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THE INTERNATIONAL
GEOPHYSICAL YEAR 1957-8

D. C. MARTIN

SINCE the dawn of man’s existence on Earth the importance to
him of the Sun can never have been in doubt. He had, however,
been an inhubitant on the Earth for well over 100000 years
before he discovered the relaiionship of the motion of his planet
to the sun, and only since the scientific revolution of compara-
tively recent times has he begun 10 meusure ihe signtiicance of
this parent of the soiar svstem on bis duilv existence,

It 15 the source of manv forces. It not only provides light
but, by heating the air and evaporating water, it generates
energy which is converted into the air movements that deler-
mine our weather. Winds distribute heat from the tropics, trans-
port moisture from the ceeans, and cause rain to fall on the Jand
areas. It has been calculated that the kinetic energy of this cir-
culation of the atmosphere is almost equul to seven million
atomic hombs. The general circulation of the earth's weather
atmosphere is not vet fully understood. Likewise much remains
to be discovered about the etfect of the sun on the electrified
layers in the upper atmosphere, so important in long-distance
radio commun:cation. The sun's behaviour is known 1o cause
changes in the earth’'s magnetic fiekd and to be connected with
the nprearunce of the poiar surorae. What is the connexion
between cosmic rays and the sun? What is the exact correlation
between all these phenomen:? How can we best seck the know-
ledge required to deal with questions such as these? Man's
greatest co-oper.ative scientific enterprisecalled the International
Geophysicid Yeur. which began on 1 Tulv 1957 will be his Iatest
atiempt to find out more ubout the intiuence of the sun on hig
planet.
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THE FIRST AND SECOND POLAR YEARS

The L.G.Y. is not the first such co-operitive enterprise: ‘“de“:gé
iLis the direct descendant of two earlier sinular studlc.s‘. lllefi{‘e({
the earth is a great magnet the polar regions are C_*P"?“‘”; Sl(l)lur
1o studies of forces of solar origin, Forinstunce, it s n [ ce‘:'nosl
regions that disturbances of the earth’s nmgnlchc “,dso‘;quis -
frequent, and the displays of polar hights - ““r'“]rf_\ :h;south
northern lights in the north, and the ;mroru':mstm 'ls mr S red
- are most frequent and vivid in roughly circulur zones ¢¢

at the geomagnelic poles.

In 1875 an Austrian naval lieutenant calie Avetic, SUE-
returning from a geographical expedition in the ']du'icl‘d far
gested that money spent on such expeditions wou -)dcc)uld
Bcllcr results if they coutd tike place at the same time JY; -
make scientific observations at different Plf‘cc“‘ using “:\l. first
kind of appariatus and following the wne 1nslru.cm'ms. ! ins
he received little support, but after five international mcm”cd
over a period of six vears the foree of his arguments pl"e ‘Pola;
and in 1882-3 the First Polar Year took Pli\cc'lln tha tria
Year twelve stations were occupied in the ATC“C, by AUSHO‘l-‘
Denmark, Finland, Germany, Great Britain in € :x(ﬁ:}da. oo
tand, Nm:w;-.y. Russit, Sweden, and ULS AL The Bm'x\'h»( dndc
dian station was at Fort Ruae in Canadi, The observations Tn':::n-
over the period | August 1882 - 30 September {8X3 by lhc's(‘l "
tists of the participating nations related to mclcorolog,\.“gvc i
magnetism, and the northern polar aurorae, Itwasa s'ucccssfm:j
Weyprecht's faith was justified. These observations provide
information that led to a very marked increase inour wnowledge
of the geophysical conditions of the north polar regions. and
their relationship with similar phenomena at lower tatitudes.
When, therefore, it was proposed, tifty vears Luter, to plan an-
other Polar Year the iden was enthusiastically received.
at l:rr:e'e?izzfﬁi] il_s] sai;l to have first formulated the propfﬁill-
mission for the Pé;r;;ru;g in 1927, and an International (‘011’1;
Meteorologica) Org'mizatc'ar was set up by the Intcrf\atxom

g lon meeting in Copenhagen in 1929.

called Karl Weyprecht,
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Dr D.la Cour was President of the Commission. The world
economic crisis of the period created tremendous difficulties
which were, however, overcome. This Second Polar Year began
on 1 August 1932: 44 countries promised to participate and 22
of them undertook t0 organize special expeditions. In the Arctic
there were 94 meteorological stations. The number of geomag-
netic stations north of 60° N. increased from 7 to 30. Again
meteorology, aurora, and geomagnetism were the chief subjects
for study, but with the addition of scientific radio. Again Britain
and Canada established a station at Fort Rae in Canada, but in
addition Professor (now Sir Edward) Appleton led u small party
of scientific radio investigators at Tromso in Norway and made
imporiant pioneering observations there,

In meteorology the radio-sonde was then a recently de-
signed instrument <till in the experimental stge. This is the
balloon-borne instrument that measures temperature, pressure,
and humidity: it carries a radio transmitter which sends radio
messages enubling the observations to be recorded ut the earth's
surface. It was greatly developed during World War 1l and
nowadavs usuually carries a reflector for radar pulses enabling
wind speeds 1o be measured. A result of the Sccond Polar Year
was that, for the first time. reallv reliable information about the
Arctic weather régime ws obtained. The influence of the Polar
Belt on the wentherin lower Lititudes became better understood.

An indicition of the magnitude of the Second Polar Year
may perhups be given by the number of scientific papers listed
in the Bibliooraphy for the Second International Poiar Year
193233 issued in 1951 Meteorology (104 papers). Radiation
(47). Ozone (9, Aerology (112, Geomagnetism (216). Farth
Currents (291 Atmospheric Ulectricity (48), Radioelectricity
(80), Aurorze (771 Cosmic Rays (25), Hydrography (18). The
classification is that by authors in the Bibliography, and where
there is more than one author the same paper is listed more than
once. Even so it represents a large volume of work.

Proposal for @ Third Polar Year

Fifty vears sepurated the first and second polur yeuars but, as
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mentioned when speaking of radio-sondes in mctcorolo}glzyl, tcfi:—
niques still in their infuncy in 1‘332'—3 have bcc'n][';r::‘llznced
veloped since then. Tonospheric studies huve greatlly £ science
and have been extended throughout the \\'erd; the newhods of
of radiv astronomy hus appeared and PFOVNCS new -metc(ion of
studying the universe around us; that engine of dc“r,\umericaﬂ
Wor]d Woar 1 - the V-2 rocket - wus transformed by o
research workers into a scientitic probe to cmcr the UAPPE[ ;umP'
sphere and has given rise to the new tct‘h!‘-‘qU-c 'Oft:l«:lrlcoons and
ling by rockhet exploration. The m]provcmcvnt.x'm' 'r;~idcnce by
the elegant method of recording ihc_‘-‘“"“'“‘“)" bl‘iuﬂ$ and
balloon-borne photographic plates with spectal uvn‘lu’s‘is‘s a
the development of other techniques have plugcd su;:;. " ince
much more fuvourable position for geophysical studies
the Second Polar Year of twenty-five years ago. d Chap-
When, in April 1930, according 1o Protessor Sy ncyh hile
man, Dr Liovd Berkner suggested that it "Uém be “'Or" o the
having a Third Polar Year at half the time mierval -l‘j'cl[l\wt:v he
first two, this was thovght to be @ good 1dea, expecrally B
radio scientists who study the ionosphere. »  niza-
During this quarter-century, o, the mtcm;mnn;?l arga er-
tion of scientific effort had been strengthened. Some l‘n’ 3
national scientific unions had been in existence m 19 _/h'
but others had been formed. and after World Wur‘ 11 all the
internationa! unions had grown in strength, due 1n part to
financial encouragement from Unesco. Their parent, the Inter-
national Council of Scientific Unions, likewise had much 'more
support and exerted a greater influence in the world of scncpcc-
Membership of the International Council of Scientific Unions
isin two categories; the Unions themselves (scientific nwmhc{'ﬂ.
and participating nations (national members). As a co-operative
study would involve g4 number of ditferent disciplines served by
3 number of unions, the parent organization was asked to con-
:::r;:n‘::z?:;(: i;;r a Third'l’olur Yen»r. lt' pmxgwcd the essen-
specialists and thccirc::.roprr;c.: the seientific unions to pmvnd;
the nations that would have t;nf?rl)ed e A egnal opinion, an
ance and carry out the observa-
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tional operations. In examining the proposal the International
Council of Scientific Unions came to the conclusion that many
of the problems 1o be 1ackled were essentially of a global charac-
ter, and that 4 world-wide network of stations would be neces-
sary for their full investigation. It was therefore decided that
the co-operative enterprise should be called The International
Geophysical Yeur. and that it should take ptace over a period of
eighteen months from 1 July 1957 to 31 December 1958, at a
time when the sun would be in the phase when it displays a sun-
Spot muximum. These maxima occur at intervals of eleven vears
and muny of the phenomena to be studied occur more fre-
quently, and more intensely. at sun-spot maximum. The Second
Polar Yeur took place 1t a time of sun-spot minimum.

