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Editorial

‘What 1s News, ki ? papers, which
rarely have any inkling of science, love Teuth Drugs and
Death Rays and two-headed calves; or the latest expen-
ment on chilblains or cancer which they ean blare out as
The Cure. If they are not ssnsational, they usually offer
stead a httle pellet of undigested facts and figures which
persist without meaning 1n the reades’s head: the horse-
power of a new engine, or ot} production last year, or the
number of hairs on a bee’s wing, It is obvious indeed that
the place to look for the latest discovenes 1 the scientific
world is not in the pages of a newspaper—for the sumple
reason that most journalists never have any scientific
knowledge to help them understand aoed assess this kind
of news, and are therefore bound to blunder. The only
place to look 15 1n the pages of a leamed Joumal wrtten
by for ists and ly not the safest
spot for the novice to hager in unguided. We draw our
material from these journals, and try to act as some kind
of gmde by applymng standards of selection Our experts
1ry to assess the trustworthiness of the information pub-
lished before passing it on. Sometimes they wait a year er
two, to see if a discovery boldly announced 1s confirmed as
correct by stbsequent events. For speed and hurry have no
place in scientific news. All one sweeps up 10 a scoop 1§
red berring.

In our view scientific news is of three kinds. Partly 1t 15
a summary of what scientists are thinking and talking about
Just now, what's cooking in the Labs ; what subjects they
are mvestigating, not the detailed results of that investiga-
tion. Here 1t ss the current atmosphere, the scientific weather,
that we are out to report, and that is the function of amclcs
such as “Physics Front” by A 'W. Haslett.
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Sometimes a particular problem or subject 15 worth a
more extended analysis In “Problems of Nuclear Physics”,
Prof. Peierls sets out to show what aspects of the nature
of matter arc the of physicists to-day.
Atomic energy and the atom bomb are engineering topics
now, have passed out of the hands of fundamental physicists.
They are primarily interested i the next term of the
analysts of matter in the scquence “Matter is composed of
atoms which are composed of clectrons and nucler which
are composed of . . . And their snterest 1s a second kind
of reporting '

But thirdly, and most important part of all 1n science
news, is the pause to look back over the fast few years, to
collect up the facts and 1deas which fiave become established.
to sec how far we have now progressed in this field of
rescarch or that, where we stand at the stocktaking, Articles
tike “Glaciers”, “Diatoms”, *Making Peniaillin® attempt
this function of review. They are not last month's or last
year's discoverics, or cven the results of the last five years®
work. Nor do they contam the last words on thesr subjects
‘They are attempts to make the reader aware of the present
state of knowledfie to that he can be ready to assimilate
the next step, or even perhaps make that step himself,

Turn the page, and see our policy 1n practice.




Report on Antarctica
BY DR, GABRIELL RABEL
1. INTRODUCTION - EARLY EXPEDITIONS

1T 15 surprising to hear that thirteen nations in recent
years have been arranging, or planning, expeditions into
the remote, 1ce-bound and barren south polar regions—
more surprising still to learn that this zeal 1s partly due to
a political motive, the desire to secure a shce of this
unpalatable ice-cake. Why? No one knows. So far there is
Iittle indication of the presence of uranium or other heart-
stirnng mineral wealth waiting to be brought to light, It
makes me think of a woman who joins a queue without
knowing what she 1s quewng for Several countries look
back on a century of antarctic discovery and research,
but the interest of others is of quite recent date.

At present, the political divisions on the map are as
follows.

There is a British sector called the Falkland Kslands
Dependencies, situated in West Antarctica (20-80° W),
nearest to South America. It 1ncludes South Georgia and
the S. Sandwich Islands which Captain Cook discovered
in 1775, also Desolation, Deception and the New Shetland
Istands where Edward Bransfield sent out boats in 1819,
that he “might plant the Jack and take possession of the
land in the name and behalf of H.M. George IV, his hetrs
and successors.” Bransfield, 1t is true, “had very faint hope
of ever bcing able to speak well of its fertility”, but his
party noted *“a beach with seals so stowed 1n bulk tha} it
seemed dangcmus to approach them™, which suggested “a
fucrative trade in these creatures of great size, full of oo
with the finest furs”, the shores crowded with per
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“dssputing possession with the human visitors, who could
not advance untl a great staughter was made and alane cut
through them™, shoals of sea asleep™,
and “‘numerous whales, but excessnely lean and poor.”

Seal and whale huating was manly responsible for the
st exploration of the antarctic regons. A sesler from
Conpectictt, Mr  Palmer, wisited n 1821 what the
Amerteans call now the Pabmer Archapelago and the Pabmer
Perunsula A famous London whaling and scaling firm,
Enderby Brothers, encouraged ils masters, including
Rnscoe, Bafleny and Weddell, whase names we also find en
1he map, to explore the southernmost waters,

Graham Land, alt the 1slands around, and on sts eastern
side the mysterious Weddell Sea and Coates Land are
withsn the Britoh sector. Then, to the cast, there is a
Norwegian sector catled Queen Maud Land.

Further east again there is a very large Australan sector,
the scene of Sir Diouglas Mawson’s labours and, cut out of
tt, 2 stnp of Frerch terntory called Adehe Land nearest
1o Tastama, This was annened only m 1924, but first
wsited by the Frenchman &' Urvilte tn 1840, OF other French
expediions the best known are those of De Charcot, son
of the eclebrated physicran, who ernused between 1903-1913
1 tus shup “Pourquot pas?” on the west coast of Graham
Land and drcovered Charcot Tsland,

The tumn of the century ushered tn 2 series of purely
wientific Journeys, not followed by any annexation char,
From Belgum saded the “Belgiea™ under Captan de
Gerlache with Amundsen and Dr. A, F. Cool. on board,
From England sailed the “Iscosery” undzr Comnmundsr
Scott wsth Lt. Shackicton and Dr A, . Wilson on board.
From Swaden saded a party under Dr Nordenshjold.
Frem Germany came the ship “Gatsss” buslt by the German
Government for the purpose, uader Professor Drygalili,
who named a mass of velcanic tock ths "Gaussberg” and
a streteh of tand “Raiser Withelm Land”. Drygalshi and
Scott co-opcrated in thesr magnebic and meicorological
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chservauons. Another German, Professor Filchner, pene-
trated deep into the Weddell Sea and tried o survey what
18 now called the Filchner Ice Shelf. Many may still emem-
ber the dramatic contest for reaching the South Pole,
Shackleton (1907) desired to discover both the magnetic
pole, which he did, and the geographic pole, which he’
nearly did. When Scott set out in 1910 with a large staff of
scientists, his main objective was to reach the pole. But to
his dismay, he found that Amundsen had been there a
month before, on December 14th, 1911, Scott, with four
others, including Dr. Wilson, the chief scientist, died a
horrible death from exhaustion and cold.*

An expedition of another type was sent out in 1938 by
Herr Goenng. The members alighted only on the edge of
an 1ce shelf, but they took very interesting photographs
from the air, and they tbed a bit of Leb
(in the Wwestern part of Queen Maud Land) which they
called “Neu Schwabenland™, by dropping around it flags |
attached to arrows.

The Argentine Government, wiuch has maintaned a
meteorological station in the S, Orkney Islands since 1903,
when the Scotsman Dr. Bruce ipstalled 1t, bases a claim
on this fact, and 1its geographical praximmty. Chile, by a
pronouncement of &€ November, 1940, simply “decreed that
all lands, 1slands, reefs, glaciers . . . in the sector between
53°and 90° W constitute the Chilean Antarctic,”

Peculiar 1s the political attitude of the United States,
American merchants such as Mr. Palmer were among the
antarctic proneers. In 1839, the US. Navy despatched
Comm. Wilkes on a voyage of discovery round the world,
and crmswng towards the south pole, he saw Jand *“and
gave the land the name of Antarctic Continent.” A century
later occurred the well-known private enterprises of Admiral

* Thurty mules from the pole, Scott wrote in his diary* ¢ . the only
appallmg possibility 1s the sight of the Norwegan flag forestalling
ours,’ and three days later at the pole: *Great God! this 18 an awful
tlace, and trouble enough for us to hase Jaboured for 1t without thet
reward of prionty .
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sisted of scientests, and they had a tough job with their
“Penola”, a retired Breton fishung boat which soon de-
veloped engine trouble and had ¥o travel under sail alone
for hundreds of mies. Susprisingly, the Byrdians, though
their official grapt was vastly lm‘gcr. complain too about
having to drop some of their aums for want of money and
about the necessity of untoading sledges, butding houses,
tratung dogs, repairing clothes and machunery which
wnparted that saennfic work. There are no nanves in
Amtarctica whose services can be enbisted!

For the last twenty years the centre of all polar activities
n Britain has been the Scott Polar Research Insutute in
Cambnidge It was founded n 1926 and moved 1 1934
mto a budldmg of its owa, & budding on a fine aite, pleasant
10 Jook at and dignified Owing to rick gifts of pictures
and books, the house 1s too small already.

First director was the geographer Professor Frank
Debenham. He retired n 1946 and was replaced by the
Reverend W L § Fleming, Desn of Trmty Hall, o
geologist and glaciolopist who was one of the Grahamers
and 100k part in other expediions, The Commutiee of
Managament 13 2 Univeriity body, but the Rayat Geo-
grapiucal Secrety nomiadtes one member

Dr. 11 R, Mt has transfeered to the Institote bys valuable
Antarctic book collection, Dr. Wilson's water colours arc
also there, further manuscapts, records, maps, samples of
polar equipment, ¢ic —ihe task of the Instute bang to
coliect all possible information about polar masters and to
meke it mmhb!e 1o all who seek it During the war,
G and private ind; 1 firms con.
, sulted the txpcm aboyt cold weather clothing and equip-
‘ ment, and how 10 make and pack things d:stmcd to endere
extremely low |cm;>:raxurcs

One way of sp the ired X fedpe is the
Polar Recond which appears nosmally tence 3 year, The
present anticle owes much to the Polar Record as well 35
ta personat information by Mr. Flemung
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2, THE TECHNIQUE OF POLAR TRAVEL ’

Weather and Acclimatisation

Every deseniption of antarctic journeying abounds with
complaints about the weather which assures safe travelling,
even 1 the short summerseason, for only a few days.
Here 1s what the Byrdians say about their East Base: “If
there were light westerly winds, low clouds and fog would
lie for weeks over the ground . .. When winds were from
the east or south, the sky was clear and 1t was necessary to
seize the opportumty for a fight quickly, because as the
air poured down the coastal passes {rom the plateau, the
velocity at the base built up dangerously. There were oaly
elusive periods of switable fiymng weather.,” And imagmne
what this constant “poor visibility” means for sledging
parues for whom an abyss may wait just round the corner,
Sir Douglas Mawson describes “dnfting snow which
poured flusd-thick over the landscape, for many days 1t was
impossible to sec one’s hand held at arm length. Such

weather lasted almost nitte months ™
Blizzards may break out suddenly with tremendous
violence and ceasc just as abruptly, but winds of two mules
a minute have been recorded as lasting for many hours,
Tt 15 not so much the cold which causes pain as the wind,
The temperature, especially on the Ross Ice Shelf, fre.
quently dropped to seventy degrees or more below freczing
.point Two of the Byrdians, P. Siple and Ch. Passel,
established that the sensation of cold and heat, and hence
the feeling of comfort, does not depend on the absolute
temperature of the skin but on the rate at which 1t loses
heat to the surroundings. Touching metal or snow with
bare hands burns the flesh ltke 2 hot stove, because these

objects carry the heat away so rapidly.

Siple and Passel measured the time needed for a quantity
of water to freeze under varying conditions of wind, etc.,
and built on their results a formula as well as a gadget

called the “Relative Comfort Thermometer”. If the






grephical south pole lies right
1n the centre of the map, and the mag-
renc South pole 1s about 1,300 miles
away (to the North of it) near the edge
of the Antarctic Continent m sector 16,
the Austrahan sector. To get some idea
of the scale, find Cape Horn, the
southernmost tip of South America in
sector 30, it is approximately 2,500
miles from the Pole as the crow flies.
Another indication of size is that the
Bntish Istes, drawn on the same scale,
would fit very eastly wside the wner-
most crrcle (Latitude 85°S) round the
pole, with plenty of spare roem ‘

I'ig. 1. The South polar end of 1he Earth,
The

A similarly-grann view of the North
Pole would look totally different; there
15 nothmng but sea, frozen or otherwise,
within the arcle of 85° N, surrounded
at varying distances out to the Arctic
circle by land masses. Three-quarters
of Greenland, for instance, lies between
Lat. 85° and the Arctic aircle, while the
coast-hne of Stberia is mostly between
50°and 60° N. If they were transfetred
to the same lantude south, they might
come alongside Cape Horn, or absorb
South Georgia, and would be mostly
within the limit of the Southern Drift
Ice.

Alexander Land 1s now known to
be an 1sland of only small extent, since
King George VI Sound bends round
northwards into the sea near Charcot
{ Istand.

17
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elotity wicreases from zers to 20 miles an hour, the rate
of cooling ncreases by 75 per cent, but above this velacity
coohng does not increase, and m a gale the temperature
Cver rises

Heat loss by resprration may be 54 caloties per day is
the tropics, bt 270 in very cold chmates, for the incomung
air must be warmed by 30-40 degrees in the lungs, as well
25 saturated with waler as 1t ts excessively dry.

Fatigue develops less quickly m cold climates than when
the bady 1s overheated by perspiration. Like 2 mechamcat
enmne, the body scems to work best when the heat is
rapidly carnied away

The first year the men wore therr heaviest clothes and
shivered an summer. The second year they worked stripped
10 the waist a1 0° C

There 13 no fiu or other disease carnied by germs i the
Antarense, but frost butes seem unavoudable when “fiddling”
with apparatus outside The worst for the Byrdians was
toothache because thesr fillings contracted and felt out.
Finally D¢ Siplc imventtd o non-contracting mxture

Prutciples of Clothing and Foad
The chuel prmaple of clothing 15 to retan the natural
heat of the body and not to et it escape In a completely
insufated house we should peed no fires at ol Our owa
body heat would suffice to keep us warm Air o5 a bad
conductor of heat, and wool snd furs are ussfud as heat
presersars because they hezp stll air entangled. Human
beinps can morcover create g zone of stagnant awr arpund
their bochzs by surrounding it wath a1 least two layers of
clothing. In countries where the people know that it s cold
in winter, all houses, fu!lo\\m; the same principle, have two
sets of wind Iarly, potar Hers build their
tents out of two o h)us of faboic separated by six inches
of sir.

Woollen garments ase good enough as long as the air
1s still, but they do not ‘protect sgamst wind. For this
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purpose, long staple cotton fabric of dense weave is recom-
mended as ideal as 1t 1s almost impervious to wind and
still allows the vapour of perspuration to pass out, Sleeping
bags are made of ciderdown which is an even poorer
conductor of heat than air,

Clothing must be kept absolutely dry. Damp cloth
conducts heat and besides, every particle of water or
sweat turns to ice. It 15 h g to read
what polar travellers hardly 30 years ago suffered from
their sleeping baps clogged with ice, garments stiff like
sheets of armour plate, frozen boots into which to squeeze
one’s feet was an hour's ordeal. The explorer of to-day
teads a comparatively comfortable Life, even without
luxurtous huts, 1n s double-walled tent which stands
firm against wind, with the high pressure Primus stove
drying all the clothing overmght and with restful sleep
provided by the bulky eiderdown, where mouth and nose
lic at the bottom of a deep fold, so that the breath has a
long way to go before 1t freezes outside the bag.

As regards Feedmg, the chief problems are not set at the
‘base where there may be ample supplies, but on sledging
parties where every ounce counts, and the ration must be
computed m such a way that the tatake of energy just
balances the output. A measure for the efficiency of the
party 1s the number of calortes carried along per pound
of total sledge load The hauling capacity of a nine-dog
team 1s 900 pounds, Food for 2 men and 9 dogs amounts to
550 pounds for a month, fuel and camping equipment to 350
pounds. So thirty days’ travel are safe—if nothing happens:

A comparison between the daily rations of 1875 with
the present or;:s, as given by Dr. Bertram, 1s interesting.

1875 ‘

Now
16 oz. Pemmican 7 oz. Pemrucan
4 0z Bacon 6 oz. Margarine
14 oz. Biscuits 3 oz. Biscuits «
2 oz Potatoes 2 oz. Pea Flour

2} oz. Sugar 3 oz. Sugar
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1875 Now
1 oz. Chocolate 3 oz, Oatmeal
$ o0z Tea 3 az. Chocolate
4 oz Salt, Pepper, Omons 1 oz, Cocoa
Curry Powder 3 oz. Milk Denvatves

Vitanun Extracts

“Total 41 ounces Total 32 ounees

Pommucan 1 dried fean beel plus pure fat, spices and
dried 1egeiables. Dogs get also one pound of 1t daily, of
shightly different constitution Cocoa is taken With every
meal, not 182 as it has no food value. Al ndigestibie
matier s excluded

People can live for tong pariods on meat alone, therefore
the sladger must become as carmvorous as possible. Fat
provides twice s much energy as an equal weight of
protains ot catboliydrates, but proterms are needed to buifd
up new ussue, and carbohydrates for muscular nctivty.
Thetelore 1 cotd chimates the rano of Protein: Fat:
Carbohydrates should be 1 2 1 4, which, transtated into
calori¢s, means 1 -4 1 4,

Protein caanot be stored in the human body but is
inmediately burnt up and also stimolates the combustion
of other food stufl. T'at can be srored; however it is stored
at the wrong plwees, 25 Dr. Bertram vemarks, not on the
feet and hands where it 1s needed most

Transport
‘The instruchions for the fatest U8 Antaretic expadition
state that although special equi has been d

during the war and 15 now avalable, the primitive dog-
drawn Uslimo sledpe and team of husky-dogs is still
indispensable The oldest and the newest forms of transport
moet work conjotntly. Aeroplanes base crashed in cre-
vasses, motor siedges ave refused 1o work, and again and
again dog trams have been the traveliers’ mainstay. Rymiif’s
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party procured a stock of genuine Eskimo dogs and the
offspring, natives of Antarctica, with crevices and crevasses
as the scene of their first perambulations, proved to be
cxcellent pullers at the age of eleven months Experience
has taught that it 1s good to include bitches despite their
mferior pulling power—even to use them as leaders becanse
thetr presence enlivens the dogs

The carmvorous habits of dogs make them preferabls
to vegetarian animals such as horses or reindeer, because
not oaly does their ordinary food take less space, but 1n
extraordinary crrcumstances they can feed happily on lh:lr
ex-colleagues

Near the coast a pecubar problem 1s set by the long
periods 1n which travelling is impossible by sledge because
the 1ce 15 unsafe and by boat because there 1s too much ice.
Returming sledge parties are always anxious whether the
sea ice wall allow them to cross Perhaps the US Navy
which 13 now using Antarctica as manoeuvre grounds will
invent a new amphibran for use on ice and tn water

About the Reuding of Polar Maps

If we want to scan an antarctic map, with the South
Pole neatly in the centre, we must get rid of some inveterate
habats of thought. We must not expect that the top of the
raap will show vs what 15 north and the bottom what is
south. We must accept, hard as it ts, that, wherever we
go, away from the South Pole, 15 north. North all round,

Just as puzzling 1s the west-east problem. We must
trealise that the Greenwich zero mendian signifies on the
other side of the earth 180 degrees and s the line where
180 west and 180 east meet. Everything that lies between
zero and 180 west is in the western hemisphere, but what
would you call more, and what less westerly?

If we look at the map, unconsciously applying our
customary standards, we should judge that the “East Base™
of the Byrdians in Marguerite Bay is 100 degrees further
west than their “West Base™ on the Ross Shelf Ice. Now
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the East Base is only 68° W ‘and the West Basc 164° W»
Anthmetically it 1s mdisputable that 164 1s “more west”
than 68. Oa tius counting the western direction goes to lhc'
Jeft as far as 90 degress, then turns vound and goes onv to
to the night.

However, the West Base with its 164”15 only 16 degrees
duistant from lh: eastern hemusphere, 1.e. 52 degrees neare?
to the east or “more east” than the so-called East Base.

Further, 1n dealtng witlt the pole we must keep in mind
the different ck of d and llels. Mendians
are the tines which connect the north pole with the south
pole. They are all great aircles and all equal, One degree
of latitude, that 1s the 360th part of their circumference,
has everywhere the same length. Not so the parallels, They
shrink from the equator to the pole, and while one degree
of longitude covers 69 miles on the equator, 1t covers only
12 miles at a lattude of 80 dcgrc-:s Thnt is why polar
travellers can pul which may
seem to us fantastic.

Potar explorers have often made much greater mustakes
in mcrla\mng therr longiude than their lattude, The

at very low 1S
sad to :n:coum for this weakness. Cannot the edtreme

smallness of the degrees also have something to do with
it

3. SCILNTIFIC RESULTS

Antarctica sersus Arctica

Geography teaches that the polar zones ars scparated
from the temperate zanes by the Polar Circles in tatiuds
€6° 33 north and souath, thess baing the lines beyond winch
during the sumear the sun never disappears, There is a

. fundamental contrast between the North Pole and the

South Pole. Not as a cenain professor of philosophy
imagined when he addressed his students with shetorical
pathos: “Whether you are shivering in the biting frost of
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the ice-bound north pole, or suffocating in the torrid heat
of the south pole . . .. No, not that. But there is 2 contrast
between the two poles.

From the equator upwards to the north ths continertal
mass broad=ns and has its greatest extension in medium
Ietitudss, thenthe kand recedes. The north pols is surrournded
by water and s at sea levek From the equator downwards
to the south, the land massss get narrower cwr}\shtr’:,
but while betwesn 35° and 65" S water pravails, we find
teyond this Latitude the vast Antarctic Contiment wth its
six mullion square miles, bigger than the United States,
bigger than Eucope or Australa. The South Pol is
cmbedded in this continent, lying on a platean almost
10,000 feet 1 hesght.

The Arctic has a comparatively warrx summer and as
the lands around the polar sea are continuous with thoss
of the temperate zone, they contain a nch flora and faupa
including such land amimals as the reindeer, the polar
bear and the musk ox. In the Antarctic the temperature
even in summer rises seldom above freezing (=malting)
pownt. If the traveller exceptronally sees a green carpet,
it consists of mosses and lichens. The even rarer occasioss
when he hits an a few specimens of a flowering plant
assume almost festive character. The biggest land animal
compares pootly with the meusk ox, a5 tts Jepgth is five
illimetres, It is 2 wiagless gnat.

The Antarctic waters, however, are in contact with the
tempetate zone and the sea animals can go north whenever
it suits them. The waters teem with Lfe, from microscopic
erustaceans and rotifers up to whales of 100 feet kength.
Whereas in other continents, the contigental shelf is only
about 100 fathoms deep, the Antarctic mountsins fall
down to 1,000 fathoms, Warm waters emerge from the
depth rich in mmeral salts all around the continent. This
‘together with the long dayhight produces 2 richk concen-
tration of plankton. For the temperate zone the close
contact with the polar regions is not altogether pleas
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s pack ice and ice-bergs, (of which one was 300 miles in
length) penetrate far into the north, and cold bottom
currents reach in some places as far as the equator.

At the surface the antarctic and sub-antarcuc waters
meet along a sharp boundary called the “Antarctic Con-
vergence” which was discovered by Memardus 1n 1923 and
extensively studied since by the Discovery Commuttee. fts
position 15 nearly half-way between the antarctic and the
other continents, roughly at 60°S, just gutside the pack
ice limit It seems to go all round the continent, but has
o tortuous contour including twists and foops.

The Convergenge, not the Polar Circle, 1s biologically
considered the boundary of Antarctica. Here the tempera-
turc of the surface water (down to 600 feet) changes
abruptly, and certain species of micro-orgamisms and even
of fishes cannot cross this barnier

Geography and Geology
The polar plateau appears as an ice cap of unknown
hick which d ds outwards to the caasts. Still there
is enough bare rock to satisfy the geologist. The solid mass
of these mountains 1s igneous, partly volcanic, and one
voleano, Mt Ercbus on Ross Island, sends up to the sky
a high cloud plume which serves as a weather vane,
Between the rocks of Graham Land and the South
Amenican Andes there is a stnking similanity and a2n ancient
land bridge is assumed between the two continents. Echo
soundings have revealed bmari i
between S America and Antarctica  According to the
Byrdian, Mr. Dryant, what litle flora exists 15 evidence
for land bridges, connecting Antarctica not onfy with South
Amenica but also with New Zealand.
The peographical discoveries of the Grahamers contain
* onechapter which 1s pathetic. In Griffith Taylor’s instructive
book Antarctic Adventure and Rescarch (1930) we read
that “December 20th, 1928, was the most wonderful day,
for in ten hours Sir Hubert Wilkins settled more problems
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and sketched more new coast-lines than any other ex-
pedition had accomplished.”

