BY GABRIELE RABEL

AMATEURS have made many umportant contnibutions to
science, but perhaps i no other branch of knowledge
has their co-operation been so essentaal and decisive as m
ihe domain of wueless commuaication.

Amateurs scattered all over the earth were the first to
discover the paradoxical fact that short wave transmussions
are ofien heard on the opposite side of the earth while
placesclose to the transmitter do not recewve them at ati—
a duscovery of far-reaching consequences
« Amateurs agamn were the first to notce, dunng 2 period
of sun-spot activity 1 1936, a curous hiss on therr short
wave receivers which occurred only dunng day tume and
which appeared to be assocrated with the solar activty.

Dunng the war, with highly sensitive receivers m opera-
tion and with tmproved dmection-finding facilities, this
temarkable phenomenon could be studied more accurately
Reports came 1n from all sides

On February 27/28th, 1942, Army radar stations working
on the 4-6 metre band heard strong nowses suwmtlar to the
random fluctuations of the recewver’s internal nose but
lasting contgnuously from morning to evemng  Never did
the nosse occur by mght at any station.

* The op d 1ts bearings ding to the
normal practice for finding the directton of a source of
interference—which, dunng the war, was naturally supposed
10 be an enemy awcraft The most sinking results were
obtained from two sites about 150 mules apart, which were
able {o follow the source of disturbance continuously in
bearing and elevation. When the observers looked through
the telescope attached to, and moving with the equipment
they found they were lookin:;5 de.wcﬂ)' at the sun. If 1t was
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the enemy who jammed therr reception, he scemcd to be
sutting on the sun and moving round with 1t

Now, a certain amount of radiation and hence radio
noise 1s to be expected from the sun, but we are told that
the abnormal noise was “far in excess of the expected
black body emusston.”

This phrase wants some explainng.

The Black Body

Every object 15 contnually emutting energy in the form
of heat and Iight and other radiations, and there is a
definite ratio between the amount of energy emutted by a
body and that which 1t absorbs from the surroundings.
A silvered surface reflects more, absorbs less, and therefore
also enuts less radiation than a blackened surface,

A body which absorbs all the incident radration and
teflects none, 15 called a Black Body. Its energy emussion
1s higher than that of any other body at the same tem-
perature

As the temperature increases, the amount of radmated
energy also increases, but mot in equal measure for the
varrous wave lengths The energy maximum shifts from
longer to shorter waves (from “red heat” to “white heat”),
and 1n the solar spectrum 1t lies 1n the yellow-green region.
This energy distnibution corresponds to that of a “black
body™ at 6000°C. That 1s not the temperature of the interior
of the sun—which 15 estimated at 20-40 million degrees—
but of that thin surface layer called the Photosphere which
emuts the yellow Light. When astrophysicists speak of the
“effectsve temperature™ of the sun, they mean that of the
photosphere.

The wave lengths of the visible spectrum, from red over
yellow, green, blue to violet, Lie between 700 and 350
muthonths of @ mullmetre, and the radio waves, even those
below ten metres which the wireless people are pleased to
calt ultra-short, are immensely long compared to those of
light. At the given temperature of 6000°, the emussion of
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energy in these long waves is practically negligible, a minute
portion of the internal recewver noise,

In periods of sun-spot actnity, howeser, the situation
is completely changed. On one day a noise was recorded
which was equivalent to radiatron 100,000-1,000,000 times
that of the black body at 6000°.

During a recent penod of strong solar activity, from
January 30th to February 14th, 1946, Sir Edward Appleton
took practically continuous records of the solar noise power
flux on the 4 7 metre wave length, and he also studied those
terrestrial and solar phenomena whuch are always associated
with the solar nouse, such as solar flares, magnetic storms,
radio fade-outs and disturbances 1a the 1onosphere.  This
15 2 region rather beyond the famuliar and navigable
portion of our atmosphere  Through the actton of vanous
radiations the gas 1n this region 15 jomsed, re, spht into
electrically posttive or negatrve particles  Normally the awe
15 quite a reasonable insulator, but when 1omsed, it conducts
electricity .

When short radio waves reach these conducting strata,
part of them 1s bent downwards and reaches the earth at
amors or less considerable distance from the sender.  This
quasi-reflection of radio waves at the 1onosphere affords a
means to study the properties and fluctuations of that
region.

Sir Edward Appleton, whom one might call the Master
of the I k H hes 111 it the layers:

the complex F-layer 250 hilometres (150 mules) above the

earth (also called the Appleton Iayer), the E- or Heaviside
' layer at about 100 km , and further down the D layer, which
is Tittle poticeable in normal times, but whose fomsation is
considerably inereased as long as a solar ﬂgrc‘is visible

This temporary increase n the D layer 1onisation 15 the

cause of two phenomerta. {a) long radio waves are more

than usually reflected at D, and (b) short radio waves which
normally pass through D and are reflected at Eor F,are '
heavily absorbed and do not reach the upper layers at all.
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Therefore, during a fade‘rout on short waves, long wave
signals are often enhanced. ‘
The figures given for the altitudes of the loncsphcnc
strata must not be taken too literally, because the altitudes
vary with the time of the day and the year and other facters.

The Sun Spots

The puzzling configurations known as Sun Spots move
across the solar disk 1n two belts extendmg from 5 to 40°
latitude both north and south of the solar equator. They
appear mostly in pairs and 1n each couple the leader and
the follower m the journey around the sun have opposite
magnetic polarity, If one 15 a north pole, the other 1s a
south pole. If charged corpuscles revolve clockwise around
one of them, they revolve antr-clockwise round the other.
Further, 1f the leader is a north pole on the northern
henusphere, 1t 1s 4 south pole south of the equator.

It 15 2 moot question whether the sun as a whole 5,
like the earth, 2 magnet If 1t 15, 1ts field would be between
10 and 55 gauss. But the field of a large sun-spot may
amount to 4000 gauss.

Each individual spot appears spasmodically, remains
visible for a few days or a few months, and then disappears.
But when someone, as far back as 1843, thought of cal
culating the entire area covered by the spots, he found
that from one maxinum to the next there 1s a cycle of
roughly eleven years,

Incrdentally, the sun does not rotate like 2 ngid body,
with all latitudes revolving equally fast. While the solar
equator turns once wm 24.5 days, the sun-spot zone takes
about 26 days on the average,

At a time of mimumum, the spots of a new cycle begin to
appear 19 the hugher latitudes of their appomnted belts; as
the cycle progresses, they gradually drift towards the
equator, leader and follower keeping up their polarity.
When they have arrived at about 8° latitude, they al.most
die out. N



NOISES FROM THI:: SUN AND STARS * 57

Now, g to & most ing law d by
G. E. Hale, of Mt. Wilson QObservatory, the sun-spots of
the new 11 year cycle, which bega to develop in the hugher
latudes more than a year before the spots af the previous
cycle have died away, are of opposite magnetic polanty,
1f the leader was first a N, pole, 1t 13 now a S. pole Owng
to this. polatity reversal, the “magnetic cycle™ Jasts about
23 years,

Recent Observations (Sun Spot Pertod of
30th January to 14th February, 1946)

The noise was hygh during the whole passage of the large
5pat across tho sofar disk, 1¢ was highest on Sth February,
when the spot reached the central mendian, and agam on
8th February, On the 4,7 metre band, the norse was
10,000 times, and occasionally even 160,000 times louder
than the normal recever nose. The maxmum arex
covered 0 005 of the solar hemisphere, agamst 0,002 m 1942,

A large magnetic storm began on 7th February, at a time
When the large sun-spot was 1.9 days—or 25 degrees—past
the central menidian. The storm lasted for about thurty
hours. It was accompamied by a display of the northern
Lghts. The horizontal mtensity of the easth’s field went up
o violently that the compass needle deviated by two degrees.

In the critical peniod ten radio fade-outs were recorded,
and the simultaneity between major fade-outs and marked
increase in the solar norse was stnking

A further magnetic disturbance occurred on [3th Feb-
rary. Some observers noticed solar noise a few minutes
before sunnse and after sunset. And one observation
seemed to indicate that simdar momes also came from
the direction of the magnetic north pole (approumately
78°N, 69° W),

When after a half rotation of the sun the spats appeared
&gain, they were smaller, and s0 was the noise they produced.

Little abnormal noise 1s heard on wave lengths smaler
than one metre. It becomes sigmificant at 1.5 m, ard its
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magmitude nises steeply as the wave length increases to five
metres  Outside the reflections and absorptions of the
tonosphere the spectrum may differ.

Sir Edward Appleton considers 1t as established that the
sousrce which 1s responsible for the mcrease in rontsation
and for the solar noise, consists 1n electromagnetic radiation
whach has ats origin mn the active parts of the sun and travels
to the earth with the velocity of Light (186,000 miles per
second) together with the visible radiations

At the same tune 1t seems that a cloud of charged particles
moving towards the earth 1s responstble for the magnetic’
storms. This assumption was first made at Mt. Wilson
and now confirmed at Cambndge Observatory. Spectro-
scopic observations made dunng the February storm
appeared to show that the clond moved towards the earth
with a veloaity of 750 km (450 mules) per second. This
explams why the magnetic storm began almost two days
later than the electromagnetic disturbances,

Not only s our own good old sun sending wireless
messages to us, messages are comung in from far more
distant regions,

In 1933, Jansky, an engmneer of the Bell Telephone Co.
1 New York reported in Nature that high frequency atmos-
pherics which he had at first aseribed to the sun, could not
possibly have their origin there  He was led to infer that
“the source of these disturbances remains fixed m space . . .
located 1 some region that 1s,stationary with respect to
the stats ™

The assumption that the far-away stars mterfered with
our radio sets was—as is usual with new discovenies—
treated with scorn. But to-day 1t 1s an accepted fact that
“atmospherics™ are produced also by a radmation which
comes to us direct from the centre of the Galaxy.

. _And after all—why not” Have not radiations from the
Galaxy long since been recorded by our eyes and photo-
graphic plates?

. Some newspapers at the time reported that physicists had
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' succeeded in getting echoes from the sun and stars, These

reports were based on o musunderstanding of the related
facts, So fur our communication with the universe 15
one-sided.

Postseript

Since this article was written, 1t was possible, by applica-
tion of a method introduced by Michelsen for determning
stellar diameters, to establish that the diameter of the source
of abnormal notse 15 of the same order of magnitude as the
visual sun-spot.



Chemical Front

Comment
In the last twenty years chemistry has changed its whole
focus of interest. The atomuc theory mn this sphere has been
completely worked out, the different kinds of binding by
which atoms are held 1n molecules is nnderstood, the ways in
which molecules react one with anpother largely probed.
The chemustry of ores and minerals and of drugs, dyes and
coal tar products has long been explored, and present-day
chemical mdustry is based on applications of facts and
ideas known for the most part since 1914. When new drugs
like the sulphonamudes or DD T. are developed, their
chemncal properties have been reported for thurty years or
so, and 1t 1s therr brological effects which are the true
modern discoveries. The chemustry taught n schools is
still the old mrneral and coal tar chemistry, but interest
n chemucal research has shifted to an entwely different
field, taking tts old knowledge and old methods with
1t, yet often bhaving to invent new methods and new
concepts

The new field is that of biology. The organic chemsst has
begun a large-scale attack on the chemrcal nature of the
substances which are produced by, or which make up,
living matter. The nature of all the vitamins m food, the
forms 1 which these molecules are found combined in
living muscle or brain, their eventual fate m the yrnne;
the of hormones produced by ductless glands,
which make an individual male or female, giant or dwarf,
which make roots and leaves and flowers grow; the com-
position of 21l the dufferent natural plant and amimalstarches,
and fats, and proteins which compose the bulk of proto-
plasm; the molecular structure of the nuclerc acids which
scem to be the essential chemical components of chromo-
somes and the genes of heredity on the one hand; and of

&0
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infectious viruses of diseases such as mumps, "flu and
mcasles on the other; the field 13 vast and as yet barely
entered, The problems of chemrcal analysis alone can be
appreciated by comparing the size of molecules treated by
the ofd chemistry with the sizc of those facing the new.
A molecule of D.D.T., for instance, contams about 30
4toms linked together, and has a molecular weight i the
neighbourkood of 300 (s e., one molecule 15 three hundred
times heavier than an atom of hydrogen). A molecule of
insulin, on the other hand, a fauly typical proten, has a
molecular weight of about 40,000, over a hundred times
greater than D D T, and proportionately more atoms per
molecule. It 15 the task of chemustry to place all these
different atoms in relation to one another 1n the molecule,
and to explain the ghemistry and brological effect of msulin
purely in terms of these relations. It 15 a task not yet
half completed.

Two points come out of the recognition of this revolution
of chemcal interest  One 18 practical; has the tune not
come for the chemsstry taught in schools to be radwally
revised, in sepjor forms at least? Examination syllabuses
which insist on the teaching of morganic chemstry in great
detail, with a smattenng of coal tar chepustry thrown in,
are preparmg pupils for a world and a chemical mdustry
which s rapidly facing away. Many of the same funda-
mental chemical ideas now taught could be equally well or

- better taught by cxamples from biological chemistry, with
much more relevance to present-day life and needs. The
chemistry of vitamin C is not mére complex than that of
aniline, it is merely less widely known because more recently
discovered

The second point 1s of wider mnterest. It is a contribution
to the debate whether knowledge is infinite, or whether a
time will come whén man knows all there 15 to be known.
The old chemstry seemed to be approaching this latter
state, a state of complete knowledge; and there were those
who Saw the same thing happening in other sciences and
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said, “In two hundred (or five hundred) years’ time
science will be worked out, and men wall have to find other -
imtellectual pastimes.” Yet chemustry continues, with as
wide 2 field of 1gnorance before 1t as ever, It has done
this by changing 1ts artificial boundaries. Chemists have
chosen a new viewpoint with fresh questions to be answered,
and fresh boundanes different from the old  And this ié
the answer to the primary problem The human depart-
ments of learmng are fimite, limated, based on a particular
century’s mterests. But the centuries pass, the interests
change, the boundaries arc altered, and the Universe
remams vast and mystenous, and for the greater part in
total darkness

Sthicones
Plastics represent a modern kink between the old and the
new chemustry, They are d of enormous molecul

often modelted on natural hair or cotton, but they involve
the facts of classical chemustry in their production. Poly-
merisation, the abihty of small molecules, all alike, to
combing together in vast atormc assemblages with new
properties not unlike some of those of the molecules of
lving matter, has been known for a long time, but only
intensively studted in the last twenty years It has beea
thought of quite largely as the pecubar ability of carbon
atoms to hnk together mn long chamns, and the changes
are still being rung on this theme, with the production of
new variettes of plastic.  One of the more recent 15 the use
of fluorohydrocarbons——&arbon atoms with fluorme atoms
attached  Fluorne 18 a close relative of chlorine, and
compounds of both elements with carbon are practlcally
lmportant

CH, methane (marsh gas)

CHCI, chloroform {(anaesthetic)

cCl, carbon tetrachloride (solvent)

CCL,F, propellant m msecticide bombs

F.C = CF, tetrafluorethylene
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Polymerisation of tetrafluorethylece to give a cham
thus F F F

—C—C—~C — yields heat-resistant,
F F F .
chemically inert sohds, which can be moulded mnto any
desired shape

But the end of 1944 saw the announcement of polymers
Involving another old principlealtogether  Silica, or quartz,
known as the basis of all glass and 1n impure form as
ordmary sand, is the oxide of the metal silicon, which 15
sometimes alloyed in steel It has been known for a very
long time that silicon has a chemmstry not unhke that of
carbon, and diflfeting from most other elements i that 1t
forms compounds where silicon atoms combine together
in chains; but this knowledge has usually been relegated
to obscure footnotes 1o the older bocks. However,
American chemusts have developed it into a new class of
plastics, the siloxanes or silicones, a typical example being
the dimethyl siloxane polymer

CH,

X CH,
| |
CH,~S —0 —S —0 —
|
CH CH,

A
a long chaim of alternating sihicon and oxygen atoms, with
CH, groups at the sides.

Such a plastic 1s rquid at ordmary temperatures but does
not mix with water or any other solvent. It does not
conduct electricity, and consequently finds a valuable
practrcal use for electrical wnsulation. A thin film of the
silicone 13 very resstant to water, the great enemy of
msulation, 18 very Tesistant to oudation, 18 unaffected by
heat (1t remains viscous over the temperature range—40° C.
to 200° C, with remarkably small change), s chenucally
inert and adheres tenaciously to a glassy surface. By
altering the groups of atoms attached to the silicon “‘back-
bone” other members of the silicone class are obtained.
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BA.L.

These letters stand for a wartime discovery made at
Oxford, British Antr-Lewssite, a new drug with valuable
peace-time uses, The problem Prof. R. A. Peters and his

1k were k was against poison
gases, m particular the arsenical smokes such as lewisite,
They saw the problem as a twofold one, On the one hand,
what did the lewssite do an the human body which made it
s0 poisonous, and on the other, what possibilittes were there
of neutralising lewssite stself once 1t got mside? Before the
war they had been mterested partrcularly 1n the function of
vitimm B,, and had shown that together with a specific
protemn present 1n the bram, and elsewhere, 1t formed an
enzyme 1n the hving celts which played a vital part i the
usage of sugar by the bram, The sugar 13 broken down in-
a series of small steps, each yielding energy for iving pro-
cesses, and these breakdowns take place only if the mght
enzyme 15 present* 1f 1t is mussing, 2s mn vitamm deficiency
it will be, sugar breakdown comes to a halt, the iving cells
run out of energy and cease to function, and disease
appears. The particular enzyme, containing B,, was called
pyruvic oxidase, sometimes decarboxylase, since 1t worked
the chemrcal change from pyruvic acid to acetic acid, with
the help of oxygen from the air.

CH,—COCOOH 4 0 -s CH,COOH -- €O,

The Oxford workers showed that the protein part of the
enzyme contained sulphur atoms, apparently essential for
jts activity. Normally the sulphur atoms had hydrogens
attached to them—SH, but 1f the H was replaced by silver
or mercury, or arsenic, the enzyme could no longer convert
pyruvic to acetic, although plenty of vitamin were present,
and agam the living cells ran out of energy, and illness
came. Thus both vitamin and protein are necessary for
the chemreal change

Early n the war, then, 1t was shown that lewisite com-
bined with the sulphur atoms 1 pyruvic oxidase b bram,
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and with sulphur in other enzymes, and stopped their
activity.  This was quite enough to explain the poisonous
activity of lewisito—but how to stop1t? The first thought
was to give other, much simpler, compounds contaimng
—SH, such as cystene and glutathione, each molecule of
Jwhich contains a sulphur atom of this sort, But 1t was
found that, though lewistte would combine with cysteine,
it preferred to combine with pyruvic oxidase if given the
choice. Consequently doses of cysteine would not protect
an animal from the effects of lewsite.

At this point onc of the Oxford scientists remembered
Jthat when posoners jall their vicims with arsemic, the
arsenic accumulates chiefly in the hair and nails and skin,
which are known to contain 2 great many sulphur atoms
in their protein (keratin). He thought 1t would be wosth
while to find out how strongly the arsenic 15 held 1 the
hair, and how 1t 1s done. He found that the arseruc was
very firmly held indeed, and closer 1ovestigation showed
why this was. Each arsemuc atom was held not by one,
sulphur atom, as was the case 1n cysteme snd m pyruvic
oxidase, but by two sulphur atoms at once, the two sulphur
atoms existing very close together so that they could share
the arsenic.

Accordingly a simple ehemical was synthesised i whech
the same sitnation occurred. two stlphur atoms side by

. side This d Iy 2.3 d 1
and a relation of ordinary alcahol, was catled Bal for short.
It too was capable of combimung very firmly wath arseme,
and with metals such as mercury.

HO—CH,—CH—-CH, HO--CH,—CH—CH,

) SIH SH -+ As——> 5 s

Bal arsemc N/
g As

Ways of gving it into human ves, as yell as washing
eyes with it and so on, were worked out, and it was found
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to give complete protection. Taken after exposure to
lewisite, or poisoning by arsenic or mercury, it circulated
m the blood, snatching up the arsemic or mercury atoms
before they could harm the pyruvic oxidase or other
enzymes_ Later it was excreted in the urine, carrying the
potson with it Cherusts, working for war purposes, have
presented doctors with another valuable drug.

Chromatography

One of the important practxcal problems 1 chemlstry is
the punfication of ind The of
a chemical reaction, and still more the great rmxture of
substances obtaned tn extracts of living tissues, must be
made to yield up their components onc by one: each
substance singled out, and preferably crystallised, can then
be analysed and studied and its molecular structure and
chemucal behaviour defined Recently, new and powerful
methods have been developed for these separations and
punfications. They depend on two older discoveries:
adsorption, and partition between solvents,

Charcoal, various natural earths, such as fuller’s earth,
and other siliccous and diatomaceous soils, and dlumina
(atumsmuum oude) have the power to extract substances
from therr solutions, and to hold on to them in spite of
washing. This hold 1s physical not chemucal For instance,
if a substance has been adsorbed by alumima from an acid
solution, the alumma may subsequently be made to gve
the substance up agam 1nto solution by washing with alkalt
or alcohol. Now substances vary very greatly in their ability
to be adsorbed under 2 particular set of conditions, and
so substance A may be much more strongly adsorbed than
substances B, C, D—also present 1n the same solution
A simple step to punfy A therefore consists in adding
adsorbent (e g, fuller’s earth) to the solution, stirring 1t |
about (for 1t does not dissolve), and then withdrawing it
again by filtration or some other method, When withdrawn .
it carries substance A out of the solu(lon with it, and thus
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A is larpely sep d from its chemical fell provided
the latter are adsorbed very much less

If the differences in adsorption are not very great, sunple
addition and removal of the adsorbent effects no useful
change.