In October 1952 the International Council of Scientific
Unions set up a Speciul Commitiee for the Inernational Geo-
physical Year consisting of renresentatives of the Unions con-
cerned with geophysion ind geadesy, radio science. astronomy’,
physics. und geography. tocether with representatives of the
World Mereoralogical Oremization. 1he Committee  was
charged with the preparation of o plun and o small bureau of
officers wus urrainted comsisting of Professor Svdney Chapman
as President. DrLlovd Berkner as Vice-President. and Professor
Murcel Nicolet as Generad Secretary. The Special Committee
held ity £141 full meeting in Brussels in July 1953 und has held
annuil meetings in Rome (1954, Brussels (1955, and Barcelona
(1936). The Committee’s plun for the International Cieophysical
Year is briefly described later.

THE TORCES 10O BE MEASURED

As we have secn, ihe sun is the principal performer in the study
to be made. Tt will therefore be kept under constant watch by
daily visual. photorraphic, and radio observations. Associated
with sun-spots are outbursts on the sun ealled solar flares which
emit radiation of 1wo tvres, waves and particles, 'hozh of which
produce several terrestriv! etfects. The wy

. . vesctravelling at the
speed of licht, are of diflorent wiveleneths, bur 4n reach the

earth after the same time interval of 85 minutes. and give rise
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Fig. 1 Dingram of the cffects produced by o salae tlere when the

emitted radiation i

and part cles reach the terrestral atmosphete
CAfter Mo A Fliivon: The Sin oan? s Inducnee, pablisied by
Routledge und Kesan Pawd )y

“to simultancous effects. The particles have wn average speed of
LOOO miles sec. und the effects of the solar fMlare, due 1o particu-
late bombardment, begin 20 to 30 hours after its appeuarance.

(Inset 11))
5 The waves in the visible
angstrom units) en
me .
gre:ir;iir:::::; lrgle\?zclt?i;l};:‘l ;lvll,rj“vi\‘lct and radio wave bands
10nosphere, and give rise 10 a nl:;u:, of [h‘.' ”Ppcr,"““‘“phc”* or
that will be studied by the radio ST er ufvnp!crc\:nng phenomena
saentist. The principal terresteial

part of the spectrum (4,000 7000
able the vivual astronomers to miake their
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neie s

Fig. 2. Diguron chowing reflenion of radio waves of various fre-
quencies oothe enioed davers i the upper atmosphere. (A frer
MoAEN cal e Sionand Ty Tvluence, published by Routledge
and Negun Paui

cffect is mantfes: through radio - the electrified layers reflecting
radio waves and thereby maiang long-distance radio possible.
The sun’s emission cun give rise to a disturbance that inter-
feres with this reflection wnd can cause a radio fade-out. Because
of the ionizing eiicct of the solar flare emission on the electrified
layers, that pari of the earth’s magnetism contributed by the
ionosphere sutfers 1 sudden change, detectable on the records of
magnetic stations and called a crotchet. ’

Provided the eurth is in their pathway, the arrival of the par-
ticles from the solur flare cause more marked effects in the form
of ionospheric und magnetic storms and brilliant displays of the
polar aurorae. The eurth being a mugnct, the poles exert an
attraction on the charged particle jeis and the aurora is a visible
manifestation, a sort of electric poster sign, declaring to the
observer of the night sky that w solur flare had tuken place some
24 hours beforehand. The ionospheric scientists are anxious to

know more ubout these ionospheric storms and, like the
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geomagneticians, during the International Geophysical Year
will observe from a great world-wide network of stations on 8
scale never attempted before. The incidence and morphology of
the auroral displuys and their spectrographic analysis can yxell
important information on solar-terrestrial relationships. Visud
observers have been enlisted, especially n the northern hemi-
sphere, not only from professional meteorologists but also f.rom
air crews, sailors, and volunieer amateurs. Their observations
will be collected in accordance with a carefulhy prc-;\r}'angcfi
plan. In addition photometric, spectrographic, and colorimetric
observations will be made, and a recently developed camera,
which tukes pictures antomatically of the whole sky at regular
intervals of five minutes or less, will be extensively used. Such
methods can only be used in durkness but in high latitudes
there are long periods of continuous davlight, so radar methods
will supplement visual and photographic methods. Radio pulses
are transmitted and the radio echo from the aurora recorded.
Auroral displays occur at irregular intervals usually asso-
ciated with a solar flure, but cach night there is alsoa continuous’
very faint atmospheric luminosity called the ‘night airglow
which can be detected instrumentally (by photoelectric photo-
meters) all over the globe. It varics during the night and from
place 1o place, and also with the sunspot cycle. Although the
spectra of airglow and aurora here contain components in com-
mon, the former of much lower excitation energy, distinct differ-
ences huve atready been detected. Iisspectrum contains hydroxyl
bands a_nd lines of atomic oxygen and sodium. The airglow will
be studied on a world-wide scale for the first time.
ar::"(:i';:rl:\; ‘r})‘anic.lcs’ that come from vlhc solar flare the faste?‘::
particles which fr:‘r,";“.”y cosmic rays. 1 hc‘y are chargc.d atolmla
recent solar flare ic i\:l g S?ecd approaching 1h.:\t of lxght. r}t
Wwas very greatly i'ncnre ebruary 1956, the cosmic ray intenst y
ased. The origin of the cosmic radiation

is still a myster X
interstellar spa. Y- Most cosmic rays are believed to come from

ce- .

to understand :1 the sun is not the only source, but an effort

world-wide netwo(:: abou'_ the relationship will be made. A
of stations to map the intensity of the high
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and low energy cosmic radiation reaching the earth’s surface
has been set up for the first time. The primary radiation is being
studied at great heights by balloons, rockets, and artificial earth
satellites.

Records of atmospheric movements in the upper and lower
atmosphere will be made. Ionospheric drift is the phenomenon
in which horizontal movements take place in the various ionized
layers. Among the methods being used for its measurement are
radar refiections from ionized meteor trails and also suitably
spaced receivers ‘listening’ to radio star emissions coming
through the ionosphere to stations on the carth’s surface.

The general circulation of the lower, or weather, atmosphere
is the domain of the meteorologist, and a better understanding
of this circulation is his chief aim during the International Geo-
physical Year, when he will make a very extensive study over a
greater area of the earth’s surface, and send his airborne instru-
ments to higher levels, than ever before. He will seek more
information about the jet streams that occur in regions used by
modern high-fiying atrcraft.  The influence of mountain masses,
the oceans, and the continents, including Antarctica, on the
general circulation is being examined. World-wide records will
be made of the solar radiation each day. The distribution of the
atmospheric layer of ozone, which shutters off from the earth
the short-wave or ultra-violet radiation from the sun, will be
measured and its variation with latitude and seasons recorded.
Thunderstorms, which occur at all hours of the day and night
somewhere or other in the world, will be recorded by radio
reception of the radio waves from lightning flashes. Cloud cover
will be recorded photogmphlcall_\n A late addition to the pro-
gramme was the suggestion tp fne;?sure the nuclear radiation of
the atmosphere an.d of precipitation. wiih possible extensions
to oceans and glaciers.

Gilaciers cover about ten per cent of the carth’s surface ¢
{ ace (i

; i ) . carly
sixty million square miles). They ure present inevery cont; trhy
It 1S i o s : Vv oontinye
and it is intended to prepare 4 compreh naive N, nt
of glaciers. An attempt to measure the tory wd survey

WKe Cantens of

the Antarctic ice cover is 10 he . :
Rt estimyte. shory

e made. Pre
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that it represents fully cighty per cent of the entire glacial -
area of the world. Other glacial studies relate to the wastage
and accretion of glaciers and the influence of varying meleo}'o'
logical conditions on them. Further evidence from the rpcltmg
of glaciers of the gradual warming up already detected in FCT'
tain northern hemisphere regions will be sought. Compans?;]‘
with measurements of glaciers made now and in the future wi
enable slow climatic changes to be measured. Such changes
could have very important economic consequences not onl){ 0‘3
agriculture but also through the raising of oceanic levels bring
ing danger to low-lying coastal towns. (Inset 15) ‘ ¢
" The circulation of ocean currents is to be the main study ©
the oceanographers. The interaction between the utmospher;
and the sea is important for the circulation of bf)lh. Althoug
good charts of monthly average surface currents in ocean areas
on regular sea routes are available, little is known of day-to-day
changes. Even less is known about deep-water moveullent§.
Some fifty ships will help to study a variety of oceanographic
problems, including a more intensive siudy of the balance !)e-
tween arctic and temperate currents in the Atlantic and Pamﬁc
Oceans. and the changes in the physical and chemical prqperllcs
of the water at all depths in the main occan basins dunng the
last twenty-five years. New deep current measuring techniques
will be employed. Tide gauges and long-wave recorders have
been installed, especially on seldom visited islands, to SUPPIC'
ment existing installations. Changes in mean sea level have im-
portant consequences for engincering if only in relation to the
cost of providing protection against the risk of coastal floods.
The measurement of electric earth currents is also part of the
Pfogfamme of the International Geophysical Year, and oppor-
tunities will arise for recording earthquakes and making gravity
meaSl.lremcms at out-of-the-way places where temporary obser-
vatories have been set up.
:n':;':zrf Zee‘::i:::v:frthe obscw;}tions relatcs.lo a wor.ld pr?-
result in an impr;vir:::,:)f lfOHEHUd.es and latitudes which will
mare exactly the geodetic n:twmappmg the W(?ﬂd by re'lam?g
orks of the continents. This will

gr:
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be done by photographing the moon against a background of