Hus chuef glory was the discovery of several straits running
west and east across Graham Land, separating it from the
continent. The main strait or sound which Wilkins called
Stefansson Strait would have provided a splendid avenue
to the south of the Weddell Sea which otherwise was
zlmost iaccessible from the west. So Mr, Rymull's party
based therr plans on making use of Stefansson Strajt.
But what Wilkins looking down from the air had regarded
as a strait was really a very high glacier valley not reachable
from the coast. It cost one of the Grahamers, Mr. A,
Stephensen, after his return to England a vast amount of
labour to prove with overwhelming evidence that there is
no Stefansson Strait and that Graham Land is indeed part
of the mamn land as 1t was believed to be—until thag
wonderful day in December.

From this the lesson was drawn that a flier, especially
over 1ce- of snow-covered country, 1s unable to determine
heghts, and wur reconnarssance without the help of some
known ground features 15 nsufficient. Indeed, a very
mmportant real strait over 200 miles long and 15-20 miles
wide which the Grahamers discovered was not stghted at
all by Mr. Lincoln Ellsworth when he flew over the country.

Thus new strait called King George VI Sound 1s the major
discovery of Rymill's party. On the shelf ice of this sound
one can sledge without great difficulty, and 1t may open a
route to the heart of the continent and to still unknown
coastal areas to the west. Unfortunately the Grahamers,
having wasted so much time on the Stefansson Straut, could
not pursue therr discovery to the end. They followed the
sound down a long way until 1t turned west, but had to leave
off without knowing how far west 1t went and whether it
ended in high land or tn the sea. The map shows the sound
at thes stage of uncertanty. The Byrdians who had carefully
studted Mr Rymill’s book carried on his work and
established, that the sound opens to the west 1o a great
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ice-frec sca. Thus Alexander 1 Land, so named by the
Russian Belingshausen who discovered it in 1820, has now
become Aleoander 1 Istand.

The channel is also of gcotoglcal 1mportnncc as it~

of very East of

ng Georxe Sound 15 Graham Land with s bedrock,
west of 1t tuns the 5,000-foot mountain range of Alexander
¥ ¥stand which contains sediments carrying a rich assortment
of fassils,

1t would scem as if here and there, scattered over the
continent, almost il types of fossils are represented—except
reptiles and marmmals. Some foss:t plants indicate an
ancient subtropical chmate.

As to minerals, only low-grade coat has been found and
isolated depasits of copper ores. Nor s there any definite
evidenee for o1l-beanng layers.

The tWeddell Sca and the Ross Sea
These two large bays are the only ones which cut deep
into the otherwise massyve butk of the Antarctic Continent,
The Weddell Sea »s in the British, the Ross Sea i the New
Zealand sector. They are both inhabited by that uncanny
white monster, the Pack, which guards the coasts of the
continent, 1f shups try to defy the monster, they soon fect
pripped in nis sy claws, kept prisoner indefinitely, kecked
abont, and not too tarely crushed to pieces—as happened
to Shackleton’s “Endurance™ and to Nordenskjold's
“Antarctic™

The Weddell Sea 1s of particulsr intercst to occano-
graphers as the source of the antarctic bottom curreni.
For some reason the cold sheli water in this bay~—but
nowhere else—sinks to the ocean bed and from there
tpreads, not only through the whofe Southern Ocean but
even northevards into all the cther three (Athantic, Pacifie,
Tndiany,

Now there is something alrost magieal in this Weddell
Sea cotrent, for the tertitorics cf S. Georpia, the S. Orkney
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and Sandwich Islands are, under its influence, extremely
nich tn animals and plants compared with the tertitory west
of them. “One would like to know™, says an expert,
“the history ,of the water which leaves the Weddell Sea,
1., the water which cnters 1t from the east.” We shall sec
in the Biology hs that the nei hood of the
Weddell Sea scems favourable for feproduction.

The pol:xx end of both bays is filled with shelf ice, a

a mystery, a

which has aroused more interest thar any other ghacial
type. No colossal sheet of that kind 1s known 1n the north.

The Filchner Jee Shelf at the head of the Weddell Sea
1s completely unexplored, but the Ross Ice Shelf has been
frequently surveyed. The Byrdians had thetr West Base
right on the shelf tce and constructed a special Iee Labora~
tory on it. It is interesting that their lcadmg scxenust
Professor Alton Wade, lted the Brtish G
Socsety about the experimental programme.

The Ross Shelf is a tnangle whose seaward face runs
nearly west and east and 1s about 400-500 mules long.
As the shelf 15 1n slow but constant movement, the measure-
ments change. {ts total area 1s roughly the size of France.
Where the shelf bars the way, sailors called 1t a Barrier.

The characteristic of a shelf 1s that s seaward end
floats freely on the water. When a ship is moored to

the ice, it moves up and down with the tide in wmison *

with the 1ce shelf. But the inner end 1s held fast to the
continent by the glacters which act as feeders, and by
being aground close to the coast. Near the margm or
where glaciers enter it, the sheet may be thrown into
pressure waves some forty feet hugh-and 1-2 mules from
crest to crest. On aerial photographs the ice may then
appear hke jelly or junket. Otherwise the Ross Shelf
surface is smooth, and as it reaches within 300 nules of
the South Pole, it has always been chosen as the avenue
to that spot.
A moh]:m child of the Ross Sea is the Bay of Wha'
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On the Argentine Islands (65°S } and also on an 1sland
further south, Dr Bertram found a very rich botanical
display, consisting of a most remarkable sporadic occur~
rence of & closed moss assotiation up o an acre in area. In
places the moss formed a peat three fect thick, but except
for a few tnches at the surface which thawed up 1n summer
it was permanently frozen.

In these places, one of the two flowenng plants which
the Anlaretic can boast was also prcscm ftisa rc\a\we
of pinks and called C ’
The other flowenng plant is Deschampsia anmtarctica, a
grass often seen scattered in small tufts. No flowenng
plants have yet been found anywhere on the continent
outside Graham Land. The typical antarctic plants are the”
lichens. Three of their speaies occur also 1n South America
and 25 in New Zealand.

Vatious tiny terrestrial inseets live south of the Antarctic
Circle One Collembola species was found floating in a
trckle of water below a snow bank and it scemed 1o
emerge from on algae-covered crack 1n the rocks. Wherever
there was a small water course, Collembola could bs
collected from 1t 1n swarms so thick that they looked lLike
blotches of soot. When over might the water froze, Collem-
bola was to be seen nowhere. Mates are much more frequent
than insects. N

Near the pengun rookeries rich vegetation develops,but
onc observer rejects the obwious inference that the bird
manure 1s responsible for this,

Birds there are wa plenty, pulls and terns and skoas, and
the water contains a great varniety of animals.

In the fotlowing paragraphs I give only 2 few data about
those amimals which have been specially studied recently,
viz, seals, petrels and penguins.

Seols
The antarctic animals are not yet afraid of man. Birds
2s well as seals can ba freely watched and casify killed.
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Seals lie placidly on the beach awaiting the enemy and
keep their scremty even when a few of thewr fellows have
been put to death before their eyes,

Most antarctic seals are “True Seals™ as distingmshed
from Eared Seals and Watruses. The most powerful among
them s the Sza Eiephant which is now kept under Govern-
ment control in . Georga after an immense and wasteful
slaughter had almost exterminated the species. The male
sea clephant 1s bigger than his female and is polygamous.
An mteresting correlation has been noted between sex sizes
and polygamy. Thus the northern Fur Seal which may be
six times as big as the female, commands 2 harem of 40
10.70 cows fighting off all nivals, But in most antarctic
seals the female 15 sightly bigger. The Sea Leopard, 12 ft.
long, of snake-like appearance, does not hive gregariously
ltke the others and 1s a vicious predator. It eats little seals
and penguins.

The Ross Seal, 7 ft. long, is very rare. Only a few were
sighted 1n the Ross Sea.

The most common seals 10 West Antarctica arc the
Weddell Seal, 10 ft. long, 2nd the Crabeater (8§ ft.). Dr.
Bertram, a Grahamer, 1t order to study them thoroughly,
took upon humself the gruesome work of butchering almost
alf the 367 Weddell Scals and 177 Crabeaters which were
required to feed men and dogs.

‘The Weddell Seals live mostly 1n the water and i winter
below the ice. They use their sharp tecth to saw out
breattlung holes or enlarge existing cracks But this hard
job soon wears therr teeth out, and when they lose fheir
tecth, they must perish These poor seals are very unhealthy
creatures. They have nasty skin discases, large festering
sorgs, their wounds heal very slowly, thetr bowels arc choked
with worms of all kinds. Nor do they live long, not more
than eight years probably.

Their age can, as with whales, be estimated from the
number of “yellow bodies™ in their ovanes. These are the
follicles from which eggs are formed and which in the
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Weddell Seal persist unto death, As a seal develops only
one egg a year, the number of yellow bodies in the females
ztves an indication as to their age. .

Copulation has never been seer and obviously occurs in
the water. In spring (September) the cows come out on
the beaches and gtve birth to one pup each.

The pregnancy lasts very long, ten months, and when
the pup appzars, it Is almost ready for an independeat life.
It weighs 60 Ib and gans 7 each day by suckling. It is
born with a thick woolly coat which it soon cxchanges for
the hair of the adult. Then 1t goes mnto the water and is
rarely seen again untid it is sexually mature.

This stage 1s reached 1n the Antarctic a year earlier than
1 the north Weddell Seals become pregnant at 26
months, Crabeaters evenat 15 months

Weddell Seals live on fish and cephalopods, Crabeaters
on a shrimp-like Crustacean known as Knil which is
present in such immense quantities as to satisfy even the
appztite of giant whales,

Crabeaters do not show traces tn their teeth of sawing,
though they too hive below the ice. They have no diseases,
no worms, and while there is hardly one which does not
carry on its body enormous parallel scars inflicted by the
teeth of the Killer Whale, even this does not seem to
dusturb their health

Antarctic scals can sing. They command a whole octave
of musical notes and 1t takes authors many lines to describe
the variety of their utterances.

When a seal is wounded or otherwise senses its ap-
proaching death, 1t retires as far as thirty miles into the
interior or on a mountain 2,000 feet high, there to die in
solitude and digraty.

Petrels and Penguins

When we hear that birds leave our inhospitable north

in the autumn to spend their winter in the south, the Jast
- place where we should expect them to go is the neighbour-



REPORT ON ANTARCTICA 33

hood of the south pole, Yet Wilson’s Petrel, a bird which
is seen 1 the Persian Gulf, in Pern and in the Red Sea, has
got 1t into his head that he cannot breed anywhere else than
n Antarctica. Dr. Brian Roberts, of the Grahamers, was
fortunate cnough to have a nesting colony of these birds
in a small’moss patch on the Argentine Islands and could
watch thar courtship and breeding habits—their flying
around the 1stand every eveming for a week without going
ashore, therr fliting up and down and around the colony,
oceasionally alighting, for another week, until at last they
settled down. As was revealed by the nings attached to
their feet, each bird moved into hus “old digs™ together with
his old mate Dr. Roberts thinks 1t 1s the common accom-
modation which keeps the couples together, rather than
love. One can find several subsequent residences, one on
top of the other, as 1n some excavated Onental cities When
the egg 15 laid, only one every year, each parent sits on it for
48 hours in rigid rhythm, and if a scientist kidnaps a sitting
bird, the egg 1s left alone until the ime appointed for the

” changeover. It does not seem to hurt the egg In April, at
the end of the southern summer, the petrels go north where
they successfully escape scientfic observatien

Petrels hive tn general on Knll, but they are also fond
of o1l and assemble in huge flocks round fleating whale
factorses, feeding on scattered oif drops Thewr habit of
cjecting o1l has been shrewdly utilised in some places:
if 2 wick 1s drawn through their mouth and anus, 1t serves
as a candle,

Neither in petrels nor in pengumns s there any sex
distinetion durmg the courtshtp, and the aim of all display
15, according to Dr. Roberts, definitely not to woo and
select a mate. The breeding cycle of all higher orgamisms,
including such activities as nest buildiag, s regulated by
hormones and the glands which supply' them. But the
glands m their turn respond to stimuli and these include
season and chmate as well as the appearance and behaviour
of the other partner. “The pair which has the greatest
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capacity for muteat stimulation will be the most successfud
in perpetuating the race.”

Birds themselves cannot distingwish sex visually. They
can only find out by trial and error. They call and see what
response they get. That is apparently why they call so
much In penguins large-scale mnging had not yet been
performed, so Roberts could do nothing but watch the
birds' behaviour first and then ascertamn thewr sex by a
post-mortem. Before copulation both sexes behave as males.

1t looks as 1f the Temale characters were developed later
only.

fFig 2 —~Fighung

The broeding pertod 1s introduced by much crowing.
The penguins sort themselves out 1n pairs and these calt
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and bow to each other, They are strongly addicted to
ceremonious bowing, and the high-lght of the photos
taken 1s the picture of a bird who, with a decp and respectful
bow, lays a pebble at the feet of hus beloved. Pebbles are
not just jewellery, they are used for nest building, and
also swallowed by pengwns as well as seals. Whether they
help to grind the food is not yet clear.

Fig 4 —Copulation

in the prelaymg period penguins often assume an
“ecstatic attitude”, neck clongated, bill raised to heaven,
flippers beating m a slow rhythm, accompanted by braying
or trumpeting. If one bird starts the display, all the others
soon Join 1n.

Penguins have a passion for brooding out something,
preferably an egg, but a lump of dirty sce may also do.
Hatctung 15 done 1 turns, and there is o spsciat “nest
relief ceremony®, for if the relef approaches the nest
without hissing the pass word and bowng elaborately, 1t
1s attacked,

Fig 5.~—Nest-relef ceremony
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Sometimes pznguins will strike attitudes, pick up and
depostt pebbles when they are alone, or prepare a nest
and leave 1t pied. Such app ty asmless behavi
secms one more llustration of the theory that most games
of young ammals are a preparation for the earnest of life.

‘While the parents go out to get food, all the young of
a rookery are assembled in criches with a parr of adults
to kecp them togsther These nurses, however, did not
budge when an enemy attacked and disembowelied some
of the chicks : -

In general, penguins kay their cggs tn spring or summer,
only the Emperor Penguins fay thews im midwinter, and
1t 18 3 herose story worth recounting that the worst part
of *The Worst Journey 1n the World"—five weeks i utter
darkness ot a tempirature between 60 and 77 degrees
below 7er0 in a blizzard which blew the tent away—was
undertaken by threc martyrs of science, Wikon, Bowers.
and Cherry-Garrard, for no other purpose than to securc
soms of these eggs Why? Because the Emperor Pengun
is the most prrimtive of ail penguins, and the wdea was, in

d with the evol Y notions p fing at that
time, to find 1 the embyro “the mussing tink between
birds and repufes”, Unfortunately, none of the egps they
brought back to England contamned an embryo

Austere and dangerous as the explorer’s hife may be,
it has its peeuhar reward—not only the sausfaction of the
sporisman and of the scientist, but deeper spiritual joy,

* Shackleton wrote: “When I look back at those days, I
have no doubt that Providence guided us. [ know thit
during that long and racking march it scemed to me often
that we were four, not three, I said nothing to my com-
panions, but afterwards Wordsley said to me: *Boss, I had
a curious fecling on the march that there was another
persen with us” Crean confessed to the same idea. A
record of our journeys would be incomplete without
reference to a subject which is very near our hearts.™

Colin Bartram quoting these words adds that to most




REPORT ON ANTARCTICA 7

travellers 1 the empty places of the earthis given something
of the feelings of mystics and hermits and a re-adjustment
of refative values, and that they may find a deeper and
wider meaming m the Scott epitaph on the Polar Research
Institute

QUAESIVIT ARCANA POLI VIDET DEI
It mught to them mean: He who has scarched for the
mysteniss of the pole, sees the mystery of God.
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Making Penicillin

8Y DR, E LCSTER SMITHANDJ. L CRAMMER

Trereare three historic occasions in the story of Penicillin
The first was 1ts discovery by Fleming 1n 1929; the sccond,
1932, a report on 1ts chemycal properties by Raistnick ; and
the third and most exciting, the announcement of 1ts great
medical importance by Florey mn 1940. His Oxford group
of scientists had found out how to make the drug sufficiently
pure to treat human sickness, though the quantities avail-
able were enough only for one or two cases.

The publicised story usually stops at thus point as though
the whole work were then done. In fact, however, 1t was
only the beginning of a vast cooperatsve effort to find out
how to make the drug on a factory scale, Its production
in the laboratory by skilled chemists working at their own
speed with straggling glass apparatus could be little guide
to mass production by unskilled labour. In the factory we
are faced with the effort to make the maximum quantity
of pure penuctilin 1n the mimmum possible time, we have
to think of the cost, of the space required to make #t in,
of fool-proofing the processes, of guiding and checking
them, and of employing the available factories and labour
23 effiztently as possible by making the purification pro-
duction process cummuous This m\clvcd much research in
botany,chzs andt 1ology,as
we shzllshonlysr‘ Thc'cw;\sannddcdcomphcauon,whxch
affected the whole development of the processes: Britain
was at war, and materials and labour were 1n short supply.

The essence of making pemciilin 1s simple. A mould,
Pernscillum notatum, 15 grown on a watery solution con-
taining vanous salts and sugar. As 1t grows it forms small
amounts of penictllin which it excretes into the water,

38
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Eventually, the mould is skimmed or filtered off and thrown
away, and the penicillin extracted from the flurd on which
it formerly grew. There are several ways of extraction and
the most umportant depends on the fuct that penicillin 15
an acid substance which can be pushed about from water
mto chloroform (for 1nstance) and back again by altering
the acidity or alkalinity of the water layer. For 1t must be
remembered that there are a very large number of liquids
which do not mix appreciably with water, but float on its
surface like otl, or rest heavily beneath it, when the two are
placed together in a tank.

Such, for instance, are ether, chloroform, amyl alcohal
and acetate, which wilt all dissalve pzmicillin quite readily,
provided st is present as an acid, and not as a salt. So the
culture medium 1s made acid and shaken with amyl acetatz
and the perucitlin passes mto the amyl acetate layer, leaving
the salts and many impurities behind

The amy! acctate 1s then separated off, and shaken with
clean water, which has been made a Dttle alkaline. Now
the perucillin passes back nto the water again The water
15 drawn off, made acid, and shaken with chloroform which
now picks up the pemeillin in 1ts turn, to yield 1t agam to
fresh alkaline, water, for instance containing lime, so that
the calcizm salt of pemcillin 1s prepared ready for use

This all sounds simple enough to anyone who knows
a hittle cherustry. It 1s basically how the Oxford workers
made the first specimens of penicithn Where are the snags?
Let us go back and view the process in more detail, and
they will quickly emerge.

The Horticultural Problem

Pemcilium is a living plant, and the first step 15 to grow
it. In ordimary gardening*the aim 1s to get the biggest
marrows, the Juictest and reddest tomatoes; 1n this special
form of horticulture, however, the goal 1s quite different.
We do not care for the plant at all: we are after a particubr
substance rather easily damaged, which the plant happens
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apparently accidentally to excrete into the soil in small
quantities. Penicilin is not the only, or even the chiel
substance, that 1t excretes. In the early experiments, the
medium at the best contained about 10 units penicillin per
ml. (cquivalent to six millionths of a gramme of pure
sodiwm penscillin 19), and o single patient requires 100,000
units every three or four hours, often for several days. The
first big rescarch problem was thus how to make the plant
produce the maxtmum of penicillin, and 1t was soon found
bast 1o grow 1t at 24°C, for about stsen to cleven days
bzfore harvesting. for the pencillin produced increases
slowly as the plant grows, and then after a time 1s slowly
destroyed again by further growth, so that the maturing
cultures must be carefully watched. As the plant grows 1t
consumes a great deal of oxygen and exhales much carbon
diovde, so that gases must be allowed free entry and exit
to the plant. As st grows, too, 1t produces warmth, like
the heat of fermenting grass 1n a manure pile, so the
circulating atr must distribute this heat, or carry 1t away,
1f the temperature 13 to be kept at the desirable 24°C.

Whaen this was scttled the question of the best “so
and the best “manurc™ becams important. At the start

cvery ons used a synthetic medium—a muxture of phos- .

phates, sulphates, chlondes and mitrates of sodium, potas-
sium, magnestum, and ron together with 4 per cent of
sugar (glucose) all dissolved in water. This Czapek-Dox
medium, as 1t 18 called, 13 a stock one 1n the taboratory for
growing moulds of all kinds for rescarch purposes, and js
similar to the solutions for water culture of green plants,
asan hydroponics. It did not atways give very good results,
and 1t was found that the mould nceded also traces of
copper and zinc, not supplied in the Czapeh-Dox mixture,
but obtained haphazard from the glass of the growth tank,
or from impurnitics in the water, Many experiments were
tried with different fogds for the movld, untdl finally the
Amzricans hit on a really good medium, which was not
synthetic but convemently the by-product from another
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industry. In the manufacture of starch, maize is steeped
in warm water; various substances are soaked out and
undergo a certain amount of bacterial fermentation.
Onmnally this corn steep hiquor had to be thrown away.
After the additon of lactose (mulk sugar), however, 1t was
found to be tdeal for growing Pemcillum notatum, and
using 1t one can get over 200 units of penicilltn per ml,
2 twentyfold improvement on the starting position. What
makes corn steep liquor so good seems to be a whole
nuxtare of substances psesent, and 50 1118 better to use the
natural brown syrupy hquor than try for s synthetic
substitute.

One further bright 1dea came out when the chemicat
structure of pentcillin was finally solved. It was thought
that 1t might be possible to provide some of the actual
matertals which the mould uses in bulding up the drug
molecule, and so save 1t the labour of making these building
bricks first, as 1t grew, and thus speed up production.
Chemicals were found which would actuaily do this, but
they are stiil on the secret hist.

Another aspect of the botanical problem altogether was
the question of the best “seed”. Just as there are many
different varieties of potatoes and roses, so there are many
strains of pemcillum notatum, which vary in their pemeillin.
producmg power. A wide search was conducted through
all the known laboratory-civilised strains, fresh wild strains
were isolated from soils 1n various places, and a new line
of research sprang up and 1s sull very actively under way.
When a mould gets a dose of X-rays, or ultra-violet light,
or treatment with certatn special chemucals, such as mustard
gas, its chromosomes are affected, and consequently us
inhentance altered so that its “seeds” or spores will grow
1nto young moulds differing in a haphazard vanety of
ways from their pareats These mutations, as they are
called, are then studied one by one for blological diffetences,
such as better psnicilin production, speedier growth, and
$o0 on, in the hopes that one day the perfect mould wi
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turn up, which will spend its whole time and energy
peniciilin making.

What about “weeds”? These turn out to be particularly
menacing in the Pentcillum garden. Many bacterta produce
an enzyme or digestive ferment called penicillinase which
smashes pemcillin up 1 no time. Therefore all the culture
fluids have to be carefully sterilised, all the culture vessels
fikewise, the seeds have 10 be sown asepucally, the air
must be bacteria-free—1n all the early stages a sharp look-
out must be kept for “weeds”. In the early days, when
the mould was grown tn hundreds and thousands of milk
botties,* and the contents later pooled, pencillinase from
one weedy bottle might ruin the whole lot, and the weeds
might be invisible at that. It was very necessary to train
and supervise the ordinary unskilled labour available in
the proper aseptic techmques for plugging the sterile bottles
with stenle cotton wool and so on, to avoid this very
unwelcome penicillinase production. Each sterile mulk
bottle had later to be momentarily unplugged and inocu-
lated with .pemcillium spores, and here again was a
dangerous manocuvre. The spores were usually suspended
1n a littlz sterile water and sprayed or shot in from a pipetic
dehwering constant volumes, and this required speciatly
traired operators.