Another more sensitive techmque exists for such cases:
chromatography ~The adsorbent 1s packed mto a vertical
tube, and the solution poured on the top and slowly sucked
through the column of adsorbent. The most strongly
adsorbed substance never gets far down the column, but
adheres to the top of the adsorbent, occupyiag its whole
surface, and forcing less strongly held substances to move
further down the column where there 1s more space  The
result is that a senes of bands appear 1m the column (sec
plate 5) eacht representing a distinct chermical substance.
By changing the character of the fluid put on the top (as by
changing its acidity, or adding a different solvent) the
strength with which the adsorbent holds ws substances 15
loosened to different characteristic exteats, and the bands
move down the column at different rates with ever-widening
spaces between them. Finally the punfied substances issue
one by one at the bottom of the tube and can be collected.

Chromatography 15 thus a simple and sensitive way of
determining how many different substances are present i
2 muxture and of separating them one by one, providing
they are coloured so as to show up 1n the column, If they
are colourless some special test for their preseace on the
column or 1 the flwd comiag out at the bottom must be
used, and this 1s a severe himuation The other hinutation
to the method 15 that as often as not there may be no
Known adsorbent for the chermcal 1t 1s desired to separate,
and therefore adsorption methods and chromatography
can do no more than remove 2 few of the impurities,

However, in the last six years of S0, A J.P Martin and
R. L. M. Synge of the Lister Institute, London, have
developed 2 new and. different type of chromatography, not
subject to these particular Limutalions, since it depends not
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on adsorption but on partition between non-muxing solvents.
Very often a chemical is sotuble in more than one sotvent,
for instance 1n butyl alcohol and chloroform as well as water,
but dissolves 1n each solvent to a different extent at room
temperature  If therefore we have a bottle containing
both ‘chloroform and water, which do not mux but form
two distinct colourless layers, one on top of the other,
and add substance X to the bottle, some of X will dissolve
in one layer, some in the other, and the partition
of X between the two solvents will be qute character-
suc of X. A different substance Y will have quite 2
different characteristic partition between the same pair of
solvents

If the partitions of X and Y are very different it will be
possible to separate them merely by extracting their solution
m water with chloroforms, for X will pass much more

into the chl m than Y. But if ther
partition coefficients are not distinctly different, as is often
the case, such a simple technique 1s no good. What Synge
does therefore is make the two solvents meet in a vertical
tube. he fills the tube with a jelly of silica (from waterglass)
which contains a great deal of bound water, and pours a
solution of X and Y (or whatever the mixture may be) 1n
another solvent such as chloroform or bautyl alcohol on
t.hc top, and sucks 1t through. As lhe solution passcs
ds 1t its with the

water, those chemicals most strongly attracted into water
staying at the top of the column, while the more equally
partitioned appear lower down. Again, therefore, 3 scries
of bands appear on the column, and can be made to move
down and coliect by ct the
of the solvent. If the substances themselves are colourless
they are very likely acidic or alkaline, and if a little indicator
Iike hitmus is incorporated wnto the silica jelly, each substance
on the column will mark its presence by changing the
colour of the indicator,

This partition chromatography has already been applied
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-with great suceess to the analysis of mixtures of amino~
acids, the building bricks of protetns and the components
of peptides like the antibiotic Gramicidia, to mixtures of
fatty acids, and to muxtures of sugars, and 1s goig to
Prove an important analyteal and preparative toof m the
whole of biological chemustry.

A modification 1s also of value 1n medicine, Instead of
using a silica jelly, moist paper ¢an be the basis for the
chromatogram. Under standard conditions, with paper of
known dimensions and so forth, each amino-zcid comes
after a given tme to occupy a defimite charactenistic point
on the paper, Since 1t requires very bitle of each chemical
to be visible on the paper, this becomes a very sensitive
analytical method. A hitle blood or unne, for, instance,
will yield its traces of ds up to the ch istic
Pomts on the paper, and by seemg which areas are occupied
and which vacant, 1t 1s possible to note down exactly which
amino-acids and peptides are present in the starting material
(sze plate 6),

Syntheric Pemeillin

hromatography has played a part in the production of
pure penicitlin from the growth of mould which makes it.
Partition chromatography 1 also proving valuable in
working out the way to make pemeillin 1n the laboratory
and the chemcal factory. The formulz of pemcilln is
known to be

AN
R—CO—NH—CH—CH” "C—(CH)),

K N — CH—COOH

. where R on the extreme left stands for a gumber of
possible different groups of atoms. Inpencillin Gitisa
benzyl group (C,H, CH,), i penicillin X, p-hydroxybenzyl,
in penicillin K, n-heptyl-—for there are a number of naturally
ocourring pemciliens, with somewhat different medical

" effectiveness, The formula, at first sight very fearsome,
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splits mnto two parts m the laboratory by breaking three
bonds, thus

Sx
C. (CH,),
R-CO-NH-CH-CHO
| N.H~-CH , COOH
co ~

The synthesis of pemcillin G starts with a benzyl oxa-
zolone and with pemcillamine, and attempts to recombine
them.

Work of this'kind has been gomg on since 1944 m both
Britain and America, with very poor success. No pure
chemical substance could be 1solated, and the reactron
mixture at the end of the experiment, when tested on
bacteria, had an activity of only 3.6 umts per milligramme
of solid as agamst 1667 vnuts for pure pemwcilln G. It
seemed doubtful n fact whether any pemcithn was being
formed, the actvity was so low. What activity there was
might be due to some other substance, perhaps quite
unrelated

It was decided therefore to compare the properties of
the unknown synthetic substance with standard pentcillin,
Bacteria vary in their sensitivity to pemrcillin, and they were
found to vary 1 exactly the same way in sensstivity towards
the unknown substance. Some bacterta produce an enzyme,
penucillmase, which destroys penicillin, and also abolishes
activity in the synthesised solution. Rabbits given peni-
aillin excrete a certan chiractersstic proportion in thew
urme. When given the unknown instead, the amount of
activity appeanng in the unne was that expected after a
dose of pemcillin,

But the most convincing argument that penicillin really
was bemng synthesised 1n munute amount “came from a
chemical experiment using modern atomic physics, Peni-
cillamene, contaming radwo-active sulphur mstead of normal
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* sulphur, was prepared and used 1n the synthetic reaction,
The unknown penjeillin-hke substance formed now had a
amount of radi ity due to its b
sulphur.  Some ‘natural erystaline penicillin was now
thrown in and recrystalbsed from the solution. The
crystals wero scparated off, and found to have become
radio-active. They were recrystallised and recrystallised a
number of times, but their radioactivity remained constant
in amount. Crystallisatton 1s a way of getting a pure
substance, frco of impurities. The fact that the radio-
activity remaned constant in sprte of continued recrystalli-
sation argued that the radioactive sulphur was actually
present in penicill Jecules ch v ind 1
from the natural ones thrown in, and therefore all crystal-
Iising together. This was therefore a very strong argument
that a little real pentcilln was being synthesised 1z the
- laboratory,

The rescarch workers persevered By means of partition
chromatography they increased the activity of the synthetic
substance to 44 units per mgm. Penicillin has a character-
istic “colour” in the nfra-red part of the spectrum, and 1t
was now posstble to make this out in the synthetic prepara-
tion too—a further sign that research was on promising
lines. By modifying the synthesss a little, Professor Vincent
du Vigneaud of Cornell University, New York, has now
been able to get a yield of 0 1% of the expected penicilin G,
and 1s studying the reaction further to improve the situation,
Synthetic penscillm 1s still a very long way from factory
production, but that 1t will come m tume there 13 no doubt.
Prof. du Vigneaud points out that it will be possible to try
the synthesis with other sulphur compounds than pem-
cillamine, and that this may open a whole new range of
drugs, some of which may be better even than pemcillin
for some purposes.




De-Icing of Ships
By G. VaN PrRAAGH

ATTEMPTS to reduce the menace of 1ce are of two kinds:
1n the first place, certam measures can be taken to reduce
the likeliltood of 1cing, and these include the fitting of steam
pipes Just below deck and inside the superstructure, and
secondly, means can be provided to facilitate the removal
of the rce once it has formed. The measures adopted on
aircraft are not, n general, applicable to ships. These
mclude the use of pulsating rubber surfaces on the leading
edges of the wings, and the use of a continuous spray of
fluid over windscreens, eic, to lower the freezng point of
water and prevent the formation of we. After much
experience on aircraft m service, the use of heating devices
was found to be the most effective remedy. On ships,
attempts to melt the ice by buckets of hot water or by steam
jets are only partially effective, because a great deal of heat
1s needed to melt a ittle ice.  Further, 1f the temperature 1s
stll below freezng pomt when the operation 1s being
carried ont, the melted ice may freeze again unless it can
be pushed overboard first, Mechanical detachment of the
ice 15 no easy matter, for ice adheres most tenacionsly to
clean, grease-free surfaces and a ship has often been
thoroughly de-greased by wind-swept rain and spray before
it becares 1ced-up.

Dunng the war, owing to danger from enemy attack;
convoys were forced to take more northerly routes and,
under certain weather conditions, accumulation of 1ce on
ships became 2 sertous menace. In order to avoid heavy
air attacks from Northern Norway, the Murmansk convoys
had to leave the comparatively calm and warm weather
which is maintained by that arm of the Gulf Stream which
passes round North Cape and keeps Murmansk unfrozen

72
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throughout the winter, and enter the colder and more
stormy regions of the Arctic, where bitter winds coming
from rortherly directions and often veermg rapidly, are
encountered. In these regions the temperature of the
water may be about 29°F and the air temperature anything
down to 0°F. The superstructure of the ship therefore gets
very cold, and any spray blown over 1t freezes immeduately.
When this occurs, particularly with a headwind, ice may
buld up at rates as high as 14 inches an hour. If the wind
is on the beam, the ice will be formed on that side of the
Shlp'and thus cause a list, which may become senous

faximum icing thus takes place 1 bad weather, so that
the difficulties for the crew engaged 1n desrcmg are greatly
increased by the ship’s motion as well as the extreme cold.

The very rapid rate of coolng of the ship by the wind
makes the prevention of the building up of rce almost
impossible. As stated above, 1ce adheres to clean metal
or paint with great tenacity and st seldom breaks off cleanly
The force roquired to shear tce off a clean steel surface 1 of
the order of one ton per 5q ft., but a thia film of swtabls
oil or grease reduces this by at least 90 per cent and the ice
parts cleanly, However, any kind of de-cing dressing
which has to be applied to ships’ surfaces to facilitate
removal of sce must be able to withstand heavy weathering
at moderate temperatures for several days n addition to

inmg soft at low

The whole problem of the fitung of ships for Arctic
service s too Jarge to be dealt with here, but all officers
who experience icing trouble agree that any device, however
-small or simple, which makes the task of removing the wce
easter, is valuable, The use of mmproved tools for de-rcing
was one step taken to make this task less arduous. Xce
axes or mattocks are too heavy, for 1f wielded with one hand
(which is necessary under icmg condttrons, as the other
hand is needed for holding on), they exhaust a man inabout
10 minutes. Most of the energy 15 expended in shattering
the ice instead of breaking 1t up cleanly. Ice spikes, such
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as are used by and ice d on
wooden handles of various Jengths, are much more efficient
tools for cleaving the ice  Another problem that arises 1s
the protection of canvas and rope. The latter presents
special difficulties, for although the fibres can be water- -
proofed, and thus prevented from freezing indwvidually, it
1s 1mpossible to exclude water from the mterstices of the
rope which 1n consequence sets hard on freezing,

Development of De-icing Materials

De-ieing dressings for application to certamn parts of a
ship’s superstructure 1n order to reduce the adhesion of 1ce
were developed as an emergency measure during 1942.
The work was done by a small research team working 1n a
Unmversity laboratory under Dr. A. S C. Lawrence. -
De-cing materials must pass two tests; (1) a weathering
test; (2) an we-detachment test. The materials were
required to withstand a gale of 90 m.p.h. carrying water 1n
the form of drops up to a quarter of an inch in diameter,
and to facilitate the removal of ice down to —20°C. Two
materials were developed, one which could be easily painted *
or sprayed on to large flat surfaces, and another whuch
could be apphed like putty around coarse mechanisms ~
(such as handles on ammumtion locker doors, depth
charge release gear, moving parts of derricks on merchant
ships, etc.), to prevent the keymg-in of 1ce with the con-
sequent locking of the mechamsm,

For the development of these materials two pieces of
‘apparatus were built. The first was a gale tunnel for the
weathenng test, and the second a device for freezing ice
on to a treated metal surface and measuring the force
necessary to detach it. The gale tunnel, rlustrated in
Plate 3, consisted of a glass tube about four feet long and
three inches 1 diameter connected at one end to a cast- -
iron box 1nto which awr was blown from a rotary blower
driven by a one horse-power motor, and into which a jet of
water, in the direction of the atr-stream, also entered. The
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water was picked up by the moving air and assumed the
veloctty of the air by the time the eut of the tunnel was
reacked. The specimens to be tested were placed at night-
anglcs to the tunnel and received the direct or oblique
impact of the gale, whose speed could be varied from 20 to
m.ph, Steel plates were covered with the various
matenals and tested 1n the gale for perods varying from
minutes to hours. The other prece of apparatus, Hustrated
in Plate 4, consisted sumply of a steel plate on which the
de-icing material was placed and on to which 2 small block
\ o!' ice was frozen Thc appumms was set up inside a
i and the forces
necessary to remove the wce were measured directly at
temperatures from —5° to —30°

The first matenal developed wxs based on petroleum
Jelly. This substance alons 1s too suff to pamt on and,
owing to the crystaliisation of paraffin wax, too hard at low
temperatures to be suntable as a de-ang paste. It was
therefore mived with low freczing-point o1l 50 as to produce
2 mixture of swtable consistency, i.e. one which was not
removed by the weathering test and which reduced the 1ce
detachment force below a specified value This mixture
was still too stiff to pant on eastly and was therefore
diluted with volatde spuit. The resulting matenal as
appled is too fluid to withstand the weathenng test, but the

“ spirit evaporates 1n an hour or so after apphcation, leaving
a thin film with suitable de-tcing properties  Films of
various thicknesses were tested, and 1t was found that the
least thuckness required for the dressing to be effective was
well below the thickness of the ﬁlm left when the material
is brushed on 1m the ordmary wa:

‘The second matersal developed was a putty-like substance,
and was made from a grease stiffened to withstand weather-
ing by the mcluston of a sohd filler. This procedure was
adopted because the solid, whde enhancing the weathering
Properties of the grease, has po tempesature coefficient of
consstency, so that the only stiffening at Jow temperatures
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is that due to the oil base of the grease. Fibrous asbestos
was chosen as a suitable filler. In making up such a
mixture the changes could therefore be rung on several
variables. the percentage of asbestos, the proportion of
soap to o1l in the grease, the nature and viscosity of the oil
base and the type of soap. About two hundred experimentat
mixes were made up and tested. Statistical representations
of the results revealed an unexpected condition, namely,
that no mix which was made from grease based on an oil
of less than a certam viscosity could meet both the weather-
ing and ice-detachment requirements. It was also clear
that the asbestos and soap content could be varied only
within narrow hmets  The final composition consisted of
32 per cent asbestos in a grease contaming 23 per cent of
lime soap in an o1l of 2 certain viscosity.

Large Scale Tests

Large-scale de-icing tests were then carried out 1n one
of the cold chambers of the Eldorade feecreant Company.
Surrounded by crates of strawberries, raspbernies and
blackcurrants, the expenmenters sprayed iron sheets with
water from a sturup punsp, perrodically having to leave the
cold chamber (—20°C.) to thaw out the pump and recover
their breath. Sea tnals of materials were then made on a
destroyer on the Murmansk route One of the trizls not
anticipated (at any rate by the scientist on board) was the”
attempted attack by the Scharnhorst. Very heavy weather
was encountered and the de-icing materials stood up well.

Acknowledgment is due to the Admiralty for permussion
to use material from an article by the author 1a the Journal
of the Royal Naval Scientific Service.



Oceanography
BY DR. G.E,R.DEACON, F.R.S.

L Introduction
Deer-sea exploration has ded the ion of
envilized nations since the earhiest imes, and the foundations
of oceanography can be traced to observations of tides and
currents, and occastonal noles on manne ammals and
plants, made duting the early voyages. It was not till
science as a whole developed rapidly i the 18th and 19th
centuries that systematic investigation became possible;
and only in the past 100 years has it been possible to butid
up the organized body of mformation which now justifies
the recognition of oceanography as a distmct branch of
science. In its most modern conception 1t embraces the
applications of allother sciences to the study of the sea.
To approach the subject 10 g rational way requires first
a study of the shape and composition of the ocean basins;
this 15 followed by an investigation of the physical and
chemical charactenstics and movements of the water and
of the i between the here and the oceans,
and completed by a detailed study of the nature, abundance
and activities of the manne plants and ammals. Many
expedtions and Jaboratories have studied all these aspects
and others have concentrated on either the physical or
biological problems. It 1s almost impossible to study one
branch without paying some attention to the others, and it
18 largely by such collaborative work that the subject has
v,

o

2. Submarine Geology
The marine geologist is concerned mainly with the
topography of the ocean floors, the nature of the sedunents
and the rocks below the ocean floors.
77
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Topography

There seems to be no record of successful deep-sea
soundmgs till the later part of the 18th century, and in
H.M.S Challenger, 100 years later, a sounding, made by
lowering a heavy weight on a hemp line as thick as a finger, |
still took several hours. An American midshipman had
devised 2 more handy method, using thin twme and a
weight which detached itself on striking the bottom; and it
was not long before the mtroduction of thin steel wire
brought further mprovement Using such apparatus in
1874 a U.S survey ship took only 2% hours to make a
sounding 1n water 5 mules deep, all the winding being done
by hand.

In spite of the increasing importance of deep-sea sounding
as more telegraph cables were laid, and the use of steam
winding engines which made the operatton much easier,
the number of deep-sea soundings increased slowly, The
first depth chart of the North Atlantic Ocean, published in
1854, was based on about 150 deep soundings, and the total
number of deep soundings 1n all the oceans 1n 1914 was
only about 6,000.

The 1914-18 war accelerated the development of 2 new
method, that of echo-sounding, by which the depth 15
calcylated from the time taken by a sound pulse to travel
to the sea bottom and back. With this method soundings
<an be obtained without stoppmg the ship, and a research
vessel may now make or of d
where she would have made one, but there are still areas
with very few soundings, especially 1n the Indian and South
Pacific Oceans.

Where detailed soundings have been made they have
revealed new problems. Some submanme elevations have
been shown to be as rugged as any mountain landscape;
and although 1t has long been known that many nver
channels, notably those of the Congo and the Indus, are
continued under the sea as steep-walled submarine canyons,
cutting across the continental platform into oceanic depths,
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the new soundings have revealed so many other canyons
as to make their origin the subject of animated enquiry,
Many of those discovered off the LS. Atlantic coast
2ppear t0 have no obvious connection with the present
tivers on land.

o 25 50 75 NAUTICAL
e b} MILES
Fig 2—Depth contours i metres showing the submanne caoyon
, Off the mouth’of the Raver Congo.

Comparatively Little of the ocean has been sonnded with
the accuracy deswed by the submarme geologist. The
problem of knowing the position of the shup with sufficient
accuracy while she makes the sounding, has to some
eent replaced the early dufficulty of obtaming an accurate
measurement of depth; and the mew systems of radio-
navigation will facilitate detailed sounding by accurately
Iocating ber posttion,

Sediments

The rate at which seduments are deposited on the bottom
.6f the deep ocean vanes from a fraction of a centimetre in
1,000 years far away from land, to perhaps 10 centimetres in
1,000 years near a continent; the topography of the
bottom is known to have some effect, and ridges and banks
tend to be swept clear, while depressions offer condibons
favourable for depostion The very small rate of growth
of the sediment is due to the bottom layer being a zone of



CAPTIONS FOR PHOTOGRAVURE INSET
Plates 1 10 9
Plate 1. Waves 1n a md-Atlantic storm, -

Plate 2 Swell from a nud-Atlantic storm arriving at the
Admuralty wave and swell recording station at Perranporth.

Plate 3  Gale Tunnel (see page 73}

Plate 4 Darect measurement of ice detachment force; a
weight has been added to the pan hanging from the rect-*
angular block, which 1s frozen to a board, 1n an attempt to
detach the block.

Plate 5 Chromatography on alumina: analysis of thre’
different showing mto different col 3
bands as solution moves downwards (ses page 67). Readmng
from above down: on the left bands of Iron, Lead, Silver;
on the nght Iron, Copper, Cobalt; in the middle a complex
Tuxture.

Plate 6. *“Two-di ional™ partition ch am on
paper  Each blob 1s an accumulation of one amino-acid
separated out from the mixture of many; swept from left
to right by one solvent, and downwards by another so as to
come to occupy a characterstic place on the paper, per-
mitting identification (see page 69).