' stars and using it as a triangulation point. Uncertainties of inter-

continental distances, which are now as much as 300 feet, will
be considerably reduced. 1t has been found that the earth’s rota-
tion varies slightly owing to meteorological causes, and as the
result of synoptic astronomical and meteorological information
being obtained it may be possible to elucidate the relationship.
Comparison with two earlier longitude and latitude surveys
should determine whether the continents on opposite sides of
the Atlantic are drifting apart. The advent of quartz crystal
clocks provides improved accuracy in time keeping and accur-
ately timed reception of radio time-signals at various observa-
tories will provide much information about the speed of pro-
pagation of radio waves, and this will be linked with the studies
on ionospheric conditions,

Throughout the whole range of the studies of these physical
forces acting on the earth, its oceans, and its atmosphere, none
can be isolated. As we have just seen, longitude and latitude
determinations are linked to the ionosphere and to meteoro-
logy: meteorology is closely linked to oceanography and glacio-
logy : the ionosphere with geomagnetism : magnetic storms with
the aurora. All relate to the sun. The correlation of each set of
studies called for a master plan from the Special 1.G.Y. Com-
mittec.

THE PLAN

The first step was to have a series of sclection principles for the
preparation of a programme which would have due regard to
available resources of techniques and personnel. These prin-
ciples were such as to include only:

(a) Problems requiring synoptic observations at the same time
at many different places on the earth’s surface: problems that
could only be undertaken by the co-ordinated effort of many
nations (c.g., meteorology and ionospheric studies).

(b) Problems, the solution of which will be assisted by the avail-
ability of synoptic observations (e.g., variation of earth's rota-
tion in the longitude and latitude programme). '
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(¢) Problems to which a contribution is possible because tem"

porary observatories will be located in seldom visited parts of
the carth’s surface (e.g., gravity and earthquake measurements
in Antarctica).
(d) Problems that require measurements of slowly varying g¢0-
physical phenomena for comparison with similar future obser-
vations at later epochs te.g.. geodetic and glacier mcasurcmenfs)-
Nations were each asked to prepare a programme comp!)’"‘gl
with these selection principles «nd given s number of scctional
headings, e.g., solur activity, certain aspects of meICO!"OIOSYv
ionospheric measurements, geomagnetism, aurora aan airglow,
cosmic ravs. etc. Tenlative programmes were submitted aftel-’
those cunc'crncd in the various countries had discusse.d the qucs:
tion in detail. In Britain it was done through (he‘Nanonal CO"(‘l
mittees of the Royal Society in the subject divisions concFrnf l
These were then co-ordimated at plenary meetings of the Specia
Commitice znd experts from participating nations. The plcT\al'mY
internationa! meeting in Rome in 1954 revealed that enthusias
was mounting for this enterprise which was being supported o
a scale bevond the hopes of its originators. It was at Rom?, 100,
that the U.SS.R., which occupies a large area of the ear.lh s sur-
face, announced that it would take part, thus substantially €x-
tending the area of observation. At present the number ©
participating nations is fifty-seven. f
Six principal zones have been selected for the network ©
observatories over the earth's surface: two polar regions, the
Arclic and the Antarctic, the equator, and three north to sOl:lh
meridians at 70°- 80°W. through the American continent, 10 E.
through Europe and Africa, and 140°E. through part of
USSR, Japan,and Australia. These will be regions of specially
intensive study, but there will be observatories elsewhere as
well: In meteorology, aerological cross-sections will be along°‘2°
meridians mentioned above, but also along 20°W., 30°F.. 757K~
and 180°E., ay well as §°S. the equator, 5°N. and 40°N. (in
$°S. ator, |
‘ Many o) le
o lerol'n Y o‘m“f‘“ms will be carried out daily. For exampie,

Ogical N uf
< ! stations wity make two radio-sonde ascents and fo

T'he Internrational Geoplivsical Year 1957-8 19

radar wind soundings each day, but a more extensive pro-
gramme is planned for certain selected days to be known as
Reguiar World Duys. The calendar for the LG.Y. shows
that these Regular Worid Days occur at the rate of about
three per month. One will be at the time of the new moon
and others at times of unusual geophysical interest, e.g., at iimes
of solar eclipses and unusual meteoric activity. Again, special
arrangements have been made for the meteorologist for whom
it is important to have continuous periods of intensive activity.
Thus in each of the six three-monthly periods of the Geophysi-
cal Year ten consecutive days to be known as World Meteoro-
logical Intervals have been designated in such a way as to come
at the summer and winter solstices and at the two equinoxes.

This selection of special days takes care of the regular and
predictable aspects of the Geophysical Year, but some of the
studies will concern unpredictable events that are dependent on
solar disturbances, especially solar flares. From the continuous
watch of the sun, astronomers can uvsually indicate a few days
in advance that a disturbance may happen. Based on this predic-
tion a World Alert will be announced from a centre in the
U.S.A. and be sent immediately to national centres throughout
the world. Each national centre will then warn all its observers
so that they will be in readiness to give their closest attention
to phenomena such as ionospheric disturbances, magnetic
storms, and auroral displays. If the disturbance does not come
about in the following few davs there will be an All-Clear.
Usually the disturbance will take place and the All-Clear will
be given after the disturbance has subsided or passed with the
rotation of the sun. This is 4 very important feature of the pro-
gramme and rehearsals of the warning were conducted during
the first six months of 1957.

Table T gives an idea of the number of stations in each dis-
cipline in the various geographical zones.

For each principal subject division a member of the Special
Committee for the International Geophysical Year acts as a
Reporter: for example. Professor Sydnev Chapman is Reporter

for aurora and airglow, Dr W.J G. Bevion of Swiansea s
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Reporter for the ionospheric section, and Sir James Wordi; for
glaciology. Reporters are responsible for important co-ordinat-
ing measures especially with national correspondents anfi
national committees in each country participating io . their
respective sectors of the programme. Besides simultanexty of
observation it is highly imporzuntthat,ul:xlllhedill’cremstauon.s,
observations should be made by the same kind of instrument in
the same way, and that they be recorded in the same manner sO
that the records can be easily compared and analysed. This has
involved careful standardization of instruments :md‘the pre-
paration of instruction manuals setting out precisely the
methods of observation and the form of recording them. The
Reporters are responsible for preparing these mangals, the first
of which were issued in a preliminary edition in the early
autumn of 1936 for the Antarctic expeditions.

A definitive edition of the manuals is being iseucd-us‘ par‘(ofthe
publication programme of the Special Committee in their pub-
lication The Annals of the International Genph,vsic‘.ul Year. The
programme also includes the publication of an m\roduc(or.y
volume giving the history of the two Polar Years and the genCSlS
of the International Geophysical Year. The Annals will a1§0
contain the official proceedings of conferences and a special
volume of data about basic solar activity. o

Adjoint secretaries have been appointed by the Special Com-
mittee to assist in regional co-ordination. The first and a very
important region that called for co-ordination was the Ant-
arctic. M. Georges Laclavere, Secretary-General of the Inter-
national Union of Geodesy and Geophysics, was appointed
adjoint secretary for Antarctica and he has presided over four
Antarctic Conferences that have given a coherence to the Geo-
physical Year programme in that remote and inaccessible con-
tinent, in and around which there are now over fifty temporary
stations ready to make a concerted attack on the
the region. Apart from the selection of sites
desired coverage from the scientific standpoini 1

main activities for which co-ordination is ess
radio communication, weather forecasting.

geophysics of
o provide the
here are three
ential, namely.
and mutual suppor!
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(by sharing facilities such as aircraft and medical services in a}ny
rescue activities). In these polar regions radio communication
is in itself very dificult, but the situation is aggravate:d by the
claims of ionosphere, radio-sonde, radio astronomical, and
other studies on the available radio wavelengths. Mr A. H.
Sheflield of the Briii.h Colonial Otlice his been chairman of
the group asked to sort out this very difficult situation at.\q he has
rendered outstanding service in doing so. Eac}.l ex.pedmon has
been furnished with a special Radio Commun@auons M:.m‘ual
which should be of great service to these An:nr;ucgeophysmsts.