The production of the spores from the chosen strain of
mould in itself 1s an important job necding a special
department of the factory The strain has to be kept pure,
free from foreign moulds and bactenia, and unchanging in
#ts growth and habits With continued subculture there is
always the danger that a natural mutation may occur, or
the mould dnft into another way of hiving, just as discase

acten1 grown for gencrations on laboratory media lose
thur virulence and become mild.

* Mk botths were chostn i warumz as buing casly svaidable;
and the big dunies had olres v worked out how to handle them 1m
bak 0n & mowing belt for washing, stenliung, filling, ctc. On:

pharmaceatical compamy abme acqured three quantery of a million
of them
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The Engincering Problem '
While botarucal research, or more precisely, microbio-
logxcal experiments, defined the sort of conditions required,
were busy )} those duti ona
mass scafe. Since the mould wuuld only grow on the
surface of the culture medium, where there was plenty of
air, 1t was necessary*to get a large fluid surface, and at
first this was obtaned by putting the medium in thousands
of mulk bottles lying on therr sides, 10° from the full
horizontal so that the cotton-wool plugs were not wetted.
Amongst several drawbacks one mmportant one was the
varying depth of liquid 1n such a bottle, leading to non-
umform growth, and waste
Glaxo therefore designed and used specal glass vessels
shaped rather like sealed saucepans with an entrance
through a hollow handle (Plate 13). These could be easily
stacked and handled and contaned a uniform depth of cul-
ture Quid, Test showed that the “handle™ entrance was big
enough for free c:rcul:mon of gases but the shape was
very dfor e tomake
There were other npproaches to the growth problem.
Some firms tried growing the mould in shallow trays.
Although apparently simple, this too had snags the trays
had to be farrly small, rigid, and carefully levelled, each
filled with the right amount of medium, aseptically 1nocu-
tated with spores, and 1acubated for a2 week or so 1o 2
current of stertle air. It was possble to arrange the trays
1n banks, so that sterife medm flowed 1n at the top and
slowly overflowed from one tray to the next, emerging
rich 1n pemcillin at the bottom—but 1n practice this was
difficult. Another method was to grow the mould on moist
braa A third was modelled on vinegar manufacture.
Stenle medium flows slowly down towers packed with
some mert stertle support inoculated with mould spores.
After a tme the outflowing trquid contains penicillin, and
output is continuous until the tower chokes with mould,
or gets ifected by penicillinase-making bacterra.
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From the beginning there was always the dream that the
‘moutd might be persuaded to grow submerged and scattered
throughout a large tank of medwm, but early trials were
very discouraging. It seemed the mould would only grow
on the surface However, the Americans persevered, and
after spending mullions of dollars were able finally to
announce success. In fact the deep tank submerged culture
method of pentcilim manufacture has now become the
standard method i ipdustnial production in both the
United States and Britain. Tanks contaming 5,000—10,000
gallons are commonly used and growth takes only a few
days: one tank of this sort produces pznictllin at the same
rate as half a million milk bottles (Plate 15).

‘The basic enginesring problem which was so difficult to
solve, was how to keep a tankful of medium, through which
plenty of stersle air had to be blown and the hiquid welt
stirred, plately free of L on for
several days, Its solution demanded the invention of many
mgentous devices which are closely guarded industrial
scerets. There were also subsidiary problems, One was
what to make the tanks out of Early research suggested
that even traces of most metals would rapidly destroy
penicillin, but fortunately stainless steel was found to be
harmless and therefore very suttable The change from
surface to decp culture meant that other strains of peni-
clfium notatum would now grow better, and changes in
the cherucal composition of the culture medium became
necessary. Thus in turn rebounded on the rest of the factory,
which also had to be modified. As just one example of how
improyement 1n one part of a process upsets the rest,
requiring yet more rescarch and development to set it
right, wo may mention that 1n the early days the first
treatment of the culture medium after growth was with
charcoal, which adsorbed the penicillin from solution:
fater the pencillin could be got back into a small amount
of clean liquid, thus purified and concentrated. When
however, corn steep liquor came into use a¢ culture medium,
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the charcoal process would no loager work advantageously,
and had to be abandoned.

Today, after the growth of mould has been filtered off
(see Plate 16), the fluid 15 acidsficd and extracted wath amyl
acetate; the two solvents are well mixed together and then
quickly separated agam wn a centrifuge which spias them
apart (sce Plate 17). The centrifuge, incidentally, 1s an mstru-
ment already important ndustrially in oil refining for
separating o1l from water with which 1t htas been washed, so
that thus part of the pemictllin process has required adapta-
uon rather tham invention. The concentration and
purification of penicillin then proceeds on the lines already
briefly sketched, passing it back and forth between pairs of
solvents. The secrets of the process be in the accurate adjust-
ment of the precise acidity or alkalinity of the water each
tune Thus 15 vital for two reasons. One is that penteillin js
unstable and begins to decompose if 1ts solution gets far
from neutrality on either acid or alkaline side, so that o
process ivolving such changes 1s risky and needs very care.
ful control The other reason 1s that the degree of pumty
achieved depends en it When pemicillin passes from water
1nto amyl acetate, so to a certam extent do some other sub-
stances present 1n the culture medium, either unused
components of the corn steep lrquor, or other products
excreted by the mould. The precise degree to which these
impunttes pass over from solvent to solvent each tume also
depends on the acidity, though the best conditions are not
identical with the best condutions for pemicilin stability.
‘Therefore, by very careful adjustment, it is possible each
ume to leave a very large proportion of the impurities
behind, and so to get purer and purer penicillin, though a
small proportion of the penrciltin has to be sacrificed at each
stage.

This will yreld pemicallin from about 30 per cent to 80
per cent pure, which 15 good enough for ordinary medical
purpases 100 per cent pure white crystalline penicillin s
also available for special cases such as brain surger
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it 15 much more expensie, because the extra refining,
mvolving recrystallisation of pemicillin as the salt of an
organic base, 15 a skilled business (Plate 21}

Penicillin keeps best 1n the dry state, and the final stage
ints processing 1sto dry it (see Plates 19 and 20). It was found
best to put the nght armount of 10 per cent solution into each
vial or ampoule and then dry it by freezing the solution
quickly with solid carbon dioxide to —30°C and applying a
high vacuum to “suck off™ the frozen water This process of
freeze-drying 1s very suitable for unstable substances ke
penicillin 1t has been much used also 1n prepanng dricd
blood plasma (another fragile stuff), stored thus for trans-
fusions. The secret of success 15 to bave exactly the right
conditions—and finding them was a great deal of work.
A really good vacuum (about 0.02 mm mercury) s essential,
and 5o 15 a good condenser (at about —50°C) to trap and
sohidify the ice-vapour m another part of the system.
When completely dry, the ampoules are sealed off, labelled,
packed: the drug is ready for use

Laboratory Studies

Naturally a great deal of work has been done to find
out what destroys pemcillin and what preserves it. Some
of the agencr il metal ions,
acrdity, heat, have already been mentioned A sharp look
out must be kept for them duning manufacture, and in
addition the amount of peruaillin present m the culture
fwd at harvesting of the mould, and the amount present
1 solution 2t the end of processing before drying, must
be assayed as a matter of routine. From such a practice
we lzarn that under present conditons about 40 cent of,
the penicillin is lost during (2 , nevertheless, this
is commerenally good enough. The solution s filtered
through a Sautz filter before drying to remove bacteria.
Batches of the dried product are also tested in the bactenso- .
fogical laboratory to make sure they are in fact free of

\
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germs.* Some of the batch is injected into rabbuts to make
sure it is {ree of the mysterious impurities which will cause
sudden tises of temperature and rigors when mjected. A
further sample 1s injected 1nto mice to be certan that 1t is
non-poisonous.

Clearly alf these tests requure tramned scientific workers.
Clearly also, the running of such an industry, and the
solution of the mulufarious problems that anse nceds
chemical engineers, brologists, chemusts, The production
of streptomycin, the only other antibiotic of industnal
1nterest at present, s much less developed, and offcrs many
similar problems 1o be tackled. 1t is partly out of the recog-
nution of the growing importance of the whole field that
the University of Cambridge has this year for the first
tme instituted a special advanced twelve months’ course
1 chemical microbiology.

The growing importance of the penieillin tndustry itself
13 shown by the following figures They gtve the average
monthly output 1z millions of units*

UsA

Britain
1943 1,700 300
1944 138,000 3,200
1945 570,000 26,000
1946 800,000 260,000
1947 1,000,000 400,000
They arc a measure of the success achieved 1n the largest
@ tary) tutherto under-

taken by mapknd, and a stimulus and gwde to future
elfort.

* To make such 2 test, the pencitlin tn the sample 1s first destroyed
with linase, and then the sample placed on the wsual broths,
bloocf’?‘znqr medum, etc, on which any bactenal gromh can occur
Any germ present will thus reveal atsell
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The N.A.AS.
AT the baginming of July last, the farmung community
had the pleasure of reading about or attending the fint
Royal Show since before the war, and the differences
between Windsor (1939) and Lincoln (1947) were much
reraarked upon. In particular, extubits designed by the
various adwisory services available to agniculture were on a
larper scale than ever before. The main organisation con-
cerned (n thus was the newly-founded National Agr
Advisory Serviee, wluch 15 now the chief anstrument of
scientific popularisation for the industry Such organtsations
as the Milk Marketing Board and the Department of
Scientific and Industrial Rcsc:m:h which, together with
{ firms and 1 , provide a great
deal of useful were also But there
is a difference between them and ths NLALALS , which 15
the only body giving advice on the whole of agriculture
to all producers in all parts of the country. As such st has
been spectfically designed by the Government, as part of
the new national land policy, out of the previous regional
advisery services with ther local colleges, and it includes
various rescarch insttutes. It is to be developed into a
standard szrvice employing people of a more or less
standard abihity and knowledge in its vansous grades, and
so supplying a product, advice, which will not vary very
much from one arca to another. I 15 clammed that within
this comprehensive service knowledge will be diffused morc
quickly than between the old separate groups ; new research
will g2t hnown more quickly and atready existing specialised
Laonladgz will be more eaaily integrated on to any par-
48
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ticular farming problem; jn addition, there will be re-
fresher courses for Advisory Officers and so on.

Success tn these objects 15 a matter of admimsstration and
that 1s why the Service’s success at the Royal is encouraging.
But 1t 15 also a matter of psychological understanding, and,
here agam, what tts spokesmen have to say 1s encouraging.
So far they have avorded pronouncements which would
make one think they had underrated the difficulty of popu-
lansing scientific knowledge among farmers The emphasis
has been on working “with” the farmer, not “for” him,
still less against him. All experience of agnicultural educa-~
tronal work shows that this is the only possible approach*
you have to get the farmer muxed up 1n your 1deas or he will
nct absorb them; otherwise, though the problem he has
rased may have been solved theoreticatly, 1t will not kave
been solved practscally. In fact, also, the Service ttself will
need the cooperation of farmers It will have many new
1deas to develop and they will require testing out i the
ground. It wil} mzintain expermmental farms of its own,
but 1t can never hope to cover a sufficiently wide ecological
range for 1ts “pilot plant” expertments without the co-
operatton of the farmung commumty. In so far as the
Advisory Officer 1s an experimenter and investigator,
therefore, he will meed to work with the local farmers; and
where he 15 an innovator he will need to learn from them
the effect of his novelties on farm management and
economucs,

No farmer can know enough, wsthout advice, to get
the full benefits of the application of modem scientific
knowledge to his land, and 1t 15 to be hoped that enough of
them will admut the fact to allow the new Service to develop
s full 1opact upon our productivity and their profits. It
39 a free gift, mdeed, 16 farmers, it 15 all honey. Naturally
there is a sting; something wall be expected 1n return,
There are many other advisory serviees avatlable to farmers
in many other countries, but the sigoificance of this Britis
edstien is, as has been said above, that 1t is part of
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national land policy. This policy provides for the expro-
priation of memucm produccrs In pmctwc this will mean
farmers of low d with
the average. The declated Objccl of the N LAA S 15 to raise
the average of productivity. So it will not do to get too far
behind one’s neighbours in the application of science to
one’s farming.

d with agriculture, on the other hand,

will find this large orgamsation less interested in the answers
to some questions than in others and more likely to employ
certain types of scientist than others, Practical need will
d the q it asks and icat ability will be
necessary 1n its employees. It 18 possible that in the long
run agricultural science will be pretty well absorbed by the
N.A.A S, though that is nobody’s intention at the moment,
Or, to put the thing less controversially, agricultural research
will be guided along certamn directed hines in response to
practical demand. Professor Scott Watson, Chief Education
and Advisory Officer at the Minustry ongncuhurcnr\d head
of the new serviee, gave, last January random sample of
the vanous ficlds of research™ to “indicate what progress
is betng made and what gaps i our knowledge remain to
be filled” to a conference in Edinburgh, Three items in his
sample, trace elements, plant hormone synthesis and new
varicties of potato, have already been talked about in Science
News 3. It may be interesting to follow up issues related to
some of his other items to ilfustrate his theme of “progress™
and “gaps.”

Fertiliser Placement

The sesd of most crops s sown through drills, which
daposit it in rows, whereas fertshisers arc usually, in English
practice, applizd to the seed-bed through distnibutors which
give an even covering over the whole ground, Apparently,
thercfore, much of the feryiliser 1s applicd where, from the
point of view of that immediate crop, it 1s not wanted,
batween thz rows, particularly with crops which are sown
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ia wide rows, such as potatoes and sugar beet This waste
of fertiliser could possibly be avoided by depositing the
fertihser 1n bands close to the roots. There 1s another
economy concerned here too. When calcium or nitrogen 15
applied to the soil, almost the whole of 1t ts available for
*solution 1n the soil water and thus for absorption by the
roots of plants. But a large proportion of any phosphate
applied 15 lransform:d 1 the soil to compound forms in~
soluble in water, and is thus locked up and only becomes
available for plant nutritton over a long period and partially.
(That is, you can never hope to get back from the soil
anything like as much phosphate as you have to apply to
1t.) Now thes locking-up effect 1s reduced 1f the phosphatic
fertiliser is not mixed generally with the soul, but is placed
1n narrow bands, Sice phosphatic fertilisers are the great
necessity for high yields in most Brutish soils, this is
importaat.

From a rather different angle farmers and mnul'acturers,
aming at the economy of a single operation in tead of two,
have for many years expzrimented with combined drills,
capable of puttimg down the seed and the ferfiliser in the
one dnifling. Such machimes have been known m this
country for at least a century and probably more, They
were never satisfactory and an easier line of progress was
found in the perfecting of the general dstributor, after
which terest 1n combined dnils waned. Since the tast
war, howcvcr, the question h.:s been taken up again.

‘have made avail: bined dnlls capable
of putting the fertihser down with the seed Scientists have
asked themselves whether these bands of fernlser are really
best located 1n contact with the seed or a little avay from
tt, and, if the latter, just where. Engineers have wondered
how.

Engineers first. It is not so hard to arrange for fertiliser
to be deposited with the seed, though there arc tiresome
problems, such as the corrosive effect of many fertilisers
on mechanism and the varying physical condition 1n which
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d with agricul on the other hand,
will find this large organisation less interested in the answers
10 some questions than in others and more likely to employ
certain types of soiznust than others. Practical need will
dstermune the quastions it asks and practical ability will be
nacsssary 1n s employees. It is possible that in the long
run agricuiturs] science will be pretty weli absorbed by the
N.AAS,, though that is nobody's intention at the moment.
Or, to put the thing less controversially, agricultural research
will be guided along certma directed lines in response to
practical demand. Profassor Scott Watson, Chief Education
2nd Advisory Officer at the Ministry of Agrictltureand head
of the new service, gave, last January, “a random sample of
the varions flds of rescarch™ to “indicate what progress
15 being madz and what gaps in our knowledge remain to
be filled” to a conference in Edinburgh. Three items ia his
sample, trace elemeets, plant hormone synthesis and pew
varietizs of potate, have already been talked about in Seience
News 3.1t may be tateresting to follow up issues related to
some of his cther items to iflustrate his therme of “progress™
and “gaps.”

Fertiliser Plasemers

The seed of rost crops s sown through drills, whick
dzposit it 1n rows, whereas fertilisers are usually, in English
practice, applied to the seed-bed through distributors which
give an even covenng over the whole Sround. Apparently,
therefore, much of the fertihiser is applied where, from the
point of view of that wmemediate crop, it is not wanted,
between the Tows, particulardy with erops nhich are sonn
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in wide rows, such as potatoes and sugar beet This waste
of fertiliser could possibly be avoided by depositing the
fertiliser 1 bands close to the roots. There 1s another
economy concerned here too. When calcium or nitrogen is
apphied to the soil, almost the whole of it 1s available for
*solution 1n the so1l water and thus for absorption by the
roots of plants, But 2 large proportion of any phosphate
applied 13 d 1 the soit to d forms in-
soluble in water, and is thus locked up and only becomes
available for plant nutrition over a long pertod and partially.
(That 1s, you can never hope to get back from the sail
anything like as much phosphate as you have to apply to
it.) Now this tocking-up effect 1s reduced 1f the phosphatic
fertaliser is not mixed generally with the soi, but 1s placed
1n narrow bands. Since phosphatic fertihsers are the great
necessity for tugh yields m most Brtsh sous, this is
important

From a rather different angle farmers and manufacturers,
a1mung at the economy of a single oparation mn tead of two,
have for many years exparmented with combined drilis,
capable of putting down the seed and the fertiliser 1n the
one drilling, Such machines have been known in this
country for at least a century and probably more. They
were never satisfactory and an easier line of progress was
found 1n the perfecting of the general distnbutor, after
which interest 1n combined dnlls waned Since the last
war, howcvcr. the question has been takcn up agamn

have made bined drills capable
of putting the fertihiser down with the seed. Scientists have
asked themselves whether these bands of fertiliser are really
best located in contact with the seed or a Lttle away from
it, and, 1f the latter, just where Engineers have wondered
how.

Engineers first. It is not so hard to arrange for fertiliser
to be deposited with the seed, though there are tiresorne
problems, such as the corrosive effect of many fertihisers
on mechanism and the varying phystcal condition 1n which
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they end up after a short trip on the Batish radways and
a few months’ farm storage But rescarch into fertiliser
)t mplies hmery capable of d accurate
amounts independent of external factors, Commercial dnlls
are gravity-feeding, assisted by some sort of mechapism
to keep the fertihser rupning through : essenttally they shake
the stuff out Their delivery rates, for vartous settings of
the mechanism, will vary greatly according to the “con-
dition” of the particular batch of fertiliser in question.
‘You cannot get much further here because the “‘condition”
of a finely powdered or even a granulated fertiliser is difficult
to define m a useful way. 1t may be anything from the fine
powder 1t was sent out as (rare) to 2 collection of different
sized lumps. The rates vary according to lurmdity, but no
relation can be established between the rates and the
hurmdities. Gravity feeds, therefore, are no use for research
wnto fertithser placement - whrch prompts the reflection that
eventually they will be rejected for commercial work,
since the whole essence of this problem is accuracy of
dehivery, both m quantity and location. For research, the
only reliable method of feed 1s by positive displacement.
ere a piston rises in a cyhinder filled with the fertiliser,
which s then deflected down the feed tubes by scrapers.
Thus the same volumz of fertiliser 1s delivered each time,
The weight delivered 1s slightly variable, becausz of dif-
ferences of density 1n the fertiiser caused by being jolted
over rough ground, by the vibration of the tractor, by
compactton by the piston and, agam, to a small extent
by the conditton of the fertiliser. The variability can be
much reduced by running the machine for a bit before
starting oa the measured work, so that the fertiliser can
settle down,

Thus, as so often 1n agricultural research, an immense
amount of mechanical playing about has to be gone
through before the wmvestigation can really start. After
that, there are really two quastions

{a) is there a sigmficant vanation in yreld p—opomonatc
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to quantity of fertihser used, according to whether it is
generally distributed or 1s placed 1n bands?

{b) assumng that fertiliser should be placed in bands,
what 15 the best position for those bands?

1t is confirmed that, for cereal crops, phosphates sown

“down a combined drill in contact with the sced are about
as effective as twice the quantity distributed generally, in
average cases; and in phosphate-deficient land, con-
siderably more so. Up to quite large quantities of phos-
phates and compound manures can be combtned safely,
without damage to the germinating power of the seed,
which fixes the upper bt of the method. Less definite
results have emerged from experiments with potassium and
s But ro seeds, pti
" potatoes, very eastly suffer injury from fertilisers, especially
in dry weather, and fail to germmate Combined dnilling in
contact with the seed 1s therefore not advised for these crops.
Yet 1t is precisely for these crops, which are set in wide rows,
that general distnbution 18 most wasteful, Possibly, better
results with roots may come from attention to the second
t—what 1s the best pl. for bands of fertiliser?
Thc problem would then be to find a pasition for the bands
to ensure the advantages of economy of fertiliser, stimula-
tion of early growth and hastened ripening, without
damagng the germinating seed.

The Amerncans have done a ot of placement work on
the potato crop. As has been said, this crop 1s not susceptible
to damage by fertilisers. Yet their conclusions are applicable
to cereal,, and possibly to other, crops which are The
follown amongst other, positions for the bands have been
tried out: in contact with the seed; mixed with the sorl i
the row; above the seed; below the seed; at the stde of the
seed, at the side and sl:ghtly below: or agam 1 to 2 inches
under; 13 mnches above, mixed in the row; in the row not
mixed; 2 inches to each side on the same plane; 2 inches to
each side and 2 mches below seed level, 4 inches to =
side on the same plane. The general conclusion has+
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that fertiliser is best placed two inches to the side of the seed
and either level with it or shightly below it There is now,
however, a question whether even higher yields of potatoes
are not obtamed by placing only a proportion of the
fertiliser m bands, with the remainder generally distributed
1 the old way. :

Placement of fertilisers 15 one of the means of securing
tugher output for less expenditure which we have neglected,”
though 1t has been mcorporated 1nto the farming practice
of many countries. Thus the standard distrtbutors used by
American potato planters incorporate the findings of the
scientists which have been mentioned above, but not so
here It 15 possible that research workers mn this country
have been a little daunted by the empirical nature of the
problem as put to them The fundamental chemistry of =
plant nutrition 1s not understood and therefore the line of
progress 1s not clear. It is interesting, for instance, that
the effect of “locking-up™ phosphates, mentioned above,
ts not universal. 1t does not occur 1n many areas of Aus-
trahia for example If we could apply that fact to our
conditions, we mught cut our present expenditure on”
phosphatic fertilisers to one-fifth But since scientists
cannot yet explain that fact, they cannof yet tell us how to
apply it .

-Too Much Tinkering’ .
At recent mzetings of cattle breed societies the thyroid
gland has got rather more attention than is usual at these
gathc mgs. This gland the plane of
in animuls, so that the d=velopment of young beasts and
the productivity of mature beasts can be stepped up, in
many cases, by fesding either natural thyroxm or a syn-
thetic substitute 1n the form of jodinated casein.® At
present the mathod 1s experimental, but it concerns breed
societies from two aspects. In the first place, they are
concerned with questions of pedigree and performance m

* The chief protem of mulk, treated with todine,
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a competitive context: they regulate records and establish
the breeding backgrounds of vartous cattle famulies on
which commercial pedigree values depend. Now Norz may
be an inherently better cow than Dolly, but the latter,
primed with 10dinated casein, might outyield her signifi-
- cantly, and the use of such stimulants can upset mnhngs
no end. dly they d with a
view of the health of thc:r breed, and nothing s more
hikely to ruin that quickly than ignorant use of endoctin-
ology by semt-bankrupt farmers. Acting on these two
points, one Soctety has provided that, while records of
treated cows shall be accepted by the Society, they must be
distinctively marked, so that everyone knows the cows
have been treated, and has also urged the Ministry of
Agriculture to ban the sale of 10dinated casein pending
the completion of the Minstry’s long-term experiments
withit, which are designed to test 1ts effects on constitution.
The general impression at the debates of the other Society
seems to have been that there was “too much tinkenng™
with cows nowadays,

The practical man ts1n a dilemma He must produce as
much of hus product, in this case mulk, as cheaply as he
can. But it 1s not much use producing double this year if
your herd 1s going to fold up with exhaustion next year
‘That is, he must not depreciate his capital for the sake of
immediate 1ncome. At the same time he has the feeling
that the routines he has been brought up n are “natural™,
though the modern mulk-cow 1s, logically speaking, an
artificial ammal leading an artificral hife. But 1f fus word
“natural” is taken in the sense “what 1s proved by ex-
.penience not to depreciate my capital”, he 15 making a
vahd point, and his conservatism s not stupid. The ev-
peniments with todinated casen, for instance, will not be
concluded this year or the next I 1s common sense for a
working farmer to let somzone else be progressive, because
he cannot afford the risks Thes is why scientific dlscoveriej_
are not rapudly applied to agriculture.
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Scientists are not so interested 1n what is “natural”,
though the N A.A.S will of course have to pay attention
to what 13 economic. Another peculianity they have is to
regard animals as existing for one purpose. they like to
divide cows 1nto beef cows and mulk cows, Now the farmer
likes & cow which gives a lot of mulk and then fattens up
well for béef when ke has to get iid of her: he hk:s a
“dual-purpose” cow, which the scientist calls a “‘no-
purpose” cow. If cows gave wool and laid eggs that would
please the farmer, but not the scienust. His object is the
reduction of the ammal to 1ts specalised purpose, 1n the
case of the dairy cow the production of milk. This implies
three things:

Physical efficiency 1n the conversion of foodstuffs
to mlk

Ehmnation of secondary products.