Flate 7. Comparnson tn same microscopical field of orange
fibre A, found m nail scraping of gmrl raped and murdered
and sample fibre B of same colour from accused’s shirt.

Plate 8. Human head harr on blunt weapon found dxs~
carded in bushes near scene of murder. Hair suitable for
comparison with sample from vietim.

Plate 9. Luton sack murder, Companson of finger prints
of dead woman and those on picklé jar found in house of
supposed victim.
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Plate 4 See De-lang of Ships, page 75



s and Plate § are discussed in Chemical Front, page 66.
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1o article on Science
and Crime detection,
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active decompositton of the detrital material which descends
fron'.\ above, the orgamc and inorgamc products being
carried away in solution by the water movements

The sedimerfts belong to two main groups, being exther
the skeletal structures of manne ammals and plants, or
inorganic matenal brought mnto the ocean by rivers, winds
or volcanic activity The nature of the skeletal structures
depends largely on the chmate and the physical and cherical
characteristics of the water above the area, the Antarctic
clmate and the abundance of nutrient salts in the Antarctic
surface water favour the deposition of siliccous skeletons,
while the sedunents below the warmer and less productive
surface waters farther north are mamnly chalky In the
greatest oceamc depths the deposits are chuefly morganic,
and called Red Clay, though the detailed character and
colour depend to some extent on the geology and chmato
of the neighbouring land masses _Information about the
stratificatzon of sediments, obtained by driving a collecting
tube into the bottom, 15 used as evidence of climatic changes
and movements of the sea bed m previous ages

3. Physical and Chemical Problems

The physical properties of the water depend primary
on 1ts temperature and salinsty, but such processes o3 fie
conduction of heat, transfer of energy and diffusion 4
dissolved salts depend mamly on the water mavenan:
the ordmary coefficients of conductivity and viscosft y $as,; v
neghgible 1 comparison with the effect of large wnd porar.
scale turbulence and water transport. The transrs o 4¢
Tight 35 infinenced to a large extent by the prewwres o,
pended partictes  The chemucal ProCessOs AC 4241 iy
ately related to tiological and bacterologicsf zer,.e s

Temperature 3
The main problems are those of charting riy gy o

and vertical differences, and of ’smd TR T
balance between Incomung and outgoing r; et and et
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heat exchanges, which lead to important seasonal and °
irregular changes

The measurement of the sea surface temperature began
to be taken seriously 1n the 18th century When the ther-
mometer was used to identify the path of the Gulf Stream,
1 order to hasten the passage of a ship to Europe, and
sometimes to obtan an indication of shoal water. The
systematic collection of data was orgamzed at an mter-
national conference 1n Brussels in 1853, promoted largely
through the efforts of a U.S. paval officer, M F, Maury, .
who was subsequently chuef of the Marme Observatory at
Washington, Maury appears to have been largely

ble for the ron of national organiza-

tions for the collection and publication of manne weather

data, such as the Marme Division of the Meteorological
fiice.

The surface temperature mn the open ocean ranges from
about —19°C to 30°C, the lower Lt bemg the freezing
pomt of the most saline water foungd 1n the polar regions,
and the upper lumt being reached through the balance
between the gam and loss of heat 1z the tropics, the main
factors bemng the radiation from the sun and cooling by
evaporation. The zone of hughest temperature is generally
north of the equator; it moves with the seasons, but only
1n a few places does 1t extend south of the equator, The
1sotherms tend to run parallel to the lmes of latitude,
except where there is a strong northward or southward
current and m some coastal regions where the surface 15
cooled by upwelling of colder water, or where the temper-
ature 15 dependent on the winds blowmng from a large
continent, such as North America or Asta, which is hot m
summer and cold m winter. In the North Atlantjc Ocean
the 1sotherms are pushed far to the south on the American
stde by the Labrador current, and far to the north on the
European side by the relatively warm water which has its
origin m the Gulf Stream. So preat is the difference, that
the Canadian harbours are icebound during the winter,
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while Norwegian harbours within the Arctic Circle are
open all the year round. *

Just north of the equator the surface temperature does
net change by more than 1°C between the winter and
stmmer scason; the greatest differences between the two
$easons occur where the temperature 1§ fargely dependent.
on that of a neighbounng conttent, 20°C off the Cluma
coast, §7—20°C in the Black Sea, 15°C on the American
Atlantic coast, 10—15°C in the North Sea and 10—14°C 1n
the Mediterranean Sea.

One objection to a monthly temperature chart based on
the averaging of stups’ observations for that month over
a great many years, 15 that 1t presents too smooth a picture;
continuous recordings by shups fitted with a thermograph
show that there are often sharp though varable boundaries
be}wecu diffierent water masses Records made by
Discovery II 1n the Southern Ocean showed that there were
Tecogmzable fronts between Amtarctic, sub-Antarctic and
subtropical water masses.

The first temperature measurements at great depths were
made by collecting large samples of water, using a vessel
which remamed open at both ends while it was bewg
Towered, but closed itself tightly as soon s it was drawn
upwards, The vessel was usually coated with some 1nsulat-
1ng material, and 1t was assumed that the sample d1d not
change much in temperature as it was hauled through the .
Warmer layers near the surface. Another method was to
surround the bulb of a thermen with a batf of nsulating
matenal, such as a muture of resin, oil and wax, about
3 inches thicky the thermometer had to be left at the
deep level for about 12 bours and thea rased as fast as
possible. The first great advance came with the itroduction
of the and munj th in
1815, but the carly measurements were uncertain, because
the thermometer was given no protection against the ugh
pressure at great depths, which compresses the bulb and has
the effect of registering a temperature much higher than the
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true temperature  This difficulty was overcome by sur-
rounding the bulb with a protecting outer tube partly
filled with mercury and evacuated, which allowed the heat
to be conducted without transnutting the pressure. After
further improvements the nstrument allowed a deep tem-
perature to be measured to an accuracy of 0.1°C, though
1t suffered from the fuudameutal disadvantage of being able
to record only the ures oc-
curring 1n the water column thmugh which 1t was hauled; a
warm undercurrent sandwiched between cooler layers would
not be detected unless it was warmer than the surface watér.
Since 1910 1t has been possible to
measure the temperature at any depth to
an accuracy of 001°C. The thermo-
meter 1s turned upside-down m s
supporting frame by a mechamsm
which ts released when 1t 1s struck by a
“messenger” weight sent down the
supporting wire  When the thermo-
meter reverses, part of the mercury
thread breaks off at a constriction and
runs down to the lower end. This
length 15 used to measure the tempera-
ture at the depth where the thread was
broken A special reservorr prevents
more mercury from jomung it as the
thermometer 1s raised to the surface,
and an auxihary thermometer at the side
of the main one allows a correction to be
made for the of the Fxng—A decpesea
thread between the temperature at term upnghz posmnn
which the thermometer reversed and 3% lowered wto the
that at which 1t was cxamumed Both "'
thermometers are protected against pressure by a stout
outer tube, partly filled with mercury and evacuated. '
Generally two thermometers are sent down together,
fixed to a water-sampling 1nstrument whose two ends close
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tightly and enclose a sample when the instrument reverses.
Sit or more of these mstruments are attached at swtable
1mtervals on the same wise, so that six depths can be sampled
during one hoist. To about half of them 2 third ther-
mometer, which 15 not protected against pressure, is
attached; this has been calibrated at different pressures,
and a comparison of its readmg with that of the protected
thermometers gives a measure of the pressure, and therefore
the depth, at which the sampling bottle reversed. The
method allows the depth of the observatton to be estimated
to withm an accuracy of 10 metres, and 1s generally a much
more accurate measure of the depth than that given by the
length of wire reeled out, because the ship cannot usually be
manoeuvred so as to keep the wire vertical,

The old nsulated water-bottle method 1s still used for
shallow depths, the bottie consists of a number of concen-
tric cyhinders kept apart by ebonite spacing-peces, all the
<ylinders fill with water, and the outer ones insulate the
inner one wiuch contams the thermometer bulb  Thus
instrument 15 closed by a messenger weight which shdes
down the supporting wire. Withun the past 10 years
several 1pstruments have been developed to measure the
temperature of the water down to a depth of about 150
metres without stopping the sup  The bathythermograph,
which is the one most used, scratches a‘temperature depth
Tecord on a smoked glass slide as 1t suaks almost verncally
on a thin wire ruaning very freely from a small winch  The
measurement 1s accurate to within about 0 1°C.

Salimty

The average amount of dissolved salt i sea water 1§
35 parts per thousand by weight (%.) Some idea of the
total amount of salt in the oceans 13 gwven by the approxi-
mate calculation that the seas and oceans occupy 71 per
cent of the earth’s surface, their mean depth 1s 2 miles,
and if tlus were evaporated and the ‘salt spread evenly
over the whole area it would hie 200 feet thick,
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The principal chemical jons present are chlorne, -
sodmum, sulpbate, magnestum, caloum and potassium,
but there are few elements that have not been detected m
small traces. It was shown as long ago as 1819 that all
specimens of sea water, from every part of the world, contain
the same dissolved salts m the same proportions to each
other. They differ only in the total amount of dissolved
salts, and 1n very small concentrations of substances
mvolved m biological and bacteriological processes. This
constancy of composition makes 1t possible to use the
determmation of any one of the major constituents as a
measure of the others and of the total salt content. The
standard method of measuning salimty 1s by volumetric
estumation of the chlorme ion together with the small.
amount of bromine and iodine; 1t 14 made easier by the
1ssue of sealed tubes of sea water of known salimty for use
as standards  The only chenucals taken directly from the |
sea on a large scale are common salt, magnesium and
bromine.

The salmity of the surface water mn the open ocean
depends mamly on the balance between ramn and
evaporation It 1s least m the Arctic and Antarctic regions
and in the troprcal rain belt, and greatest in the drier
subtropical regions Much of the surface water in the
Arctic Ocean has a salimty less than 32%, durnmg the
summer; n the Antarctic Ocean the salimty does not fall
much below 349%, except very close to melting ice, 1a the
tropics there are extensive areas with less than 35.5%,, in
the Atlantic Ocean, and less than 34.5%, 1n the Pacific
Ocean  Exceptionally low values are found 1n the Baltic
“and Black Seas, and near large nvers; and an exceptionally
high value of 40%, m the Red Sea.

In'lugh lamudcg the salimity 1s least 1n summer when 1ce
is melting, and greatest in winter when the water 15 freczing.
1n temperate fatifudes the variations are mregular, but the
water is sually somewhat more salme 1n spring than in
autumn.
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Densuy
The weight of sea water depends on ts temperature,
Sthaity and pressure, The effect of each of these vanables
15 accurately known, and the most practical method of
ﬁndmg the density at & particular depth 1s to calculate 1t
from measurements of temperature and salimty Warming
of the water, and the addition of fresh water from rain,
thers and melting ace, reduces the densiy, caoling,
¢vaparation and freezing increase it
The dustribution of density in the ocean 1 closely related
to the water circulation  The differences in density between
¢old and warm regions and between aress of low and high
saligity, together with the effect of the wind, are sufficient
“,’ keep even the deepest layers of the ocean slow cireula-
tion. Where the climate favours the formation of cold or
hughly saline water, this water tends to sk to a level
appropriate to 1ts density, and to spread out horizontally
below the lighter waters of neighbousng regions. To
compensate for such movement there 15 an wward flow,
generally at some lesser depth, and an upward movement
in some other part of the octan The equibibrium 15 a
dynamic one, and the honzontal differences i density ate
10 some extent balanced by currents and winds. There is
generaily a marked difference m density between the water
in the left and nght flanks of a strong current, ‘because the
effect of the earth’s rotation makes the layers of equal
density slope downwards to one side of the current, to
. the tight 1 the porthern herospherc and to the Ieft 1 the
southern hemisphere.
Water Circulanon .
We have such a fixed impression of the sea as a water
surface, that 1t reguires an effort to envisage the contipual
circulation of water in deep and bottom currents; these
can only be studied by measurng the temperature and
salimty at ail depths, 1n sufficient geographical positions to
allow the construction of vertical sections o show the
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distribution of temperature and salinity across the length
and breadth of the oceans  Charts showing the horizontal
distribution at all depths are also used Sometimes the
vertical and horizontal distnbution of dussolved oxygen,
phosphate or nitrate, or sumlantes and differences in plant
and animal populations are used to trace the ongin and
movements of a water mass

The densest water 1n the oceans 1s found at the bottom of
the Arctic basin, but 1t cannot spread southwards to any
large extent because 1t 1s hemmed 1n by a submarine nidge
which joms the European and American continents through
the Shetland Islands, Faeroes, Iceland and Greentand, and
by shallow soundings between Alaska and Sibena  Water
of sirmlar onigin formed near the Antarctic continent 1s not
so restricted, and 1t spreads northwards along the bottom
of the Atlantic Ocean, its influence being evident as far
north as the Bay of Biscay. Between ths latitude and the
Shetland--Faeroc—Iceland submarine ndge the bottom
water 1s formed mamly by the cooling of water of relatively
high salimty mn the sea between Iceland, Greenland and
Labrador. Water which sinks in this area spreads far
southwards above the Antarctic bottom current and 15
generally referred to as the North Atlantic deep current

o sds0uTH
= "
2000
5000
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3

Fig 4—A vertical section through the Atlantic Ocean from North
to South showmg the distnibution of salinsty 10 parts per thousand N
and wndicating the prinaipal features of the water cirewlatior
On its way 1t 1s joned by water which flows as a subsurfaoe
current out of the Mediterranean Sea. South of the equator
the North Atlantic deep water moves slowly southwards at
depths greater than 2,000 metres yll it reaches the threshold
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of the Antarctic region in about lat. 50°S., and 1t then
climbs relatively steeply above the increasing volume of
Antarctic bottom water, till 1t extends to withi about 200
metres of the surface

The third important layer also has its onmn i the
Antarctic fegion, but 1t consists of watet which, although
cooled, has been dujuted 10 such an extent that it finds 1ts
2ppropriate density level above the warmer, more salie
ater 1n the North Atlantic deep current. Tu the Antarctic
2one it 15 a surface current, spreading east and north, but
38 500n as it reaches the lautude where the North Atlantic
water chmbs from 2,000 metres, 1t siaks to a level inter-
Mediate between the North Atlannc water and a tropical
and subtropical subsurface layer, Because of 1ts relatively
low salimty this Antarctic intermeduate current can be
detected as far as 25° north of the equator The corre-
Sponding Arctic current 1s much less well developed, and
1t can only be detected north of Newfoundland, 1n the
Wwestern half of the ocean

The water circulattons in the Indian and Pacific Oceans
have some significant differences from the Atlantic circula-
tion. Ip both, there are northward movements of Antarctic
origin along the ocean bottom, the Antarctic bottom
Current has 1ts origin chiefly mn the south-west corner of
the Weddell Sea, south of the Atlaatic Ocean, but 1t spreads
east round the A t muxing with the

" overlying deep water and moving away to the north, In

the Indian Ocean the overlyng deep current begms with a
Telatively small volume of hughly salme water, which appears
1o spread into the ocean from the Red Sea, in a movement
Similar to that of the water from the Mediterranean Sea
into the Atlantic Ocean, but the mam southward movement
appears o be composed principally of water which turps
back to the south from the Antarctic wtermediate and
bottom enrrents. In the Southern Ocean the deep current
includes a large volume of North Atlantic deep water which
turns castwards south of the Atlantic Ocean,
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In the Pacific Ocean there appears to be no appreciable
sinking of ughly saline water from the surface to the deep
layer, and the deep sonthward movement 15 composed
entirely of water carried southwards from the intermediate
and bottom currents. A remarkable feature of the bdttom
current 18 that it contams 2 large volume of water carried
eastwards from the Indian and Atlantic Oceans, with the
resuft that water smking from the surface in the North
Atlantic Ocean plays an ble part in
the satinity of the deep Jayers of the Pacific Ocean

The existence of extensive desp and bottom currents was
recogmised, as fong ago as 812, as the most reasonable
explanation of the presence of cold water at a moderate
depth below the equator, where the surface water is usually
warmer than 27° C, while the temperatute at 1,000 metres
18 less than 5° C., and the temperature at the bottom about
1* C. The earhiest workers assumed that the sinking of
cold water n high latitudes was balanced by an ascendmyg
movement 1n the equatorial regon, but although the some-
what neater approach of the deep currents to the surface,
and the very sharp decrease m temperature below the
surface, give some indication of such a movement, there is
no direct transfer of water from the deep layers to the
surface

‘The principal facts outlined 1n the previous paragraphs
have been discovered during the past 20 years, the improved
methods of sampling and measuring salimty making the
work much easier. There are still many important problems
to be solved; httle 1s known of the speed of the deep water

, but they are p y not faster than 1 or 2
miles a day, and must be regarded as slow creeping move-
ments Tather than currents. They must also be subject to
: seasonal fi ly when they
depend like the Antarctic bottom current and North
Atlantic deep current, on the sinking of water mainly in
the winter months. The brief outlme which has been given
there has emphasised the meridional or world circulation,
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ot nhen dhe subject is approached in detail 1t is found that

ﬂi; zonal movements are also important, and also that

ung and large-scale water exchanges between the
- dferent ayers must be taken 1nto account.

The effect of the wind on the sutface of the ocean is not
ta fgm'c the surface water steaight before 1t, because the
additional forces doe 10 fncuon with the underlying strata,
nd the effect of the earth’s rotation, are sufficient to divect
the movement to the nght of the wind 1 the northern
bemisphere, and to the left of the wind m the southern
hm\lspbcre. The most compiete mathematical solution
Obtained 5o far shows that the sutface dnift should be
Inchined at 45 degrees to the direction of the wind, akso
that the velocity should decrease with depth, and the angle
Betwcen the dnft and the wind should 1nerease vath depth
Sa that the resultant transport of water, between the surface
and the depth at which the velocity becomes neghgible, 15
directed at right angles to the direction of the wind. These

wing
DIRECTION SURFACE
DRET

Fig 5
Diagram stlustrating the
Jochnation of the surface
water dnft to the direc.
tion of the wind, and the
inereasng  deflection of
daoft wih depth (after
Ekman),
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results are modified near a coast; and in shallow water the
direction of the drift conforms more and more closely to
that of the wind Observations have supported the con-
clusion that the durecthion of the surface dnft in mid-ocean
1s 1nclmed at approximately 45° to the night of the wind m
the northern hemusphere, and 45° to the left 1n the southern
hemisphere, but the changes m velocity and direction with
depth have not been thoroughly investigated A recent
paper published 1 the US A shows that the well-known
“Portuguese man-of-war”, a stinging jellyfish floating with
the help of an air-sac which projects above the surface and
acts as a sail, 1s oriented physically to sail to the left of the
wind m the northern hemusphere, and to the nght of the
wind 1n the southern hemisphere  The specimens taken in
the northern and southern hemispheres are mirror images
of each other (compare a left and a night hand), so
designed as to counteract the dnft of the water

A persistent offshore wind leads to marked upwelling of
water from the subsurface layer. Upwelling 15 also found
where a current flows with a coast on 1ts left m the northern
hemusphere, or on 1ts nght 1n the southern hemisphere ; this
13 due to the effect of the earth’s rotation, which causes the
layers of equal density to slope upwards towards the coast

Tides .

The exact knowledge of the attractive forces that gen:m!e'
the tides, and careful analysis of a long senies of tidal records,
allow future tides to be predicted wath great accuracy. The
only appreciable differences between the figures given m the
tide tables and those obtamed by measurement are due
to weather factors which cannot be predicted. The theoreti-
cal study of tides, although hardly ikely to achieve such an
ultimate object as the calculation of the tides at any pomnt
without any previous observations mn the neighbourhood,
has made great progress towards explaining how some of
the seas and oceans respond to the accurately known tide-
raismng forces. .
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The old theory that the tides of the world were due
primarily to a tidal wave passing round the Southern
Ocean, from which secondary waves travelled northwards,
has been proved mnadequate, and 1t 1s bewng shown that
the tides 1n the Atlantic Ocean, for example, are produced
in the ocean jtself. It has been found that the observed
tides are much greater than would be expected from the
simplest matt « d of the forces,
and it 15 concluded that there are standing oscillations,
Tesonating with the attractive forces

The 15 simply d by a rect-
angular dish, 1n which the water oscillates with a see-saw
movement, so that there 1s a large nise and fall at the two
ends, and none along a nodal Line through the middle

HIGH WATER MW Hw
TN~LmopE -7 I ]

and (a-+ by double, standing udaf oscillation, the

Fig_6-(a) sngle,
dotted lines anxgle the water surface at different times

In Nature the nodal lime would shnnk to a nodal pomt,
becapse the effect of the earth’s Totation on the streams

entral regton would cause changes m
the two sides of the channel [n the
northern hemisphere the tidal oscillation will appear to
rotate m an anticlockwise direction round guch a point, and
cotrdal lmes, joining points which have high water at the
same time, will radiate from it The pomt 13 calfed an
amphidromic point; it must be noted that although tl'fere
15 httle ise and fall near such a point there are strong tidal
streams. The rotation of the tide-producing forces round
the sea also operates 50 a% to produce an amphidromic

system.

passing,through the c
the surface height on
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The English Channel behaves as if there were a bartier
across the Straits of Dover, and an approximation 10 &
nodal region near the Isle of Wight. The North Sea behaves
as it there were a triple oscillation, with amphidromic poits
east of Lowestoft, west of Esbjerg and close to Stavanger
In such small channels and seas which are offshoots ol: the
matn ocean the tides are maintawed by the oceanic tides
Itis offen remarked that the tides of the Meduterranean S¢@
are very small, but 1t has been shown that they are dppsot-
mately what would be expected from the action of the
attractive forces on such a relatively small sea. . *

Authorities on tides still find 1t pecessary to contradict th¢
common belief that double high waters such as those at
Southampton are duc to a difference in trme betwesa te
arnval of the tide from two directions, in this instance 15
first fugh water 15 attributed to the tide reaching the pot
from the west, while the second 15 said to be due to the tid¢
which approaches from the east round the Iste of Wight.