Regional conferences have nlso been held in Stockholm fqr
the Arctic Region, in South America for the Wcsl.crn Hcm}-
sphere, in Tokyo for the 140 E. meridian and Pucific, md in
Moscow. To assist further in the co-ordination of operations
Vice-Admiral Sir Archibald Dav has been appointed as a mem-
ber of the central secreturiat in Brussels.

Trearment of Observarions

It is clear that a vast amount of aobservational information
will be collected. It has been agreed that all the results are to be
deposited where they will be freely available to all scientists who
desire to have thern. This will be done in World Data Centres.
One will be in the U.S.A., another in the U.S.S.R.. and a third
in another part of the world where there are traditional reasons
for so doing, and where usually there are expe'rts who are speci-
ally experienced in dealing with the infornu%tlon. In some sub-
ject sections. such as ionospheric observations, there will be
regional centres sharing the collection in, say, Europe, U.S,.A,,
U.S.S.R., and South Eust Asia and Australasia, but each region
can exchange with the other collecting centres. A workinz group
has been charged with sorting out the many problems which
tend to be different in each subject section of the programme,
In meteorology each purticinuing nation wi'l send copies of
its observations on special forms (o the World Meteoralogien]
Organization in Geneva, where they will be photorraphe.]
reproduced in micro-card form which cun then |
institutions desiring to have them.

and
e dburchused by
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In Britain there will be a World Data Centre for glaciological
reports (British Glaciological Society), a regional centre for
Europe for visual auroral information (University of Edin-
burgh), and a regional centre for ionospheric observations (the
Radio Research Station at Slough).

Some discussions have taken place about the use of machines
for analysing the results and as far as possible this will be done.

ROCKETS AND ARTIFICIAL SATELLITES

By indirect methods, such as the use of radio waves, we can
learn a great deal about the upper atmosphere, but direct
sampling is another and in some ways a better method. We can,
for instance, go through the screening layer of ozone and
measure the whole of the sun's radiation and not only that part
which penetrates the layer. If we can carry a magnetometer into
the upper atmosphere we can make a direct measurement of the
magnetic field there. The state of ionization in the ionosphere
can be directly measurcd and the behaviour of winds at great
heights can be determined by injecting into the high atmosphere
metal foil (the ‘window’ of World War 11y and following its path
by radar from the ground. By carryving a microphone aloft the
number of micro-meteorites falling through the atmosphere can
be estimated. By making suitable ground measurements of the
sounds made by bursting grenades at high altitudes we can
measure temperature, aimospheric pressure, and wind distribu-
tion. All these things can be done by sending rockets into the
upper atmosphere to heights of 100 miles or more. As already
ment.ioned the Americans have pioneered rocket exploration,
f:i:l:lmg with the V-2 rocket, and going on from there to mak'e
cal y;:::_‘"‘rt}‘zlipmgr%?. During thcvlntcrn;nionnl Cicophysi-
Britain, i;nen:i. tc; IUS;R Australia, I~r;\_ncc, Japan, and
earth’s surface. Twod:\jyr:cri:;?d(i;s frorn various parts of lhc
come into action, the ‘rockoo:‘“ :‘platfons for rocket .work will
first part of its journey by a h“; ich is a rocket carried on the
‘rockair’, the roc @ balloon and then fired, and the

ket launched f i
b ; rom an aircraft. Ro i
e launched from ships at sea. (Inscts 19 to 23)) clets will also
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Fig. 4. Orbit of the U.S.A. artificial carth satellite. It will travel in an
elliptical orbit round the carth in an upparent latitude range of
about 40° on either side of the equator.

The British research programme is only in the second year
of its development. It is carried out jointly by the Rovyal Aircraft
Establishment, which will provide the rocket vehicle, and, on an
Air Ministry vote of funds, by the Gassiot Commitlee of the
Royal Society, which is co-ordinating the various university
research efforts to provide the instruments that go into the
rockets. The first trial firings took place in February 1957 at the
Woomera rocket range in Australia. The rocket vehicle has been
given the name ‘Skyvlark” and it has been aptly described as look-
ing like a dart with a motor. Power is supplied by the Raven
solid fuel motor which burns for 30 seconds. The 1.8001b of
fuel is a plastic mixture of amimonium perchlorate, ammonium
p}i}crate}.\ and a polvmeric hydrocarbon. The totil weight of
the vehicle is 2,500 1b and it wi 115 : N
including a Iclcn1ezcl*rinq‘?k:nljt‘a\l\ll'flliccfrr) L-\O '1b ot instruments

g rng allation to radio back messages



3 . o
26 Science News 45

of its instrumental observations. When properly developed it is
expected 1o reach a height of 130 miles. It will be launched
from an 80-ft-high launching tower. (Insct 24.)

There are, of course, serious limitations to rocket exploration
of the upper atmosphere. The sampling and measuring are very
localized and last only for a very short time. As our American
colleagues say, we need a ‘long-playing rocket’ and if we could
send up an urtificial moon which would circle the earth we
could overcome these shortcomings of the rocket. This is just
what they plan to attempt. The U.S.S.R. has also announced an
intention to launch artificial earth satellites. Under the aegis
of the L.G.Y. both countries have agreed to use the same
radio transmission arrangements to enable the satellites to be
tracked by the same equipment. The Americans plan to launch
about 12 artificial satellites from Cape Canaveral on the east
coast of Florida. There will be a three-stage rocket assembly
to put the satellite in its orbit. The first stage will take the vehicle
40 miles up and give it a terminal speed of 34,000 m.p.h,, the
second 130 miles high and a terminal speed of 11.000 m.p.h., and
finally the third stage about 300 miles high for the ejection of the
satellite itself into its orbit at a speed of 18.000 m.p.h. The
satellite, which is a4 sphere about 20 inches in diameter and
weighing 18-S b will then circle the earth in an elliptical path
between 200 and 1,500 miles from the carth’s surface. For some
time it will make its circuit in ninety minutes, but the resistance
of the atmosphere will tend to drag it. It will move tow ards the
earth wherce eventually it will burn up owing to the friction
of ihe.earlh‘s denser atmosphere, Tracking will be by radio
:‘;gu;;,stutal means. If this exciting and ambitious project i's
Will be 5 loreziucdcessful cor}clusx(>n. before the end of 1.G Y. 1

Apart from lr; ou;fcchmcul.achncvo‘:m'cnt.' o
each section “:fc ‘;]“eg ]SZHCUHC_G. Bnt:n‘n will b-c pnr(rlcnpatmg
gramme. The new giant :;;Egd:;;‘ef:il Ceophysic Year PO

cope at Jodrell Bank now

under const i i
British progf‘:cr:;t;\l};lltl)rpake a unique British contribution. The
€in - 1 » i
Much has been written ili:\wo}:dmated e oyal Society

ere about the Royal Socicty’s

in
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successful establishment of its Antarctic base at Halley Bay.
‘Because of difficulty of access, the base had to be put in hand
in good time to prepare for the full programme of observations
which will be made from 1 July 1957. This is only the overture
to the great work that lies ahead. As in a symphony the orches-
tration of the many instrumental contributions will produce
results that none alone can achieve. (Insets 12 and 13.)

Primarily we seek new knowledge, but practical results will
undoubtedly follow in the shape of improved weather forecast-
ing, improved long-distance radio communication, and a better
understanding of the conditions future high-flying aircraft will
encounter.

The great co-operative enterprise in science hus caught the
imagination of many who are not scientists. Perhaps its success-
ful completion will provide a hopeful example of peaceful inter-
national co-operation that will have results beyond science and
be of benefit to the world community at large.

NUCLEAR COLLISIONS

P. E. HODGSON

PART 1

ONE of the best ways of finding out about the properties of
atoms and their nuclei is by siudying what happens when two of
them collide. If the collision takes place at a low energy only the
outer electrons are affected. At higher energies the central
nuclei themselves come to play a more and more important part
in the collision, while at the highest energies the interaction be-
tween the nuclei is alone important. Indeed, at the highest
energies a fast-moving nucleus cannot hold on to its retinue of
electrons; they are torn away by the medium through which the
nucleus is moving and are soon left behind. Collisions at lower
energies are called atomic collisions: those at high energies,
when the effects of the electrons may be neglected, are called
nuclear collisions.

A collision between two nuclei is similar in many ways to that
between two billiard balls, and, while recognizing its limitations,
it is useful 1o keep this analogy in mind. When one billiard ball
hits another its direction of motion is, in general, changed, and
it moves on with diminished velocity. The energy it loses is trans-
ferred to the struck ball, which moves off in another direction.
The same happens with nuclei, aithough now the collision takes
place in three dimensions while in billiards (unless we are im-
moderately vigorous) it is confined to the surface of the table.