Regulanty of production of mulk,

Considerable progress has been made under the first
heading, but further progress depends on a better under-
standmg of the processes of digestion in ruminaats than
is ours at present* Farmers are provided with a useful
working system whereby to calculate the food requirements
of antmals whether they are 1n production or not, and most
of them would be satisfied with what they are told on this
topic. It 1s possible to ration the ammal under the two
categories of and pi hat is suffi-
cient to maintam it in conditron ‘and at astable werght, and
whats sufficent to enable it do a certain measured amount of
work directly, as with the horse, or i produce, as with the
sheep, ptg or cow, over and above remaining merely stable.
Mantenance tattons will vary with the kind of animal,
1ts weight and the amount of surface it exposes to loss of
heat. Thus a fat bullock weighing about 1,750 Ib, needs
about 20,000 calories daily, whereas a sheep, which has a
larger surface 1n proportion to 1ts weight and also operates

N - SJ«: ror1 ? fuller discussion of this. qu:sﬂo‘n Penguin Sclence News
0.




FARMING FRONT 57

at a higher temperature, will require about 2,000 calories
per 100 Ib. Similarly a 6 cwt. cow requires 6/9 as much
food for maintenance as a 9 cwt. cow, other things being
equal, Tables are avalable to show how much of any

particular food will produce the required quantity of -

calories, Production rations are expressed in terms of the
product desired, pound of flesh, gallon of milk, and so on.
For 1nstance a cow giving three gatlons of milk per day
will require three times as great a production ration as
one giving one gallon only, and here again the weights of
particular foods to feed par gallon have all beer worked
out. If this knowledge is used by the firmer as mtelbgently
as 1t has bzen presented to him, much waste of nutrients
can be avoided and he has little need to complain about
the drgestron of rununants. Scientists, however, are puzzled
by vanous features which at the moment have slight
practical application, but which mught be important
eventually. For 1nstance, rumwnants can digest cellulose.
Ths in atself 18 somettung of a mystery, but the buffalo
can live on rice straw and tree loppmngs. There 15 a future
for any sclcnhsl ‘who can persuade cows to digest cellulose
as {faloes do. R also have a strange
indifference to the amount of vitamin C in their diet: if 1t
15 short 1t 15 synthesised 1n the rumeén and if there is too
much 1t 1s destroyed. Simple nutrogen compounds like urea
behave curiously when fed to ruminants. If fed pure or 1n
solution they are quickly absorbed and excreted, but if fed
1 a close mixture with a cellulose material, part of the
nitrogen behaves like protein or amno-acid mtrogen. These
processes are not pmperly understoad, because present
jdeas about r are

Ehmmmon of secondnry pmducts and t:"ul:mty of

are matters for
1 news, because 1t offers the exciting prospect of being able
to gerrymander nature. The farmer’s problem is to bring
cows 1nto milk, in the autumn, once gvery year, This entails
production of a calf, which more often thar not is slaugh-
ra
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tered soon after birth, and whose gestation detracts fmm
the mother’s milk prod during the 1
its birth, Calving 1n the autumn 1s made nccessary by the
winter-milk policy, smee cows give most milk within 4 to 8
weeks after calviog, on the average. Now the cow has a
gestation period of some nme months. That 15, to get
autuma calvers you have to have them come on heat and
be struck in the depths of winter, not mntended by Nature
for love, still less for artifictal insemination. Many cows do
not “bull” at all duning the winter, or very infrequently.
Heats last only a few hours, frequently between dusk and
dawn, and may be almost without external mamifestation.
In the summer, by contrast, heats may go on for 36 hours
or so and a great fuss 15 made by the cow for all to see.
- In practice heifers are usually calved down 1n the autumn
fairly successfully, and as they grow older therr calving
dates move further and further through the winter into the
sprmg, the natural time, but one when the price of milk
sharply falls Thes 1s the importance of stilboestrol, which
was dealt with in Seience News 1, page 86. A detailed
explanation will be found 1n that number of the method
of action of the product, whose effect 15 to start animals
ovulating faurly energetically, so that one can see and
catch them It 1s in fairly general use, but does not act
wnfallibly. If barren cows and maiden heifers could be
brought 1nto mulk by mnjections of hormones or synthetic
substances, they would not need to divert energy to gestation
and could be made to produce regularly It 1s feasible in
the laboratory but not yet m the cowshed.

Thus the preture of the dairy cow 1s that of an animal
being rapidly altered from all purposes except milk~
production, The farmer says there 1s too much tinkering
about with her and s scared of damaging hus capital or
the breed he 15 mterested in. The scientist cannot get on
unless he delimuts and defines his objectives; moreover
that 15 hus mitellectual habst, the cow must be specialised
The farmer’s habit 1s to be ready to swiich according to
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the market: he wants to sec a profit both at A and Z, not
just at some refinement of A, unless it’s a fuce big one

Destruction of Aphides

The general idea scems to be that DDT and Benzene
Hexachloride will kill any 1nscct for ever. They are certainly
cifective, especially against sucking msects such as lice and
mosquitoes, but results of their application to aphides
have so {ar been disappointing Now aphides are currently
desctibed as the most scrious pests of growing plants i
this country and almost every crop has its paruicular aphus,
such as the peach aphis, the potato aphis, the cabbage
aphis, the large green aphis which feeds on peas, beans
and clover, the woolly aphus of apples and the leafcurling
aphis of plums There are about 2 hundred varieties which
harm our crops and many more innocuous oncs, The
damage caused 1s familiar to everyone in 1ts direct aspect.
The plant loses its vitality as the aphides suck its nutrients
and sap; 1t 1s poisoned by the saliva they inject into st
so that, for instance, the leaves become distorted 1n various
ways; its leaves are covered with the sticky honeydew the
insects have 1o void because they bave taken up more sugar
from the plant than they can use Indirectly, aphides are
a major factor in the transmusston of virus diseases, for
which their prodigious activity makes them very suitable,
The annuat loss caused by aphis-spread virus in the potato
crop alone 15 estimated at something hike £3,500,000 and
the disease of sugar-beet known as “yellows”, which we
owe to the peach aphis, 15 one of the great himits to yield,
These are only examples of a loss which, 1f 1t could be
accurately estimated, would astonish most of us,

As has been sard, aphides are not so susceptible to the
new 1nsecticides as some. Nor caa they be controlled by
the stomach poisons, such as lead arsenate, because they
do not bite the surface of the leaves (They insert their
mouths, which are like tubes, mto the chanuels in which
the food materials of the plant ate transported and suck
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them up.) They can only be killed by contact poisons
and vapours. They are easily killed by preparations of
pyrethrum ot derrss, or by micotme The first two are
applied as dusts or sprays and the third by funugation,
but the methods have i common their laboriousness and
expense. Consequently they are not usually applied till the
attack 1s seen to be bad—or rather, arrangements for
applying them are not made until the attack 1s seen to be
bad. By the time of applying, the infestation, which has
a very short peak, may well be over, the damage done
and not an apius to be seen Even supposing a successful
attack on the festation at its peak, no control has been
achieved over virus diseases. The influx of aphudes 1n
spring butfds up to s peak gradually and the dissemnation
of virus 1s continuous from the first. By the time the aphides
are noticed the virus 1s there, though the symptoms of
disease may not be yet apparent. This 1s a dismal tale,
but fortunately the aphis s subject to parasites and pre-
dators, against which st has no defence. It 1s attacked by
a minute wasp, which lays 1ts eggs mn 1ts body, and by a
fungus, It 1s eaten by ladybirds, by the larva of the dirty-
looking wasp-like fly which hovers about iz July and
August (the hover fly) and by the adults and larva of the
Lace-Wing fly. It 1s very delicate, and an infestation can
be washed away by heavy ram.

Eggs of aphides can be destroyed in winter by the ordinary
tar-o1l or DNOC winter wash. The difficulty here 15 that
many spectes do not lay their eggs on the plants of which
they are pests. It 1s one thing to destroy next year's in-
festation of your orchard by spraying in the winter, but
it 15 quite another, for nstance, to try to spray all the
common spindle trees, on which next year’s infestation of
your beans and beet 1s brewing up. The eradication of the
spindle as a national policy has been discussed, but it would
clearly be very laborious. Furthermore the aphs in question
{aphis fabae) can lay its eggs on the guelder rose, and might"
merely switch. The eggs of this aphis, probably our most
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species, are invul to any frosts experi d
here and are not attacked by parasites or predators Their
survivatill March, when they hatch, 1s therefore guaranteed.
‘The unfortunate fact, however, has been turned fo good use.

" ¥ virtoally all the eggs of aphus fabae to be found on the
spindle tree in December and January will hatch, 1t follows
that an estimate of the infestation of next year’s beans
and beet can reasonably be based on 2 count of the eggs.
This hard work 1s carried out annually by the Advisory
Dept of the School of Agriculture at Cambnidge. Spindle
shoots from various parts of the country are gathered in
the muddle of the winter and a count of aphis eggs 1s made
which, by careful comparnison with records from previous
years, enables surprisingly accurate forecasts to be made,
Of coursz 1t 15 only a second-best: it would be much
better to be able to kill the eggs

The general pornt 18y that m this pasticular matier of
insecticides, where science has had soms of 1ts most
pubbietsed triumphs, no effective techaique has yet been
evolved agamst the most wmportant psst, the aphus, there
are remedics, but they do not amount to an economically
feasible technique except 1 particular instances 1t 1s an
iftustfation of the practical difficultres which meet the
agncultural scientist . he does not just have to kil a hundred
aphides out of a hundred in a cage; he has to work at a
distance through human psychology and economucs,
rebellious unpredictables But we may still hope for results.
Research, which 1s world-wide, has so far been more con-
cerned to elucidate than to interrupt the complicated Iife-
lustory of the aphs.
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a region of nuclear dimensions and it looks, therefore,
rather more reasonable to suppose that the motion of heavy
particles only 15 involved in formmng a nucleus.

Another and perhaps more 1mportant argument is this:
In certain cases 1t 15 possible to ncrease the charge of a
nucleus by one umt by means of the impact of a proton,
which gets caught 1n the nucleus and dislodges a reutron,
so that a charged particle has been substituted for an
uncharged one. The resulting nucleus has more charge than
15 good for its weight and tends to reduce 1ts charge by
beta decay 1 which a positive electron 1s emutted. If after
this we add one or more neutrons, the nucleus may now
be too heavy for its charge and increase 1t by the emission.
of a negative electron We can now remove the spare
nentrons, for mstance, by bombardment with fast particles,
and m this way return to a nucleus of the same weight and
charge as the one we started with in the beginning. The net
resultas then that, apart from putting protons and neutrons
into the nucleus and taking them out agam, we have
obtamed a negative and a positive electron, and if these
had come from a store inside the nucleus, the nucleus must
now be that much poorer 1n electrons However, the nucleus
which we have ob d will be in all the same
as the onigmal one and we can, in fact, go on repeating
this expeniment indefinttely. Since there can hardly be an
unlimited store of electrons mside, we have to conclude
that at least some must have been produced m the process,
and it 15 then more satisfactory to think that, in fact, ait
of them have been so produced.

5. Doubts about Neutrons and Protons

Once we have accepted the 1dea that not everything that
comes out of a nucleus must necessartly have been inside
to begin with, should we review our conclusion that
neutrons and protons ate inside? Here we seem on much.
safer ground, since these are nearly 2,000 times heavier
than the electren, so that the production of even only one
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neutron would involve an energy of the order of o thousand
MeV. These amounts of encrgy arc not usually available in
nuclear transformations 2nd while the production of heavier
particles is, no doubt, posstble 1 principle, it cannot take
place in those transformnations in which we usually observe
the emission of protons or neutrons.
However, while the production of heavy parnicles is
difficult, this 1s not necessanly true of a change in thar
-natare. Th= neutron has about the same mass, 1.e., 1t has
about as much energy as a proton, and from the point of .
view of energy alone it shoufd be quite easy to change the
one iata the other, We knaw, however, that electric charge
cannot be created or destroyed, and hence if a neutron
becomes a proton some positive charge must be disposed
of or soms negative charge used up. Thus 1s preciscly what
happens in the process of beta decay when, for example, a
posttnve electron 15 produced. Since i this process the
charge of the nucleus must go down one unit, a proton
must have converted 1tself 1nto a neutron Another possible
process 1s that a proton becomes a neutron, the charge
beng balanced by another neutron converting itself into
a proton, 1. , the net result s that the two particles exchange
their nature There s reason to think that such an exchange
1s a very common process nside a nucleus, although the
evidence for it 1s very circumstantial and there is as yet no
very direct experimental confirmation. The question could
be setiled tn the following way: 1f a very fast meutron
collides with a proton 1t is likely to be deflected from its
way by only a small amount and fo give only a small
velocity to the proton which 1t has hit. One would then
expect that the passage of very fast neutrons through
hydrogen shauld result in only a small spreading of the
neutron beam and 1n weak recoils of the protons If, on
the other hand, the proton and neutron had a strong
inclination to chiange their roles, the neutron which proceeds
on its way would now have become z proton and vice
versa, 5o that we would expect the protons to go forward.
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and neutrons to stay behind. In the extreme form which
I have described, this effect probably would require neutrons
of energies of the order of 100 MeV, which are not at
present avalable for measurements. But even at 20 or 30
MeV one expects a tendency of more protons or more
neutrons to go forward, and such measurements would,
therefore, settle the question of the proton-neutron
exchange.

If this exchange 1s really a very frequent phenomenon st
may not be possible to keep the 1dentitzes of the particles
clear while they are strongly interacting. It might still be
possible ta look at some point inside & nucleus and to say
“Here is a heavy particle” but 1t might be rather more
difficult to say with certainty whether what we have picked
up was a neutron or a proton.

To summarise, we have so far seen that nuclei do not
contain electrons and that they contain protons and
neutrons, the total number of each kind being known from
the known weight and charge of the nucleus, but possibly
with their identities getting somewhat confused.

6. Nuclear Forces

‘What are the forces that hold the parts of the nucleus

together? They can certainly not be electric forces, like
those that confine the electrons in the atoms, for two

reasons. First, because all the particles either have no

electric charge or a positive one, Since like charges repel
each other, this would never lead to attraction. Secondly,

we need forces which are very much stronger than electric

forces would be 1n regions of the s1ze of a nucleus. A light

nucteus is gbout 10,000 times smaller than a hydrogen

atomn, and since Coulomb’s law says that electric energies

go inversely as the distance between the particles, one would
expect electric energes in the nucleus to amount to 10,000

times atomic encrgies, that is perhaps 1o a few hundred

thousand electron volts, whereas nuclear binding energies

are of the order of several millions.
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There must, therefore, be a new type of force acting
between these particles, and onc ¢an seée at once that these
must be “short-range” forces, that 1s to say, they must
diminish with tnereasing distance more quickly than electric
forces. Otherwise the i 1n ordinary iof
of two pieces of matter a fair distance apart should depend
not only on thair electric charge but also on the type of
nueler which they contain. This is not the case.

Indeed, the study of a collision between two protons
(observed by letting bzams of fast protons pass through
hydrogen) confirms precisely the laws calculated on the
assumptian of purely electric forces as long as the protons
are slow enough With reasonably slow protons, ic, of
energies below about 1 MeV, the electric repulsion will
prevent them from approaching closer than within 3x 10-13
cm , which 1s just about the mean distance between particles
inside a nucleus.

‘When, however, the proton energy rises beyond this
value, strong anomalies are found tn the scattering which
can be expl. d only by that a new i
force begins to act at about that distance. Similar results
have been obtained from the interaction of neutrons with
protons at low energices.

A good deal of information has been collected about the
force between a neutron and 2 proton. Some of it comes
from the study of collisions between neutrons and protons
(passage of neutrons through hydrogen). More can be
inferred from the properties of the dewtesom, je, the
nucleus of *“heavy hydrogen,” which is made of jus(. one
proton and one neutron,

This nucleus plays the same important parq jn puctear
physics as the hydrogen atom (one proton and one electron)
in atomic physics. Unfortunately, while the hydrogen atom
has a series of excited states which give rjse to distinctive
spectral lines which could serve to tesy any theorys
deuteron has no excited states, since the forees are onh 5%
sufficient to hold the two particles together in theit
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state. Any extra energy given to them 1s sufficient to tear
themn apart N
‘We, can, however, study the way in which the deuteron
‘breaks up, for example, under the effect of gamma radtation,
and atso the reverse process, the capture of a neatron by a
proton, when the surpius energy comes out 10 the form of
gamma T1ays -
As to the forces between two protons, the scattermg of
protons by hydrogen has already been mentioned. A
collision between two neutrons cannot be observed with
present techmiques What we know about neutron-neutron
forces comes from the following reasoning. Compare two
nucler such as helwum 3, contaiming two protons and one
neutron, and hydrogen 3, with two neutrons and one
proton. Their masscs and other properties are so similar
that one can conciude that thewr only difference is due to
the electric charge on the extra proton, and the slight
difference between neutron and proton mass, but that the
nuclear force between two protons and that between two
neutrons 15 the same This conclusion 15 borne out by
similar compansons m all other cases where data exist.
More evidence on all these forces can be obtained by
studymg the binding energies of heavier nucle, but here
the evidence becomes more circumstantial and is not so
easy t0 summarize
In this way it has been possible to form a fairly close
“estimate of the range of the forces, 1.e, the distance over
which they are effective, and of their strength at close
approach. The precise law of vanation of force with dis-
tance, however, 1s not yet known at all accurately.

7. Refinements

In studymg, for example, the scatteriog of neutrons by
protons, it 1s found that some neutrons are scattered 1n a
manner quite different from what onc would have expected
from the forces which we deduced from their interaction
in the deuteron.
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This apparent contradiction has been shown to be due
to the fact that nuclear forces depend on the spin directions
of the two particles. In quantum theory each particle, such
as an electron, proton or neutron has a “spin,” as if it
were revolving about its own aus with constant speed.
The spins of two such particles which collide, must alnays
be cither in the same or opposste directrons.

It turns out that the force depands on whether the one
or the other 1s the case. The attractive force 1s stronger if
the spins are parallel, and this is the case in the deuteron.

For opposite spins the attraction 1s not strong enough
to gtve a bound state at ail, and no deuteron in wheeh the
spins are opposed is possible

Moreover, the proton-neutron interaction may depend
on whether or not the two particles happen to be in exactly
the sams state of motion.

To understand this, we must remember the possibility
mentioned before, of the two particles changing their réle,
or what amounts to the same, proton and neutron changing
places, This exchange process ts not posstble 1f they are m
different places since 1t would mvolve a sudden jump, So
the exchange can take place only if the particles are as
nearly in the same place as, within the laws of quantum
mechanics, we can tell Similarly they Tast be moving, as
nearly as we can tell, with the same speed I this exchange
process contributes at all to the mteraction energy of the
particles the resulting force will therefore' be different
according to whether the partickes are 1n the same state

of motion of not

In the case of two hke particles, say two protons, this
distinction does not arise, since there 1s 2 strange law in

by Pauly, d to
which two like particles can never be in the same state of
motion and also have parailel spin This law leads to the
known structure of the atom, 1 which only two electrons
{with opposite spins) can be 1n the most stable orbit or,
“K-shell”, two in the next higher one, etc. Hence fcr
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particles the question of exchange does not arise, and the
only sefinement here 15 the dependence on spin. i

We believe that the laws of quantum mechanics which
have been found applicable on the atomic scale, are also
valid 1 the nucleus, and that only the nature of the fqrees
acting between these particles 1s different. If this is right,
then, if we could only find out exactly what the forces are,
we could work out what the properttes of any particular
nucleus should be At the present this programme is held
up for two reasons The first 1s that our knowledge of the
forces 1s stil} very crude, The second reason )s that once
we deal with any problem volving more than three or
four particles, the purely mathematical complications 18
solving the problems, assuming the forces to be known,

! become almost prolubitive, In fact, already the problem of
three or four particles 1s very ternfying even to a mathe-
matician with a hugh degree of skill and courage, and only
lately very ingenions methods have been devised that allow
us to deal with these lems with quite a bl
effort.

The situatidn 1s even more complex than the above
picture would indrcate. 1t had always been taken for granted
that the force between two particles was a *central” force,
i.e., one pulling th® one particle in a direction towards the
other or away from 1t, but there is no reason why this
should always be the case.

If the forces were such central forces, one wauld expect
most nucler to be spherical 1 shape, and in particular in
the deuteron one would expect the neutron and the proton
to run about each other so that the Ime jomtng them would
be equally Itkely to pomt just 1 any direction in space.
*This means that the region occupied by the proton or
neutron on the average would agamm be a sphere
However, very ingenious expsriments by Rabi and Ius
collaborators on the effect of electric fields on the deuteron
have revealed the fact that the deuteron is not spherical in
shape but elongated like an egg Thss must be due to forces
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which tend to push the neutron and the proton into a
certain direction relative to each other. Once the existence
of such “non-central” forces was discovered one had to
see how much of the h work done previously
with central forces could still be trusted. This process 15
still going on, but again the fact that we have no information
of the precise nature of the forces and, for example, their
dependence on the distance between the particles, is a
serious handicap.

8. Nuclear Reactions

From what ] have said so far, one mught gather that,
until we have a better knowledge of the nuclear forces, we
cannot describe n detail what goes on inside a nucleus.
That is not a correct smpression, since it turns out that
many of the propertics of nuciel, and in particular the nature
of nuclear reactions, 1s not at all sensitive to the precise
nature of the forces, so that there 1s a good deal we can
understand even on the baus of our present vague know-
ledge of the forces. It all adds up to a rather satisfactory
picture, which was budt up following the ideas of Bohr,
What we know 1s that the nucleus behaves rather hike a drop
of iquid, ronghly spherical in shape, or somewhat egg-
shaped to be precise, with the density much the same for
heavy or light nuclel. On being disturbed, for instance,
by a colliston with another particle, the matter inside the
nucleus 1s set 10to 1rregular motion. This is violent even if
the colliding particle was very slow, since the short-range
attraction speeds it up on its final approach to the nucleus;
it therefore arrives with a propar impact. Like 2 billiard
ball that collides with 2 cluster of other balls on the table,
the particle shares out 1ts energy with all the others and in
general none of them is left with enough speed to overcome
the attraction and get away, Whether in the subsequent
motion one of the particles happens to pick up enough
speed to get away, is a matter of chance; in any case it
willtake a hutle while before this happens. Until” ¢
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the nucleus holds together like an atom or molecule and,
Just as 1n those cases, definite energy levels or quantum
states are prescribed for the nucleus. In this way there
exist farrly sharp energy levels for a nucleus even when its
energy 15 high enough for one of the particles i 1t to get |,
away The result of a colliston depends, then, very much
an whether the extra particle arnives with a velocty that
will Jeave the combred nucleus, with this new particle
added, with an energy just equal to one of the quantum
states. In this case one speaks of “resonance”, If there is
no resonance the extra particle will not be able to get mto
the nucleus at all.