18 7=Tidal curve A has fida) curve B, of half the period, supels
imposed upon 1t ‘When both low waters add together, an evenlovd
water C 15 produced, but when high water A and low water B comnadé,
the resultant is two modiied high tides X and Y
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The fandumental fallacy 1n this explanation is that two tides
of the same period cannot combine to exhibit another
Penodicity, such as the two hours between the double high
Waters. Tt is known that when a tidal wave runy nto water
of dccrc:xsmg depth the harmomwes of the main period are
generated (e, the shallower water starts to osallate on its
own with quicker rhythm), and they are called terrestrial or
shallow water tides, A complete explanation 1s not avail-
able for Southampton, but the essential reason 1s that these
shallow water tides, whose periods are a half, third, quarter
and 5o on, of the main perted, are suffictently out of step
With the mamn tide for the vertical movements to add up to
give two hugh waters

Farther along the coast, at Portland, they add up to give
Wo low waters or a prolonged low water. One of the
fundomental condions for the formation of double tides
is that the amphtudes of the harmanics should be appreci-
able compared with that of the mawn tidal penod, and as a
fule this will oply occur mear an ampludromic pomnt

Waves
Although waves and swell have been studied seniously
for more than a century, there are many questions of
Phmary mmportance which cannot yet be answered  As
500n as the need for accurate informaton became urgent
during the 1939-1945 war, the available empirical relations
goverming the generation and travel of waves and swell were
found inadequate
- The difficulty of measunng waves, and the undiscermng
nature of visual observations, have been manly responsible
for the lack of accurate mformation, and the recent develop-
. ment of ders and wave analysi y
Admuralty scientists should ensure rapud progress In
soundings less than 20 fathoms the waves are measured by
pressure ., or mverted ech ders, lud on the
sea bottom, 1n deep water they are measured by recording
the up and down movements of & buay,
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Fig 8—A record of ocean swell obtamed with a pressure fecorder
on the sea bottom at a depth of 100 ft The average hexght of the
swell 15 18 mches, the white marks on the tipe scale at the bottom
of the record are 20 seconds apart

Every storm gencrates waves of all lengths up to a
maumum which depends on the greatest wind strength;
the shorter waves are generated first, while the wind 1s
nsing.  They pass out of the storm area as swell on therr
way to distant coasts, but are soon overtaken by longer
waves generated when the wind reaches its greatest strength,
the longer waves traveling fastest because the velocity of a
wave 15 directly proportional to the wave pertod. The first
mdication of the products of such a storm at a distant
recording station 1s the arnval of low long swell, subsequent
recordings show a contimual decrease 1a the period of the
swell though the amplitude 1ncreases till 1t reaches a peak
value, after this maximum the amplitude decreases as well
as the period  Generally there are wave trains from several
storm areas arriving at the same time and the wave pattern
1s a complex combmation If it happens to be a fairly
simple one the waves arrive 1n groups, first they remforce
each other and there 15 a group of high crests, and then, as
they get out of step, a group of low crests The intervals
between the groups depend on the range of periods present,
50 that it 1s not necessanly the fourth, fifth, seventh or
tenth wave that 15 the lughest; there will be some obvious
rhythm 1f there are not too many periods present.

The success of attempts to trace each wave band back to
jts ongm, and the value of swell recordings at a coastal
station for the study of the waves generated in dustant
storms were found to depend on the certainty with which
the various wave pertods hidden 1n a complex record could
be separated out. As soon as this was realised 2 wave



OCEANOGRAPHY 96
analyser was made to analyse each waverecord 1nto a wave
spectrum, in which the groups of waes due to any par-
ticular storm can usually be distmgwished By comparing

ntace g mmESEI
VYT e PR
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Fig. 9—The frequency analysis of the wave record of which Fig 813
apart It shows general wave actmty from winds 10 mid-Atlantic,
2 o 1soated band of swell from an mIense storm of

irgmia.

ff the coast of

many such spectra with the relevant meteorologrcal charts
1t has been shown that 3 group of waves of any partcular
penod advances across the ocean with the velocity which
¢lassica) wave theory had already assigned to 1t; and smce
the rates of travel, and tmes of arnival of differeat groups
can now be obtamed with faur accuracy, the trend of periods
shown by a particular wave band 1n successive wave spectra

. can be used to calculate the distance of the storm from
which 1t emanated
The Adauralty wave recording station 18 at Perranporth,
and the swell that reaches 1628 ususlly be traced to storms
1n the North Atlaatie Ocean, sometumes 10 relatively small
but intense storms as far away as the coast of Florida. On
at ledst two OCEAsIONS 1t bas beent possible to detect swell,
whose slow decrease 11 ean period shows that it was
generated at a Gistance of 6,000-7,000 mules from the
recording station, and such swell can only be attnibuted to
a storm 1 the Souther® ‘Ocoan, probably neat Cape Horn.
One immediate advantage of the new recording and
analysmg techniques 1s that they o3l be used, when neces-
sary, to obtaint warpingof 188 approach of heavy swell, The
warmng 1S obtamed by detecting the very tow long swell
that js first to atmve rom a distant storm, but which cannot
usually be detected BY wisual observations because it is
obscured by shorter, steeper Waves. Wartume requirements
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have attracted much attention to the study of waves and
considerable progress should be made 1n the next few years.

4. Oceanography and Meteorology

The currents and the temperature and sahnity distribu-
tions 1n the oceans represent a dynamic equilibrium between
the mfluence of radiation, conduction, evaporation, pre-
cipitation and winds, and much of the energy that maintains
the arculation of the air 15 supphied by such interaction.
Tn some parts of the world the currents are such that the
supply of energy from the ocean to the atmosphere 15
localised, there especially, the sea exerts a profound
mfluence on chimate and weather.

The applications of hydrodynamic theory to the study of
the distribution of temperature and salinity in the oceans
are very simular to the treatment of problems of atmospheric
crrenlation, and as more 15 done to study the movements of
a1r masses, the two sciences have more in common

5. Life m the Sea . .

It 15 still easy by fishing or dredging 1n deep water to
discover a new manine amumal, but the emphasis marine
biology 1s moving from the collection of small samples from
little known regrons to the systematic study of whole popu-
lations, the dependence of producti
and growth on the physical chemical and biological con-
ditions 1 the environment. To study a single specles
involves extenstve mvestigation of the whole life history,
from the eggs and larval stages to the spawning adult, each
stage may have 1ts own particular requirements, and the
factors which control the distribution and fertility of the
spectes will not be understood till such requirements are
known

Sea water has been shown to be an ideal medum for
supporting fe. The necessary minerals and gases are
carried 1n solution; the simularity between the salt content
of the water and the body flmds means that no spectal




OCEANOGRAPHY 8

energy has to be.used to maintain the proper equilibriurm,
and the buoyancy of the water relicves the animal of the
need for suppomng aself with a rigid skeleton. The
of reproduction are sk plified by the floating of

the eggs and sperm, and the water circulation brings the
anumal withm reach of its food, or brings food withun reach
of the sedentary species. Such factors may explain why the
sea supports arumals much larger than any that have
exsted on 1and, and the absence 1n marne animals of the
relatrvely high mentality displayed by many anumals on land,
It 1s remarkable, however, that some of them, hke the eel,
are able to direct themselves on long mugrations

With few exceptions manne animals from gronps with
freshwater representatives are larger than their relatives in
fresh water, and often the difference 1s very great. A better
food supply, the simlarity of the salt content of the water
and the body fluids, and easier respration because of the
presence of carbonates to facilitate the removal of carbon
dioxide, may be the chuef causes

The vast bulk of hfe m the open sea 18 composed not of
active creatures such as fish of whales, but of microscopic
plants, and small ammals which drift with the water They
are known collectively as plankton, from the Greek word
for wanderer, the plants are known as phytoplankton, and
the ammals as zooplakton But although the actively
swimming ammals car constitute only a smali proportion
of the ammal hfe their total must be tremendous The .
annual catch of food fishes 15 approximately 10 mitlion tons.

Superba, the species of oceanic zooplankton which
g 10— Eiphasi S Lo Probably more s known of the
fiho AlIOLS tnan of any otuer oceanic species. 180
toa

length of about 3% inches
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It 1s the microscopic plants that support the enormous
animal populations; the larger sea weeds either attached to
the bottom, or adapted, like those in the Sargasso Sea, to
a floating existence, are relatively unimportant, The phyto-
plankton can only exist within the relanvely shaflow l::yc:ry
usually much less than 100 metres deep, in which there is
sufficient illumination dunag the daylight hours for the
plant’s photosynthetic processes, the phytoplankton will
die 1f 1t sinks below this zone unless the water circulation

Fig 11--Typical phytoplankton Diatoms, the largest of which 1s «
! less than 1100 inch
brings 1t back  The microscopic size of the plants, and the
consequent high ratio of surface area to volume favour a
Iow rate of sinking, and they often have long spines or
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!m'\r-like projections by which they are virtually suspended
in the water. Their specific gravity may also be lessened
by the presence of oil in their cells  The most speciatised
forms are found in the warmer waters, possibly because of
the somewhat fower viscosity. -

The phytoplankton feeds on the dissolved salts and gases
in the water. In the temperate regions there 1S Litle growth
during the winter, and a rapd multiphication takes place in
the spring, t a tume dependent on the mcreasing daylight,
and on the warmung of the surface water which restricts the
vertical turbulence and the possibility of removal [rom the
luminated zone. At this ime the water may become very
green and aequire a weedy smell, but the crop soon dim-
inishes, probably because it is rapidly consumed by an
outburst of ammal hfe which occuss at about the same
time. Ity recovery 15 hundered by @ shoriage of mutnent
salts, the available phosphate and mtrate being very much
depleted by the first outburst, and only very slowly-renewed
from the unideslying layers, because the warming of the
surface water has greatly snereased the stability of the water
column and restricted vertical mxing There may also be

* some physiological factor {¢ the autumn there 15 generally
another though smaller outburst, whiclh 1s attributable to
the replenishment of the autrient salts 1 the surface layer
by increased convection with the underlying layers in the
coldet and stormer weather, which comes while there is
still sufficient daybght for moderate growth.

Ja subtropical and tropical regions the seasonal changes
are much less marked, althou_gh m monsoon egions an
offshore wind may causé sufficient upwelling. of subsurface
water to have a great mfiuence o the fertility in one season,
Elsew here in these reg10m3s except inareds where the current
system favours upeling the growth of the phytoplankton

is himited by the shortage of pbosphate and mtrate in the

well jllymupated surface fayer. . .

Oue of the most interesting features of animal populations
in the sea i the large variations in abundance Jt)s known
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particularly of some food fishes that one year may be ex-
ceptionally favourable, with catches far above normal, and
that this may be followed by several years of scarcity.
There are aiso a number of instances in which areas that
have been the scene of a profitable fishery have been en-
tirely abandoned by the fish on which the mdustry was
based, or a profitable fishery may develop, Iike that i the
Barents Sea, n an area which had previously not been
worth visiting  These fluctuations are studied in detail by
fishery laboratories, particular attention being pawd to the
conditions of spawning and the early months, which are
believed to be the most critical periods n the life of a fish.
The area n which a particular species hves 15 often”
sharply defined  Many of the zoologists who have exammed
the Discovery collections have remarked on the significance
of the boundary between Antarctic and sub-Antarctic waters
as a biological boundary  Among the floating and drifting
plants and animals there are many species which are typical
of either Antarctic or sub-A 1c water, and 1
rare on the other side of the boundary to be regarded as
intruders 1f found there. Others are common to both sides;
there 1s a sumilar division of the fishes and shallow bottom-*
lLiving amumals. There 1s a second boundary farther north
between many sub-Antarctic and subtropical species

6. Research i Oceanography
Untl the present century work in oceanography .was
mamly descriptive, devoted to measuting depth, taking
samples of the observing es, densities
and currents, and collecting specimens of the flora and
fauna; the generalisations that were made were concerned
chiefly with the geographical dsstributton of the various
. properties and species.  The next stage was analytical and
the results of theoretical studies and Iaboratory research
were used to assist m discovering underlying physical,
chemical and biological principles. The energetic applica-
tion of such methods was begun mainly in Scandinavian
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CO}lnt‘ries in about 1900, and has since spread to all the
principal nations, There is no sharp division between the
fwo stages; desemptive work still goes on and there s
?Jcnl)' of scope for 1t; another continuous process 18 the

D in J and of facilities.

A third stage was mtroduced when the results of ocean~
ographical investigations could be applied to economc
problems. Such an application developed first in north-
Wcs'lcm Europe, where the fisheries were expanding so
rapidly that the fear of overfishing caused all the interested
nations to devote copsiderable attention to the research
necessary {or obtawung reliable wformation on which to
base regulations for controfting the mdustry  This work
2lso Jed ta the foundmg of an International Councii for the
Exploration of the Sea

Although the actiities of these laboratories and the
official § 1 orgal are 1o i
problems, they have made large contributions to occano-
Eraphy. Therr approach to the subject, and that of the
marine biologieal stations which they have to some extent
Supported, has been mainly biological, and physical aceano~
sraphers fee) that too lttle attention has been paid to the
fundamental physical processes which have a dursct bearing
on all events n the sea. The need for securng such -
formation is recerving more attention as tune goes on, and
tesearch carned on during the war has demonstrated new
applications of the phywical studies t0 navigation, and to
work gn coasts and barbours. sufficient to create a fresh
demand, and to attract an increasing number of physicists
and mathematicrans  Physical problems are discussed by
the A of Physical O hy, which is a branch
of the International Umon of Gco!i:sy and Geophysics,
meeting every three years 1 normal times, to receive papers
dealing with o wide range 9[‘ subjects  Ttis aiﬁha(:d to the
Tnternational Hydrographic Bureau, whose interests are

ts of pavigation and hydragraphic”

mainly the techmeal aspec 2 3
survc;ing; also to the International Council for the Ex-
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ploration of the Sea, and to an International Commission
on the Oceanography of the Pacific Ocean In this country,
regular for the of hy 1 all
15 aspects are held by the Challenger Socicty, whose main
object 1s to promote the study of oceanography. .
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The Cure of Tuberculosis
THERE are no dramatic commumiqués 1n the war on this
front. But there 1s progress all the same  Knowledge of
the nature of the disease has grown enormously and
naturally this has improved the treatment and saved Lives
The realisation that tuberculosis m the chest is often an
insidious nfection creeping sitently though the lungs and
giving no huint of its presence, has finally led most doctors
to distrust their stethoscopes and turn to X-rays. The
diseased tissue in the Jupgs casts a shadow on the X-ray
film, an opaque patch 1a the translucent lung standing out
agaimst the famter shadows of the nbs. Not all opacities
1o the chest are tuberculous, of course, but the trained eye
can usually tefl. Routine X-rays of everybody’s chest, as in
mimature mass radiography, mean earlier detection and
diagnoss, and therefore beter chance of cure

The chief treatment 1s still plenty of rest, as 1 all illnesses
where nothung more specific remains to be doue, and the
am 15 to give the body the best possible chance to fight
back. But modern surgery has extended the meanmg of thus
prescription.  The sick person can rest in bed, but his sick
lung can also be rested Normally, with every breath, air 1s
sucked into both lungs and expelled agaim  Both lungs
expand and contract passively as the chest wall moves,
perhaps twenty times a mipute If one lung 15 diseased 1t
15 better kept collapsed and at rest, until it has had a chance
to heal, and collapse 13 brought about by putting air mto
the chest around the outside of the lung. Thus may be an
easy business oF pot, depending on tfle extent pf the disease.
At'its simplest 1t mvolves pushn.\g a peedle into the cht‘:st
and putting 10 air from a synngc—knf:\vn as amﬁc@l
preumothorax. But disease may have punaed the lung in
an extended state, 10 which case the adhesions holding 1t

104 -
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Fig 12—(A) A black patch of
Fushid ln;( e chest,

Sdisease s the right fung A neodte s
th 043 syrioge-Lull of ar given, whty s diseased
lung collapses (B),
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My have to be U2 more insolsed operation, thora~
Ctomy or thoracoplasty. Semetimes, too. the diaphragm
5 immotilised on one side by crushing s nerve 1n the neck,
[ncldcnully, itis interesting to see thata man can get along
.quife well on only one functioming lung (in fact on even
fCSS) The same is true of some other organs  One kidney
B qQuite enough, and loss of exghty per cent of the norma)
Iiver passes unnoticed.

An_olher essential of treatment s plenty of good food,
2nd in some fhospitals pauents are given small doses of
nsulin hatfan-hour or so before meals 10 stimulate their
2ppetites, 3o that they are prepared to eat the 5,000 calories

ba}'d manual Inbour after a day spent m bed  The com-
Posttion of the food 1s now thought to be very tmportant,
Pats]!am avoided, and plenty of proten and starches
Supplied.

ption, all so farare d 2
Sulpha drugs have no effect, penctthn probably not erther
{some scientsty say 1t may work tn colossal doses), strepto-
MYCin is doubtfyl* and the synthetic drug Promun, a
Sulphong, js too possonous to mat for use 1 the necessary
bigh dosage, though it works well in the gumea pig, The
€¥Ception is a recent discovery Tuberculosss can attack
Rot only the fungs but also most other parts of the body—
bones and joints, kidaeys, glands, brain, and skin I fhe
Jast menttoned the disease 15 known under the Latin name of-
Lupug vulgans, and durng the last four years, 1t was
ﬂccidcnmny fonnd in France, and mdcpendenrlyﬁr &t
Thomas’s Hospital, London, that vitamsn D taken in very
large doses by month would cure tubereulosis of the skin,
This fs very encouraging, and the pity is that lubcrcu[os}%
elsewhere appears to be wraffected  The explanation is
Probably that wtamm D does not attack the germ, as other

85 may, fut has the pecuharity‘of stimulating the skin's
Tesistance o infection, prompting it to fieal :

omycin wal i -
Tt 1ssome cndecs 7§1§T'couya§ﬁon: ! cwe brain 1.8

Witk oy i
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Thus question of a drug to destroy the germ is a present
spearhead of research, and 1s bemng tackled in two ways.
One is a wide search for an antibiotic like pemaillin or
streptomycin.  Thousands of moulds and bactena ate being
tested to see If they produce any substance which will stop
the growth of the tubercle germ in the test-tube. Any
promusing ones are tested further on expermmental T B. in
gumea-prigs  So far, there 1s nothing noteworthy in thus line,

The other approach 1s long-term, a study of the chemical
behaviour of the living germ, what vitamuns and foodstuffs
it requires, how 1t breathes and grows, what chemicals 1t
produces. We already know that one substance it makes is
a branched-chain fatty acid called phttuoic acid, which
produces most of the signs of the disease, including the
microscopic appearance of the tissues, when 1t is njected
mto the body This 15 promusing, but difficult ground
However, the further knowledge extends, the greater the
chance of turning up a good treatment.

The difficulties of this research are many, Tubercle germs
grow very slowly, so that every test takes weeks They are
covered m fat, which makes them difficult to handle {and
drfficult for likely drugs to get in and kill them) Tubercu-
losis 1 guinea pigs and other amimals 15 not the same as
man, and what cures a guinea pig may be useless to 2 human.

There 15 however another approach to the T B. problem
which has been ncglocted in the past, the study of resistance.

s good evid for bel that
every town dweller who reaches the age of 21 has actually
had tuberculosis once—and got over 1. All infections
appearmg after that age are 1o be regarded as a breakdown
of resistance acquired during the mtial childish infection,
perhaps as a highting-up of the old illness previcusly suc-
cessfully held at bay. Study of the statistics shows that
people with diabetes are much more hikely than the average
to get this lighting-up. On the other hand, people with
“popeye” gottre, the discase of the thyroid gland called

- thyrototicosis, mever get a flare-up of T.B.
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Countrydwelfers rarely get a chance to catch a “touch™
of T.B young, since they lne under healthy conditions, and
when they come to town they have no resistance buils up
over the years and they go down with it badly This
explains for instance why so many fnishmen m London get
:T.B. Tt exphins, too, why s0 many young people catled
into the Forces in 193945, and Lning n crowds for the
first time, went down with the mfechon  They had no
tesistance  We need to krow what exactly this resistanse
I, and how to stimulate 1it, and then we may have a final
answer to the T.B, problem

Paludrine for Malana .
When & malana mosquito bites a man it nects makatia
organisms in jts saliva nto fus blood There they mostly
infect the red blood corpuscles and destroy them  Buta few
hide away m his tissues, bursting out now and then with
fresh bouts of fever; while a few more cuculate quietly i
the blood, domg no damage. but waiting to mfect some
fresh biting mosquito, The drogs qunme and mepacrne
attack only the organisms actively destroymg blood cells
They teave alone those 1 hiding and those lurking for a
pick-up, 50 they are not ideal mediines  There 15 2 thurd
2, Pamaquip, which has ¢ wider effect, but 1t 15 too
potsonous to the patient to be extensevely used. )
Working on new lines, 1 C ¥ chemsts fave developed a
fourth drug, Paludrine, which seems 1o be the best yet, since
it is active against the malara OTganism in. all 1ts forms,
whetever it may be. It acts 50 quickly that it can slqp the
appearance of the disease if taken after an infected insect
bite. Thus means 1t should be capable of preventing spread
from man to gan by insects, and so prevent epidemics. It
Bas the advantage, too, of being harmiless to the patient in
the necessary dosage, and it does not make him bright yellow
loes
asﬂ?ﬁfﬂ:ggﬁd out on bird mala‘xria first, using
infected young chicks as the expertmental animals  This has
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the advantage of great sensitreity. The chick needs less
medicine than the human, bemg so much smaller, and this
made the chemical work much lighter, smce less of each
substance had to be made for testing.