Newton's laws of conservation of energy and momentum can
be applied to both types of collision: they give a simple relation
between the energies and directions of motion of the particles
before and after the collision. In the special case when the
masses of the two coll'idin.g particles are cqual this gives the
simple result that the directions of motion of the particles after
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the collisicn are at right angles to one another, irrespective of
the other characteristics of the collision. Billiard balls behave in
this way to a high degree of accuracy, with only slight diver-
gences {rom theory owing to smull effects like air resistance,
friction, and the internal vibrations of the balls. Nuclear col-
lisions obey the law even more accurately as there is no friction
or air resistance for them: there can only be internal vibrations
if one or other of the colliding particles is composite, and even
this only occurs if the energy of collision is rather high.

A photograph of the collision between two protons (nuclei of
hydrogen atoms) inside 4 photographic emulsion is shown in
Inset 7. These emulsions are specially made so that, after pro-
cessing, the path of any charged particle that has passed through
it is revealed as a line of black grains of silver halide, rather like
the vapour trail of an aeroplane flying at a very great height in
the sky. The tracks formed in this way by nuclear particles are
very small, but, using a powerful microscope, they can be seen

learly and also photographed. In the collision shown, one pro-
&)n has entered the emulsion from the left and hit a stationary
proton, perhaps one forming part of a water or organic mole-
cule in the gelatin. After the collision, the incident proton was
deflected and the stationary onc knocked on. The angle between
their directions of motion after the collision is seen to be close
to a right angle, the slight divergence resulting from the plane
of the collision not being exactly parallel to the plane of the
emulsion. In the photograph we therefore see the projection of
the angies between the three tracks on the plane of the emulsion.
Accurate measurements of the real angle cun be made with a
microscope and these show th:t, within the uncertainties of
measurement, the angle is ninety degrees. Furthermore, the
energies of the two protons immediazely after the collision can
be found frem the distance they travel through the emulsion
before stopping. The ratio of these energies agrees with that
f:alculated from Newton's laws. If the experiment were done
n a cyclotron, with a particle accelerated to a known encergy,

this energy would be found to equu!l the sum of the encrgies of
the two protons after the collision.
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There is one important respect in which a nuclear collision
differs from one between billiard balls. In the latter case, we can
see which of the balls after the collision was the stationary one
before it. And even if we could not see the collision directly it
would not be difficult to mark one ball so that we would know
which was which after the collision. But there is no way of
marking protons; as far as we know they are all indistinguish-
able. So we have no means of knowing which of the two tracks
after the collision belongs to the proion that was originally at
rest, and which belongs 1o the one that struck it. This is illus-
trated in Figure 1. Indeed, it may not even make sense to ask
this question. It is likely that during the collision the two protons

-

Incident particle tnc:dent particle fod

Strnck particle

Fig. 1. Diagram showing two possible interpretations of the collision
between two protons shown in Inset 7. There is no way of distin-
guishing between these interpretations.

interact strongly with one another, and are momentarily merged
into a ‘two-protonhood’ which then separates into individual
protons once more. Newtonian mechanics is unable to cope
with this aspect of the collision but quantum mechanics can, and
it gives results in agreement with a wide range of experiments.

It should also be added that at very high energies when rela-
tivistic effects become significant the angle between the direc-
tions of the particles after collision becomes rather less than
ninety degrecs. This effect can be accurately accounted for by
relativistic quantum mechanics.

Another important characteristic of the collision is {he prob-
ability of it happening at all. In billiards vou can aim carefully
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and be almost sure of scoring a hit. But nuclear particles are so
small they cannot be seen to aim at; and even if they could be
seen there would be no way of aiming our moving proton at one
of them. So all that we can do is shoot lots of nuclear particles
at a target and hope that some of them hit the nuclei of the
material constituting it. This is often called a scattering experi-
ment, from the way the incident particles are scattered in all
directions by the collisions they make. In a particular experi-
ment of this sort the probable number of hits is given by the pro-
duct of the number of incident particles, the number of nuclei
per unit volume of the target, and the cross-section of each
nucleus for the type of projectile used. Other things being equal,
the cross-section determines the probability of collision.

With billiard balls, the collision cross-section is simply the

area of any section through the centre of the ball: it equals 7R3,
where R is its radius, It can be measured by a puir of callipers, is
sharply defined, remains constant, and does not depend on the
type of collision undergone by the ball.
* For nuclear particles the situation is much more complicated.
In the first place they do not have sharp edges like billiard balls,
but instead are quite fuzzy like a little ball of mist. With billiard
bails you either have a collision or you have not; but with
nuclear particles you just have less or more violent ones.

To describe collisions it is convenient to introduce a quantity
called the ‘impact parameter’. It is the perpendicular distance

between the centre of the target particle and the direction of .

motion of the projectile. This is shown in Figure 2. If the impact

: } EMpacT Dy ametes

Fl% 2, 'l};he impact parameter in a collision is the perpendicular dis-
ttmce etwe.en the centre of the target nucleus and the initial direc-
1on of motion of the centre of the projectile.
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parameter is zero, ihe collision is head-on; i{ it is nearly equal
to the sum of the radii of the incident and target particles the
collision is glancing. With billiard balls, if the impact parameter
is greater than the sum of the radii, there is no collision at all;
the projectile misses the target. This is not so for nuclear par-
ticles, because there is no sharply defined radius. An equivalent
R can, however, usefully be defined by the relation ¢ =aR?,
where o is the cross-section that can be deduced from the
attenuation of a beam of particles passing through a target of
known nuclear constitution.

If both colliding particles are charged. as in a proton-proton
collision, there is the usual Coulomb or clectrical interaction
between them. Like the gravilational interaction, this can be
represented by a force directly proportional to the product of
the charges of the two nuclei. and inversely proportional to the
square of their separation. (The gravitational force still acts in
nuclear collisions, but it is quite negligible compared with the
Coulomb forces.) Using classical electromagnetic theory the
scattering due 10 this Coulomb force can be calculated. It is
found to be inadequate to account for all the scattering that is
observed, particularly at the higher energies. In addition, there
is a strong interaction between neutrons and protons which can-

not be Coulomb because one of the particies is uncharged. To

account for these effects nuclear forces have to be postulated.
Whether they are the same between two protons as between a
proton and a neutron is a matter for further study. It turns out
that nuclear forces are verv strong near the centre of the nuclear
particle, but their strength falls off much more rapidly with dis-
tance than that of the Coulomb forces. We can therefore think
of the range of the nuclear forces as roughly defining the size
of the nucleus, while the Coulomb field of force extends out
far beyond its fuzzy edge. Particles with impact parameters con-
siderably greater than the sum of their radii are thus still notice-
ably deflected by the collision.

Unlike billiard balls. nuclear particles have a collision cross-
section that varies with the energv of the collision, sometimes by
very large amounts. The cross-section also differs for various

B
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types of nuclei, Some have abnormaliy high cross-sections,
like the metal cadmium for low-energy neutrons. Rods of cad-
mium are therefore used as safeiy rods in nuclear reactors. If
in an emergency we want to stop the reactor it is suflicient to
slide in cadmium rods. These rapidly absorb the neutrons and
the reaction dies down.

In general, the neutron cross-section decreases with increas-
ing energy. At higher energies, when relativistic effects become
significant, the cross-section levels off, becomes constant, and
then slowly rises again as meson production begins to take place.

The angle through which a billiard ball is deflected by a col-
lision is determined by the impact parameter. But with nuclei
there is no means of knowing what the impact parameter is, so
it is more convenient to describe the probability that a projectile
will be deflected through a given angle by what is known as the
‘differential cross-section’. This is a function of the angle of
deflection, and its integral over all possible directions is the
total cross-section,

Mathematically it is most convenient to consider any collision
process in that system of co-ordinates in which the centre of
mass (or gravity) of the colliding particles is at rest: this is called
the centre-of-mass (or gravity)system. There ure simple formulae
that give the energy and angle and cross-scction in this system
in terms of the corresponding quuntities that are measured in
the laboratory system of co-ordinates.

Some typical graphs of the differential cross-sections in the
centre-of-mass co-ordinates are shown in Figures 3 and 4 for
proton-proton and proton-neutron scattering at several different
energies. Those for proton-proton collisions are symmetrical
about ninety degrees because of the indistinguishability of the
colliding particles. Owing to the Coulomb repuision between the
particles the differential cross-section becomes very large for
angles near 0° and 180°. At intermediate angles this Coulomb
contribution rapidly becomes negligible. and in this region the
cross-.seclion is mainly due to nuclear forces. As these alone
conl.nbute to neutron-proton scattering, the differential cross-
section does not attain such large values at 0° and 180°.
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tory system of co-ordinates.