The description of nuclear reactions depends, therefore,
on the posttion of the resonance levels and ther properties.
Their precise position, of course, cannot be predicted
without a very reltable knowledge of the forces, but about
therr general properties quite a lot can be found out, For
nstance, we can study the way m which the result of a
colliston depends on whether the energy 1s very exactly
equal to that of the resonance level, or whether 1t is a
little dufferent from 1t. The results have been found to agree
very well with the general theory and this confirms the
belief that the general laws of quantum theory hold for the
nucleus as well as for the atom

9 Meson Theory of Forces -
So far I have talked about the forces betwesn nuclear
-particles as hing gven without where they

come from. Let us turn for a moment to the atom by way
of analogy. We know that an atom is held topether by
electric attraction, which 1s governed by Coulomb’s law
about the attraction of opposite charges. This means two
electric charges held at a distance from each other attract
or reps] each other, as the case may be, and this can be
wverified easily on a larger scale in the laboratory. It is not
satisfactory, however, to think that a body can exercise a
direct ifluence on another at 3 distance, without bringing
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an some means by which this effect 1s transmitied from
point to point. In the case of clectric forees this i, n fact,
descnibed by Maxwell's 1dea of the electromagnetic ficld,
which exists at any pont 1n space and which transomts
disturbances locally, In the same way, for instance, the
turming of 2 hght switch 1n your house does not have a
direct effect on the lamp, which may be some distance away,
but it causes a change 1n the voltage of the conducting
wires nearby, which will be transmutted from place to place
until 1t reaches the lamp.

‘We know also that such electromagnetic disturbances
travel 1o empty space with the velocity of hight, and light
15 sumply a particular form of such a disturbance.

Now, 1n the quantum theory a light signal cannot be
sub-divided 1ndefintely, but consists of Ginite unts, so-called
light quanta, or “photons”, each carrying an amount of
energy proportional to the frequency of the light wave of
whoch they form part These behave 1o many ways as af
they were definite particles. Oaly, since massive particles
could never move with light veloaity, they are particles
without mass and they can never be stopped without
making them disappear altogether.

Things are qute simlar as regards nuclear farces, One
would again look for a kind of field which transmuts the
force between, say, a neutron and a proton, only n this
case the particles mto which such a field can be resolved |
cannot bs particles without mass. If they were, the law-
for the forces would come out precisely the same as that
forelectric forces, and we would then not be able to account
for the existence of short-range forces. If, however, we
assume that this field 1s made up of particles with a finite
mass, then we obtain short-range forces; in order to get
the 11ght sort of range we have 10 assume that their mass
is about 200 times greater than the electron mass, or mn
other words about one-tenth of that of the proton. Such
particles then are imtermediate 1m mass between those
previously known, and they are now called *mesons™, T*
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reasoning I have given here is substantially that used by
the Japanese Yukawa in 1935, and shortly afterwards it
was discovered that particles with just about that mass
eusted 1n cosmic radiation These particles were found to
carry one unit of electric charge Like the electron ar the
proton. There may also exist similar particles without
charge, but they would be much harder to detect

Just as electric forces arise from the possibility of ?ne
charge giving out a light guantum and the other accepting
1t, the nuclear forces would require the possibility el: one
particle giving out a meson 2nd another absorbing it. 1
this mvolves charged mesons then, for instance, a positive
meson could only be given out by a proton, which 1 the
process would tumn 1nto 2 neutron, and 1t could only b¢
taken up by a neutron, which would thereby become 2
proton, In this way the overall result is that the two
particles have changed their nature and this leads jn 2
natural way to the exchange forces which I have described
before. The same mechamism, however, will not product
any interaction between two protons. To account for
proton-proton and neutron-neutron forces, we have to
postulate that there exist neutral as well as charged mesons.

This mason theory of the nuclear forces is extremely
attractive, but there 1s as yet no direct evidence in its
favour. Recent exp2niments, in fact, make 1t likely that the
picture 1s a good deal more comphicated than appeared at
first. For example, recent work at Bristol by Powell’s team
has proved that in cosmic rays there exist at least two
kinds of mesons with somzwhat different weights, and tha!
the heavier one can change into the lighter one, part of the
mass difference being set free as energy.

In any case 1t has not yet proved possible to work oul
consistently the consequences of the meson theory of the
forces, simee this needs the appheation of the methods ©!
quantum theory to a continuous field. Already in the cast
of the clectromagnstic field this proved to be one of the
most stubborn lems of modern matt ical physics
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and while many people have tried to eszzame 1o dith
culties, no sausfactory solution has yet tre finns g o
not surprising that the same difficulties !:m::r‘,’/;mz ,.;
the case of the mason field and that they, tus bysw o 1,0
defied any attempts to solve it. It is breanting ges A
more likely that what is needed here is aor By ‘,;7;_,
mathematical refinement of our exjstiry Aotind, ;, ;{
something completely new and importz-r, .

Whether this new step forward wit] sty
veloped by altering our description of fie 7 4,
thereby bringing order into them, of by aey
phenomena of which nothung 15 yet ooy,
seen.

There is 1n any case no doubt that O L teated,
these problems will make an enormoys g .’rs—:,{(c; 'f’;a it
physicists succeed 1n accelerating perteys o, rer B "’V;
several hundred MeV, since it is then Sy g,cr . 2"""' "'
able to produce mesons at Will, Father 4, vy hth :—
scanty supply provided by the cosmic gay. with the

tely b da.
Il osg g
Sissiimgiey ot
BERARE fr, b

10. Beta Decay The Neutrino

I have already referred to beta decey, 10 fo th

bility of a nucleus changng its chaegr *‘V;"(/-G _porsi-
electron (positrve of negative) in the 5., /”/’ fucing an
more to it than that. One would 84, " bt there n:
electrons comung out of 2 given fy;, p /;-’M afl (b:
the same velocity, so that the energy [ Wit to hzu;i
just balance the energy change in c«-;;d Away wol
early in the work on beta rays it wzg h:;";f’.us, But ser¥
from any substance undergoing bets 4, that clcct'rf
wide range of velocities., This migs z,;/ covered 3 et
nucler from which the electrons czz, 5’“&“ cither =
as a result of the process, had vaq;,;:" one left i
other ways all nuclei of a given fyp, 3,_""‘5'31”, bu“ 1
and, for IAstance, MO variation coygy ;: *ar quite P e
weight. By studying the energy M’_“-vdcwctedﬂ‘,.»r
involving the same nuclei, 1t wag “&.’;;;::d‘:g;ﬁy- —~- .
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would qust balance for the fastest electron that ocounred
the beta process. Whenever an electron with less enster
came out, and this was 1n the overwhelming majonty o
cases, some energy appeared to have gat lost.

Physicists were very reluctant to think that the law
the conservation of energy mught not apply in this:
sunce this law was of such fundamental smportance
peen establsshed in so many other parts of physics. 3

The alternative 18 to asswme that the missing enerdy
given out ( some new form, 1n whuch 1t escapes detect
The hypothesis was praposed by Pauhi that an
patticle with no electric charge and of small mass |
produced together with the electron. Fermi, who
this hypothesis a good deal further, gave this partic
name “nentrino”, )

There 15 anothes reason to believe in the ewstence of’
oty partels 1 have explamed that electrons, prot” ~
neutrons each have a spwm, even apart from thetr
about each other Quantum theory teaches that the sps*
each particle 1s just one-half of the smallest angular+
mentum that two particles can have when revolving 8
each other. Let us consider a nuclens of which the
number of neutrons and protons combrned 15 28 ¢
mumber. Its spin, therefore, consists of an even mmﬂﬂ.
half umts or, 1n other words, a whole number ofllfj
plus the effect of thesr motion which agam gves 2 ™
number of units. After the electron has beesr throwt’
as a beta tay the total number of neutrons and proto®
not changed, so the total spin 1s sull 4 whole nymber
1be electron has now carnied away one half-unit o-
The motion of the electron contributes whole !
cannat, therefore, make up for the discrep Thisp

. would, therefore, violate the conservation. of angs¥’
mentum, which 15 as basic as the conservation of &
If these 1§ & neutrino 1t would be perfectly reas
expect it also to have half a wmt of spin hike %2
perticles and thus would imediately remove theto®
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So far, howeser, evidence for the neutrino 1s entirely
circumstantial. It 15 true that the Ferm theory gives quite
a satisfactory description of such details as the velocity
dstribution of the beta electrons, but one would like to be
able to pick up a neutrmo occasionally, 1nstead of only
Iosing them all the time. Now st1s quite true that if neutrinos
can be thrown out by a nucleus, 1t must also be possible to
catch them again, but both are very rare phenomena. Beta
decay 1s very slow compared to the times taken by other
nuclear reactions, and one must, therefore, expect the
reverse process, i €, the capture of a neutrino, also to be
very rare, On the Fermu theory, a seutrino could indeed
£0 very many times across the mterior of the earth and still
have practically no chance of hitting anything on its way.
Tius makes the neutrnino a very elusive particle, but no
physicist will give up hope that one day a method might
be found by which to show 1t up

11, Conclision

It would have been much easier to wmte this article
fifteen years ago. Then our knowledge of nucler made a
very much tidier picture. There were fewer elementary
particles and 1t d likely that the gaps in
our knowledge about them could be flled rapidly. We
now know that this was due to our ignorance, and that
these gaps contained a wealth of new facts which we then
did not even suspect. A new landscapz has been opened
up and it will take uvs time to find cur way about n 1t,
but just this bewildering variety of new thungs makes nuclear
physics one of the most exciting branches of Science to-day.




Diatoms
BY N, INGRAM HENDEY

Where They Are Found
Tue study of diatoms has been tied _necessarily to the
development of the mrcroscope as an aid to vision, and
many of the early records are confused and unrefiable. It
seems quite certain, however, that the fambus Dutch
observer, Antony van Leeuwenhoek, was engaged in corre-
spondence with English observers concernipg the wealth
of munute lving organisms which the microscope revealed,
and the first published description of a diatom was given
by an unkpowa English mucroscopist as carly as July 5
1703 This account, 1n the form of a letter to Leeuwenhoek,
together with an accurate ilustration, appeared 1n Philo-
sophical Transactions of the Royal Socrety (1703). The
unnamed writer had examimed a drop of pond water which
d the Lemna or “duck-meat” and had
observed diatoms attached thergto .
Duatoms are to be found practically speaking wherever
there is water and an adequate amount of light. Freshwater
forms are found 1n every pond, stream and wayside diteh,
inallparts of the world, They are found 1n the mountain-top
lakes of Tutrcaca in Peru, at an altrtude of 10,000 feet, and
in the thermal springs of Yellowstone Park and of Kam-
chatka, where the temperature of the water is more than
50°C. Another scction of the freshwater flora inhabits the
thin Blm of moistute that inyests soil particles. En masse,
diatoms appear as a greenish-brown scum floating upon
the surface of the water, or as a film covering mud or
stones at the bottom of ponds, ditches, etc, Others form
frondose cotonies and attach themselves to plants or debris
in the water. The marine flora extends over all the oceans
50
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from the polar ice cap to the tropics, and constitutes the
largest vepetable element 1n the vast floating fields of
microscopic life referred to as “plankton”.
All diatoms are unicellular, and each ndividual cell 1s
capable of carrying out all the vital functions of hfe, and
. reproduces by the simple method of fission. They live
mainly free and unattached, but some species hink them-
selves together to form chams, or live within a specially
secreted ,mucous sheath or envelope and assume the
appearance and habit of a small filamentous seaweed,
attaching themselves in hke manner to larger objccts
immersed in the water. One species in the Antarctic inhabits
cracks in the skin of the whale, while another 15 found 1n
oyster beds, Most species are very sensttive to the chemcal
and physical factors of their environment, and truly fresh-
waterspacies never are fouad hiving under manine conditions
of the open sea, and vice versa, although a brackish water
flora exists which has a considerable toleration for sodium
chiloride and is found sometimes 1n fairly fresh waters, as
well as in coastal waters, particularly in estuaries.

Diatom productivity in the surface waters of the great
oceans shows a very marked seasonal variation. Two clearly
marked maxima are to be observed, one in the spring, and
the other in the autumn, the former being the more ntense,
Ppatticularly in polar waters. The limiting factors are not
always the same for different areas, but 1t appears that the

haustion of nutrient such as phosphates and
nitrates, and available silica for structural purposes may
inhibit diatom growth. Duning periods of great diatom
Activity the surface waters may become so densely populated
that sea birds alighting in search of food frequently get
their feathers so clogged that they are unable to rise agam.
When the organisms die the tiny cells sink slowly, the
organic matenial becomes disintegrated by bacterial action,
andthesit frustules (thesr istically sculptured
shells) collect on the floor of the vcean to form a deep-sea
ooze. During geological time deposits of considerable thick-
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ness accumulate, and cataclysmic movement of the earth's
crust may raise the floor of the ocean and cause the waters
10 be drained away, leaving the duatoms high and dry,
often to be overlaid by lava, voleanic ash, or some other
geologcal formation. The supenimposed layers exert a
pressure upon the diatord deposit and compact st into a
hard rock-like substance Vast deposits of fossihised dia-
tomaceous carth exsst 1n many parts of the world, the more
tmportant ones being 1 Germany, Algeria, Kenya, and
California, In Brtan smalf deposits have been found in
the Kentmere district and in certain tslands off the west
coast of Scotland The Californan deposits are among
thelargest and purest in the world and attain a thickness of
more than 1,000 feet over a very conuderable arca, Some
1dea of the geologreal time required to form such a deposit,
and the number of organisms mvolved, can be ganed by
realising that after death, small organisms such as diatoms
would take several yeats to {all to the bottom of the ocean,
and that cach cubic tnch of diatomaceous carth would
contain something like 60,000,000 cells.,

Structure of Diatoms

Viewed under a lugh-power mucroscope, diatoms are not
atall plant-tike in appearance, for there 1s no differentiation
of parts into stem, leaves or roots, as i ordinary plants.
Each plant consists of one tingle celt Tucroscopic 1n Size,
varying from 4 microns up to 500 microns 1n diameter, ot
let us say from 1/6000 inch up to 1/50 nch. These
dimensional extreraes are engoyed only by a few, while the
butk of the species recognised (there are about 15,000 sorts
n all) vary from 25 mucrons to 200 microns in diameter,
that 15, from 171000 wch to 1/125 inch approximately.
,The cll is basically the same as the cells of the higher
plants and comans the central, allimportant nuclews
suspended upon a network of protoplasmic strands, accom-
panied by a number of coloured bodies, called chromato-
phores. These chromatophores are often flattened kidocy-



DIATOMS 5]
shapédd, or roughly spherical bodies, and contamn the

chlorophyll, a grecn pigment common to most plants.

together with a brown pigment called diatomun These two

colonred substances control the photosynthetic processes

by which in the preseace of sunlight the plant 15 enabled

to form nutrient materials necessary to 1ts life. The chro-
Sed b

may be as m
which complex orgamc foodstuffs are produced from.
1 imple Al thesc elements are cone

y simp
_ tained withm an extremely tenuous membrane, the pert- "

2onium, Thus far, the diatom cell 1s very Like that of any
other plant, but differs from 1t very markedly m the
following resprect. The dratom deposits an cuter coating of
non-crystalline sthiceous material, a white substance allied
to quartz. This outer coating or frustule, as 1t 1s called,
15 quite hard and nigid, and 1s deposited mr a perfectly
symmetrical manner. The frustule is really a box, composed
of an upper and lower lid, each fitted with a girdle band
around the edge The upper Itd and girdle 15 slightly larger
than the lower, over which it fits, sn the manner of the ird
of a pill-box. The two halves, or valves as they are called,
are otherwise identical 1n all respects.

The shape of the frustule may vary considerably. Many
of the manne ones are circular, or broadly oval, others
triangular or quedrangular, while most of those which live
1 fresh water are boat-shaped. The surface of the silica
frustule 1s orn d with rad or curved
Ttnes, winch may be thickenings . the silica, o7 more often,
perforations throngh it. These markings are characteristic
of the species. Most of the markimgs are very difficult to
sce, even with a good microscope, and in some Spacles they
lie at the imuts of resolution i white light, that s, the lines
are m the neighbourhood of 125,000 to the mch. The
electron microscope has placed i our hands, however, a
new powerful tool, which shows that many of the per-
forations have an 1aternal plate, whick is agam perforated,
the ultyrate perforations being of the order of 100 A+
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units in diameter, or somewhere in the neighbourhood of
1/2,500,000th of an inch, Whatever the true nature of these
markings proves to be, they are arranged over the surface
of the frustule 1n an endless array of design, which makes
the dratom one of the most beautiful objects 1n the natural |
world. The existence of infimte beauty 1n Nature, partiewlarly
in microscopic things well betow the range of normal visien, {
Thas always been a subject for speculation. In the diatom
douhtedlv i

vthe 15 al, that is, the per-
foratlons have a job to do (see below), but no apparent
reason is 1 h for the ar of

the performations 1n the form of a pattern, Here structure
is arranged to produce a design. The endless pattern may ,
be functional also, 1n an obscure way, but for the moment
it appears that Nature 15 utilising Design without Reason.
One extraordinary feature of the design upon diatoms 18
the precision with which 1t 1s reproduced. Tt was stated
earlier that the diatom frustule was in the nature of &
pill-box, and when the cell1s about to undergo reproduction
the Lids of the box mave apart shghtly until the edges of
the grrdles are almost parting company. This movement of
the valves brings about an increase in the internal capacity
of the cell by adding toats depth. Nuclear division then takes
place, and the dangh tet take up positions at oppostt:
ends of the cell, The protoplasm divides and surrounds the
two newly-formed nucler and two new valves are formed
inside the mothercell. When the formation of the néw
valvesis the two daughter cells part and conti
a separate existence Thus each diatom consists of one old
valve and one new one. Generation after generation,
throughout many mullions of years, the design which is
charactenistic of the speeies 1s faithfully reproduced. It wilt
be seen also that as the daughter<cells are formed inside
the mother=¢ll and that the two new valves are the lower
and smaller ones, repeated division is attended by a gradual
reduction in size This reduction in size, or rather in dia-
meter, is not allowed to proceed too far, for a sexual process
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usually intervenes which brings about a re-sstabhishment of
size. It appzars therelore that diatom start their hife fully
grown and that the size of new cells 1s Limuted by the size
of the parent cells from which they spning, for once the
rigid silica framework is depostted and the design deter-
mined, no growth that would require an increase In
diameter 1s possible—the only growth that 15 permussible
is brought about by deepeming the girdles of the valve,
that is, on an axis at right angles to the valve surface.

Inouthine, diatoms have exhausted every shape, exploiting
three basic forms, often combrning them to produce tnfintte
variety. Let us consider some of these forms Firstly there
is the naviculord or boatshaped outline, where the ratio
between length and breadth varnies to produce everything
from that which is needle-shaped to that which 1s broadly
oval Examples of this form are seen in Plates 23 - 27. This
type of outline 1s predominant tn freshwater diatoms.
Sccondly, there1s the truly circular outline ; this 1s modified
to produce broad ellipses as well as ovate and panduriform
outlines. Thurdly, there is the polygonal outline. Forms
possessing three, four and five angles are common, while
others possessing up to 21 angles have been discovered.
Forms 1n the last two categories are more common in
manne waters, the polygonal ones bemng particulatly
numerous 1n the great fossil deposits of the Miocene,
Examples of circular diatoms are seen in Plates 28-33, and
of polygonal ones 1n Plates 34 - 38,

These examples have been chosen not because their
beauty 1s any more marked than that of others, but because
they show clearly the types of structure employed by some
of the most common spzcies, representing both hiving and
fossil floras.

Recent research nto the structure and physiology of
diatoms has andicated that the siliceous frustule of the
organssm is not merely a nigid covening surrounding the
soft and vital protoplaste 1n order to protegy it, but that
the perforations through the valves of the frustule:,
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nterchange between the cell contents and the aqueous
mediam 1n which the orgarusm lives, Thus peculiar perforate
structure may account also for the movement of diatoms.
Movement 1n living diatoms ts restricted manly to those
forms which are boat-shaped. These forms possess a central
mud-nb with lines of perforations arranged with reference
toit. This movement, one of the most fascinating phenomena
to observe under a microscope, has mystified mucroscopists
for a very long tume, for 1t takes place in complete absence
of any visible organs of locomotion, The tiny boat-shaped
cells move either 1n a graceful ghde, or mn slow hesitant
Jetks, proceeding half majestically or half comucally 1n theit
watery world, propelled as it were by unseen bands. It
may be that the diatom forces water from the cell through
the perforations in 1ts siliceous skeleton, causing the or-
gamsm to move forward, If this 1s the explanation of the,
curious method of locomotion, 1t means that Nature has
forestalled Man 1 the discovery of jet propulsion. '
Economic Use of Living Diatoms

The 13le of micro-organisms in Nature varies consider-
ably and 15 determined to a large degree by whether the
organism is a plant or animal The dratom, being z micro-
scopic plant, forms part of the “producer population” and
is concerned durng 1ts hietime wyth building up complex
foodstuffs from simple substances This building up, or
synthests, 15 accompamed by a liberation of oxygen, and
the process results 1n a twofold general eurichment of the
surroundmg area Soils in particular, whether of the
kitchen garden or the corn-producing prarrie-lands, depend
very largely for their productivity upon their microbio- .
logical content, and sutface soils Tich m diatoms tend to
favour the germination of young seedlings.

The diatom population of surface waters, may act in 2
somewhat similar manner. The large diatom community
supported by lakes and reservours liberates oxygen into the
surroundimg water, thereby aerating and purifyingat. Ttus
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is the normal activity of all green plants i water, such as
Duckweed, Canadian Pond Weed and such other_plants
which form a green film over the water, but as the seasonal
maxima for diatoms occur in the very early spring and
late autumn, before and afier the other forms of pond
plant fife, diatoms act benefictally by prolonging this
punfying period, as well as by adding to 1ts mtensity.
The réle of the diatom 1n reservoirs of drinking water is
somewhat complex and descrves more detiled attention.
The main problem of such undertakings as the Metro-
politan Water Board 1s to provide water sustable for human
consumption. The water must be of good physical ‘quality
and free from cbnoxious substances which would tmpart
an objectionable taste or smell. More important still, the
water must be free from pathogentc bacternia which mught
be sjurious to public health. In order to ensure the
requisite standard of punty a complicated system of filtra-
tion and chlonnation has been ntroduced together with
biotogical control of reservorrs and constant chemical and
bacteriological examtnation, To the water engineer, the
presence of diatoms in the reservorr may be a blessing or
& curse. Reservoirs which derive thesr water from a cul-
tivated area such as the Thames basin are nich 1 mirates,
phosphates and silica and are hiable to great outbursts of
diatoms during the spring. For example, 2 population
density of more than twenty mitlion cells per litre would not
be unusual. When the organisms dte, the celis disintegrate
and liberate vast quantities of orgamc substances which
greatly favour bactersal development, resulting in a rapid
consumption of axygen Que result of an oxygen deficiency
1s an increase in the growth of anaerobic bacteria and fungt
which may give rise to unpleasant tastes or smells and
render the water undrikable. Another aspect of the same
problem is that upon the death of the diatoms, the siliceous
frustules put an additional straimn on the filters. A reservorr
supplied by Thames water with 2 volume of nearly seven
mullion gallons, might contan anything up to 110 tons -~
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the diatom Fragilaria crofonensis, measured as a dry weight.
Such an immznse diatom swarmng would 1nvolve a daily
removal from the water by filtration of an amount of
diatom silica equal to one ton, dry weight, Such enormous
quantities of plankton diatoms in the reservoir cause
trouble by blocking filters, particularly of the “raptd” ot
*pressure” type. Slow sand filters, on the other hand, owe
their efficacy almost entirely to their biological components,
one of the chief bzing the diatom. These stow filters are
usually exposed to light, and filtration 15 effected by the
water passing through a skin or film of diatoms and
bacteria The diatoms coliect mainly on the surface of such
a filter and render a great service by producing oxygen 25
a by-product of their photosynthesis, This assists in the
oxidation of organic materials and prevents the lower
layers of the fifter becomung anaerobie, and fosters the
growthand development of oxygen-requiring bacteria which
10 vatious ways improve the palatability of the water.