Previous anti-malarial research modelled itself on quimne
or on the yellow antiseptic acnflavine  The LCL men
started on something quite dufferent. the pyrumdine ring,
an assemblage of atoms found 1 uric acid, 1 the chromo-
sombs of the nucleus of living cells, and widely m all living
things. They chose this chemical starting-pomnt because of
its wide distribution and apparent importance mn ltving
things, unking of the present theory, that the best drugs
resemble vitanuns and other natural substances fairly
closely. Also, a sulpha drug made containng 2 pyrmmdine
ring as part of its molecule had shown slight activity agaust
malaria,  And they felt that a completely fresh start was
needed m this work 1f any good results were to be obtained

They tried modifying the ring 1n vanious ways and finally
opened 1t out and hit on the very potent paludnine.

Cl <" "% NH-C-NH-C-NH-C-(CH,),

NH NH

Stammering
A little while ago Professor Stanley Cobb of Harvard put
forward the idea that stammering 1s essentsally due to 2 Jack
of balance between the two hemispheres of the bram, The
brain 1s a symmetrical organ, and centres of activity gan be
recogmsed m both halves of 1t, the left half controlling the
right side of the body, and the ight hemisphere the left side
Thus what the left eye sees 15 transmtted chiefly to the
nght-hand part of the brain at the back of the head; and the
- left arm and left leg are under the management of 2 piece
of brain just above the right ear  But of course the two
bhalves of the bramn work together 1n a common plan, sO
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that we can walk, and play the pano, and synthesise what
®e see through both eyes into one stereoscopie picture. Yet
though they work together, one half may actually to a
certain extent domunate the other. Most people are
nght-handed, for instance, which argues dorunance by the
Ieft hemisphere. It 1s 1nteresting, 100, that the region of
the brain which controls speaking 15 found only on the
Tefi-hand side, in the left hemisphere® an exception to the
statement that the bram 1s a symmetnical organ, since there
13 Bo corresponding zone on the night,  Professor Cobb
thinks that ongnally, 1 th€ young mfant, there may have
been one, but 1t 15 suppressed by the more dominant left
as the child grows—that 15 1n night-handed children. But
in the fefi-handed, he supgests that a speech centre may
peruist in the night hemisphere as well as the {eft, and if the
WO centres issue conflicting nstructions to the tongue and
voeal cords, stammenng resulls Conflict 15 most bkely
10 anse where a naturally lefi-handed cluld 15 forced to
become right-handed and some observers have reported that
such children are frequently stammerers, though 1t could
be argned that this 1s a symbtom of nervousness after
bullying,

In a note 1 the Lancet of February this year Dr.
Chrysanthss of Nicosia, Cyprus, reports a few figures
bearing on the question, obtamned by examming 1,133 boys
and pirls of the local Greek elementary schools. There
were 21 cases of stamraenng, an meidence of 1.85 per cent,
to be compared with Belgum (14 per cent}, Hungaty
(1.02 per cent) and the U.S. (087 per cent), which demon.
strates a significant duference from country o country.
This may be due to differences 1 the dlﬂ'\cult_y of speaking
the national lapguage, Snce Smmenng is apparently
unknown amongst the Chinese,* who bave 2 monosyllabic
vocal

0;‘5:1112?0 of the cluldren were natumlly‘ left-banded, and
over half of these bad been trained to write with the right

* Chinese authontes have subscquently dented this.
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At first the bperation was treated with great reserve, or
scorned. Then 1t was taken up i Amenca with some
success, and later it began to be tried 1n Britam, at first only
on the hopeless cases, those who had been years m the
asylum and had no prospect of ever comng out. The
results were starthng, because some of these Jost souls
recovered sufficiently to go home and even go back to work.
Now {Feb 1947) the Board of Control has pubhished the
results m the first 1,000 cases treated in the asylums of
England apd Wales No less than 35 per cent of these
were able to go home, two-thirds of them fully recovered
Another 30 per cent were much improved, and easier
to nurse and care for Many of them were schizophrenics,
who still had therr delusions or hallucinations after the
performance of prefrontal leucotomy, but no longer paid
attention to these symptoms. Thoughts of suicide went,
depression and agitation fled, they calmed down: 242
people went back to normal everyday hfe There ts stil
much scientific 10n of this new to be
made. What ts, after all, 2 mutilating operation cannot be
Lightly undertaken. But the first resuits suggest a great hope.




Cosmic Rays
BY GABRILLE RABEL

Frodiems and Principles
ABour fifty years ago, one or two physicists were puzzled
b the fact that their electroscope slowly but steadily lost
s charge without appatent reason. They wondered what
%as wrong and the systemac pursuit of this humble question
opened up a mew department of science, revealed the
Xistence of the Meson, an otherwise idden bumilding brick
of matter, created a powerful tool i nuclear research,
Provided evidence for the transformation of energy into
matter and vice versa, and may bring us information about
the magnetic fields of the sun and possibly of the galaxy,
Among the many exciting adventure stories of science, the
story of the cosmuc rays 15 one of the most thnlhng

The problem facing the physicists was thrs
. An electroscope leaks when the air around or inside 1t
13 fonused and conducts electricity.  Such ionisation can be
Produced by Light or the radiation emitted by radum, But
even when the electroscopes were shielded by thicknesses of
lead or water wluch absorbed and eliminated all known
raduations, the leakage contmued Consequently there
seemed 1o exjst an unknown radiation of unparalleled
Penetrating power. Its ionising action was small but
unmystakable From four to mme pairs of ions were
formed per second in a cubic centimetre of air which
contains 10* molecules (10 with 19 noughts after it)

Where did thus mystenious radiation come from? Ang
what was its nature 7

Did it emanate from rocks? Electroscopes were taken out
to sea. The leakage remained the same, rocks or no rocks,

Was 1t of terrestrial onigin? In this case 1t should have
disappeared some distance above the surface of the earth,

114 N
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but it did not. On the contrary, balloon ascents under-
taken by Hess and Kolhoerster 1n 1912/13 showed that from
three to four kilometres upwards the ionisation even
mcreased and at an altitude of nine kilometres was twelve
times as strong as at sea level,

Did then the radation ongate i the upper atmosphere!
Or was it of cosmic ongin? And, if “cosmuc,” did 1t hail
from the sun and nearby stars or frem regtons beyond our
galaxy?

Further, to what class of radiation did 1t belong? Was it
2 kind of super-X-rays, electrically neutral like Light but of
incredibly short wave-length? Or did 1t consist of materal
corpuscles, possibly electrically charged like those emutted
by radium?

None of these mtngwng questions was answered when
the first world war interrupted the work for ten years.

In 1925, R. Millikan gave new mpetus to the research.
He followed the “ultra-penetrating radation,” as it was
then called, down under water, “cannily selecting only
snowfed mountain lakes where the water, never having been

d,  was by dicach
materials”  He also sent up 15 km 1nto the atmosphere
unpiloted balloons which carried the whole expersmental
equpment crowded 1nto a space of six inches overall and
weighing seven ounces

He established as a fact what Hess and others had long
surmused, that the atmosphere was not the primary source
of the radiation but acted only as an absorbent. From now
on the designation “Cosmuc Rays” was generally adopted.

E. Regener, extending these measurements up to 30 km.,
registered 1n an alutude where the air pressure had sunk
to 10 em mercury, a maximum of iontsation, 200 times the
value at sea level. Still hugher up the value decreased agam.
(See below, p. 125)  Regener also recorded penetrating
radiation as far as 235 metres under water.

A new and decisive phase set m for cosmic ray research
when the Geiger-Mueller counter and Wilson cloud chamber




COSMIC RAYS 16

were introduced into it. These devices have been fully
described i Science News /1 m the chapter “The Tools
of Nuclear Physics ™ The counter gives an electnic discharge
each time an ionising particle passes through 1t and the
number of discharges 1s mechanucally counted and recorded
The cloud chamber contatns moist atr which is cooled by
sudden  expansi and d around ¢l
charged particles The path of each such particle thus
appears as a cloud track which can be observed and
hy phed. Appli ofa field deflects the
particles, the sign of the charge being given by the direction
of the deflection.

‘Whereas until 1930 only the amount of 1onisation ¢ould
be d by means of pe and ammeter, 1t was
now possible for the experimenter to analyse the rays them-
selves, to establish thewr dircction, mass, velocity and
electrical status,

The first successful experiments with magnettc fields were
those undertaken with the field of the earth.  Thus field 15
very fecble, only 0.2--05 gauss,* agamst 15,000 gauss
or mere which may be applied m the laboratory. But
on the other hand the terrestrial field, projecting far out
into space, could be expected to catch patticles on thewr way
from mbmty to us, to act on them throughout the atmos-
phere and keep off all except those possessing enotmous
quantities of energy. .

This debarring action must be strongest at the magnetic
equator because 1 the equatonal plane rays commg in
vertically are perpendicular to the magnetic field  Particles
comuug in vertically at the poles should approach the
surface freely becanse a magnetic field does not act at all on
charges moving i the direction of its own ams.  We
consider here only vertical madence.  Outside our atmos-
phere the cosmic rays are supposed to have no priviteged
direction: within our atmosphere, however, vertical rays
wss 15 the umt of the magnetc field. It exerts unit force

* The <
(1 dyney s umit magnetic pole placed m it
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having the shortest path are the least absorbed--even as the
solar radiation is the inost intense when the sun stands i
the zenith

If, then, the new radiation consisted of electrically
charged particles, 1t should be found more abundant near
the poles than near the equator. The very first measure-
ments showed a drop of 14 per cent near the equator. But—
could not this drop be, partly, due to atmospheric conditions
1 the equatorial zone?

A. H. Compton decided this question by a shrewd
experiment He compared cosmic radiation 1 Arequipa
and Mexico City, both stations 2,300 metres above sea
level, both equal as to geographuc latitude, Arequipa 19°S,
Mexico City 19°N, but not equal as to geo-magnetic
latitude, because the magnetic equator runs 10° south of
the geographic one

At every altitude the cosmuc rays were found to be more
mtense m Mexico {29°N) than m Arequipa (9°S). In
nsing to greater heights, Compton found the “latitude
effect” even larger.

Contrary to expectation, the intensity of the rays does
not increase up to the poles but only to latitude 45° or 50°
and then remains constant  Several explanations have been
offered for this phenomenon, none of them qute convineing
or generally accepted.

If cosmic rays are influenced by a magnetic field, they
must have 2 chargé. Is 1t positive or negative? We apply
the well-known Left Hand rule. forefinger stretched out
towards the north pole, middle finger representing the
motion of a posinve charge moving downwards perpendicu-
lar to the field, thumb, perpendicular to both other fingers,
mdicating that the deflection points to the nght, which
means to the east. A negative charge would be pushed
westwards.

If particles are deflected to the east, they must appear to
us as coming from the west. Observation through G.M.
counters arranged in line showed a shght surplus of west
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:}ﬂ cast. As this surplus was greater at sed {evel than 1
higher altitudes, 1t appeared that the most penctrating part
of the radiation contained more posune than negative
charges.

, This result was entirely unexpected, as positive charges
had been hitherto known oniy  ttached to comparatively
heavy and easily absorbed masses

At the same ume, 1933, H. L. Anderson, 1 Pasadena,
analysing cloud chamber photographs of cosmic rays, esp1e
an extraordmary display- He saw a pair of cloud trails

. one of them was the trail of an ordmary electron, but the
other was deflected 10 the opposite direction—an electron
with a positive charge had entered the stage 1t was named

Positron.®
_ Positrons appear only on flecting visits, ‘Ther life-time
is zbout 1 mulonth of 2 second That1s why they have 5O
long escaped detectiont
The most amazung pomt about positrons and pegatrons
(electrons) is that the palr of them appear fike the con-
Jurer’s rabbit out of nothmg——lf by a “thng” we mean a
Tump of matter The creator of this par 15 ot mAtter but
energy. i
The equivalence of matter and energy—3as postu!ated by
Einstein’s theory—1s, 8% Lepruce-Ranguet remarks, “vital
ted as a proven fact
gy of 2 body, say by heating 1,

it becomes heavier. But ‘because the mass added by an

increase 1 energy E 15 given bY the equation

_E
. m=g»
wheremn ¢, the velocity of ught, 15 = 3% 10 cmjsec
(300,000 km/sec.), $© er=9% 10%, any ordmarily
available amount of energy dvided by the factor s a
trifle. Conversely, the equation E=mc? tells us that for
* A hst of atome particle
“Particle ™

s will be found m the Glossary under
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a mass of only I gram, owing to muluplxcauon with the
factor ¢2, the corresp energy 1s

If a photon, a “grain of light™, 1s to transform itself nto
an electron pair, its energy must be at least equvalent to
the “'rest mass” of the two electrons, which amouants to
1 muilion electron volts

One Mev (=1 mullion electron volt) 1s the energy umit
used m cosmic ray research. One electron volt can be
described as the kinetic energy acquired by an electron when
1t 15 accelerated through a potential difference of 1 volt.

One Mev, then, 15 the threshold for the creation of an
clectron parr out of energy. Gamma rays from thormm C
possess 2 6 Mev, hence they can, and do, turn into electron
pairs.

The energies mvolved m cosmic radiation are far, far
above that level. By the fission of uranum, 160 Mev are
Iiberated, but the energy of cosmic rays goes up to several
thousand Mevs. Such unbelievably great energies cannot
be duced ar they are a h t gift to

physicists.

Transformatrons of photons into electrons and back are
m fact a common event 1 the activities of these rays and
can be observed and photographed in the cloud chamber.

Leaving the description of such and other photographs
for the second part of this article, we can now proceed to
the problem. what 1s the ongin of this radiation?

If 1t came from the sun, 1t should fluctuate with the time
of the day as ail other solar radiations do  But 1t does not.
Nor does 1t depend on the sidereal day. I cannot resist the
temptation to quote Lepnince-Ringuet’s picturesque de-
cription, although 1t 1s shghtly exaggerated.

“Since remote tumes a constant imperturbable hail of
implacable constancy has been falling on our earth. Itis
indsfferent to the time of the day, of the season, the position
of the sun or moon or even the galaxy, it envelops every-
thing, traverses everything, 1t traverses our bodres at the rate
of several million corpuscles daily, without causing any
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aamage, but occasionally provoking violent and explostve
atomic phenomena.”

In reality fluctuations which depend on our moton
respective to the sun and stars are observed, but they are
very feeble, hardly three per cent, and they are ascribed to
deflections by the magnetic fields of the sun and stars acting
on rays which pass near by,

As astrophysicists are not yet quite clear about the
magnetic field of the sun, cosmic rays might help in solving
their 1 The “ " of cosmuc

15l bed by torms  The chang;
produced are the same all over the earth. They are, by
buted to 2 hyp ring of el

some,
revolving 1n ugh akitudes

‘There are scientists who connect the ongia of the cosmic
rays with the appearance of the so-called “Supemovae,”—
stars whuch for unknown reasons suddenly undergo a tre-
mendous explosion, the most violent castastrophe known
in heaven. A Supernova illuminates the entire unuverse i
which 1t occurs 10 such an extent that the dim terickle of
light which reaches us ordmarnly is increased by 25-30 per
cent. They are an extremely rare phenomenon. Only ten
of them have so far been recorded.  And the more common
“Novae” do not eject enough mass to fill the whole of mter-
stellar space as cosmic rays are supposed to do.

A great deal of research and speculation 18 devoted to
these vast and exciting problems, and there is no telng what
revelations about the umverse may grow from that tiny
seed—the leaking of an electroscope.

The Meson and 1ts Kin

In 1935, the Japanese physicist Yukawa, attempting to
explam the forces which act in the atomic nucleus, assumed
the existence of a particle capable of being charged posi-
tively or negatively, with a mass about 200 times that of the
electron and an exceedingly short life-time,

‘Two years later, cosmic ray investigators, wathout ap
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relation to nuclear theory, happened to hit on a few unusual
cloud chamber tracks—tracks which were too thick o be
ascribed to an eleciron and too much deflected by the
magnetic field for a proton  These tracks could only be due
to corpuscles with a mass intermediate between that of
electrons and protons It was computed to be 200-240
times the mass of the electron The new particle can have
an electric charge of exther sign and its average Life time 18
0000002 seconds when at rest When 1t keeps moving, 1t
can live a Inttle longer

Scldom have theoretical and expenimental findings con-
verged 1 such a strikig manner!

The newcomer was called Meson by Yukawa, Mesotron
by the expenimenters, Recently the term mesotron was
dropped 1n favour of meson.

The enormous significance of cosmic ray research can be
seen from the fact that the meson has not yet revealed 1ts
presence m any other department of physics, not even in
atomuc disintegration.

1f the mass of the meson 1s taken to be 200 times that of
the electron, 1t requires 200 times more energy for its crea-
tion—that 13 100 Mev. And as mesons mostly appear
several at a time, they represent an amount of energy which,
although 1t might be gained from nuclear tranformations,
has so far been available only mn cosmic rays. !

‘Without delving deep 1nto thus difficult subject, we may
try to get a rough idea what led Yukawa to postulate the
meson,

Accordimg to present theory, the atomic nucleus consists
only of protons and neutrons, re., corpuscles having the
mass of a hydrogen atom, the first positively charged, the
other neutral,

A proton may become a neutron by abandoning its
positive charge, a neutron may become a proton by ab-
sorbing a positive or emitting a negative charge. Protons
and neutrons, then, are twa states of one and the same
cotpuscle which 1s now called a Nucleon
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Electric charge, like so many other things, has lost its
absolute and constant character. Emussion of a charge may
really be creation of a charge

Negative electrons are attached to the nucleus in external
circles—so far away that the radius of a big atom 15 20,000
tumes the radius of 1ts nucleus.

In Bohr’s theory of the atom, when an electron passes
from one external ring to @ nearer one, 1t emuts a photon,
a grain of light. Ths origin of photons, after causing a lot
of perplexity, has now been brought 1n accord with the
general theory of electromagnetic fields  1f an electron 1s 1n

with an field, 1t may emst a
photon which another electron may absorb. Interaction
between electrons means that they can exchange photons.

The electromagnetic field has 2 wave aspect and a
corpuscular aspect The wave aspect shows itself only 1
comparatively large spaces.

Now, while the forces acting outside the atomuc nucleus,
including those which bind the external electrons to it, are
faiely well understood, tt 15 completely obscure what forces
obtain within the nucleus and keep the protons and neutrons
together. These forces must be immense  Neuther the laws
of electrostatics nor of gravitation can account for them
A new type of force, a new type of field 15 required.

“Mesons,” says Leprnce-Ringuet, “have been invented
by the theoreticians 1o order to act among the nuclear
components a role analogous to that whuch the photon
plays among the electrons ™

This mmples that the meson must be highly unstable,
enntted and absorbed as occaston demands.

The new field which is assumed to exist in the nucleusas a
substitute for the electromagnetic field, can, owing to lack
of free space, not develop a wave character, but has only
a corpuscular aspect. R 3

The corpuscles transpott positive or negative charge
hither and thither between the nucleons and form the

cement which keeps them together—as electrans keep mole-
r
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cules together. These corpuscles, then, are the mesons
and the nuclear field 15 called the Aesonic Freld.

The reason why mesons have pot yet been discovered

within the nuclens might conceivably be that they spend
s “therr all too short hfe crowded mn between protons and
. Heutrons so s to be mdistimguishable from them. Outside
.+ the nucleus, however, they allow themselves to be photo-
+“graphed A cloud chamber photo obtamed by Anderson -
and Neddermeyer in 1938 first showed their characteristic
trak ¢ strongly deff d by the field than 2
proton would be and thicker than thar of an electron.

In a photo made by Williams and Robertson i 1940, we
see a meson which ends 1ts path by disintegrating into an
electron. The electron gives a much finer trail. If the
meson had yielded all 1ts energy to the electron, their paths
should form a straight lime, but m the photo the electron
goes off at an angle. This indicates that the meson drssolves
into two particles, one of which apparently is not charged
and therefore cannot be seen  Even this event, the splitting
of the meson mto an electron and a neutral particle, baptised
the Neutnino, was predicted by Yukawa.