The cross-sections for the two processes in the central
(nuclear force) region are very roughly of the same order of
magnitude, but show considerable ditferences of detail. This
does not, however, suffice by itself to prove that the proton-
proton nuclear force is not the same as the neutron-proton
nuclear force because of special cffects arising from the indis-
tinguishability of the particles in the proton-proton case. At
energies up to about 100 MeV the differentinl cross-sections can
be shown to be not inconsistent with the equality of the two
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types of force. At higher energies, it is more difficult to say
whether the nuclear forces are charge-independent or not.

In cach case, as the eneryy increases, the cross-section bC.‘
comes steadily less. This may be roughly understood if it 15
assumed that the disturbance of the incident particle depends
on the time it spends within reach of the nuclear field. Then the
higher its energy the less time it will spend near the nucleus and
so the less its average deflection and cross-section,

Thre differential cross-section has been measured for very
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. many different types of collisions as a function of energy. The

apparatus used is shown in the schematic diagram of F.xgure 5.
The scattered particles can be detected either \_)y electronic coun-
ters, cloud chambers, or photographic emulsions.

o, 1

Incident besa.

— .
—_— -
—_— T

from cyclotron

O

Fig. 5. Schematic diagram showing the arrungement of typical
scattering experiment.

The physicist is not content, however, to stop at the measure-
mznt of the differential cross-section for a number of collision
processes; he wants to use these data to gain insight into the
structure of the nucleus and the forces that hold it tegether. He
does this by making guesses about the probable character of the
nuclear forces, and then deducing from his guesses what the
collision phenomena would be like if his guesses were correct.
If the cdculations do not quite correspond to what hos be_en
observed by the experimentalist, he alters his guessgs and tries
again. This activity is called theoretical nuclear physics.

The man who really put theoretical physics on the map was
Newton. He was fucéd with the problem of explaining and
understanding the observations of Galileo and others on the
motions of bodies on the surface of the earth, balls rolling down
plunes, projectiles, etc.. as well as astronomical observations
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plancts. Neither the type of interaction
articles nor the miechaenics they obeyed was
at time, Newton suggested his inverse square law
of gravitation and also formulated his mechanics. On this basis
he calculated both the motions of bodies on the surface of the
earth and those of the planets. Both agreed with observation to
a high degree of accuracy; for the first time in history terrestrial
and celestial motions had been united by a single explanation.

Newton’s laws received one of their first setbacks in the
atomic domuin. To explain atomic specira Niels Bohr suggested
that electrons rotate in orbits uround the nucleus, but he was
unable to say why they rcmained in these orbits and did not
continuously radiate energy and so spiral into the nucleus, as
would be expected on classical clectromugnetic theory. The law
of force, the inverse square law of Coulomb, between the
nucleus and the electrons was known. but the type of mechanics
they obeved was not. During the 19205 this difficulty was over-
come by the development of quantum mechanics which proved
able to account to a high degree of accuracy for a vast range
of atomic and electronic phenemena. In practice, the chief
limitation is the difficulty of solving the complicated differential
equations that arise, but whenever they are soluble cven by an
approximate methwod prediction agrees with experiment.

A new situation arises when nuclear phenomena are con-
sidered because here we know neither the law of force between
nucleons (a general term covering both protons and neutrons)
nor the type of mechanics they obey. Rutherford used New-
tonian mechanics and the Coulomb law of force to get a general
idea of nuclear scattering, and some scattering processes (at low
encrgies and when a light particle is scattered by a heﬂv'y
nucleus) obey the Rutherford formula very well. But this
approach cannot give more than a crude picture of most col-
lision phenomena, and it is quite inadequate to account for many
of the finer details. So what has been done so far is to assume
that quantum mechanics remains valid in the nuclear domain

and then to try to find, by a process of triat and error, a gocd
representation of the nuclear interaction.
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This approach has achieved some measure ofsuccess,although
it has become clear that in its present form quantum mechan.mS
is unable to cope successfully with collisions at vgry high
energies or with much of meson physics. When a satisfactory
theory of mesons hus been developed, it should a]sg cover nuc-
lear phenomeny and reveal the form of the interaction betwecn
nucleons and the mcchanics accounting for their behaviour.
But until this has been done there is no alternative but to use
the more empirical phenomenological approach. N

In the quantum-mechanical treatment of nuclear cglhsxons
the behaviour of the svstem is described by a wave function that
satisfies Schr(sdinger's' couation. This wave [unclioq can be ex-
pressed in terms of the spatial and temporal co-ordinates of- all
the particles of the svstem. together with the parameters specify-
ing their internal motion. It is possible to find a SOIL.lliO.n of
Schridinger's equation that comprises the sum of an incident
wave describing the motion of the projectile, and.a sgutered
wave describing its motion after the collision. This gives ‘the
differential cross-section as a function of the angle of scattering,
and this can be compared with experiments.

In order to find this solution it is usually necessary to solve
a complicated differential equation con:aining explicit expres-
sions for the nuclear interaction. . '

Mathematicallv it is convenient to express nuclear interaction
between two part}cles by a potential such that the rate of chgrge
of the potential with the distance between 1'he two. partl'cles
equals the nuclear force between them. The main considerations
governing the choice of these potentials are that they shguld Fac
as simple as possible mathematically, should f:xll‘of’f with d'lS-
tance more rapidiv than the potential corresppndmg to the in-
verse square law. and should agree well with other nuc‘car.
phenomena. o

Some of the forms of nuclear force potential in common usc
include the square. triangular. parabolic. exponer}tizll. Gaussian
and Yukawa potentials. These are illustrated in Figure 6. In each
case it is the radial varintion of the potential that is shown. and
this is the same in all directions.
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Fig. 6. The radial variations of some forms of potential wells fre-
quently used in nuclear collision calculations.

These potentials have two adjustable parameters ¢ and Va
In the square potential, for example, the depth of the well Vo
determines the strength of the nuclear force, and the width a its
range.or the distance over which it acts, and these parameters
enter_xn a similar way into the other types of potential.

Usnpg nuclear force potentials like these, the characteristic
behaviour of some simple nuclear systems at low energies
h.as been calculated. From the mathematical point of view the
simplest are the deuteron, a stable combination of a neutron and
a proton, and the neutron-proton and proton-proton systems
that can only be studied by scattering processes. It was found
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that most of the experimental data on these systems could be
accounted for quite satisfactorily by any of these types of poten-
tial well. In other words, low-energy nuclear phcnomena do not
depend sufiiciently critically on the precise radial dependence o_f
the nuclear interaction for a choice between the various possi-
bilities to be made.

In all these calculations it is assumed that nuclear forces act
between pairs of particles. Thus, in more complicated systems,
for example, the scattering of protons by deuterons or alpha-
particles, the total interaction is found by adding up the inter-
actions due to all possible pairs of particles. But there is no
a priori reason to exclude the so-called many-body forces which
depend on the positions of three or more particles. They have
not been considered so far except in a general way because of
the great mathematical difficulties created by introducing them.
For a similur reason forces depending on the relative velocities
of the colliding particles are usually excluded.

Onediscrepancy manifested itself quite soon. It wasfound that
the wave function and potential that was fitted to give the cor-
rect characteristics of the deuteron failed to give the right cross-
section for neutron-proton scattering. It was Wigner who
pointed out that the likely reason for this was that the directions
of the spins of the nucleons had not been taken into account.
Most nuclear particles have a spin in addition to their other
progerties: in pictorial language they are not just little balls but
little balls with arrows sticking through them. This spin can be
compared with the spin that billiard balls can have, although,
as the phenomena become more characteristic of the nuclear
domain, these analogies get progressively weaker,

It might be thought that in a two-pariicle system the spins
could have any relative orientation, and that in making cal-
culations it would be necessary to average over all these direc-
tions. But in quantum mechanics only a few spin orientations
are possible; in this case the spins either point in the same
direction or they point in opposite directions, ofien referred to
as the paralle! and anti-parallel cases respectivelv. Tn a deuteron
it harpens that they are parallel, so our knowledce of it only
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enables us to calculate what happens in a collision between a
?eutron and a proton in which their spins are in the same direc-
ton. But there is also the possibility that they may coltide with

their spins in opposite directions. These possibilities are shown .

Ln Figure 7. When boih were tzken into account. the discrepancy
etween theory and observation was cleared up.

AA
Deuteran $ rroton ¢ neutron

| SPINS - SPINS
PARZLLEL ANTi-PARALLEL
N
\\
£

] Ry
hf' 7. SChcn}ath diugram showing the spin oricntations in the deu-
eron and in the two possible types of neutron-proton scattering

These proposed nuclear forces can also be compared With
known propertics of heavier nuclei. In particular, many CxPeri_
ments show that the nuclear radius is quite accurately propor
fxonal to the cube root of the number of nucleons in the nuclets,
in other words, nuclear matter has the same density in all nuclei-
But forces of the type discussed above would give heavier nuclei
that are much denser than the lighter ones. This difficulty can be
overcome by postulating exchange forces. These have the pro-
p;rly that if the corresponding potential acts on the wavce func-
lmp of two particles, it exchanges cither their positions or their
spins or both their positions and their spins.