The diatom population in the marine plankton is most
important, as 1t plays a vital part 1n the economy of the
seas, for not only does 1t oxygenate the water, but becomes
the basic link, the grass as it were, 1n the food chain of all
the other creatures which live in the sea Whales, for
cxample, travel southward from their breeding grounds as
the ice breaks up, 1n seasch of the great plankton fields,
the grazing grounds of the fac south Here, yust as much
as tn the English countryside, the richness of the pasture
decides the fatness of the herd, The plankton diatom also
plays an important réle in oceanographical research.
Diatoms serve as indicators of the direction of flow of
the oceatie currents in which they live, and 1n the South
Atfantic patticularly, the diatom has helped very con-
siderably 1o plot the posion of the convergence-zones of
the various masses of water which go to make up the
South Atlantic and Southern Oceans,

One other economic aspect of Living marine diatoms will
be considered, that is, the part they play as fouling

.
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organisms upon the hulls of ships. When any surface is
immersed 10 seawater, under natural conditions, it quickly
becomes fouled with manine orgamisms. The algal fouling
of ships at the watetline by a green scaweed, usually a
species of Ei ha, 15 a sight enough to all
who have visited docks where ships lie at anchor, but
often, far down below the water-line the hull may be
fouled by a strange assemblage of creatures Amongst
these may be found the barnacle and the tube worm,
whose outer coatings form hard chalky concreuions,
together with delicate colomes of hydroids such as Tubu-
laria and Obclia and soft bodied, jelly-hike Tunicates.
This fouling does very httle actual damage to the metal
structure of the shup, but increases surface friction, which
retards the vessel as it moves through the water. In order
to overcome increased friction due to fouling, more fuel
must be used 1f the rate of speed 15 to b maintained. It
is cshmat:d that on a heavily fouled ship an increase of
fuel consumption of up to 40 per cent may be required
Thus, 1n psacetime 15 a serious drain on fuel stocks, and 1n
times of war even more so; further, loss of speed due to
fouling may result 1n the loss of a valuable convoy or
may adversely affect a naval action To prevent marine
fouling, ships and dock installations are usually painted
with an anti-fouling composition Anti-fouling paints con-
tain, amongst other things, toxic substances, such as
compounds of copper :md m.rcury, but their exact
is as yet probably
the toxic salts laach from the painted surface, and act as
protoplasmic poisons Research has shown that not all
marine organisms are equally sensitive to coppsr and
mercury, and that certain spacies of diatoms ave highly
resistant. This mzans that a freshly painted surface may be
leaching sufficiently highly to repzl the more sensitive
orgamisms, such as the setthing stages of barnacles or
hydroids, but will permit successful colonising by
resistant diatoms. These diatoms, finding themselves °
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position -where they do not have to compete for lwving
space, and 1 which they are more or less free from attack
by organisms seeking them as food, tend to multiply
rapidly and Jorm together with bacteria a slime film upon
the submerged surface of the shrp Observations have shown
that an anti-fouling pamnt which favours the production of
a heavy siime film tends 1o protect against the attachment
of barnacles and other fouling organisms, In this manner
it may be said that diatoms themselves act as anti-fouhing
agents.

Fossil Diatoms s
Enormous beds of fossil diatoms are found in various
parts of the world. They are the floors of the long-forgotten
Tertiary seas which covered parts of North America and
Central Europe some 60 million years ago. The majority
of these Tertiary beds are associated with basalt lava flows,
which 1n many instances he both above and below the
di strata. Until vely recently 1t was
believed that the most ancient and most prolsfic perrod of
diatom growth was during the transition from Mesozoic
to Tertiary, and that 2 peak was experienced in the warmer
Miocene seas. Recent work, however, by Dr. G. Dallas
Hanna of the Califorma Academy of Sciences, has proved
the existence of a large diatom flora in the Moreno shale,
a well defined Upper Cretaceous stratigraphic umit ex-
tending along the west side of the San Joaquin Valley, in
the Panoche Hills, California Deposits of fosstt diatoms
are known by several names, the most common of which
are earth, keeselguhr, molera and d
Although diatomaceous earth occurs 1n most countries, it
is worked commercially in but 2 few, as most deposits
are small m exteat or of impure quality, and could not b
opsrated economucally. The United States of America 1s
the world's largest prodecer of diatomzceous carth, and
Algera js probably the second largest, Tn California the
deposits are almost ¢ontinuous betwesn Los Angeles and -
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San Luis Obispo, reaching o masimum m the Lompoc
area. The purest of these are marketed under the trade
names of Filter-cell, Super-cel and Hj flo super-cel. Diatom-
aceous earth is used erther 1n blocks cut from the natural
deposit without further treatment, or 1t may be cfushed,
Galcined to remove organic impunities, and graded by air-
blown separators. When thus punfied 1t 1s a white or

white ting chatk. It occurs m
nature in varying degrees of punty, and the following
analysss of an air-dnied Canadian sample gives 2 good
1dea of its percentage composition.

Silica ($10) 83.20
Alumina (A1,0,) . 380
Iron Oxuide (F:,O,) o 300
Lume (C20) . 0.80
Magnesta (MgO) . 223
Potash (K,0) . 0389
Soda (Na,0) - . 033
‘Water and orgamec matter 526

Econonue Use of Diatomaceous Earth
The chemical and physical properties of dratomaceous
tarth make the matenal admurable for many scientific
and ndustrial purposes, the most important of which are
(1) filtering medizm
(2) msulater aganst heat, cold, and sound
(3) catalyst carrier
(4) absorbent
(5) filler
(6) bulding material
(7) abrasive
{8) pharmaceutical preparations
3 (9) stratsgraphic indicators
Filtration
In many mdustrial and comumercial undertakings, filtra.
uonis animportant process, and the filtering mediumshould
be insoluble 1 the liquid to be filtered, chemucally nert,
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quantities for msulating purposes are mumed in Jutfand.

where 1t 1s known as “molera”. Here again, successful use

of the material depends upon proper consideration being

paud to the size and shape of the diatoms contained therein.

The low thermal conductivity (approximately 0.000127

2 lori ds at 200°C) of 2 d earth,

contairung a preponderance of large unbroken forms, makes

1t one of the best msulators for temperatures below dull red

heat. Insulation at higher temperatures calls for material

1n which there will be increased porosity due to an increase

of the fine perforations or mir-spaces per umit volume of

the material. This 13 probably due to the fact that at high’
temperatures there is a hugh rate of radratron and convection |
through air, which increases markedly with further rises it

temperature. It follows, therefore, that insulation at high

temperature 15 best obtained by using diatom material 10

which predominate very small umiformly shaped cells of

the same size, through which pass the greatest number of

perforations,

Diatomaceous earth from parts of Central Europe and
from New Zealand are admirably swited for this purpose
It follows also that solid impurities such as silt or powdered
quartz will act as conductors and will lower the 1nsulating
value of the matertal Diatomaceous earth may be used not
only for msulating agamst heat or cold, but also against
sound, Bricks sawn from the natural depdsit may be used

, to lime telephone kiosks, libraries and audition rooms of
broadeasting studtos, where it will perform the dual role
of fire-proofing as well as insulating. The problem of using
diatomaceous earth for nsulation has been dealt with but '
briefly, but its general application in this ficld is very ex*
tensive, The matenal may be used in powder form or in
natural or bonded bricks or slabs for steam plant equip
ment, for lagging pipes and boilers, 1n smelting furnaces,
1n ceramic plant equipment, for lining kilns or enamelling
furnaces, and tn many other ways where 1t is desirable to
provide insulatton against Joss of heat. Plate 4( ilfustrates
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dtatoms found in *molera™, the Jutland deposit, so exten-
sively used in the form of refractory bricks, sawn from the
natural deposit. .
Catalyst Carnier

Diatomaceous earth is used as a catalyst carrier [n the
hydrogemation of oils for the manufacture of soap, A
soluble salt of nickel is mixed with a quantity of diatom.
aceous earth, sodium carbonate is added, and the misture
boiled, The product of the reaction 1s passed through u
filter-press where the plates retamn the earth together with
the nickel carbonate formed by the reaction, The filter cibe
1s removed, dried and heated to 300° C. in an atmosphete
of hydrogen, where the mickel carbonate 1s reduced {9 tha,
state of a finely divided black powder. This powder ig ths ¢
transferred to the vats of ‘ml, and hydrogen is pruag
throughunder pressure These condrtions induce a h)drv, v
atom to be transferred to the oil, converting the 04 55
stearine,

Absorbent and Fuller

The low apparent density and high por
aceous earth makes 1t an excellent medic
dangerous or corrosive hqurds Tt may be
to paek strong mmcml acids, bromune,

ly to carry and

stances and has been used with some su
for fungicides and fertthsing agcms. Do
was employed to absorb the 't
form of dynamte. About 25 per cent of 1
was required, buft this amount reduced the ¢
of the mixture and for this reason 1t wag ¢
pulp, and various carbohydrates.

In the powdered form diatomaceous g,
swvely as a filler or distributor 1n the maee
number of products It ts used 1n this .
marmufacture of rubber articles,. Plastye




96 SCIENCE NEWS V1

blotting paper, finoleum, ete. Perhaps the greatest quantity
is used as an extender in the manufacture of paints.
Diatomaceous earth has the property of imparting *flat-
gess” to pawnt sucfaces without modifying the tints, and
large quantities are used in the manufacture of undercoats
for enamels, and for the whte pamnt used for traffic lines
upon tarred roads, Diatomaceous earth makes the paint
more poross, thereby facilitating drymng, and its chemical
nature offers greater resistance to exterior condrtions

Building Materials and Abrasives
1t has been claimed that as long ago as the sixth century
B.C. the Greeks and Romans used diatomaceous earth as a
building material, in order to decrease the weight of certam
structures, and that in 522 A » blocks made from it were
used o buwld the dome of the Church of Hagia Sophia in
Constantinople. In modern practice it is usual to mix a
small proportion of the earth with cement in order to
increase the strength of concrete. From 2 to 4 per cent is the
Proportion usually employed. It 1s ctaymed that the strength
of the concrete may be increased by 40 per cent in this way.
The compressive strenpth of the concrete reaches a
maximum after about three months ageing

Dhatomaceous earth1s used extensively as a mild abrasive.
Tocorporated 1n a vartety of vehicles 1t forms an important
part of many furmiture creams, motor car polishes and
household cleaners. Because of their different structure,
diatoms from freshwater deposits are usually considered to
be tougher and harder than those from Miocene marine
deposits, and for thts reason are preferred for the manu-
facture of metal polishes. Specially selected air-floated
diatom material has been used with success i the manu-
facture of tooth pastes and powders, which owe their
efficacy to the minute frustules of these marine plants.

Pharmaceutical Products and Cosmeties
The practice of medicine calls constaatly for research
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GLACIERS

5 Flow curves on Glacer du Geant, Mont Blanc
{Photo W Mittelhotzer).
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¥ & 9 (@) Thin section of snow
several years old, photograpbed
between crossed micols. This
makes the crystals show up
boight colowrs The blank regions are air spaces. (6) Thin section of
glacier sce immeduately below the firn hine. The scale an both photo-
graphs is given by the teeth of the saw blade at the bottom which arc*™~
09 mm, apart.



10 Etched sinps of aluminium before extension and annedkng (top)
and after (bottom), showing crystal growth.

11 & 12. Thin sections of ke block between crossed nicols Pfore anc
afier plastic deformation by shear. Photo on right shows markec

erystal growth produced by deformation  (Photo H, Radef)









17O the cutise Bund i cxtiavied with amyl seitae, the 1wo
solvents flow dawn topetier, controlled by How meters, and are
separated by centrifuges below the pluiform ¢pat shown) )

13 The punfied contentrated pemiaillin solution s varcfully
measured asepucally. Into batches of sterily, vils
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- _graph and frozen and dned by togh vacuum pumps on the night

20 Loading vials 1nto the contamer of plate 19 This process of freeze-
0 drying converts a relatively unstable substance 1to a very stable one
requining no special storage conditions
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23 Navicula gramddata A common diatom around the northem coasts
of Britain e
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Navicula Greviller Ide

‘ -
28. Navicsla erucigera. Forms which five within a mucous frond vel
Irke a small scaweed.

26 Plewrosigma angulatum  This species 1 oflen used ay a test object
for microscope Jenses. ‘The fines on the susface are approuimately
* 50,000 to the wnch . -
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30, Aulacodiscus sumulifer, M Coscrnodiscus rodatus
common specses 1a the .
Sea plankton .



| 33. Lepidodiscus impertahs Fossil
species  of  exquns) lgr:
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35, Trl;:rn{r‘um Javis Jar, quad- v GGQO..O
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36. Triceratuom Morlandis.

38 Stctodiscus hexagomes Angu-
Jar forms from the foss flora

" 39, Auhscus caelatus, A Lving
Spocics from the Mediterranean.



S8 40 Diatoms recov:
ered from one of the
filtering elements of
2 Metafilter

~ a1, Julland keeselguhr or * molera,” used 1n the manufacture of
“gefractory bricks, showsng diatoms in transverse section, embedded 1n ’

a siliceous matnx



DIATOMS i
into the use and apphcation of a wide range of substances.”
In the treatment of many skin diseases a chemeally mert
base 1s required to act as a d|lncnl {or potent medicaments,
and one of the most fi

earth. Specially selected matcn:\l ol‘ the highest quahty is
used to carry such substances as ichthyol, resorcin, mer-
curiats, benzoates and saliylates for the relief of the strange
and distressing skin affections so common 1 tropical
countrits. The modern craving for glamour, particularly
the kind which comes out of a box, provides many uses
for diatomaceous carth. ¥n the manufacture of face powder,
1t 1s perhaps one of the most suitable substances. Its high
absorptive properties make it an excellent carrier for the
various pigments which impart the all-important *shadg™
to the product, and provide a most suitable vehicle for the
p;;fumc which is said to contey such “allure” and “mystic
charm",

Strratigraphic Importance
From a geological pomt of view, diatoms provide much
~ interesting information. Diatoms fossilise easily and persist
throughout geological time showing little or no signs of
decay, and provide an indelible recard of the past history
of the earth’s crust. A close study of the type, structure,
abundance, and position of the diatoms 1n the strata
pmv:d:s data to the field geologist concerning climatic
i the degree of linity or acidity, salinity and
pH of the wafer in whiclt they tived millions of years ago.
« The close proximity of some of the largest deposits of
diatomaceous earth to oil-bearing strata of the same or
a closely related geolopreal age, partsculatly 1 Californsa,
led to the behef that the dratom was 1 some way res-
ponsible, 10 part at least, for the occurrence of the off, and 1t
1s now aceepted by a large number of experts that the
asphaltrc ofls from Miocene strata most probably were

denved from this source.




Medical Front

Rh Factor

One of the big advances 10 medicine in the last twenty
years has been the growth m our knowledge of blood
diseases. The symptoms of anaemua, lack of red blood, are
now known to anse 1n one of three soris of ways - through
nutritronal deficiency (e g, lack of essential dietary jron)
or fatture of the bone marrow to make red cells, through
bleeding, through excessive internal destruction of red cells
(haemolysis) Some diseases are characterised by destruc-
tion of red blood. malania 15 oue such. If the destruction
1s very rapid, the red pigment (haemoglobin) set fre¢ in

the body 15 not removed quickly enough and lingers for a

time in the shin and eyes as a yellow colour-~one of the

origms of the symptom of jaundice, When blood of a

wrong (incompatible} group 1s given 1 a blood transfusion,

the unsuitable red cells are clotted together and broken by

agglutinins 1 the patient’s circulation, and the liberated -
colour may cause a transtent yellow.

Jaundice in the newborn child has been recognised as &
distinct, puzzhing, disease since about 1902 when a Bir-
mingham doctor reported “a family series of fatal and
dangerous cases of jaundice of the newborn—fourteen cases
in one famuly, with four survivers”, This report was followed
by others from various physicians, for instance from another
Birmingham man came “A series of fatal cases of jaundice
in the newborn occurring in successive pregnancies”. As
time passed and knowledge extended, it became clear that
one of the causes of the death of the unborn child withtn
the womb was this same condition with the symptom of
jaundice. Sometimes it caused 1llness or even death after
birth, sometim2s if more severe it killed before birth.
Further, 1t seemed to get worse and worse in a scries of

98
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pregnancies in one mother. Her second chuld, shall we say,
would have severe jaundice but live, her third be borm
prematurely and perhaps die, her fourth be a real miis-
carriage, and her fifth pregnancy cotlapse when barely half
completed,

The causes of jaundice are many. However, after thirty
sears of study it became clear that thys japndice of the
newborn is due to haemolysts, something destroys the
infant's red cells, and thus poison 1s the cause of all the
trouble. But what sort of a potson 1t could be, and where it
was coming from, seermed for the time an 1nsoluble question.

As 50 often happens, the answer came from fesearch
along a slightly different track as the result of a chance
observation. In 1939 two American doctors gave the
mother of a still-born child a blood transfusion of her
husband’s blood, and noticed a severe reacnon. Although
husband and wife both belongad to Group 0, the husband’s
blood upset the wife, and very careful test showed that her
serum in fact agglutinated his red cells. This observation
Jed them to suggest rather brlliantly that the mother had
become immurused agatnst a new red celf antigen or blood
group substance possessed by her dead child who 1herited
1t from her husband. The following year, a world authority
on blood groups, an Austrian doctor working m New
York, tracked this new red cell antigen down.

He had been studying the relationship between human
and monkey blood groups—which, incidentally, 15 one way
of finding out which monkeys are our closest cousins.
He prepared antibodies (by 1njection 1nto guinea pigs and
rabbits) to the red cells of the Rhesus monkey. That is to
say, something in the blood serum of the injected guinea

pig would now agglutinate and haemolyse Rhesus red cells
These antibodies were now tested against the red cells of
humans—normal American white people, and it was found
that 85 per cent of those tested were like the Rhesus
monkey: their red cells also agglutinated, and therefore
contained a simular blood group factor to the moakey.
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They were therefore called Rh-positive. Like other blood
groups, 1t 18 mheritable. f

The explanation of jaundice of the mewborn 1S now
clear. The father 15 Rh positive, the mother Rh negatne.
The child wberits the Rh factor from its father, and starts
to give 1ts mother Rh antigen She forms antsbodies 10 his
“foreign” blood group substance, which go back to the
chuld and destroy 1ts red cells. Research n the last four
years has confirmed, but complicated the picture, There 18
not one Rh, but several, the process 1s controlled by 2t
least three inhertable genes, R

For practical purposes, however, the explanation 1
adequate to forewarn the ante-natal clinic, The comse
of the1llness can be predicted and watched for. If necessarys
the barth of the chuld can be brought on a month early, 10,
lessen the danger from the mother's antibodies. But ihe
research is not over, for we cannot yet prevent the diseasé-
The morl?hty 15 perhaps 30 per cent 1stead of 50 per cent

as an N inty, but wn twme Seenct
wiil do better. N

Sk Disease and Psychology
Dr. G. G. Robertson has published several papers o the
relation between tll health gnd mental outtook. The fatest
of these contributions to what is sometimes gmndllcqucndy
termed “psych dicine” ap in the Lancel
July, 1947, and deals with dermatitis. He reminds us first
of the case of Job, reported 1n the Bible, Job was o vety
nch man who regarded his wealth as the just reward fof
leading an upright and honest hfe. When hus flocks and
herds were stolen, his crops burnt, and his seven sons and
three danghters killed by a whitiwind, he could not under
* stand why apparently God had forsaken him. All his life
he had walked in the ways of the Lord, and wealth had”
been his just reward; but now, mexplecably, it was gone.
Jt was beyond his comprehension and his body began t©
itch and ooze intolerably, *
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_Dr. Robertson quotes n number of simlar cases from
his own pragtice, where apparent injustice coincided with
the onset of an intractabls skin discase A girl who had
worked for five years 1n a tobacco factory got a dermatitis
of her hands, which would not clear up. Enquiry demon-
strated that the illgess began when her forewoman had
taken an unreasonabls dislike to her and begun to make her
bfe a misery. She was transferred to another dep
of the same [actory, handling tobacco as before, and the
skin then got batter in a few days. A man was taken from
Ius own work and sent to a shupyard by the Minustry of
Labour, and it seemad to him that the only reason for this
change was the pleasure minor civil servants got out of
wielding therr authority and pushing workers about Within
two months he got & cut on his leg which would not heal,
and a dermatitts aboye it, which would not respond totreat-
ment, until he returned to hus old job, when 1t all got better

Tt 15 important not to make the mistake in cases of this
type of supposing titat the 1llnesses were somehow deliber-
ately brought on by the patients, who did not wish to get
batter Quite the reverse was the truth, but the skin illness
appeared to arise under the stress of deep grievance, and
to get worse as the were
into and brought out. When the grievance was remedied,
or the patient realised the connection between his grievance
and tus 1llness, he got better,

‘We know little, scientifically speaking, about the relations
between emotion and 1llness, and what we know is really
old knowledge, hike the case of Job. But it has got forgotten
under the spate of new drugs and new physiology, and
only now is being rediscovered and re-developed, as our
fullignorance is realiszd.

How Pentcilin Works

Every day, in hospitals and clinics al] over the world,
milhons of units of pemicillin are used to treat disease: yet
nobody knows how the drug acts. It 1s a fact that 1t kills
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certain sorts of disease bacteria (Gram-positive organisms
such as streptococct and staphylococcr), but the precise
way 1t imtiates the irreparable disorgamization we call
death is still unknown.

This 1s not for want of laboratory study, which has
clanfied the problem a little, recently. One can watch under
a microscope what happens fo a bactenial cell after treat-
ment with 2 drug. One can measure 1ts respiration, OF
power to ferment or digest foodstufls, or its growth rate,
or reproduction by division 1nto two cells, before and after
treatment with penucillin. All this has been done, and tho
facts, but only two, emerged. The first was that penicillm
does not harm resting cells As long as the lwving bacteria
are just “ticking-over”, respirmg, growing a little perhaps,
but not dividing, they can go on lving, Penicillin somehow
steps 1n when they divide. And that 1s the second fact: as
soon as they have divided in the presence of penicnllin,
they are doomed Wash all the drug away and give them
a rich nutrient med t makes no d ; someh:
the damage 1s done and they must all die. But the direct
expernimental approach has been of no further help. These
doomed cells, although 1n some way changed by the
pemeillin, continue to respire, digest, grow normally for @
time, and then slowly decay and dissolve, The immediate
change wrought by the antibiotic has not been detected.

That at least was the picture until recently, when Dr, E-F»
Gale and tis co-workers at Cambridge while pursuins
another line of work made an interesting relevant discovery:
They have been studymng for some years the chemtea!
changes bactetta can produce in amuno-acids, the com”
poneat parts of the protems of protoplasm. First theY
studied the different ways the bacterial cells broke down
or digested these amino-acids, and then they used theit
new knowledge to begin the more fascinating problem of
how the amuno-acids are joined together by the cells to
make proteins; or ;n other words, how living thungs make
their own protoplasm.
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’ They chose to study one single amino acid at once, so

as not to comphicate the results, and they chose glutamic
acid becanse it was easy for them to measure 1t, One of
their first discoveries was that some bactenia accumulate a
great reservoir of free glutamue acid nside their cells, and
then slowly draw on thus store for building protoplasm

and other uses. Even though there is only 2 very dilute
solution of glatamuc acid 1n the medium outside the cells,
they are able to snap it up and get a very strong solunion
inside. Qut of interest they did experiments on a great
range of different sorts of bactersa, and found that it was
only the Gram-postive organisms which show this glutamic
acid concentration and store. It 1s also the Gram-postrse
organisms which are killed by pemecilhn Was there 2
connection between the two facts?

There was. Bactena treated with perucilhin can no longer
snap up glutamic acid and make g store Once they have
divided, no more amino-acid comes 1, and they must hive
on this reservoir alone. Gradually that level drops, until
finally there is insuffictent to support further life, and the
cell dies, from the effects of glutamic-starvation so to
.speak.