A nentral meson 1s also expected to appear; the romantic
name Neutretto 1s ready waiting for 1t.

Apart from the cloud chamber and Geiger-Muller
counter, there 1s another device for making travellmg cor-
pusclcs record therr path. Tt consists in stmply exposing 2

hic plate to the g rays which act on the
silver and the bromude as well as on lbc carbon, oxygen and
mtrogen of the emulsion An emulsion specially fitted fm'
the purpose and designated “Nuclear Research Emulsion™
has been recently mtroduced

Professional atom killers recognise thewr game from the
foot-prints, just as other hunters do. Each trace has 2
characteristic grain spacing, thickness, total length or range
and shows a different degree of scattering or ionisation
around 1t.

D. H. Perkins exposed plates coated with the new emul-
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sion for several hours 1n an aeroplane at about 10 km.
height and obtained pictures of atomie disintegrations. One
of them was of particular interest  Four paths seemed to
emerge from one pormt, but closer inspection reveated that
the originator of one of thesc paths, as 1t did not move away
from the centre but towards it, must bave been the author
of the disruption. If, as Perkins assumes, thus author 1s a
slow meson, the expectation that cosmic rays would be
valuable assistants 1 nuclear research 1s fulfilled

Hitherto neutrons alone were used for the destruction of
nuclei; because, not being clectrically charged, they are not
deflected and slowed down by other charges  They do not
ionise, They proceed relentlessly and vigorously untl they
hit on a nucleus and smash 1t This 1s why neutrons were
used to fission the uranim nucleus for the atom bomb

‘Mesons can afford to 1onise on ther way (which they did
in Perkins® experiment) and still retain enough energy to
smash a nucleus nto preces.

The cmulsion photographs have recorded many other
mteresting examples of multiple disintegration of nucler
Occhialiny and Power found after six weeks’ exposure on
the Pic du Midj tivo such “stars” or “explosive ‘bearas™ per
square centimetre on thewr plates

Propernes of Cosmic Rays .

Atmong the components of cOSMIC XaYs, tWo mait groups
are distinguished, the soft, 1 e., easily absorbable group A,
and the hard, penetrating group B.

We must pot think that all soft rays have feebler and all
hard rays greater energy The energy distribution 18 pretty
much the same m both groups. Leprince-Ringuet warns
against the misconception that the penetrating power of any
radation creases with its euergy. How deep into, or
through, matter a ray can penetrate, depends on what it does
onitsway. Aray which wastes energy by iomsing or by scat-
tering electrons about, may penetrate less far than one which
started with smaller snstial energy but preserved 1t carefully.
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Mesons are the most penetrating component of cosmuc
rays. At sea level they form 70-80 per cent of the total
radiation. One can follow them down'to 400 m. below sea
level and they harden with the depth. Even at 1,000 m
below sea level radmtion has been detected, but 1ts proper-
ties are not yet clear. -

Showers If two lead screens are wserted in the path
of cosmic rays i the cloud chamber, one may see the track
of an electron stoppmg at the upper plate, then nothing
between the plates, and finally, emerging from the lower
plate, a pair of plus-munus electrons *

The explanatton of such a picture 15 that the electron
stopped 1n the first plate gave rise to a photon (as it does in
the cathode tube), that the photon, mvisible because 1t did
not tomse, transported energy from plate 1 to plate 2, and
there transfigured itself 1nto an electron pair

If electrons thus created have sufficient energy, they may
agam produce photons which mn thetr turn matenalise into
pairs of charged corpuscles In this manner, one single
incomung electron can produce what 1s called a “shower”
or “burst” or “cascade”

In a dense maternal such as lead, the multipheation
m a few centimetres is so considerable that a hundred
times more particles emerge below the screen than entered
above,

In the atmosphere the incident particles must traverse @
longer path before achieving such a hugh degfee of multi-
phication. Therefore a shower m air may cover an area of
several hundred square metres. Sixty-five Geiger-Muller
counters have been used to follow the direction of some of
the rays and establish the width of one shower. The number
of rays 10 a large beam is estimated at 100,000, from which
one can deduce what fantastic energses the primary radiatior
must possess. What the pnimary radiation may be is not
known, Some think 1t consists of protons.

Showers have thewr maximum at about 16 km. altitude
Higher up, there is not enough matter, lower down there
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Bre not enough rays to produce the showers. At sea level,
there are very few of them

Showers and soft groups are reatly the same thing  The
soft group consists of photons and electrons ongally of
Yery great energy which do not penetrate far, because they
Produce showers

As only the most penetratig rays reach sea lovel, they
3¢ extremcly rare  One mulbcune of radium expels thirty
million alpha particles per second  But only two nulhon
cosmic ray particles fall on a human body 1n a whole day

The energy content of a smgle ray at sea level 15 as-
tounding. Most of them have 2,000 Mev, but some as much
23 10,000 Mev. If a magnetic field can bend these rays at
alL, the bending 1s shight  But 1t always mdicates plus and
minus charges i a proportion of about five to four
" Whether the cosmic rays which pass unceasingly through
our body have any biologeal effect, has not yet been
established,

Can the enormous energies contaned 1 the rays not be
made to perform more useful work than the destruction of
atomic nucler? Perhaps these will come a day when we
shall have tubs mm our bouses to collect the cosmic ram,
one for the positive, one for the negative section, and use *
it to drive our vacuum cleaners and heat our rooms

FURTHER READING

Abook by H B Lemon, “Cosinuc Rays S0 Far,” published 1 1935,
gives a popular and very mterestmg account of the earfy stages of
cosmic fessarch, not neglecting the human factor "

Lows Leprince-Ripguet’s book “'Les rayons cosmiques” appeared
in 1945 and contans recent developments [t 1s wnitten with glowing
enthuuasm and fres to convey 1o the mdr{ a fecling for the beanty

and grandear, of physical expenmental work,



The Control of Flowering

BY PROFESSOR ERIC ASHBY

“Go down to Kew 1 lilac tme,” says the poem The
Londonier knows this means go to Kew sometime m
May. To see primroses at Kew he has to go there m April,
and to see chrysanthemums he has to go 1 September.
This regularity in the gay procession of flowers 15 a recurring
muracle we take for granted. It was famirar to our an-
cestors when they sull gathered at Stonehenge, yet it is still
a “hve” research problem Why not primroses in {uly?
‘Why not chrysanthemums 1n May? There 1s no adequate
apswer yet to such guestions as these,  In thus article 1 shal)
describe how far botanists have gone toward finding an
answer.

In spring the temperature nses and the light ntensity
grows stronger. You would immediately suspect that this
chmatic thythm is a cause of the thythm of flowering, and
indeed the early or late flowering of any species is obviously
bound up with what we call early or late sprmgs and
summers But if you grow a chrysanthemum in a green-
house at constant temperature, you still cannot persuade it
to flower tll the autumn; and from such expernments 3¢
this you would soon become convinced that although tem-
perature and Light intensity modify flowering time, for many
plants they are not the master key which opens the flowet
bud

Even 70 years ago botanists were convinced that tuae of
flowering could not be explaied by studying the effects of
temperature and Light mtensity on plant growth. 1t
America attempts were made to add up for vanous plant:
all the daily mean temperatures from the onset of growth 17
the spring untd floweriag time, 2nd to cxpress these as
“heat integrals.” This gave very Lttle useful mformation.

127
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Tn Germany experiments were done to discover whether
certain qualities of kight {for nstance violet ot ultra-violet)
atfected flowering.  Tius, (0o, proved to be a fruitless
approach to the problem. For a time the hunt was almost
givenup. It was not untl 1920 that a fresh scent appeared,
which drew botansts all over the world back nto the chase
after the cause of flowenng

X Length of Day
As 50 often happens 1n the history of scientific research,
the fresh discorvery was socidental to an entirely duferent
imvestigation. Two American scientists, Garner and Allard,
were trying to hybridise two vaneties of tobacxo which
inconveniently flowered at different times, and so could not
be crossed. They had tried varous gardeners” trcks to
persuade the two vanetses to fiower siumultancousty  The
tricks fziled to work  Then, througha well planned expen-~
ment, they made the astonshing discovery that they could
control the time of flowenng 1 their tobacco varetes by
changing the length of dap. An autumn flowering plant can
be made to flower at midsurmer, provided it 1s shut ina
Tight-ught box at, say, 1 p . every day, after about eight
hours of daylight Or 1t can be prevented from flowenng
in the autumn, provided 3 single electric hgh} bulb 15 left
onin the greenhouse until, say, 11 pm every night. Clearly
1t was the duration of hight, not its meensity, which deter-
mined flowering 1n the plants Garger and Allard used; for
a Light intensity too fant 10 read by was strong enough to
affect the fength of day, (It has even. been suggasted since
that bright moonlight 18 powerful enough to affect tupe of

flowering.) )
Dozens of research workers took up the scent, and in 2
few years it was established that flowening plaats can be
divided into three broad categories: plants that flower in
ower int 2 “short day,™ and plants

a “Jong da: "plautsthmﬂ
lnd.\ﬂ'efemy;o length of 41y Ta table L 1s set out the

behaviour of some common plants mn this regard. As you
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TABLE 1

“Long.day" plants;~Barley (some vareties), Spinach (some vafi~
eties), thm, Soybean (some varieties), Beet,
Radish, Lettu

“Short day™ plants:—Race (most vareties), Chrysanthemum (most
vaneties), Cosmos blpmnalu: Primula_{some
species), Soybean (some varieties),  Erenc!

“Indifferent” plants —Tomato, Pepper.

nterpret thes table, you have to be cautious over two
points. First, there 15 no hard-and-fast defintion of “long
day” and “short day.” You camnot say, for instance, that
a day-length of mne and a half hours 1s “short” and a day-
length of ten and a half hours 1s “long™ By and large,
short day plants flower 1f they receive 8-9 hours of light a
day, and long day plants flower 1f they receive 14-16 hours
of light a day, though the situation 18 more complicated
than thus, for recent research has shown that some wild
plants are adjusted to the day-lengths of the parts of
the earth from which they come  Tropwal plants,
for instance, are adjusted to a day-length of about
12 hours, and some of them will not flower 1 an Enghsh
summer because the days are too long. The Russians
recently brought to Leningrad some new types of pota-
toes from Central America, and they had difficulty m g
ting these to flower, or even to grow properly, in 2 Lenin-
grad summer, although the potatoes were put in 2 warm
glasshouse

The second point which requires caution in talking of .
“long day” and “short day” plants 1s that the reaction to
length of day varies with the varnety of plant. Tobacco, for
instance, is both “long day™” and “short day”: there are
summer flowering varieties and autumn flowering vaneties.
The same is true of many other plants, In fact only a few
species show cons:stcnt behaviour 1 all therr v.metms To
the best of my knowledge all are
length of day, and all chrysamhemums are short d.ay

plants,
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The Analysis of Photoperiodism

By 1927 ph ism (1o give the ph its ugly
A{ﬂenc&n name) was recogmsed as the master factor deter-
MWining the flowening time of many plants For the last
thenty years research workers on photoperiodism have been
trying to answer the question by what mechamsm does
leagth of day deternune flowering” The question cannot
¥et be answered, but the search for an answer has disclosed
some very interestng mformation  Here 1s a summary of it.

1 mentioned just now that the intensity of 1llumipation
plays no important part m the effects of length of day
Quite a dim Light “counts” as daylight. But the quality of
hght does matter a Russian worker showed that it is the
red-yellow end of the spectrum, not the blue-violet end,
which affects time of flowenng More recently the problem
has become more puzzing still, for some American worhers
have published data which mdicate that it may not be the
length of day so much as the fength of mght which deter-
mines flowering They began from the familiar fact that
chrysanthemums, for example, flower 1 autumn in an 8-10
hour day. Then they mterrupted the 14-hour penod of
darkness every rught by furning on 3 Light 1n the glasshouse
for & faw mumutes mn the muddle of the night. The result of
this experiment was that even 1o short days the chrysan-
themums did not flower. The few minutes of illummation
in the middle of the mght cannot possibly affect the length
of day, but they do seem to destroy the influence of the long
night, This experuent taises 3 Tiew {and perhaps false)
scent+ 1 it @ long mght, yather than 2 short day, which
brings autumn plants into flower” And if 1t is, how does
that brief 1ilummation in the middle of the night cancel out,
as it were, the effect of tbelong night? We do not know the
answer to these questions, but the carious phcnomcuaq 15
already being used by gardeners. If you are growing
chrysanthemums for the flower trade, you can postpons
their flowermg sipply by switchng an clectne light on for
half an hour m the middle of the night during August and
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~
September. When you want the plants to flower, you
discontinue this mghtly dose of light.

One of the most remarkable discoveries in the apalysis of
photoperiodism is that under some circumstances 1t 1s suffi-
cient to give the young seedling an nitial dose of the correct
length of day for ten days or so, and thereafter the plant
will flower 1 whatever length of day 1t 1s grown—even 1f 1t
15 grown 1 contnuous light  The ten days of photoperodic
induction, as 1t 1s called, are sufficient to cause the plant to |
form flower buds; afier that, so long as the plant grows,
the flowers are bound to open. This experiment has been
done m both America and Russia, on soybean plants and
Cosmos, both of which flower 1n short days  Not all plants
respond to an mitial dose of the correct length of day, but
there 15 no doubt about the results from those which do
respond

Let us pause for a moment to review the problem. We
have on the one hand the surpnsing stimulus of length of
day (or night), and on the other hand the striking response
of flowersng, We know that 1t 1s the red-yellow part of the
spectrum which affects time of flowering and that the in-
tensity of lght 1s ummportant. We know that a bref
mterruption of the dark period by light will cancel out the
effect of short days on flowering. We know that an initial
dose of short days will condition some plants to flower in
any length of day, But what 1s the bridge between the
stimulus and the response? The plant has no eyes: how
does 1t recerve the stimulus of long or short day? The plant
has no nervous system: how does it transmut the stunulus”
to the regron where flowers are formed? These are questions
which bring us to the front line of research 11 this branch of
botany.

Is there a Flower Hormone 7

The swiftest advances on this front have been made by
two Russian workers: Chaiachjan, an Armenian who
works at the Tumryazev Institute for Plant Phystology 11



CONTROL OF FLOWELRING 32

" Moscow, and Moshkov, who works in Leningrad. Some
of their work has been repeated and confirmed i Amenica
and Australia.

Chailachjan set out to discover whether the stimulus of
length of day was received by the leaves, or the buds where
the flowers appeated. He dud this by a very simple experi-
ment on chr Chr h plants were
decapitated and side shoots were allowed to grow out from
the top. The leaves were cut off these side shoots as
quickly as they appeared, and also from the upper part of
the main stem; so the plants used for the experiment were
naked of Jeaves above (See Figure 13a) Chailachjan
divided these plants nto four groups, Plants in the first
Erotp were grown under nonmal summer conditions Plants
in the second group were covered early every afternoon with
 box which blacked out the leaves, but not the bare sters
at the top (Figure 13b). Plants i the third group were
covered with boxes which blacked out the upper bare stems
but not the leaves below (Figure 13¢)  Flants m the fourth
group had both Jeaves and bare upper stems cavered every

x

b
N
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afternoon (Figure 13d). The effect of the boxes was to give
short days to those parts of the plants they covered, while
the uncovered parts were left mn long days. The results of
this expertment are illustrated 1n the figure In long days
(132) the chrysanthemums did not flower. If the Jeaves are

under short days (13b), then flowers appear at the top (which |

was not exposed to short days). If the upper stems are
under short days and the leaves below under long days (13c),

no flowers appear. If the whole plant 1s under short days ~

(13d), rt Bowers It 15 clear therefore that.—
(9) the leaves “perceive” the stimulus of length of day;
(6) the top buds, where flowers may appear, cannot
“percerve” the strmulus;

(¢) the strmulus 15 transmutted up the stem from the leaves

to the termunal buds
re 15 no hy n plants cor ding to the
nervous system 1n animals; so how can the stumulus be
transmutted from leaf to bud? Previous expenence with
growth hormones (sece the article by K. V. Thimann in
Volume | of SCIENCE NEws) leads the botanist to suspect
that some substance may be produced in the leaves under
the correct length of day, may move down the leaf stalk
and up the stem mto the growing point; and there may cause
flower buds 1o form; m other words that a “flower hor-
mone” made by the leaves, may be the internal cause of
flowering  Chailachjan has gone so far as to name the
suspected hormone “florigen™; but we are scarcely justified
¢ gomng as far as that yet. To suspect that there 1s a flower
hormone 15 a good working hypothesis, for it enables us to
lay plans for future research, by designing experiments which
will either confirm or confute our suspicion; but until
chemusts have 1solated “florigen™ and have caused flowering
by applying it to plants, we have to remember that **forigen™
is still a hypothesis, not a substance.
Even though “flongen™ is only a hypothesis, we know
something of its properties. We know, for instance, that it
will cross a graft unjon; for it is possible to graft leaves
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)}h'Ch have been subjected 10 short days on to o leafles:
‘short day plant™ subjected to long days, and to produce
fowers, T has been done with tobacco, soybean, Perilla,
and other plants.  For o time 1t was thought that the
Sumuus waytd €T0ss even a non-bving yunction {namely
bissue paper inserted between the stock and scion of & graft),
but the data in favour of this have not been confirmed. 3
it could be proved that the stmulus does not require tving
cells for jty Jjourney from leaf to bud, then the case 1n favour
of “Rorigen” would be tmmensely strengthened. Another
peculiarity about “florigea” (whatever 1t 15) 1s that enough
1 produced by a quarter of a leaf to cause flowertng. This
Yas discovered by Moshkov, who grew a short day plant,
Penija, on which he left only the fifth leaf. Even such a
faltreated plaat as this fowers 1f subjected to short days,
and fails to fower if subjected to long days  Moshkov then
Worked with plants carrying only half a sungle feaf. these
100 responded to short days by flowenng  Finally fe
worked with plants carryug only 2 quatter of a single leaf
and even these usually responded by flowering 1n short days.
A third peculianty of “fongen” (we must not fall into the
assumption that i exssts) 1s that 1t is destroyed or lglnblted
in the presence of leaves which are nor producing it. For
instance, 4 single leaf on Perifla will bring about ﬂnw?rfug
1 subjected to short days, but only if all leaves nof receiving
" short days have been cut off the plant It seems as though
Something comes out of the leaves under long day; which
Prevents “florigen” from actmg on the buds Chall:xchjan
Teceatly demonstrated this 1 a series of brilliant experiments
on the short day plant Perdla He removed all the leaves
but one from a large number of Pendia plants, He
divided the plants mto eight groups and treated them as
follows:—
]é;,zip 1: exposed to long day (about 16 hours)
Group 2: exposed to shost day {about 8 hours) N
Group 3: lower balf exposed to short day, upper half tg

long day.
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affected by length of day. In the “wrong” length of day,
potate plants do not form tubers, willows lose their ability »
to withstand frost, and other trees their ability to endure .
drought Even the fall of leaves m auturon may be post-
poned by an artificial increase 1 the length of day: this
was noticed many years ago m Geneva, where the trees
lining some streets did not lose therr leaves m autumn
because the street lamps were left alight all night.

Chermcals to cause Flowermg?

It is pretty clear which way research will run on photo-
permdlsm There will be critical experiments to prove {or
the of “florigen”, d by ex-
penmems on how 1t moves from leaf to bud i the plant,
and on the possible “antr-florigen” from leaves under the
“wrong” length of day. If these expermments favour the
existence of “‘florigen,” the chemmists will come 1nto the field
to isolate 1t, to determune its molecular structure, and to
synthesise it. Then brochemusts will try to discover how
“flonigen” is synthesised in leaves and how it is related to
the rest of leaf-chemistry  All this is likely to take years.
Meanwhile there 1s 2 short cut, which has been tried already,
so far without success: that 18 to add to the plant various
b which might ly affect fowerng  Oc-
castonally this hit-or-mss rescarch gives useful results.
Among the substantes admimstered to plants with this
mtention are  the juice of leaves subjected to the “right”
length of day; yeast extract, sewage eflluent; indoleacetic
acid (one of the growth hcrmones), mdolebutyric, indole-
and p ic acids; vita-

mms B, B, B,; vxtamm c, mcohmc acnd, pantothenic
acid; theehn,* vapous amino-actds, and several others.
None of these substances has mdubnably caused flowermng

. The internal cause of flowering still eludes us. \There is
very good evidence that frutting (1 c., the development of
flower to fruit, and the of fruits) /s dependent

*Female sex hormone,
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on various known chemicals, particularly the growth hor-
mane auxin, the recently discovered 2-4-dichlorophenoty-
acelic acid, and the balance of carbohydrates and organic
trogen compounds tn the plant; but that 1s a topic for a
Separate article.
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the “coeffictent of friction.” In the case of a brick shding
on a clean wooden table, the coefficent of fitction is about
0.5, that 15 to say, a force equal to one-half the weight of the
brick 15 required to pull it along  The coefficient of friction
varies widely for dufferent sohds With ice shiding on e,
for example, 1t 15 about 002 to 0 03, so that a pull equal to
about 1/50th of the weight of the ice block will cause shiding.
With copper shiding on copper, the coefficient of friction is
about 0.8 to 1.0, and, if the metal 1s carcfully cleaned, so
that all traces of surface contamination are removed, it may
nise to a very much figher value sull  The third law is that
the friction 15 independent of the speed of shding  Experi-
ments show, however, that this 1s true only between narrow
limits, and at high speed the friction usually decreases. In
fact, all three of these *laws”™ can only be regarded as crude
approximations. Nevertheless, it 1s found that the first two
of them are approximately true over a wide range of
experimental conditions

Now why s there this resistance to motron? What fs the
mechanism of friction, and from the pomt of view of a
molecule sittmg on the surface, what 1s really happening
dunng shdmg? We may ask a few sumple questions and
then endeavour to answer them by direct experiment, To
begin with, we may ask three questions. (1) What is the
real area of contact between the solids? (u) What 1s the
surface temperature of the rubbing solids?s (1) What is the
nature of the surface damage?