There is a simple consequence of these exchange forces in
neutron-proton collisions. If a beam of neutrons hits a hydrogen
target, a beam of protons emerges from the other side, ;!Oi“g in
roughly the same direction as the incident neutron b?:am. In
other words, the cross-section in the forward direction appears
abnormally high. This cannot be understood classically, but can
be understood quantum-mechanically with the help of exchange

fO Lk ect Of PP the par [IC!C§ du‘ ing d
rces that have “le e” C Swa mn h ¢
g ~
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A very crude picture can be given of this exchange process.
Classically, we might think of a deuteron as just a neutron and
a proton stuck together, rather like a white and a red billiard
ball. But quantum-mechanically we think of them as bound
together by a charged meson field. In one state of the meson field
one particle is momentan!y a proton and the other a neutron,
while in another state the opposite is the case. We can then
imagine the redness, which represents the meson field, jumping
backwards and forwards from one ball to the other during the
interaction, so that each nucleon is, in turn, a proton and then
a neutron. Then when a fast neutron collides with a proton, the
charge of the proton may jump over to the neutron, which con-
tinues on its way as a proton, with little change in direction.

This theory has been superseded by a more general one inter-
preting exchange forces explicitly in terms of meson field theory.
Already it is Xnown that mesons play a major role in holding
the nucleus together, but no comnletely satisfactory theory of
how they do this hus vet heen formulated.

The converse exchange process also takes place. When a
beam of fust protons collides with stationary neutrons, a fast
neutron beam emerges on the other side. In this case, however,
the target cannot be composed simply of free neutrons, since
these are unstable, but the same effect is observed with a target
of some light nucleus like beryllium, which contains neutrons
as well as protons. For collisions at high energies, this is almost
equivalent to a target of free neutrons and protons, since the
energy of interaction is much greater than that binding them
together in the nucleus. This charge-exchange reaction is often
used as a way of producing a beam of neutrons since uncharged
particles cannot, of course. be accelerated in cyclotrons and
other machines. The beam of neutrons produced in this way has
a considerably broader energy, and angular spread, than the
initial beam of protons, but itis still useful in many experiments.

So far all the nuclear collisions hive bezn interpreted in terms
of central forces. that is. forces along the line joining the two
nucleons. But in 1940 Rameey and his colleagues made some
ohservations that indicated that not a!l nuclear forces are of this
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Y €xamined the hyperfine spectrum of deuterium atl;\‘:
at it could only be interpreted by supposing t.hal hat
has a quadrupole moment. This in turn implies t nt
between the neutron and the proton has a comQOne’
that does not act along the line joining them. The direction on
this component is determined by the ways the spins of neutl“’_
and proton are pointing. Some very general invarsance 3nd_ Symo
metry arguments enable the exp!i;:i: form of the interaction to
be expressed in terms of the spin and position vectors of the W
nucieons. This non-central force is called the tensor force.

There are also Treasons to indicate that the force between tw,o
nucleons also depends on the relation of their spins (0 the?
angular momenta: this s known as the spin-orbit force. A force
of this type is also reauired by the shell model of the nuclevs

With the addition of tensor and spin-orbit forces, the-theorY
of nuclear collisions becomes much more complicated malhe;
matically than before. At the present time there is a g"ci‘
amount of research in progress to try to account quimm““vez
for various nuclear collision phenomena in terms of thfs
Various types of forces, Much of the numerical work is b.em'g
handled by electronic computing machines, and already sigh¥
ficant progress towards g general phenomenological under-
standing of nuclear forces has been made.

There are severa] other phenomena that are often ﬂﬂsocmed
with nuclear collisions. Very often after a collision (he seattered
Particles have their SPins pointing preferentially in one direc
ton; this can be measured and linked up with other features @
the collision. Again, if the energy of collison is hich enough, oné
Or more mesons may be produced and ejected from the point ©
collision. Finually, if one, or both, colliding particles are com-
plex, it may he broken up by the foree of the impact. These
phenomenn wijl be described in Part 11,

(To be contined)

LOGIC AND BEHAVIOUR

F. H. GEQORGE

THE scientific siudy of behaviour has now rzached a §mge at
which more and more attention is being given to the mtgnal
workings of the organism,und 1ts refation to outward behav:ogr.
This matter can be put quite simpiyv. There is a need for a predic-
live theory of ihe individual organism, as well as for groups of
0Fganism§, and this canaot be catered for by a psychological
theory that lacks the physiological details.

Behaviourists have carried out investigations of the human
being, in terms of external stimuli and responscs. This, gupple-
mented by introspective statements. gave us our first scientific
theories of behaviour. . o

This molar type of behaviour, as it is sometimes called, is like
the study of boxes that cannot be opened. One can see all the
overt stimulus conditions and see also the overt responses, and
from that, some measure of prediction can be :\Ch.ieved. Thenext
step, following a long period of data-collecting, is to formulate
a rigorous theory. This means that some sorl of a guess has. to
be made about Vthe internal mechanism that makes the wide
variety of responses of the box possible. In short, by the use of
thcorétical terms linked by logic to the observable stimulus and
response, theories are created.

Such theories make appeal to hypothetizal processes, assgmcd
to be going on inside the organism. Thev are of a postulguona!
character :md have the foliowing general form. A model is con-
structed aiong symbolic lines — this modei can be a mechanical
one - and it is cé)nstrucxcd in such a way that it can be given an
inierpretation as a human being, or part of a human being. The
process is one of guessing how a mechanism works — from its
external sppearance alone. A person. having been shown a lock
working, might be asked to guess how the internal mechanism
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of the lock works.
series of tests th
lock requires,

He will guess and then try and show by 3
at his model has all the characteristics that 8

and only those characicristics. Scientific theories
are constructed in just this way,

This form of construction is widely accepted. and we aré
Suggesting only that this method should be supplied with
models, built from logic, that are in keeping with the physio-
logical facts. It seems necessary to open the box, or, to drop the
metaphor, give our theoretical terms an interpretation based
on the latest physiological information. This will still involve
theoretical terms, but at least they will cover smalier gaps in our
observable information. and this represents scientific progress-

The predictive power of a theory of behaviour that has 3
sound physiological foundation is bound to be increased, and 3
step is being taken, at the same time, towards the desirable end
of the integration of scientific knowledge.

.This takes us a great deal nearer to our goal of being able fo
8ive an account of human behaviour, and of understanding it
Gur experimental methods, used on both animals and huma’}s’
as well as our knowledge of mathematics, philosophy, and 10816
all contribute towards this ultimate aim.

In Canada, at McGill University, Professor D. O. Hebb has
gone a Jot further than most psychologists in trying to develop
what he calls a neuro-psychological theory. The task is a formid-
able one. And even when we are able to state the neurological
occurrences that accompany our overt behavioural changes, Wé
have not finished. We must still go ahead and explain these in
terms of chemistry and physics, and these in turn can be ex-
pressed in terms of the sort of energy changes that are dealt with
In thermodynamics. These Statements do not imply the classical
thesis of reductionism: rather they are meant to suggest that
there are various levels of languace on which theories should be
capable of being stated. These problems Professor Hebb has
been aware of, and he has gone a lona wav to build a bridge
from molar behaviourism to a new physiological behaviourism.

Cortical localization is one of the first problems that the
neuro-psychologist and the neurologist have to tacklé. Already
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it is known that it is not merely a matter of finding more and
more detailed information about sets of fixed connexions. The
picture is very much more dynamic and more complicated.

It is certainly true that there is some measure of cortical
locatization; an area of the occipital lobe 1t the back of the head
is clearly concerned with vision, and there are other areas of
the brain explicitly connected with speech. There is also a great
deal of overlapping of cortical function in diilerent cortical
areas. Thus repeated stimulation of the same point of the cortex
will not necessarily produce the same response. .

No doubt the problem of overlap is to be soived by assuming
the presence of a wide variety of dilferent cortical thresholds in
any area at any time. This will facilitate the firing of many
different circuit; that lic closely adiacent to each other, possibly
even having certain ncurons in common. _

The best example of the common inicrests of psychologists
and physiologists is perhaps in the special senses. In vision, for
example, there are many properties of the eye that one secks to
explain by appeal to physiological facts. Contrariwise, there
are many visual problems that we can only understand in terms
of the whole organism, drawing on iits full power of storing
memories and making logical inferences.

Let me illustrate the point with one example. The problem of
seeing surfaces of differing. or similar, colours in varying
illuminations is one that combines both points of view. The
ability to discriminate brightness differences is sqmelhing that
we seek to explain by appeal to the firing of retinal elements
that transmit information along the visual tracts via the lateral
geniculate body to the occipital lobe of the cortex. From this
occipital lobe it doubtless spreads to the rest of the cortex and
also to much subcortical tissue.