So this has pushed a little nearer that mysterious first
effect of pentcithin which is the fundamental one, and still
undiscovered. How the cell manages to accumulate its
glutamic pool has been the new point of laboratory study,
and although a great deal of the mechanism 1s now konown,
none of 1t 15 affected by penicillin, The subtle piece of the
lwving cell that is changed by the drug has not been tracked
down after all Perhaps the efiect on glutamic acid accumu-
lation is not so near the heart of the matter as was hoped,
but it stsll seems a good lead. At the same time, we have
to remember that at the time of wniting (September, 1947),
a great many more changes and eveats occur from moment
to moment 1nside 2 living cell than we know how to observe
or measure. Glutamic acid metabolhism 1s only one facet of
life. Penicilliin may really be striking elsewlere.
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Food for Thought

Glutamc acid 18 much 1n the scientific news. In bactert
ology, one intesesting discovery 1s that the capsule around ‘
the Anthrax bacillus, which probably protects the germ
from the body’s defences, and so makes it a dlsgas€~
producer, 1s chiemically a polypeptide composed entirely
of glutamic acid molecules, Linked together or polymerised
1ato very Jong mol chans. A icat of
this particular- nature has never been known before. In*
experimental psychology, it is claimed that rats given Itberal
amounts of glutame acid 1n their food become mach more
mtelhgent than the average run of rats m learning and
solving the way out of mazes. It is suggested that they do
not get enough of this normal food component, present in
all meat and proten foods, in the stock ‘drets, and con-
sequently cannot think so well, Certawmly glutamic acid
has some mmportant but unknown role to play mn the
chemustry of the bramm. According to a recent result the
brain can manage with less sugar (glucose) 1f given glutamc
acd as well—and if this 15 true 1t 1s the only substitute
known.

These results with rats, and other researches, have,
encouraged doctors to try to improve the mtelligence of
cluldren 1 the same way, and to try to control epilepsy
(petit mal) with doses of the amiuno-acid. Prelumunary
results are encouraging, but sceptice will pomt t6 the long
Iist of past eptlepsy cures, boosted for a time and then
discarded. There are years of work still ahead. We must
know a good deal more about glutamic actd and why it
1s so important. We have only got to the threshold of
knowledge so far.




Glaciers
BY DR. M, F. PERUTZ

ABOUT ons tenth of all the land surface of the globe,
comprising almost six million square miles, 1s permanently
covered with ice, If all the 1ce 10 the polar regions melted
and flowed into the oceans, the sea would rise by about
150 feet and submerge a large proportion of the fertile
land on this earth. Without the steady flow of meltwater
from the Alpine glacters which act as tremeadous reservorrs,
the levels of some European rivers mught be subject to
wiolent fluctuations, with the result, for instance, that many
hydro-electric power stations might have to be wdle for a
large part of the summer, unless huge artificial reservors

were constructed
Interest m glaciers in the past, however, has owed httle
to utikitanian motives, and most of the men who explored
them have been enthusiastic amateurs, attracted by love
of adventure and the bzauty of the mountams The begin-
ning of terest tn glaciers comeided with the growing
consciousness of Nature during the 18th ceatary, and was
at first confined to paturalists who Lived 1n the Alps, at a
time when travellers from the lowlands still regarded the
mountains as a horrible and fearful wilderness. One of the
first to bnng glacters to the attention of the educated
waorld was Horace-Benédict de Saussure, Professor of Philo-
sophy at Genevn, tn hus charmungly written Jowneys n
the Alps which appeared in 1779.% Dunng the 19th
century, observation of the glaciers developed hand in
hand with the exploration of the Alps by mountaineers
yand scientists, but experimental work involving accurate
measurements did not get 1nto us stride until the 1880's,
when the first text-book of glactology also made its appear-

105 5
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tell of people who vanished tn them, never to be sesn again
Actually the depth of crevasses n the Alps does not seem
to exceed 100 feet and 15 usually very much less, while the
total depth of Alpine glaciers may be of the order 1,000 fest
or more (2,700 feet has been recorded in one locahty).
The lack of sounds from objects droppmg 1nto crevasses
is often merely due to a deep layer of soft fiuffy snow
covenng the bottom (Plate 6)

The frequency of crevasses 1s closely related to the speed
of glaciers which in turn 1s a function of their size and
slope. Thus the Upermvik Glacrer, one of the gigantic
1ce-streams emerging from the Greenland ice-cap, advances
at times by 125 feet per day, which 1s as much as a smaller
Alpine Glacier covers in a whole year. Qwing to their great
speed, the surfaces of some of the large glaciers 1n Green-
land and m the Himalayas are riddled with crevasses and
broken up 1nto seracs (ice-towers) to a degree that mazkes~
human progress over them exceedmngly slow and tedtous.
Thus relatiopship between the frequency of crevasses and
the speed of glaciers can readily be understood, simce 1t was
found that any increase mn absolute speed also increases
the differences between the relative speeds of different parts
and hence magmifies the stresses on the glacter surface.

In part, the great velocities of the Greenland glacters are
probably due to their ending in the sea, where they can
flow free from externat friction. On the other hand, if
glaciers approach the sea at a steep slope and with hgh -
velocity, their buoyancy gives mise to stresses large enough
to cause the sudden fracture of enormous sce-walls which
collapse and sphit up into fragments amid thunderous notse
and great eruptions of spray. These fragments then dnlt
into the ocean as fce-bergs. All ice-bergs, 1n fact, originate
from glaciers, and most of those 1 the North Atlantic
come from Greenland, but fortunately only a small pro-
portion of the 130 cubic miles or 50 of sce-bergs which
that sub i 11 d ever reaches the
shipping lanes.
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Adyance and Recession

Glaciers are rarely m equilibnium—the annual accumu-

lation of snow hardly ever exactly balances the loss of ice

through evaporation and melting. Usually either the onc

or the other factor predomunates, and as a result the
" glacier-end either advances into the valley or recedes from

ground formerly p Large ad and
of the order of miles usually take years or even decades
and are the results of fong-term climatic changes, but small
fluctuations of the order of 100 fect may occut 1 any year
for no app reason one glacier
and another 1n a neighbouring valley recedes during the
same period, and in single seasons such vanations can often
be attributed to shight differences 1n the Jocal distribution
of snowfalls. At present, however, the great majority of
glaciers all over the world are gowng through a peried of
mpxd recession and many smaller ones are dwindling away,

winch will be n greater detail 1n

thc section on glaciers and climate.

At this stage we are more concerned with the actual
mechagusm of advance and recession than with the climatic
changes which cause them. A surplus of snow accumulation
and a consequent 1ncrease 1n the thickness of the glacier
may result in a gradual increase in the velocity of flow,
followed by an advance of the glacier-end. Sometimes,
however, events take a far more spectacular course. It
appears that some glaciets do not at first react to a gradual
increase 1n thickness, which may continue for a number
of years without bemng accompanted by a corresponding
increase m velocity. Then, suddenly, the pent-up masses of
ice break out and form something ke a tidal wave which
propagates itself along the glacier, causing an enormous
increase in the velocity of fiow. In the case of one glacier
in the Tyrol, for instance, Hess calculated that the total
thuckness of the glatier at the crest of the tidal wave had not
nisen by more than a quarter, yet the motion of the glacier
had been speeded up by a factor of 16. On such occasior







GLACIERS Hi

was to be followed by shear along the crack and healing
of the crack through regelation The vartous schemet
differed in points of detail, but none of them proved entirely
satisfactory. We can realise to-day that 1t would have besr
impossible 1n the middle of the last century to furnith &
better explanation for the plasticity of ice, consdering fius
Lttle was then known about the nature and phyeis’
properties of crystals m gencral At the tume, hows.es.
People were sometimes less conscious of the weufsi,»
of their own theories than of those of their colfcugun
and as a result they engaged 1n a senies of violent di.g pv.
Thus Tyndall, 1 his book Glaciers of the Alps coush s
A critical examination of the theory of James Thos iz
brother of Lord Kelvin, with the none-too-fi:fyv,
comment : ’
“In short, this theory, as 1t presents itsell to ¢+ a0y

is 50 powerless to account for the simplest facts L2
motion, that I feel disposed to continue to doys 5., e
competence to understand 1t, rather than awf, ,', e
Thomson an hypothesis apparently so irfeluva) ', !
facts which 1t professes to explain “@

Gliding and the Atonuc Structure of Ice

In 1888 McConnel and Kidd made 2 £, ., \
seemed, at least temporanly, 10 resolve the ¢ 7‘"’11);{\‘”:“
the theary of glacier flow They found ffr <, ﬁ;‘; “
plastically to shearing stresses, even zs [ e "f ',
below the melting point, provided ff g, -7 Hirer (40
the stress was parallel to the planc of #, o panent e
surface. Though the important beariry ory " 7;’“"‘ “":_ﬂ\
on the mechanism of glacier Motlyy g, ¢ ‘1"‘('" .
the tume, s full significance did noy fr/y,,,,‘” p!r')a’f:*:
years later, when W H Braggand ¥, 4 p, ¢ clese gt
the arrangement of water moleculyy 7 n»}mvmw:'
the help of X-ray analysis. il "

‘The simplest form of 1ce Stynf jo

o '
hesagonal base, as shown 1n Fig g 1‘5:"’ "
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trgure &
{03 Hevagonal wce ) Crastal  de- (e} Elasne  de
erystal formed plastically formation of erysta

by shear  stress by shear  straw
parallel to hexage-  normal to ghd
nal base  showmg planes I ke
wealised  picture ee ghde plancs an

of ghde plancs. paraliel ta the water
surface
of the water lecules this picture has to

be enlarged approumately 1,000 mllon tumes. This has
beent done m Fig 7, where the water molecules in the
crystal aze seen to be arranged regular pattern,and
o be grouped together in fayers which are paralie] to the
hexagonal base of the crystal. if a shearing stress 1s apphed
to such a crystal parallel o its base, the Tayers of motecules
bepn to slip over each other and, as a result, the entire
erystal ts deformed 1n the manner shown 1n Fig, 6b, This
sheaung of arystals pasalle? to definite planes s known as
&hding, and the erystal planes wvolved are known as ghde
planex. Gliding 55 fiable to occur 1 any cfystals where the
atorns or molecules are grouped fogether in layers, Sinee,
this s very frequently the case, particulasly in metals,
glidng is a property of great techmical mportance.
McConnel and Krdd's sesults on ghding 1m see erystals
were cagerly seized upon by several gleciologists and used
as a foundation for improved theonies of flow, Even so,
the amount of knowledge avatlable at the time as to the
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Fig. 7.—~Crystal structure of ice. The lower part of the figurz shows
lhg outhnes of a smal! ice envstal—in fact the smallest that could

between them as straight lines To grve the picture perspective the
molecules facing the observer have been drawn m bold fines The
duwisions of the scale are 10 Angstzom umts, 1.¢ , 1 100-millionths of
a centimetre. A

P of erystalline solids was i ient for the formu-
lation of a theory. The inevitabl dicti:
and loopholes which these older theorses entailed were
partly responsible for the division of glaciological opinion
into two rival schools of thought whose opposed and ap-
parently lable views have d the glaci 1
calliterature until very recently. One school maintained that
glacier rce 13 essentially plastic and that the differential
mMmovement observed in glaciers 1s effected through glide ;
mdividual crystals, accompanied by the growth of cry.
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through the exchange of molecules actoss their boundanes.
The other school fixed 1ts attention—somewhat too ex-
clustvely—on certain systems of stratification bands which
are commonly observed 1n glacters and which they regarded
as evidence for the existence of large-scale thrust planes.
According to this school differential movement in the
glacier proceeded through the spasmodic motion of rigid
masses of ice over extensive thrust planes which take the
form of cracks tu the ice, and later, through regelation,
develop Into stratification bands.

The conflict between these two theories was finally
resolved by the more powerful methods of observation and
refined expermmental techmques brought into the field by
Sehigman’s Jungfraujoch Research Party in 1938,

RESULTS OF MODERN RESEARCH
The Jungfrawjoch Research Party, of which I was fortu-
nate to be a meraber, started 1ts work with the immense
advantage over all previous investigators of having its base
« at the International Research Station on the Jungfraujoch;
beng situated at the source of the Great Aletsch Glacier,
this statton offered 1deal facilities for work on glacxologlcal
problems Instially our Was mor
with the transition of snow nto glacter ice th,'m with the
actual mechanism of flow,

Transition of Snow into Ice
The delicate lacework patterns of newly fallen snow
crystals have always been the delight of nature observers
and amateur mucroscopsts, and have even served as a
basis for mystical hypotheses on the geometry of the
universe and the fundamental pattern of life. Plate 7
shows three particularly beautiful specimens among some
thousands of snow flakes photographed in the course of &
Iife-long study by W. A, Bentley of Jericho (Vermont).

A few days or weeks after it has fallen, snow presents an
entirely different aspect. The fine needles, sharp corners
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and plane faces, indeed all signs of regular and symmastrical
gowth, have disappeared and given way to rounded
granules of considerably larger size, forming a loose con-
wgl'omcmt:. A thin section of such aged snow 15 shown on
Plate 8, For the first few years of their lfe m the firn
Tegion, these crystalline granules change Iittle n size, but
when the crystals finally emerge on the surface of the glacier
tongue after having been buried for several decades or even
centuries, they have grown to about a thousand times their
ongmal volume, have lost most of the arr that was enclosed
between them and bave become firmly mterlocked
(Plate 9) 5
This metamorphosis of snow 1nto glacier 1ce presented
an Interesting physical problem as such and was soon
found to be closely related to the more general problem
of glacier flow. In order to study this relatronship more
closely, we lowered ourselves snto some of the deepest
crevasses on the Jungfraufirn, cut samples of 1ce from their
walls at different levels and examumed these under the
logi e mi pic work was carried
outin a laboratory which had been hewn out of the station-
ary ice on the Jungfraujoch and which kept a reasonable
constant temperature of —4° C.

As a result of our research, and of subsequent experi~
ments carried out by Brittsh, Swiss, and Amertcan workers,
1t has now become clear that the flow of glacters and the
growth of the crystals are analogous to stmilar phenomena
1n metals, with which scientists have Jong been fanubar,

Cree;

Differential flow in a glacier 1s due to the slow deforma-
tion of ice under the influence of sustained stresses. Such
deformation 1s known 1 metallurgy as creep Its physical
mechamsm is complex and can only be explained here 1
very general terms. Fundamentally, 1t 1s due to local
re-arrangements of atoms in the crystals, leading either to
the deformation of 1ndividual crystals by ghding or t~ -
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transfer of atoms across therr boundanes The rearrange: -
ments of the atoms are activated by therr thermal energy,
1.2., the external force produces a deformation by grving 2
preferential ditection to the otherwise random thermal
movement of the atoms. A nise in temperature accelerates
the creep rate by mncreasing the number of local rearrange-
ments taking place at any given instant, .

The creep properties of ice 1tself are still largely un-
explored, but those of many metals are to a certain extent
known, and can be applied to 1ce 1n 2 quahtative way. It will
be useful first to descnibe some of the fundamental laws of
creep and then to consider how they help us to understand
the flow of 1ce 1n glacrers.

(1) If the temperature of an 1ce block 1s kept constant
and the external force 15 varied, the creep rate will not vary
as a linear but as an exponential functton of the applied
force. This means, for instance, that 1f an increase in the
shear stress from 50 to 60 Ib./sq. in. doubles the creep
rate, an mcrease from 100 to 120 Ib./sq. in. may quadruple
it, an ncrease from 150 to 180 lb./sq. 1 may multiply
it eightfold, etc. In other words, the plasticity of e
wncreases rapidly with the apphed stress.

(2) Below a certain stress, creep will not take place at 2ll,
and the deformation produced by an external force will be
purely elastic. This munimum stress is known as the yield
stress. R

(3) At a given stress the creep rate of jce depends on the
temperature. The closer the temperature approaches the
melting pomt, the greater the creep rate. It was found
in laboratory experiments, for tnstance, that at a certain.
stress the creep rate of ice at —1° C, 1s 1,000 times preater
than at —20> C. Thts means that ice becomes increasingly
rigid at lower temperatures,

Besides temperature and applied force, there are several
other factors which influence the creep rate of ice, but
nons of these nezd be claborated here, and we can now

proceed to consider how the laws of creep which have just
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been outlined could serve to explain the plastieity of ice
in glaciers, First of all they show that no special mechanism
-—such as regelation—nced be snvoked to explamn the
existence of streaming motion in glaciers, sice 1ce 15 only
one among many other apparcatly brttle crystalline
matenals which can be deformed plastically by creep under
sutable conditvons In addition, many of the more puzzling
characteristics of glaciers can be understood in the hight of
the general rules set out above. Consider, for instance, the
relation between cresp rate and applied force. It has been
mentioned that the large Greenland glaciers sometimes flow
more than 2 hundred times faster than the smaller Alpine
ones, alth the diffe m may not zmount
to more than a factor of three or four. Such extraordimarily
rapid flow 1s to bz expscted 1n view of the exporential
rzlation between creep and applied force It will be re-
membered also that m one instance an crease 1n the
thickness of a glacier by only a quarter accelerated ats
flow by a factor of 16, thus giving nise to a raprd advance
of the glacier-end. Obviously this 1s only another mani-
fustation of the same mechamism. Seasonal variations m
the flow velocity of the firn region where glaciers have
recently been found to move twice as fast in winter as m
sumuoer ase probably due to the same cause, the increased
winter velocty being the reactron of the glacier to the
weight of the newly deposited snow cover

. The exsstence of a yreld stress below which cresp does
not occur explains the presence of crevasses as well as their
Limited depth In theory, cracks 1 the 1ce”mmght be pro-
duced at any depth, but no cracks n the mtertor of the
glacier would be able to persist, since they would soon be
tlosed by creep mnder the pressure of the overlying ice
masses, As we approach the surface, however, a cntical
depth will be reached where this pressure becomes smaller
than the yield stress of 1ce; above this critical depth cracks
in the ice conld persist mdefinutely, while below 1t they
would be closed through creep. In actual fact the limiting
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depth of crevasses is not as sharply defined as this statement
would suggest, since the rate of opening of a crevasse may
often be faster than the rate at which creep tends to close
1t 1 1ts lower reaches, so that for a time, at least, the real
depth may be considerably in excess of the critical depth
as determined by the yield stress.

The last of the three laws mentioned above related to the
i which ure ised on the creep rate.
Thus 1s comparatively unimportant so far as Alpine glaciers
are concerned, because practically their entire umass is
always at the melting point of ice. In polar glaciers, on the
other hand, temperatures vary at different depths, and the
increasing nigrdity of 1ce at temperatures below the meltmg
point profoundly affects therr behavtour. This point will. -
be discussed 1n greater detarl in the section on ice caps.

Amneahing and Crystal Growth
In metals the heating or anmealng, as 1t 1s called, of 2
ked 15 ied by an ncrease n
the average crystal size, due to the growth of some crystals
attheexpense of others Conditions prevailing i a streaming
glacier are analogous to those 1n a metal undergoing defor-
mation above its annealing temperature This may account
for the very large increase in the average crystal volume
which accompantes glacier flow, Plate 10 illustrate this
analogy by showing a strip of aluminium 1n which extension
and subsequent anpealing produced a stnking increase in
crystal size, and secttons through a block of ice in which a
more moderate but still very marked crystal growth resulted
from plastic deformation by sheatung,

‘What determunes the growth of one crystal at the expense
of another? In order to understand this process, we have
to consider the thermal motion of the water molecules at
the boundary between two 1ce crystals At températures
near the melting point there will be a continuons and rapid
exchange of molecules between the two crystals; if both
crystals are at the same {emperature and free from strain,




GLACIERS 19

1, 1

v of molecul igrating from crystal A tocrystal
l!.wﬂl.bc the same, over a period of time, as the number
mlgm(mg‘from B to A, so that the volume of cach crystal
wll remain unchanged, This state of equilibrum can be
upset by making the encrgy content of the two crystals
unequal. For instance, if the temperature of crystal A 1s
raised relative to that of B, more molecules will mugrate
from A to B than in the opposite direction, with the result
that B will grow at A’s expense Another way of raising
the energy content of a crysta! 1s to stram it elastically.
Therefore, the effect of straining A more than B will be
exactly the same as that of making A warmer than B, 16,4
it will lead to the growth of B at the expens¢e of A.

) In.a. glacier, therefore, an 1ncrease 1n the average crystal
size is Iikely to arise as a result of varrations in the encrgy
content of neighbourtng crystals. This could be brought
about in different ways, of which the simplest 1s probably
this: Suppose two crystals A and B are 1n contact and are
both subjected to the same shear stress, but the otientation
of crystal B is such that 1ts glide planes arc parailel to the
dl.rectlon of stress, while those of A are normal to the
direction of stress (sec Fig. 6b and ) In that case B will
be free to yield to the stress by gliding while A will undergo
elastic strain Thus A will have a greater energy content
than B; this will lead to the growth of B at A’s expense
and 1ly to the pl of A.

The example just given can be generalised in the state-
ment that different orientation of crystals relative to the
external stress leads to the growth of some crystals at the
expense of others. This is due to the anisotropic character
of the crystals themsclves, 1€, the dependence of their
mechanical properties on the directionn which an external
strees 1s applied.

Present Views on Glacier Motion
We have seen in the foregoing pages how each adv
wn our k ledge of the f 1 prop of sot
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matter has led mn turn to 2 clearer understanding of ghe
nature of glacier flow. To-day the “fudity” of 1 whick
used to mystify the carly observers s seen as a natural
consequence of the creep of 1ce under the influence of sus-
tained stresses, and creep itself is known to be the outward
effect of a multitude of atomic rearrangements which are
activated by thermal motion. The stresses set up in the
indvidual 1ce crystals durmng creep give mse to small
differences ta thetr energy content which are now recognized
as the ultimate cause of the striking growth in the average
crystal size duning flow (Plates 11, 12).

The motton of rgid masses of ice over large-scals thrust
planes to which some observers had attached such exclusive «
importance eXists, but may be regarded as a subsidiaty
rather than a primary factor 1n the mechamsm of flow. It
does pot necessanly take place along actual cracks in the
1ce, but preferably along bands of large crystals which are
oriented with their glide plane parallel to the planes of -
shear, -
Temperature Distribution i a Glacicr
It has long been kuown that Alpme glaciers are at the
melting pomnt of ice, except for an insignificant surface
crust which is affected by external temperature variations
This may seem puzzling, because the mean annual teni-
perature m the upper regions of Alpine glaciers is usually
far pelow 0° C., and also because a glacier at or near 0° C.
might be expected to melt away under the influence of the
Dreat of the earth.

The clue to the thermal behavious of glaciers 1s to be
found 1 the very large difference between the specific
and the latent heats of 1ce (0.5 as agamnst 82 calories);
50 great is this difference that the heat hiberated on freezing
1 gramme of water (the latent heat) 1s suffizient to raise the
temperature of 18U grammes of ice by 1° C. Or, looking
at it in another way, very Little heat is needed to raise the
temperature of an ice block from —1° to 0° C., as compared
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to the heat required to turn the same ice block at 0°C.
into water at 0° C,

Consider the fim regton of a glacier at the end of
September when its entire mass s known to be at the
melting point. At the onset of winter a new layer of snow
w1l be deposited and at the samz time a wave of cold
temperature will slowly sink 1nto the glacier. The thermal
conductivity of the new snow layer and of the layers of
snow deposited in previous years is 50 poor that the winter
cold wase does not peactrate further than about 50 fect
below the surface, In spring the snow at the surface begins
to mele, and the meltwater trickles down through the
porous snow, re-freezing on reaching the colder layers
telow, The heat wiuch the meltwater liberates on re-
freezing 1s suffictent to brang all the snow back to the melting
point and thus to wipe out the entice effects of the wnter
cold wave before the end of June. Thts 1s what happens in
the firn region, In the glacizr tongue the winter cold wave
travels less far, on account of the higher temperatures
prevailing in the valleys, and 1n spring 1ts effects are very
soon obliterated by the heat of the sun which penetrates
sufficiently deeply nto the clear blue ice to warm it up to
melting pont.