The Real Area of Contact between Solid Surfaces

Tt is a very difficult matter to prepare surfaces which are
really flat. Even on carefully polished surfaces, hills and
valleys which are large compared with the size of 2 molecule
wil still be present.  The upper surface will be supported on
the summits of these hrlls and large areas of the surface will
be separated by a distance which is great compared with
the dimenstons of a molecule,  Although the techniques of
grinding and polishing have advanced m the past few years,
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Wis sull a difficult matter to prepare surfaces of appreciable
tize which arc flat to within a thousand angstroms.* Siace
the range of molecular attraction 15 only a few angstroms,
WC may cxpect that the area of intimate contact, that is, the
area over which the surfaces are withun molecular range,
will, even for very carefully prepared surfaces, be quite
small. A new and powerful method for studying surface
irregularities and surface structure 15 the electron micro-
scope, and recent stereoscopic pictures show m some detail
smalf scratches about 250 angstroms deep on polished metal
surfaces,

In general, the surfaces used In engineenang practice are
!ess flat, and the surface trregulanties present on them are,
interms of molecular dumensions, enormous  These irregu-
larities may be seen by cuttng a section at night angles to
the surface and exarmming 1t with a high-power mucroscope,
but a more revealing method 1s to cut & section at an oblique
angle to the surface This has the advantage that it magm-
fies the irregulanties m the vertical direction and leaves the
horizontal magnification unchanged Taper sections pre-
pared in this way showmg some characteristic contours of
surfaces finely machined and also ground with abrasives of
varying degrees of fineness are given ln Plates 10, 11 and 12,
1t s seen that even with the finest abraswve, the surface
uregulsnhes arc of the order of about one thousand
A molecule at the bottom of one of these
pits endeavouring to establish contact with the upper sur-
face would, on this scale, be rather like 2 mouse on the
floor of a barn trymg 1o touch the roof with its whiskers,

If the surfaces are pobshed, the effect is to cause the
summits of the peaks to flow inta the valleys, so that the

. 11 uyt of length frequently used for measunng atoms or
o S s gttt st
2o 5 S, e e
{sﬁf,c,:lfg‘;f {,‘,,”,_Z',j?,’;‘fh“ m;a‘:‘:’swuso;i , thisis equal to ten &ofxg::;
angstroms, and 1s therefore one ten-thousandth (10} of a centumetre,

angstroms
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contour resembles rolling downs rather than rugged alpine
peaks But agam, the surfaces will touch only on the
summits of the hulls, and the area of mtimate contact will
be small Some knowledge of the real area of contact
between solid surfaces 1s essential for our purpose, and its
determunation 1s a matter of some experimental difficulty.

“ Fortunately, with metals an approxumate estimate of it can

be made by measuring the electrical resistance across the
surface of the metals when they are 1n contact

If the metals touch at a number of ponts, the electric
current will be carried across at these ponts, and by
measurmg, the electrical resistance, tt 15 possible to form
some estimate of thewr size  The results show that the real
area of contact 1s indeed very small, 1t varies with the load,
but for flat steel surfaces 1t may be less than one ten-'
thousandth of the apparent area. The experiments are also
1nteresting 1n that they show that the real area of contact 1s
almost mndependent of the size of the surfaces, Tt 15 also
very httle influenced by the shape and degree of roughness
of the surfaces. 1t depends mamly on the load which is
applied to them, and 15, 1 fact, directly proportional to the
load The general behaviour 1s consistent with the view
that the surfaces are held apart by small uregulanities. This
means that, even with lightly loaded surfaces, the local
pressure at these small pomts of contact 1s very high, and
may be sufficiently great to cause steel to flow plastically.
Although the stresses will cause elastic deformation of the
metalin the vicumty of the ponts of contact, the experiments
suggest that the summits of rrregulanties on which the bodtes
are sypported flow plastically, and are crushed down until
their cross-section 1s sufficient to enable them to support the
apphed load. These experiments offer an explanation of the
first “Jaw” . since the real area of contact between the solids
is mdependent of the actual size of the surfaces, we should
also expect that the friction would be independent of their
actual size. Also, since the real area of contact 1s propor-
tional to the applied load, it offers, as we shall sce later, 20
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CAPTIONS FOR PHOTOGRAVURE INBET
Plates 10 10 25

Plate 10 Finely turned surface of copper  Vertical magni-
fication % 1,800 Horizontal magmfication X210, The
turning marks may be clearly seen. The height of these
irregulanities 1s about 50,000 angstroms

Plate 11 Steel surface ground with carborundum paper
(grade 150). Honzontal magmfication x 1,000 Verticat
magmfication > 10,000 The surface irregulanities are about
3,000 to 10,000 angstroms.

Plate 12.  Steel surface ground with very fine carborundum
(grade 600} Horizontal maguificatton x 1,000  Vertical
magnification x 10,000 The surface rregulanties are about
1,000 angstroms

In these figures, the ruled lines grve the distance m mucrons
{104 cms ) The symbol x 15 used to represent a micron.

Plate 13 Cathode ray trace of local surface temperatures
with a constantan suder shiding over a finely gmund steel
surface  Load 500 gms, speed of shiding 300 ¢ms. per
second The temperature flashes are extremely high and
of a very short duration

Plate 14 Magmfied chemical patterns showing the dis-
tribution of copper adhenng to a polished steel surface.-
after traversing the surface once Magmfication x 15. The
copper appears black.

Plate 15. The same as (14) except that the surfaces were
lubncated  Although the adhesion of copper to the steel
1s very much reduced, 1t 1s still apparent.

Plate 16. Track formed when radicactive lead 1s slid over
a lubnicated copper surface The lead which 15 adherng
to the copper appears as white marks on the photograph
Magunfication x15

Plate 17. Track formed when copperslides oncopper Thus
s at a lower magnufication, but the damage 15 very great -



and deformation of the metal again occurs to a considerable
depth below the surface. Vertical magmtfication x 1,000
Horizontal maguification x 100

Plate 18. Highly magnified section of copper fragment
(dark colour) which has welded on to the steel. Note how
it has pulled the steel up above the surface. Vertical
magnification X500 Honzontal magnification X 500,

Plate 19  Sectton of track formed in copper when a small
curved steel shider passes over 1t once The copper 15
ploughed out and marked deformation of the copper occurs
1o a considerable depth beneath the track.

Plate 20. Section of track formed on steel when a small
curved shider of copper passes over it once The steel 15
only shghtly damaged (small pits C, C) but fragments of
copper (A, A, A) remain welded on to 1t Vertical magni-
fication 2,000 Horwzontal magnification X 200

Plate 21 Track formed when steel shdes om copper
The steel slider has ploughed out and torn the copper
surface Magnification X 20.

Plate 22. When copper slides on steel, the steel is scarcely
damaged but fragments of copper remain adhening to the
steel surface. Magnufication x 20

Plate 23 Track formed when nickel shides on nickel The
damage to the surface 1s very heavy Magmfication x20.

Plate 24. Photographic record of hot spots produced by a
steel surface sliding on a rotating glass plate (Load 1,200
s.). The outermost track corresponds to a shdmg speed
of 150 centtmetres per second. The innermost track
represents the lowest speed at which the hot spots are
récorded on the photographic plate. Under these par-
ticular conditrons, it was 67 centimetres per second.

Plate 25. Professor Haldane (centre) listens to the pressurg
- chamber, during a test on human subjects (sce pp. 12 ef seq}
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explanation of the second “law ™ The fact that the real
area of contact 15 so small has important practical implica-
tions. Even when loads of only a few hundred grammes are
applied to the surfaces, the local pressure between them may
be sufficiently great 10 cause the flow of metal  When large
Iat surfaces are used, 1t does not mean that the real pressure
1s much less, but merely that the points of contact are more
widely distributed.

As we shall sec later, thus mtense pressure may cause an
actual welding together at the tiny points of contact, and so
produce small metallic junctions between the surfaces The
pressure between the surfaces m the regons where contact
occurs 1s determuined primaridly by the flow pressure of the
metal wself It 15 mteresting to note that even when the
surfaces are lubricated with a boundary film of 2 good
lubricant, simvlar conditions hold  The load will again be
carned by the susface irregulanittes, and even for light loads,
the local pressure on the lubricant film will be very high
Tn the case of mild steel, for example, 1t may be about 100
tons per square inch  Unless the lubricant molecule possesses
an “active group” capable of attachmg it firmly to the
surface, the local lugh pressure will force 1t from underneath
the pmms of contact In thus sense all good lubricants must
act as “extreme pressure”’ fubricants,

Let us now consider in more detail the physical Pprocesses
that occur when we set these solids m motion and cadse one
to slide over the other  The frctional resistance occurs, of
course, over the small localised regions where the solids are
actually w contact, and we will enquire mnto 1ts mechamsm

The Surface Temperature of Rubbing Solrds

The energy lost during shding 1s dissipated mainly 1n the
form of heat, and the second query 15, what will be the
temperature of the surfaces” Quuite pnmitive calculations
of the amount of heat which 1s ltberated and of the rate at
which 1t is conducted away suggest that the temperature
rise of the surface layers may be lugh  If we endeavour tos

B ™
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measure this by embedding thermomsters in the solids near
the surface, we find that the nise 1s very small, but this is
mamly because we cannot get close enough to the surface.
An obvious method 1s to use the surfaces themselves as a
thermometer. If two different metals are placed in contact,
and the junctign 15 warmed, an electromotive force® is
generated The metals form what 15 called a “thermo-
couple,” and 2 measurement of the electromotive force can
be used to determine the temperature of the metal contact.
‘We may therefore make our shiding surfaces of two different
metals, and use the rubbing contact itself as a thermocouple.
A measurement of the electromotive force generated on
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Fig 16 —Maximum temperatures reached when small cylinders of
gallum (Meltng pount 327C), Wood's alloy (Melting pont 72° C),
fad (Meltmg point 327° C) and constantan (Meltng pomt 1,2%0° C.)
are shid on a steel surface  The maximum temperature does not exceed
the melung point of the metal,

* See Glossary
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sliding them prosides a record of the surface temperature,
It is apparent that the electrical contact and the friction
oceur at the same pomnts where the surfaces touch, so that
the gves 1nfe about the
of the surface layer of the metals where they are rubbing,
Such measurements confirm in a very strrking way the
of local high at the points of contact
of the rubbing surfaces As would be expected, the tem-
peratures reached depend upon the load, the speed of
shiding and the heat conductivity of the metals. Also the
temperatures fluctuate very rapidly during shding, and 1t is
necessary to use an instrument of high frequency, suchasa
cathode ray or hugh fi \}
in order to record them. Fig 16 shows the maximum
temperature reached when small cylinders of galltum, which
melts at 32° C., Wood’s alloy, whuch melts at 72° C,, lead,
which melts at 327°C, and constantan, which melts at
1,290° C, are shd on a steel surface
It will be seen that with the lower melung metals, we
readily reach their meltng pomt, and the temperature does
not nise above thus  With constantan, temperatures of the
order of 500°C. to 1,000°C.* are reached. These tem-
peratures ate confined to the very thin surface layer, and
the mass of the metal appears to be quite cool  The rapid
and intense nature of the temperature fluctuations 1s shown
strikingly m the cathode ray trace given in Plate 13 It wall
be seen that the very high-temperature flashes of 1,000° C.
may last only for a few ten-thousandths of a second
It 1s interesting to note that if the surfaces are flooded
with water, the local ligh temperatures may stit! oceur, If
the surfaces are lubricated with 2 boundary film of good
lubricant, the surface temperatures are greatly reduced, but
the experiments show that localised metallic contact may
still oceur through the film, and the surface temperature at
the summuts of the surface irregularities may still be suffi-
ciently tugh to cause volatilisation and decomposition of
+1,000° C 15 equal to about 1,832° Fahrenhert,
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the lubricant film If the sliding solids are poor conductors
of heat, the frictional heat generated at the surface cannot
get away so rapidly, and we should expect that high surface
temperatures would be reached more easity. With non-
conducting solids, such as glass or quartz, the heat con-
ductivity 15 very low compared with that of metals; with
glass, for example, the heat conductivity (k) 15 0.002
With such solids we shoutd expect, therefore, that local hot
spots would occur much more readily
Unfortunately, the thermocouple method cannot be used
with these solids, but 1t 15 possible to show the existence of
these hot spots by visual means If polished surfaces of
glass or quartz are used, and the apparatus so arranged
that a clear image of the rubbing surfaces can be seen, it
is found that, 1f the shiding 1s carried out in the dark, a
number of tiny stars of light appear at the mterface between
the rubbing surfaces, The pownts of light are reddish in
colour at low speeds, and become whiter and brighter as
the speed or the load 18 increased It 1s clear that they
correspond to small hot spots on the surface, and thetr
position and distnbution over the surface change from
1nstant to instant as the high pointsin mtieate contact move
or wear away, and new pomts come mto contact. The
method 1s not quantitative, but by making one of the
surfaces of metal, and using metals or metallic alloys of
different melting point, 1t 15 possible to fix approximately
the temperature at which hot spots first become wisible.
Experiment showed that when metals or alloys melting
below 520° C. werc slid on glass or quartz, no hot spots
could be seen even at the highest speeds and loads Witha
gold-alummnium alloy melting at 570° C.,, however, and with
all metals melting above tlus, the hot spots were readily
scen This would fix the temperature at which the hot spots
“ first became visible to the eye, at between 520° and 570° C.
This temperature of a little over 500° C is about the same
as that of a poker which has been placed in the fire and |
18 glowing a dull red.
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A series of experiments was carried out with metal of
different heat conductivity shiding on a glass disc. The
shiding speed was kept constant, and the load varted untl
hot spots first became visible At the same time, the
coefficient of fricuon was measured so that the frictional
force necessary to gve hot spots (at any given speed) could
be determined  The results obtaned for shders of con-
stantan (k==005), steel (k=0 10), nickel (k=0.16) and
tungsten (k=0 35) are shown 1n Fig 17. Itwill be seen that
hot spots occur more readily the lower the heat conductivity
of the shider For example, at a surface speed of 110 cm. fsec.,
tungsten, which 1s a good heat conductor, shding on glass
gaves vistble hot spots when the frictional force ss 2,600 gms ,
while with constantan, which 1s a relatively poor heat con-
ductor, hot spots can be seen when the frictional force is
only 350 gms
If the surtaces are flooded with a hqud (e g, with a
mixture of glycerine and water), the hot spots still oceur,
and the results for metals of varying heat conductivity are
similar to those givenn Fig. 17. The mamn difference 15 that
all the curves are shifted upwards, and a higher frictronal
force (six to seven tumes as great) s necessary to produce
hot spots when the surfaces are flooded. This difference 15
considerable, but 1t 18 clear that the presence of the liqud
film 1s not able to prevent the occurrence of hgh local
temperatures
Although the occurrence ot a transient hot spot 15 readily
observable, the intensity 15 usually too low to affect a
photographic plate If, however, the shder is run over the
same track a number of times, the cumulative light from
the hot spots 1s enough to produce a record. A sensitive
photographic plate was held m a frame mounted on the
turp-table. A glass disc was clamped over it, and the metal
slider rested on top of thus glass disc. A gtven load was
applied, the turn-table was rotated at constant speed, and
the shder allowed to run for two muinutes on the same track.
It was then moved 11, about a centimetre, towards the centre
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Fig 17 —Fnctonal force (in grammes) necessary to give visible hot
spots with shders of constantan (k=005), steel (k=010), nichel
(k=016) and tungsten (k=0 35)

of the disc and agan ran for two minutes The process
was repealcd and m this way a series of concentric tracks
was ob of d g radi and t} of d

sliding speeds  On dewelopmg the photographuc plate a
number of concentnic dark rings appeared (see Plate 24)
The innermost vistble ring on the plate gave the lowest
sliding speed at which hot spots were recorded. The results
obtained with this techmque were very similar to those
obtained by visnal observation of the hot spots. The effect
of thermal conductivity was the same (the curves obtained
closely resembled those given in Figure 17 and the actual
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values of the minimum loads and speeds necessary to give
detectable hot spots were very similar)

For any given combtnation of surfaces, the incidence of
hot spots 15 determined prmanly by the rate of hiberation
of frctional heat, 1e, by the product of coeffictent of
friction multiplied by load times speed It 1s not greatly
influenced by the size and shape of the shder  If a large flat
shider 1s used, the conditions of load and speed necessary
are much the same as for a small curved one  The main
difference s that with large flat surfaces, the hot spots may
be thinly distributed over a wide area nstead of bemg con-
centrated into a smaller one  This 1s 1 harmony with the
view that contact between the solids occurs only locally at
the sunmut of the surface irregularities, so that the real area
of contact 1s very small and bears Little relation to the
apparent area of the surfaces It means that even with light
loads, the pressure at the poiats of teal contact 18 hugh, and
it 15 Just at these pomts that the rubbing and the liberation
of frctional heat occurs. It 15, of course, common know-
ledge that if surfaces are rubbed hard enough they get hot,
but a pomt brought out by these experiments 15 that the
loads and speeds necessaty to give red hot spots are very
low. For example, with a metal shding on glass with a load
of a few pounds, visible hot spots (temp. 520-570° C) can
be seen when the shiding speed is as low as one or two feet
per second  If the upper shider of metal 1s replaced by a
poor heat conductor such as quartz (k=00035), the hot
Spots appear even more readily.

Experiment has shown that these local hot spots are
important 1 a number of physical processes associated with
the rubbing of solids, such as the polishing and surface flow
of solids, the serzure of metals, the *“frictional weldigg” of
plasucs and other materials They also play an important
part 1 the chemical decomposition which accompames the
rubbing of some solids, and 1n the itiation of chemicat
reactions which-are brought about by friction and by impact
An interesting example of this 1s the instiation of some
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explosions by friction. Expermments with mitro-glycerine,
for example, rubbed between metal surfaces show that the
load and speed necessary to cause imtiatzon is determined
primanly by the heat conductivity of the shding metals.
With a poor heat conductor, such as constantan, mitia~
tion occurs more readily than with a good conductor,
such as tungsten It is also found that, unless the melt-
ing pownt of the metals exceeds 480° C., exploston of
the mitro-glycerine does not occur even at very high
loads and speeds. The imtiation of the explosive 15
brought about by local hot spots on the surface of the
rubbing solids.

Before considering the bearing of these results on friction,
we may enquire what part ths localised heating plays'in the
polishing of solids

Polishing and the Surface Flow of Solids

The usual method of polishing surfaces 15 to rub them
together with a fine powder between them By this process,
a rough surface having visible surface irregulanties is
changed 1nto one where the irregulanties are mvisible If
the polished surfaces have a mirror finish, the height of
these wrregulanties will be less than half a wave length of
visible light, i.e., less than 2,000 angstroms. The classical
work on polishing 1s that of Sir George Beilby, who showed
that the top layer of the polished sold 15 different in
structure from that of the underlymg layers It has lost
its obvious crystalline properties and has apparently flowed
over the surface, bridging the chasms and fillmg up the
irregulanities 1t The mechansm of the process has been
a subject of discussion for many years. Newton, Herschel
and qthers considered that polishing was essentially due to
abrasion, that 1s, to a gradual wearing away of the surface
irregulanties. on Beidby's view 1t was due to some surface
tension effect.  As we have seen, however, the frictionat heat
generated at the rubbing surfaces may easily rase the tem-
perature to a high value, and this suggests that the local heat
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softening or actual meltag may play an important part in
the polistung process,

‘The action of a typical polisher may be represented da-
grammatically asin Fag 18 The polishing particles of rouge
or alumina are embedded 1n a block of pitch and rubbed
on the specimen in the presence of a hquid such as water
At the points of rubbing contact between the poluhing
powder and the specumen, hot spots wall occur, which will
cause a local surface softening or melting of the specimen,
The melted or softened solid will be smeared over the
surface and will quickly solidify to form the Beilby layer

Polisher 7 Particles

POLISHING , BLOCK

A\

Fig 18—Diagrammatic representation of a typical polisher

‘We may perform 2 simple expeniment to test this hypo-
thests. If polishung 1s due primanly to a mechancal
abrasion and wearting away of the specimen, we may expect
the relative hardness of the specimen and of the polisher to

“be of major importance  If, however, 1t is due to surface
melting 1t 18 the relative melting point which will be the
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dermining factor If the polisher melts or softens at a
lower temperature than the specimen, 1t will melt or flow
first and will have comparatively lttle effect on the specimen,

The experitnent was tned of rubbing Wood’s metal
(Melting point 72° C ) with a camphor block (M.P, 178° C)).
Altbough the Wood’s metal 1s very much harder than the
camphor, 1t melts at a lower temperature, and it was found
that surface flow and polishing of the alloy readily occurred
On the other hand, camphor would not polish tin (M.P.
232° C.), lead (MLP. 327° C), white metal (M P. 233° C)) or
zinc (M P. 419°C), which meit at a hugher temperature
than the camphor. A polisher using a powder of oxamide”
(M.P, 417° C.) readily caused flow of all these metals but
dud not produce any effect on speculum metal (M.P 745°C.)
ar copper (M.P. 1,083° C) which melt at temperatures well
above417° € Lead oxide (M P. 888° C.) polished specutum
metal and all metals melting below 1f, but had little effect on
nickel and molybdenum, which melt above 1t. These in
turn were readuly pohished by the mgh-melting oxdes such
as chromic oxide or stannic oxide. Simular results were
obtamned with plasses, quartz and some non-metallic
crystais, calcte (M P 1,333°C)), for example, showed no
flow on cuprous oxide (M.P. 1,233° C)) which melts a little
below 1t, but was readily polished by zinc oxide (M.P.
1,850° C.) which mefts above it It 15 well known that the
mechanical strength of many metals and solids falls to a
very low value at temperatures well below the melung
pomt, so that they Tose therr ngdity and resistance to
shear at comparatively low temperatures. For such solids,
surface flow would be expected to take place at temperatures
well below the melting point and experiment shows that, m
many cases {e.g., gold) this car’ occur.  The yate of fiow and
polish is, however, very much fess and may take hours,
instead of the few minutes required by.a high melting
polisher.