It can be shown on theorstical grounds that, even if
surface melting were entirely absent, the flow of heat from
the intersor of the earth would wann up most of the glacier
to the melting pout, owing to the relatively small spectfic
heat of ice. The latent heat of 1ce, on the other hand, 15 S0
great, that the heat of the carth does not melt more th.{n
a Layer half an' inch thuck from the bottom of a glacter in
*a whole year®

It shm{ld perhaps be pointed out that although :lhu b\ﬂa!:
of the glacier 1s at the melting pomt of 12, this Ofl;:m
mply that it 1s exactly at 0° C. It will be remﬁegbg: ey

- the melting pornt of 1ce 1s reduced by 0-9075)1 A
atmosphete of hydrostatic pressure, Ieein t oer::s Pt
a glacier will, of course, he under a pressure coTresp
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One of the most important findings of the Wegener
expeditions concerned the cconomy of the ice cap. Therr
problem was to decide whether the 1ce cap s largely 2
stagnant mass of dead ice, built up 10 some previous age
when snow falls were more abundant than they are now,
or whether the ice cap is being nourished by regular falls
of new saow even to-day Sorge, one of the members of
‘hF expedition, dug a deep shaft in order to measure the
thickness of successive layers of annual snow accumulation
and found this to amount to an average of 34 inches of
snow, corresponding to a height of over 12 inches of water

Sorge’s data at first sight seemed to suggest that the 1cc
capis continuously getting thicker, which s hard to believe.
An alternative explanation offers atself if the ice cap 1s
regarded as a vast mass of plastic matenial sagging under
Its' own weight. The precise mode of saggmg will be deter-
mined by the creep properties of ice, 1 €., by 1% rate of creep
at a given load and temperature, which have yet ta be
measured, The general type of behaviour, however, can be
predicted from the laws of creep which have just been
explained: the increase of plasucity with nsing load, Ms
decrease at negatve temperatures and the existence of
yield stress.

The temperature in the Greenland 1ce cap rises from
~~30°C. at the surface to the melting point some thousands
of feet below. Hence we should expect the ice cap to be
comparatively nigid in 1ts upper layers and to become 1n-
creasingly plastic at greater depths, since the creep rate 1s
“likely to rise wjth depth both as a result of the 1ncreasing
weight of the overlying layers of ice and of the nsing tem-
perature, These consideratsons Ied to the prediction that the
sagging movement of the e cap is likely to produce internat

currents of 1ce flowing from the centre towards !hc»margins
of theis tould be fastest in the neighb
hood of kbedand a duatly with

height; thesr velocity probably becomes neghigibly small as
soon as temperatures below the melting pont are reached.
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which are most easily ascertainable, partly with the help of
old documents and drawings and panly from the cvidence

. of monines, The most recent advances took place towards

‘

l75q. 1820, 1830, and from about 1885 to 1895. Stnce then
glaciers alf over the world have gone through a pgriod of
recession which fias assumed an increasingly mpid pace
sinee 1930. No aceurate measurements ate needed to observe
this recession. It can be scen by anyone visiting some of the
botels which were built 1 Switzerland towards the end of
the Iast century for the purposé of offering the traveller a
comfortable close-up view of those supposedly taceessible
wastes of ice, In many of these places the glacter his now
disappeared from view, so that the names of the cstablish-
ments (Hotel Gletscherblick, etc.) appear as mach out of
kec.pmg with the times as their Victonian archutecture, More
serions than the fading attractions of these tourst resorts 1s
the reduction in water supplies for hydro-clectric power
which the glacier recesston threatens to bring about.

The recesston of glacters in the Alps s part of a world-
wide phenomenon which 1s manifesting itself 1n a vanety o
ways. In the Northern & glaciers n Greenland
Spitsbergen, lecland, and Scandinavia have all been
affected; those 1n Southern Norway are thinning so fast
that their }! cerms not imp! le. At
the same time the border of the Arctic pack-1ce 15 recedimg
northwards, so that the coal shipping season 1n Spitsbergen,
for instance, now lasts for 230 days out of the year, a5 com-
pared with an average of 95 days 1 1909-12. In Northem
Russia the line of permanently frozen ground has receded
in some places by} as much as 25 miles, thereby opening up
large new areas to cultivation A marked retreat of the pack
1ce has also been reported from Antarctica.

What are the.causes of glacter vamations? They may be
due to changes either m atmospheric temperature or 1a the
totalimpact of rad Guluch s partly with the
Intensity and varmation of sunshinc) or the anmual pre-
cipitation of snow. The Swedish glaciologist Ahlmann and
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tiennent aucun reglslrc. a pu facilement trouver créance
dans leurs esprits.™ .
Conclusion

Glaciers may be shrinking, but tercst in them s still
expanding, as shown, for 1nstance, by the recent formation
of a Brytish Glaciologieal Society. Tite execution of glacio-
logtcal research has been helped by recent governmental
and pohtical interest wn the polar regrons, but the impetus
behind this renewed activity 15 still duc to the purely
academic 1nterest which the intricate problems of glacier
flow have for the physicist and geomorphologst. Although
most glacial phenomena can now be explaned 1n a qualita-
tive way, we still lack a precise correlation between the
plastic properties of 1ce and 1ts behaviour as a mass, and
much research will be needed before 1t will be possible, for
instance, to predict the flow properties of a glacter from
the dimensions and inclinations of 1ts bed or to account
for many of the facts of glacral erosion Some of the
research now being initiated 1n this country and elsewhere
may help to elucidate these problems.
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purpose, it,appeared in Germany as in the United States
that the necessary first step would be the laborious and
expensive separation of Uranium-235 from the more
common form Uranium-238 with which 1t 1s normaily
muxed. From that stage on, 2 musture of motives appears
to have operated. Prof. Thirnng of Vienna, an open anti-
Nazi who lost lus university post on that account, has
stated that the best of Germany's physicists had felt that
it would be a “erime” to provide Hitler with an atom
bomb, Prof, H: g writes more of the wish
of the scienti: to keep 1 m their
own hands, and therr prejudice n favour of the power
apphication In any case, as he admuts, the final decision
was removed from them by the hard facts that the Nazi
leaders would permit no research effort which did not
promuse early application, and that in a Germany which
was at war and beginning to feel the werght of an awr
offensive, the scale of effort applted 1n the United States
would not have been possible. There were discussions with
the naval authonties on the possible application of atomic
energy for the it of naval 1 hich would
have been able to remain at sea for long periods without
refuelling—and only limuted research on the scientific stde.
None the less the position at the end of the war was that
a small nuclear pile had been completed, which would have
fi d 1n all probability as a self- d source of
power, 1f only a relatively small amount of pure urantum
meta] had been available, Incidentally, there seems to have
been po difference m principle between this pile and those
designed 1n the Umted States, so that the assumption made
*by many of the more vociferous in that country that no one
else knew anythtng about atomic energy 1s patently proved
absurd. It 1s also of interest, in connection with this German
approach, that one of America’s leading electrical engineers
has lately expressed the opimon that the propulsion of
large occan-gomng vessels, merchant as well as naval,

well provide the first *‘genutnely commercial” -,




130 SCIENCE NEWS VI

ofatomuc energy He agrees, however, that the use of atonuc
energy on land, as a supplement to other sources of power,
will come more quickly 1n countries where fuel is erther
expensive or 1n short supply. Britain can certamly fulfil
the second of these requirements,

See Heisenberg, Nature, 1947, pp 160, 211, Wiane, Electrical Eng ,
1947, pp. 66,631,

Radioactive Catalogue
Apart from various nuclear nvestigations which will be
of value 1n the final design of the larger nuclear pile at
Harwell, which 1s expected to be ready some t:me in 1948,
the existing “Gleep” will be used in the nterval to supply
small quantties of artificrally radioactive materials for
research use. It has been stated by Dr. Cockeroft that
Harwell proposes to make and supply all radioactive forms
which have already been histed as “on the market™ in the
United States, and 1n addition to offer what can best be
described as a “consumer demand” service The order of
prionity will be Harwell's own requirements first ; university
laboratortes next ; and other research laboratories, including
those of industry, third. Such, at least, will be the general
policy. In detail, allocations will be admimstered by 2
commuttee, which will be 1n a position to treat individual
cases on their menits, and on which the Medical Research
Council, among other bodizs, will be represented Ability
to take adequate safety precautions 1s hikely to be made an
absolute requerément. One suggestion 1s that joint local
committees should be set up to settle the possibly 1avidious
question of what laboratories are, and are not, equnppcd
to handle ve sub Detailed dards have -
also been worked out at Harwell to ensure safety in transit.
Photographic film will be used to give a final overall check
of the amount of radiation which 1s penetrating the pro-
tective lead casing; and there will be a limitation on tbe
pumber of “cans™ that may travel (og:lher
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We Are All Radioactive
Examples continue to multiply of research uses—mainly,
2s might be expected, from the Umted States, where the
supply position ts relatively good One of the most in-
trigming is due to a research team led by Prof. W. F. Libby
of the University of Chicago. He has found that all living
things arein a very small degree radioactive. The argument
‘which fed him to this particular piece of research began
from a quite natural speculation—to one versed (n atomic
energy—as what the effects on the atmosphere might be of
the neutrons which cascade through it as a part of cosmuc
radiation from outer space. Even before the was, 1t was
known from the wotk of Prof. Enfico Ferm: (whose name
is now asseciated with the design of the nuclear piie) that
neutrons were an extremely effective agent 1n bringing out
atomic transmutations. And, after the demonstration of
this fact given on an engineering scale, first m the nuclear
pile, and later 1n the atom bomb, 1t was natural to consider
what changes the atoms of the air might be expected to
undergo from the sinular, but less intense, treatment to
which they are continually exposed. Prof, Libby concluded
from the known results of laboratory experiments, that the
most Nkely change was the conversion,of atmospheric
futrogen {nto radoactive carbon. As the average lif¢'of a
radio-carbon atom 1s some seven thousand years, he saw
further that this radio-carbon would have plenty of time
in which to be absorbed from the aic by plants in the form.
of carbon dioxide, built up by plants into sugars and,
proteins ; eaten by animals and meorporated into their own
bodies; and etther be breathed out agan into the air as
carbon dioxide, or else find its way into the sea or soil.
From such data as were available, he predicted that all
carbon derved from tiving forms—or equally from the air,
sea or sotl~would be found to be radioactive to the

of between 1 and 10 disintegrations per gram weight
minute, This s 2 fantastically small amount of
activity to seck to demonstrate But by laboriously.
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trating the radio-carbon obtained, 1n the form of methane,
from the Baltimore City sewage works, Prof. Libby has
been able to confirm that the predicted radioactivity of
organic carbon 1s a rea! phenomenon. As a check, he
attempted to apply the same process to ofher samples of
methane from petrolenm, which has been long enough
below ground to have lost any radioactivity it may once
have possessed, but 1n thrs case no amount of concentration
produced any measurable effect. It looks, therefore, as if
we are all, as Prof. Libby predicted, a little radioactive, and
that this radioactivity 1s derived 1n the first instance from
whatever cataclysms in stars or space give rise to Cosmic
radiation It 1s a majestic conception, which 1t 1s something
of a technical trrumph to have been able to confirm; 2nd,
if Prof, Libby’s work does nothing else but draw attention
1 dramatic form to the reality of the “‘carbon cycle” on
which all hfe ultimately depends, 1t will probably have been,
worth while But 1t has no bearing whatever on, for
example, the practical problems of plant nutrnition. Plants
get the carbon they need from the air.

See Libby, Phys Rev, 1946, pp 69, 671, Anderson, Libby, Wew-
house, etal , Science, 1947, pp 105, 576

Reseurch Uses
Other and more practical uses of radio-activity in physics
and 1ndustry have been discussed at a conference held by
the Institute of Physics, against the day when Dr, Cockeroft
Lwill be able to make supplies more readily available. The
method is the same, m principle, as that used in the United
States studtes of blood storage and transfusion which were
mentioned in Science News 2. The point 1n each case 18
that radioactive atoms take part 1n the same chemtcal and
physical changes as do normal stable atoms of the same
chemical element ; but, because of their radioactivity, can
be followed, with o room for argument, wherever they
may go. In one engincering appl hanical weat
. has been studied in moving machinery by incorporating
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surtable radio-clements n test alloys, and then looking for
whatever radioactivity may have becn imparted to the
lubricating oil along with the usual metallic dust. In
another, the radio-element used as a “tracer” has been
employed to measure the efficiency with which smoke
filters were preventing the passage of fine dust. Still another
application has been in the study of flow patterns mn the
ducts carrying furnace gases. Tackled by normal methods,
this would involve measurements® of the rate of diffusion
of gases under turbulent conditions, which cannot easily
be carried out, although 1t 1s clearly of practical value to
the designer to know the form which the flow patterns
take under different condittons. Finally, and as an example
of quite a different kind of use, 1t has been found useful
as a fire precaution to incorporate small amounts of radio~
actrve material in the running belts of grain clevators, The
Ppoint, in this case, is that a2 muxture of grain particles and
arr can form an almost explosive muxture, so that any
sparking due to the electrical charge built up by frictzon on
the runming belts could be dangerous. Theeflect of the radio-
actwity is to ensure that any electric charge on the belts
1 hiy and ith feaching
the danger level. The possibilities offered by these new radio-
active materials 1n “pure” research are undoubtedly more
mmportant; but these practical and engineermg examples
give, somehow, a reassuting impression of reality.

See Institute of Phystcs Conference on Apphcations of Radioactive
Tracer Rescarch and Industry, 1947, J. of Sclentific Instr, in the
press .

Hoy Researcht . R
ﬁp?;t from obvious and immediate efforts to produce
new alloys capable of withstandng, for example, the impact
of hot and high-speed combustion gases in a gas turbige,

without either corrosion or loss of npdity, there has been

eal of alloy research lately of a more fundamental
;ii?toiﬁd it may be worth emphasising that1t1s from such .
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been the discovery of a hitherto completely unknown stream
of meteors at the Jodrell Bank Experimental Station of the
University of Manchester. This 1s under the immediate
directton of Dr. A. C. B Lovell, who was one of our radar
scientists durmng the war, but forms part of the physics
department of which Prof P. M. 8. Blackett 15 the head
There are several unusual points about these meteors.
The first and most striking 1s that they are a “dayhght
stream,” which from the nature of the case could not have
_been detected by the normal method of visual observation
Thus division 1nto night streams and daylight streams arises
from the fact that, whereas the earth’s orbit round the sun
1s not very far from circular, the orbits of meteors are for
the most part highly eccentric, passing very much closer
to the sun than we do at one pomnt, and at the opposite
extreme traveling out into more distant regrons of the
solar system. Ignoring complications, this means that the
meteors of any particular stream may approach the earth
from etther of two different directions. They may be
detected, as 1n the normal cases, when they are moving
in towards the sun, and so approach the earth-on the side
* whick 1s 1 darkness, or, as has now been made possnbl€
by radar, they can be picked up when they are moving out
from a pomt neay the sun, and so reach the earth on the
“daylight side.” There 1s therefore a special mnterest in the
detection for the first time of a stream of this kind. It is
something which could not before have been done. The
second interest of these new meteors is that the stream of.
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orbit round: the sun. The new meteors, on the other hand,
although first observed in May, were still going strong 1n
July; and for about two months the macenum dady count
rate never fell below the figure of twenty meteors an hour
which has alrezdy been quoted in the case of the Gemimds,
‘This implies a spreading out of the meteor stream to an
extent which has never before been observed, and will give
the astronomers who are now at work on the results some
quite difficult problems in interpretation. The usual, but
unproved, assumption is that each of the mamn mescor
streams whtich the earth encounters 15 assoctated with some
particular comet. The basis for this beltef 15 that they
appear to follow closely stoular orbits, 2nd the fact that
the comet itseff 1s only seen once 1n each revolutton round
the sun, whereas the meteors are scen annually, 1s explained
by supposing that the latter have become spread out
leogthwise round the entire orbit which they follow, as
sometrmes happens with athletes in a long-distance race
Knowledge of this kind of spreading out 1s dependent,
naturally, on looking for the same meteor stream year
after year, and finding that some of its representatives
always turnup The spreading out which has been observed
in the new meleor stream 15, as it were, sideways. It 1s
25 if the track itself had been broadened omt—and that to
the extent of about one hundred mullion miles, or more
than one-sixth of the earth’s total orbst round the sun.
For this reason, there is some doubt as to whether the
whole of the new meteors can be associated with 2 single
comet, A possible alternative 1s that the orbits of two or
more different meteor streams may pass close together,
gwing the mmpression where they cross the earth’s path of
a single stream If all the meteors “belong™ to a smgle
comet, 1t is probably Halley’s, the most famous of them all.
See Brush Astr Ass, Crrcular, 1947, No 282

The Aurora Borealis .
The Aurora Borealis, long admured by visitors to northern,



138 SCIENCE NEWS VI

latitudes as one of the most impressive of natural spectacles,
15 also one of the best available mclhods of studying the
upper h Ph ily, prefer the
description Aurora Polans, smce Borealis means northern,
and these displays of lunmnous arcs, bands and curtains
are as characteristic of southern polar regions as of the
north In either case they are believed to be due to the
impact of electrically charged particles on the earth’s
atmosphere—the effect of the earth’s magnetism being to
guide these particles towards either the north or south
magnettc poles.

To the meteorologist, 1n the long run in relation !o
weather forecasting, the chief claim of the Aurora to interest
15 that 1t affords the one means available—short of high
altrtude rockets—of studying the whole range of the earth’s
atmosphere from about 60 to about 600 mules above the
earth, Several dufferent lines of approach are possible. The
oldest, due to Professor Stormer of Oslo, 1s the systematic
collection of the heights of Auroral displays, by simul-
tancous photography from two or more stations. From his
network of stations 1n southern Norway, he has now some
12,330 measurements of height at his disposal, and he
reckons that a furthcr 8,000 herghts can be secured from
existing ph He has, hed a first
analysis of all these observations, and is now setting
systematically to work to sccure the greatest possible
information from the large mass of photographs already
taken.

A second approach, in which the French school of
physmsts has long specialised, 1s the detarled study of the
radiation produced not only by the Aurora jtself but also,
although at very much less intensity, by the normal night
sky This has shown that the chief components of the upper
air are oxygen in the atomic state, nitrogen as at ground
{evel, and possibly some few other elements, including

sodium believed to be denived from meteors. Much work

, of this kind was discussed at an international conference
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which was held lately in London by the msteorologteal
research committee of the Royal Society.

Stilf more lately, Dr. A, C. B, Lovell, of the Unmiversity
of Manchester (whose work on meteors was mentioned in
the preceding paragraph) has found that radar methods
can also be applied to the Aurora At the Jodrell Bank
Experimental station near Manchester, he has obtained
radar echoes during last sumuner from a lumnous cloud
at the tip of one of the well-known Auroral streamers He
was able, in addition, to measure the electrical state of the
cloud, and to compare this with that of “normal™ air at
the same time and herght, He found that the number of
free electrons in the cloud was roughly one hundred times
as preat, Althouglf clearly of more use to Professor Stormer
in Norway than in England, 1t would seem therefore that
a valuable new method of studying the Aurora has been
discovered.,

See Stormer, Terrestrial Magnetism, 1936, pp. 51, 5003 Lovell,
Clegg and Ellyett, Nature, 1947, p 160, 372,

New Law of Magnetism

The magaetism shown by the earth, and as soon as 1t
could be measured by the sun also, has long presented a
Prob}cm to physicists and astronomers The fact that the
line joining the north and south magnetic pales of the earth
1s in roughly the same direction as the linc jormng the two
geographical poles carries an obvious hnt that the earth’s
rotation may have something to do with 1ts magnetism
And, as long ago as 1891, 1t was suggested that it might
be the cause of it At this time, there was no other large
and rotating body with which companson could be made;
and there was also the quite formidable difficulty that the
earth’s magnetic axis was in a darectron ten degrees different
from its axis of rotation. This meant that even if the
rotation of the earth was a mamn cause of its magnetism,
1t would still be necessary to provide a second theory whae'
would explain the discrepancy. Then, 1 1910, the.
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measurement was made of the magnetism of the sun. In
thus case, too, it was found that the magnetic axis corre-
sponded nearly, but not quite, with the axis of rotation.
The discrepancy was a little less, about four degrees mstead
of ten, but still large enough to require explanation. Thus
the position remamned until the begmmng of the present
year, when Dr H. W. Babcock of Mount Wilson Observa-
tory, Califormia, published the results of the first measure-
ments which have been made of the magnetism of a star.
As 1t happened, Prof Blackett of Manchester was already
interested 1n the problem, since the earth’s magnetism had
affected Ins own work on cosmuc radiation. Not all of the
particles found 1 cosmuc radiation are electrically charged.
But the effect of the earth’s magnetism’® on those particles
which are electrically charged 1s to cause them to approach
the earth along a spiral course, with the slower-moving
particles making predominantly for one or other of the
magnetic poles The pownt, 1n the present connection, 15
that Prof Blackett had already been used from his own
work to thunking about the earth’s mapnetism; and being
a physicist, he thought 1n general terms, rather than special
and el expl based on as to what
might be gomg on within the earth’s crust With this
approach, he was struck by the fact that, mn the case of the
earth and the sun, the “strength of magnetism™ (magnetic
moment) of these two bodies was proportional to their
angular the lafter ing, in
cffect, the time for which a specified brakmg force would
have to be applied, at the same distance from their centres,
to bring them to rest. “Quantity of rotation™ is another
way of expressing the same quantity. It depends, in any
case, on three factors—mass, rate of angular rotation, and
degree of compactuess; and 15 about ten ‘muiltion tumes
- greater in the case of the sun than in the case of the earth.
Having got so far already, Prof. Blackett was naturally
quick to test his ideas sgainst Dr. Babeock’s measurements
of the ragnetism of the star, 78 Vargmis, as soon as these
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were available, Compared with the sun, he found that both
“the magnetism and the angular momentum of this star were
increased in about the same proportion, and by & factor of
' some hundreds. He has d as a new law
of nature, that any masstve and rotating body 15 auto-
matically a magnet, in virtue of its rotation; and that these
two quantities, magnetic moment and angular momentum,
are always proportional to one another. Ths, if true, is a
very remarkable conclusion. So far, it rests on three cases
only. The further possibilities are: Furst, confirmation from
other stars; and, second, which would be much more
convincing and satisfactory, that by rotating a sufficiently
large bronze sphere at a high enough rate, 1t might be
possible to demonstrate the same effect in the laboratory,
' The imdcations ate that the magnetism due to the rotation
" of such a sphere should be just, but only just, detectable,
Ttshould be added that some few weeks after Prof. Blackett’s
announcement 1 England, Dr. Babcock put forward
sioular tdeas in the United States

Seo Blackett, Nature, 1947, pp. 159, 658, Babcock, Astrophys, 1.
1947,.105,

The Heat Pump
Anything which can lead to a savigg of coal 1s of obvious
under present both m Britain and

in Europe as 4 whole. Also, and apart from aay lmmdedlar:§
shortage 1n supplies, 1t 1s clear that as wage standards am
living cond e d, 1t becomes

ar p
. spend more money on capital equipment which will lead

to fuel economy. It 1s for these two reasons that ecl;g‘:')l::;s,
have lately been taking increased iriterest in & dm-sed uct,
although generally unfamihar, has beent ‘rccog};b od 258
theoretical possiblity for more than a ccntpcrg'l e e ing
“heat pump,” no lopges anidea, But a practi Py et
v T beed 1t o of Nowich, o bt s -
;‘::ﬁzfgr::rst };xilgirr?g through two winters, and bas &’
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plastics industry, More to the pomnt, st has been found
that crude uncrystallised cane sugar can be used as the raw
material. Also, since the processes mvolved are com-
paratively simple, 1t should be possible for manufacture to
be carried out 1n the countries of ongin.

Another of the Council’s proposed actwities is the
establishment in Trinidad of the first research institution
m the Butisk Commonwealth solely devoted to micro-
biology-—the study, that 1s, of moulds, bactena and other
primutive forms of ltfe. It 1s a branch of science which
Jjumped from neglected obscurty nto sudden prominence
with the development of pencillin; but i fact 1t has long
been known that the flavour of, for example, tea, cocoa
and tobacco 1s greatly affected by the action of micro-
organisms,” not necessartly for the worse, witle m other
cases they are responstble for serious plant diseases. One
such 1s the notorious Panama drsease of bananas, which
may well prove critical for the banana mdustry of the
West Indtes. A recent discovery, which may be hopeful,
1s that a primutive soil fungus, also first 1solated in the
West Indies, can destroy the orgamism which causes the
disease. This 1s bemg jointly mnvestigated by a team of
chemusts at the Imperial College of Science and Technology
m London, and og the biological side by Dr A, C. Thaysen
who will be theftist director of the Trrrdad Institute,

Sce Sinonsen, The Advancement of Science, 1947, pp. 4, 166.
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