The experiments provide strong evidence, not only that
high tocal temperatures occur, but that they play a large
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part in the process of polishing. In many cases the frictional
heat will raise the temperature to a sufficiently hgh value
to cause a real melting of the sold at the pomts of shiding
contagt The molten sold will flow or will be smeared on
to cooler areas, and will very quickly solidify to form the
Beilby layer Pohshing under these conditions 1s rapid.
If the sliding 15 gentle or the melting pomt of the polisher
is low, the surface of the solid may not reach the temperature
of melting. Polish and surface flow may still occur under
these conditions, provided the temperature reaches a point
at which'the mechamcal strength of the sohd 1s sufficiently
low for 1t to yeld under the apphed stress or under surface
tension forces. Polishung under these conditions 15 a slow
process. The relative hardness of sobid and polisher as
normally d at room L 15

ummportant  This 15 shown clearly m the case of Wood's
alloy and tin on camphor, or speculum metal and nickel
on lead oude THe harder metal of low meltmg powmnt 25
polished, while the softer metal of higher meltng pownt
hardly flows at all Simlarly, zine oxide, which 1s com-
paratively soft, but has a uigh melting pomnt, readily polishes
hard quartz, which melts at a lower temperature The
amount of surface flow 13 governed, not by the properties
of the sohds at room tempetature, but by thewr relanve
mechanical properties at the hugh temperature of the

shidimg surfaces

The Mechanism of Shding on Ice and Snow

Another phenomenon where surface melting may play
a part is 1n the shdmg of solids on ice and snow—in skating
or skiing, It is well known that the friction under these
condittons may be remarkably low (the coefficent of
friction 15 0.02 to 003). The sugpestion has often been
made that in skating or skung, the surfaces are lubncated
by a layer of water formed by pressure<melting, but few
esperiments have been made to support or to disprove the
suggestion .
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Ice 1s a peculiar solid, in that its volume js greater
than that of the water from which 1t 15 formed. With
many other solids the comverse is true, they “shrink”
on freezing. The fact that water expands on freezing
means that if pressure 18 applied to the ice, it will tend 10
melt With the other class of sohds, the application of
pressure would only encourage it to freeze harder The
lowering of the melting pomt of 1ce with pressure 1s not
very great; applymng an additional pressure of one atmos-
phere (1410 per sq. 1.} will cause tce to melt at—0.0075°C,
nstead of at 0°C.  Expertence shows that skis stide quite
readily on snow at —20°C. Calculations of the pressure
necessary to cause melung at this low temperature suggest
that 1t 15 unlikely that 1t would be attained. On the other
hand, calculations of the amount of beat hberated by
frictional heating as the ski moves forward a small distapce
show that it 15 sufficient to warm up the snow and to melt
an appreciable water layer. There 1s niuch 1o be said for
turning one’s work into a hohday, and some experuments
were carried out at the Jungfraujoch 1o Switzerland, to
determine whether a water layer 1s formed at all, and if so,
whether it 15 due to pressurc-melting or to frictional
beating.  Measurements of the electrical conductivity
between metallie efectrodes on the bottom surface of minia~
ture skis shding on salty ice indicated that at low
temperatures the surface melting occurred only at localized
areas, but at temperatures near 0°C. a continuous water
film was formed on sliding.

@ effect of temperature on the friction of different
solids shiding on fce surfaces 1s shownin Fig 19, Ity will be
seen that the friction increases markedly as the temperature
falls and at a temperature of —140°C. it is some five ot
six times as great as it is at 0°C. The value for the coeffi-
cient of friction (0.1) at these low temperatures is of the
same order of magnitude as that observed on other crystal-
line solids such as caleste The large influence of temperature
on the friction of ice is 1n marked contrast to the behaviour v
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of most other solids where temperature has only a small
it t empt the lous t of ice
and supports the view that the low friction is due to a
lubricating water layer As the temperature falls, 1t becomes
rincreasingly difficult for a water layer to be formed and the
friction nises.

It is of particular interest to determine the mfluence that
the heat conductivity of the ski has on the fnction at low
temperatures. If sufficient pressure 13 apphed to the ice to
lower the melting pownt to the actual temperature of the tce
itis, of course, capable of mejting. An apprectable quantity
cannot melt, however, unless heat 135 suppiied from sore
source at a temperature lugher than the pressure melting
pount equibbrium, Both the heat capacity of the ice and
1ts heat conductivity are small, and this heat can most
readily be supphied from some outside source If the
temperature of the atmosphere 1s higher than either of the
ice surfaces, it could be supplied by conduction from the
air, Under these conditions, we should expect that the
friction of a good heat conductor would be less than that
of a bad one. The foction of a brass ski on cold ice shounid
be less than that of an ¢bomte one. If, however, the
lubricating film 15 formed by frictiopal heating, the con-
verse will be true, The frictional heat 1s Dberated at the
interface between the shding surfaces, and if the ski 1s 2
good heat conductor, the heat wall be carried away rapidly
and less wilt be available for surface melting. On this view,
the friction of a brass sk on cold ice should be greater than
that of an ebonite one  Fig 19 shows the resulls obtaned
using a mmijature ski of brass and one of ebonite.

At temperatures near 0°C. the frctions of both skis were
the same At Jower temperatures, however, the teshlts
showed that the frichon of the brass was considerably
greater than that of the ebomte. The lower the temperature,
the more promounced this difference usually became.
These results provide evidence that the frctional heating
plays an important part in the formation of the water film




157 SCIENCE NEWS IV

1 —L 1
e EECy -ad ey et
COLDER —- =

Fig 19~Effect of temperature on the friction of brass, tbomte and
e shdyng on e The faiction increases markedly as the temperatare.
falls, and 13 Yower for 1he shder the lower heat

The observations have an interesting bearing on sledging
and skung No quaniitative measurements of the friction
of sledges seem to have been published. but there is general
agreement thiat the friction increases at ow temperatures.
Many Arctic explorers have recorded that at very low
temperatures, —30°C. to —40°C., the fuction between
the snow and the runners became so great that the sensation

, was that of pulling a sledge over sand. Wnght, sum-
marizing the conclusions of the Scott Polar Expedition of
1911-(3, says. “Quite apart from any question of the
hardness of the snow, however, the surface temperature had
an important influence  Our opinion was that the friction
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decreased steadily as the temperature rose above zero
Fahrenheit (—18°C.), the presence of bnllant sunlight,
having an effect, which was more than a psychological
one, on the speed of advance Below zero Fdhrenhert
(—18°C.) the fucuon seemed to increase progressively as
the temperature felf, as 1f a greater and greater proportion
of the friction were due to relative movement between the
snow grams and less to shding friction between the runner
and snow.” Thus steady increase 1n friction as the tem-
perature of the rce or snow falls, ts clearly shown m
Fig. 19

It is probable that below —40°C very lutle surface
melting occurs under these conditions On the return
Journey from the Pole, Scotts party struck particularly
cold conditions, dnd 1t 15 probable that the high frictton
of tlus very cold spow contbuted matenally to the
final tragedy

The nfluence of the thermal conductivity of the shiding
body on the friction, shown n Fig. 19, 15 also borne out by
practical experience It will be seen from thus figure that
at low temperatures the frction of a good heat conductor
is considerably greater than that of a poor one. Nansen, in
1898, compared two sledges, one having mickel-plated metal
runners and the other maple ruaners The temperature
was low—the actual value 15 not given, but the mean
temperature during that month was —36 8°C. (—34 2°F.).
He féund that the friction of the metal was ligher: “The
difference was so great that )t was at least half as hard again
to draw a sledge on the nickel runners as on the tarred
maple runners.”

The heat conductmity 15 also msportant in ski-ing
Nowadays, most skis are fitted wath brass or steel edges,
although sometimes vulcanite or plastic edges are used.
The friction measurements show that the latter shonld
be faster at very low temperatures, I metal must be used,
one of Jow thermal conductivity such as German silver or
constantan should be better on very cold snow.
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The Chemical and Radioactive Detection of Metal picked up
during Shding

‘When the surfaces are lubricated, the metallic mterchange
between the surfaces 1s very greatly reduced, so that its
detection, even by the taper section method, 1s difficult. It
may, however, be detected 1 the following way., A gelatine-
coated paper 1s soaked m a smitable electrolyte and pressed,
while still wet, aganst the surface to be exammed. A small
current 1s passed between the paper and the metal, so that
the metallic 1ons pass into the gelatine, As they are pre-
vented from diffusing by the gelatms, the tons concentrate
in a pattern corresponding to their distribution on the metat
surface. By means of a semsttive colour reagent, the dis-
tribution of 1ons i the gelatine can be shown up. The
results obtained with copper shding on an unlubricated
steel surface are shown n Plate 14 The copper shder
has passed over the steel surface once. The track widths
are magmfied 15 times, and the black markings show the
presence of copper It will be seen that the pick-up of the
copper on the polished surface is fairly random’ with a
tendency to be arranged 1n lines parallel to the track. These
would correspond to hugh spots on the copper contact as it
1s worn down.

Under lubricated shiding, the same effects are noticed but
to 2 much smaller degree (see Plate 15). It 1s apparent
from these pictures that marked pick-up of copper can occur
under both clean and lubricated conditions, and that it
occurs more readily at the high spots of esther of the two
shiding surfaces. This method 15 extremely sensitive and it
is probable that the amount of copper on the surface of the
lubricated steel 1s less than a mulltonth of a gramme per
square millimetre.

A sull more sensitive method is to use a radioactive metal
as one of the shiders and detect the presence of any picked-up
metal either by a Geiger counter or by placinga photograplic

" plate in contact with the surface, The radiation from the

d ive metal fogsthe plate, and so enables
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its presence to be detected By these methods, quantities
of less than the one-thousand-rullionth (107*) of a grarnme
can be detected, and thetesults again show that minute junc-
tions of welded metal are formed through the lubricant layer,
A photograph showing the adhesion of a radioactive lead
to a lubricated copper surface is given n Plate 16

Theory of Solid Friction

There have, in the past, been two main theones of solid
friction. According to the first, friction 1s due simply to a
mechamical interlocking of the surface aspenittes on the
solids, the frictional work would then be the work of hfting
the slider over these aspenties  According to the second, 1t
15 due to a malecular ateraction between the two solids and
should be exphcable 1n terms of surface forces It 1s clear,
however, from these experiments that the physical processes
which occur durmg shding are very complex, although to
the naked eye, or even to the hagh-power microscope, there
may appear to be little change, yet, on a molecular scale, an
enormous teaning, welding and deformation has taken place.
If the sliding 1s contioued, this ultimately becomes mamfest
as wear, or perhaps as a serzure of the surfaces. Friction
cannot be regarded sumply as a surface effect. Penetration
and distortion occur to a great depth beneath the surface,
and the frictronal force and the nature of shding are both
influenced by the bulk properties of the solids  The physical
properties of the solids such as their relattve hardness and

,(af the shding speed 13 high) their relative melting pomt play
an important part.

Expeniments suggest that the frictional resistance between
unlybricated metals 15 due primanly to the shearing of the
small metallic junctions formed locally by pressure welding
and by adhesion at the pomts of contact, and to the work
of draggmg or ploughing the surface ir ities of the
‘harder metal through the softer one, so that we may write
the frictional foree F as

F=$+P
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loads, since it is not greatly affected by the plastic deforma-
tion of the hard metals; it is determined essentially by the
thickness of the film and the shape of the surfaces,

Expeniments carried out with very thin films of lead and
indium deposited on the surface of a hard metal show that
the frction 15 mdeed very low, Indium 1s a metal which is
softer even than lead, and if films of this metal a few hundred
atomuc layers in thickness are deposited on hard steel, the
coefficient of friction under heavy loads may be as low as
0.04; that s, 1t may be comparable with the friction of wce
Lubrication by thun metallic films plays an ymportant part
1n the action of many beanng alloys. For example, one
‘bearing “alloy” which 1s now widely used, consists of copper
with tmy particles of lead distnibuted through it. When
rubbing takes place, a thun film of lead 15 smeared over the
surface of the copper, and reduces.the friction and wear
between the beanng and the steel shaft For another type
of bearing, sitver 1s used with a thin film of lead or of lead
and indium deposited on 1ts surface. These were the kinds
of bearing which proved so effective 1n our Spitfires, and i in
many of our heavy bombers durng the war

The lubrication of metal surfaces with an o1l or*with
grease 15 an analogous process wn so far as it consists in
covermg the metal with a surface layer of low shear strength,
Whether we deliberately add a lubricant or not, most solid
surfaces are coated with a film of some kind. However
garefully we clean, or polish, or scrape them, there will, 1f
we conduct the operation 1n arr, stil} be a thin film of oxide
or other contaminant adhering to the surface. It 15 very
difficult 1ndeed to remove the last trace of the contaminating
film, and to maintam the surfaces clean. With some metals,
for example, 1t may be necessary to heat them white hot in
a high vacuum before the last trace of otide-can be driven
off the surface If this expermment 15 carried out, and
measurements made on really clean metals, it is found that
there is a very great increase 1n the friction. The coefficient
of friction between really clean metals is greater by a factor
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of ten ot more than 1t is with surfaces “cleancd ' m the
ordinary way, and the metals serze under the shightest loads

. This obscrvation that the fnction of naked solds 15 very
high, makes us realise how fortumate it is that, m
engineering practice and, m fact, m many everyday
affairs, metals and other surfaces are always contaminated
even when we think we hase cleaned them thoroughly
If 1t were not for this, we would find the world a very sticky
#lace 1o live in, and much of our machmery would come to
2 sudden and disastrous stop .
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ConpucTiviTy, COEFFICIENT OF Heat flows at different rates
along bars of different materials A metal saucepan handle, for
wstance, gets untouchably hot long before a wooden handle
under the same conditions A number, or coefficient, can be
given to each material to express this conduction of heat, 1n order
to compare one stuff with another precisely The number 1s the
amount of heat (in calones) flowing through each square centi-
metre of material per second, when the temperature drops one
degree centigrade for each centunetre along the material away
from the source of heat

CorpiTE  An explosive d of g {ruts Tlulose)
and nstroglycerine

ELECTROLYTE: A substance capable of conducting electricity when
dissolved m water; usually a salt.

ErecTROMOTIVE Force (E M F)* When an electric current
flows along a wire 1t 1s capable of doing a certair amount of work,
for instance, ringng an electnc bell, and ths ability or electro-
motive force depends on the strength of the current and the
resistance of the wire (Ohm's law) It 15 measured 1n Volts

ELECTROSCOPE  An mstrument for detecting the presence of
electncity

HarMONICS In musc, these are the overtones to any musical note.
Each note represents so many vibrations (or waves) per second
1n the aur, and each harmonic 1s some multiple of the fundamental
vibration  In other words, air, water, etc. can vibrate or oscillate
with more than one frequency at once, and the complex oscilla-
tions produced are called harmontcs

INFRA-RED When light passes through 2 prism 1t spreads out in all
the colours of the rambow—red, yellow, green, blue, violet
These are the visible colours, the only part of the spectrum to
which the eye is sensitive  But beyond the violet, there 1s still
Dight, the “ultra-violet,” which some insects can perceive though
wecannot  Likewise before the red, there 1s ight which can mark
a specal photographic film, though dark to us—the mfra-red
Part of the infra-red light we perceive in another way, namely as

heat

Ton: An atom or molecule carrymg a charge of positive or pegative
electricity, and therefore moved 1n one direction by an electnc
current, as i electrolysis  Ions of the same charge repel, of
dyfferent charges (one positive, the other negative) attract one
another , -

TsoTHERM. A line dfawn on a map to connect all the places having
the same temperature on a particular occaston,
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PAITIG.!: There are vanous atomic fragments described m modern
Fhysics, viz.:
A'—Positnvely charged particles
Alpha particle (the doubly positively charged nucleus of
hehum atomj
Proton {the nucleus of a hydrogen atom, alio called »

hydrogen 1on)
Positron {a postuve electron, 1/1850 mass of a hydrogen

atom),
Meson {from cosmtc rays, 171000 mass of a bydrogen atom)
B —Negatively charged particles
Electrons (also termed beta raysy
Mesons
€ —Neutraf particles
Neutron (same mass as proton, 10=* gram)

Neutnino (same mass as an electron
A photen 15 & “gram of Lght,” the smallest possible amount {or

quantum) of bight energy which can be emutted, transmutted, or

absorbed. )
A nucleon 1s a general name for any component of the atomie

nucleus (proton or peutron} \
¢ oude of the metal silicon which

SiLicEoUs SKELETON  Silica, th
18 a component of some steels, ocours naturally as quartz ang

sand, and forms the skeleton of some tny marne living things,
called diatoms '
SPECULUM METAL An alloy, two Parts COPRET to one part of uy
SPECTROSCOPE AR apparatus for studymg the spectrum in geyf,
(See Infra-red) Through it the lght given off by sodinm yapog,
fthe orapge-yellow electnc street 1amps) 2ppears as two ghy,
yellow Iines close together In the yellow part of the spectpym,
The Light gaven off by mercury vapour sireet [2mps shows gp,,,
tines of colour 10 red and green, 25 well as & NUMBEE 1 ghe iy,
violet N
Synoviar FLusp Most jomts 18 the body are moj
oed™ mswde with & btle colourless fuid, dertved from ?,,':’;:o‘;f
ULTRA-VioLET" See Infra-red, supra co -
Viscosrty, COEFFICIENT OF A number which deseribg the
relative sticksess of a fiuid; thus treacle is more gluygg, o tha,
water, and water than methylated spinits, which thyg g “l
smaliest number (coefficient) of the three A measyre o :ﬁe
resistance to pouring out, e
VoraTiisaTion: When a sobid changes readily
vapour, without first
exampie of this phenomenon

into 5 P
eltng toa Buid S volatle iy 5 o 28 OF
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Age, endence of human, 40

Aur, phenomena m compressed

Angstrom, meaning of, 142

Appleton layer, 55

Area of contact between solids,
141

Beilby layer, 151 ef seq
Bends, 24

Blood grouping, 49
Bohr's atom, 132

Cordute, 30
Creep strength of metals, 35

Doavis escape zpparatus, 12, 27
Drabetes and tuberculosts, 107
Diving dress, 10 et seq

Double tides, 93

Eustachian tubes m divimg, 14
Explosions, tiation of, 151

Fingerprints, 39, 46

Firearm wdentification, 45
Forgery detected by infra-red, 42
Frustmg, stimulus to, 137

Gauss, meaning of the umit, 116

Heavisige tayer, 55
Hot spots n friction, 147 ef seq

Tce. properties of. 155
Indium, Iubrication by, 165
Industnal health research, 29
Tonosphere, 55

Leaf fall, controt of, 137
Lubricants and lubrication, 144
146, 165

Micron, meaning of, 142

Neutrino and neutretto, 123,
Nirtrogen as narcotic,
North Atlantic deep currcnl 87

Onxygen poisoning, 20 ef seq

Pamt analysis by sruitmscepc,
43

Photographic plate for atomic
rescarch,

Photoperiodic mnduction, 131

Photosphere of Sun, 54

Phytoplankton, 99

Pneumothorax, 15

Polishing, the nature of, 151

Pressure under the sca, 9

Ratoactive lead transferred on
sliding, 162
Radio fade-out, 57

,
Scott Antarctic expedition, 157
Sex, and stature, evidence of, 40
Skiung, investigation of, 155
Sledging, 158

Soundng the sea depths, 78
Strangling, 41

Sunspots, behaviour of, 56
Surface flow of solids, 153

Teeth, evidence from, 40
‘Temperature of the sea, 81 ef seq
‘Temperature on shding, 146
Tuber formation, factors in, 137

Vitamin B, function m the bram,
6 !

Wave spectrum, 9
Welding, by heat of friction, 150
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