If a subject looks through two pecpholes at two coloured
patches, he will record two colours, and this is a relatively simple
(even though not altogether understood) physiological matter.
If now the screen with the peepholes is removed, revealing the
whole context of the objects, then the subject may be able to
see that they are not really two different colours, or even two
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different shades of the same colour, because the objects them-
§elves are now recognized, and what we call their actual colour
identified. Thus if through the peephole you saw two grey
patches, and when the screen was removed you saw that what
Was actually there was two pieces of coal vou would know. qf
course, that they were black. The persen who is the victim of this
illusion then makes the assumption (perhaps unconSciOuSly)
that the greyish phenomenal appearance is caused by the
iltamination, the difference between the two greys (or blacks)
.bCing due to differences of brightness. Under these conditions
it is noteworthy that it is difficult, or perhaps impossible, fqr
the person to see the phenomenal colour again. because of his
knowledge of the actual colour. This experiment illustrates the
interlocking of the process of perceiving with that both of the
visual system and the higher cortical centres, which impose 00
the visual recording apparatus their prior knowledge and €x-
Pectations. There are many problems of this sort that PSYCh(?'
logists and physiologists are trying to unravel, and for this
purpose we turn to a new quarter for help.

Logic

The development of informal logic has been a painstaking
and lengthy process which goes back as far as human thought-
The development of mathematical logic. on the other hand, has
been recent and has been largely associated with the name of
George Boole. The main body of its develepment has been to-
wards an understanding of the foundations of mathematics.
There has also, however, been a very considerable push towards
an un‘ravelling of the linguistic problems that have always been
associated with informnl logic and semantics.

.The use of logic at this level has been of the uimost value to
Science in general. It has helped us to investigate the foundations
of our su.bjec.t, and to understand what the naturc of theory
f::g:;:?:z;;gl;deed‘) our earlier remarks about the usc f’f
Psyeholony o S have been greatly ?lanﬁed by logical analysis.

BY has itself been greatly aided hy ,ork. and has
also often suffered ag 4 ¥ Y sueh work.anc )
result of ighorance of these very T°
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ciples of logic and philosophy of science. In fact, on the part of
psychologists, there is, or has been until relatively recently, a
considerable naivety about logical and linguistic matters. This is
partly because they still fcel that their main work should be
directed towards the task of collecting data, rather than towards
formulating thecries and testing them systematically.

In practice, this determination to avoid anything even re-
motely like armchair psychology has led to 2n enormous mass
of experimentation, often of poor guality, and often based on
a complete philosophical muddle. There are some signs that this
unfortunate phase is passing. and it is becoming recognized that
bsychologisis ure. os scientists. as much in need of theory as of
€Xperiment; indeed it makes no sense to separate the two. Qur
concern with logic is not. however, mainly on the lines of
rigorous thought, or directed tewards Keeping the scientist’s
nose to the logical thinking block. Rather it has a more prac-
tical value, and to understand this it is necessary to sav a little
more about mathematical logic.

One of the problems that beset mathematical logicians was to
clarify the foundations of mathematics. So effectively has this
been dane that, although there are still doubts about these
foundations, we have discovered other very important things
about the nature of postulational systems. A group of theorems
duc to Godel, Church, and Turing can be summarized together.
They tell us that no postulational system sufficiently rich to
incorporate al! classical mathematics can at the same time be
both consistent and complete. Furthermorc there is no decision
procedure for such a system as this. At the same time. many
lesser systems were shown to have decision procedures. Let me
remark bricfly on the nature of a decision procedure or decision
method as it is sometimes called.

Professor Tarski, the logician, has described it as follows :

A decision method must be a recipe. which tells one what to do at
€ach step so that no intelligence is required to follow it; and the
method can be applied by anyvone so long as he is able to read and
follow directions.
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Fig. 1. Diagram of simple idealized nervous system. (For details sece opposite.)
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There are various examples of such methods. For example, there
1s an algorithm (yet another name for a decision procedure)
called Euclid's algorithm which will tell us whether or not in
the elementary theory of intcgers two numbers are relatively
prime or not. If we are presented with a statement to the effect
that any two numbers p and g are relatively prime, then the
algorithm tells us whether this is so or not.

The use of decision procedures is important because it allows
us to know what is effectively constructible in terms of the
fnodels that we use to help the development of our scientific
ideas. Thus, in particular, a certain use of logic as a system for
building machines is known to have such a decision procedure
and we know that if we construct a machine — even with a pencil
and paper - in terms of the formulae of a certain limited system
that is used, it can be effectively constructed.

) The formulae we shall discuss are derived from the proposi-
tional calculus, and part of what is called the lower functional
calculus, and such combinations can be represented in machine
form. The great advantage of such decision procedures is that
they allow us to study the properties of machines without going
to all the expense and trouble of building them, though the
building should be done whenever possible.

Logical Networks

It was the insight of Professors Warren McCulloch and
Walter Pitts that led to the application of mathematical logic
to the study of the central nervous system. They applied the
principles of Boolean algebra directly to simple idealized ner-
vous systems. We nced not discuss the logical side of the matter
here, in so far that we can see even better what the rather lengthy
formulae tell us by using diagrams. Let us describe the system
of drawing the diagrams (see Figure 1.

The circles will represent cells or elements. These clements
can be in one of two states - live or dead. Associated with these
two-way, or flip-flop. switches is a threshold number that is
written inside the circle. This threshold number tolls yg thay the

number of excitatory inputs, symbolized by filied-in trinnoles
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at their endings that arc live at any instant, must excced the
inhibitory inputs by at least the threshold number for the
clement to fire,

In Figure 1, which Hlustrates all these simple conventions, the
k-element’s output fires if and only if both the excitatory inputs
fire. If the threshold number had been one instead of two, then
this condition would have involved the firing of either of the
inputs. Either of the l-elements is fired by its excitation input
firing and its inhibition input not firing. Figure 2, which shows
a network that remembers the occurrence of a and b firing to-
gether, or the occurrence of either ¢ and b firing alone, has also
80t elements ~ the counters - that fire their output into xhe.m-
selves, so that once fired they will go on firing themselves 1n-
definitely unti] they are stopped, and they can only be stopped,
of course, by the firing of an input of an inhibitory kind.

Let us consider Figure 1 a little more closely. The input
clements of the whole net are g and b. When « and b fire together
the k-element fires an instant later. The time of the firing of all
elements is assumed to be the same, so that exactly one instant
after @ and b fire, o, b, {(abY, and k fire, and an instant after
that the c-element fires. If then ¢ fires alone, or b alone, (.he
element (aby will still be fired, because of the c-clement Wh"‘:h
has remained live and has been providing one of the two excita-
tory inputs necessary to fire (aby.

If a fired alone again (aby would not be fired, because the 13?‘
time it fired alone, an instant later the /-element 2 fired, and 1h1-s
removed the count from the c-element, or, more precisely., }t
fired an instant later (two instants after ¢ fired alone) an inhibi-
tor into ¢! and stopped it.

If @ had fired alone before it had fired with b, then the oppo-
site sort of picture would have resulted. The clement ¢ \"Ol‘lfi
have become live, and this ‘remembers’ that last time « fired it
did so without b. This stops the (ab)" element firing, if either a
and b occur alone, and even now if « and b occur tOgCthef"
One occurrence of ¢ and b together will overcome this inhibi-
tion and the machine will be back at the beginning again.

Now let us explain this logical net another way, by giving it
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. Learning system with a longer memory than that in Fig. 1. (Sce p. 54)
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an interpretation in terms of Pavlov’s classical conditional reflex
theory. Think of a as being a sign for b. This can be made more
realistic if we make « fire the instant before b. They will still be
counted as firing ‘together’ because the only change in cither
Figure 1 or Figure 2 is the inclusion of a delay element which
holds up the firing of 5 for one instant.

Fig. 3. Diagrammatic representation of delay element.

Now let us think of a as being the flashing of a light and b the
presentation of a bone. If « fires together with b the light is fol-
lowed immediately by the bone. So the appropriate response to
ais (ab), which is a combination of the unconditioned re.sl?oﬂse
to light ~ say curiosity and slight startle — and the conditioned
response, which is the salivation, and is b We diS“nglli,Sh b
from (ab) because it is generally feli that the conditioned
response is not identical with the unconditional response to the
second stimulus — the sight of food. They could, of course, casily
be identified, i.e., (¢b) could be made into b".

Thus if the net in Figure 2 were presented with the food imme-
diately after the light (a delay clement is assumed to be in-
cluded), then it will remember, by virtue of its c-element, and
will have acquired a conditioneid response. This will be strength-
ened by a continuing to be followed by b, and weakened if a
fires without being followed by b. In this interpretation the case
of b occurring without « ceases to be of interest and we can
therefore dispense with the {*-element.

In short, Figures 1 and 2 represent simple learning systems
whose only difference is in the length of their memories. The
g:;zt Zal:hx;erl;mber up to one conjunction and disjunction of 4

Anéther vavaer can rem;mbcr three such events of en.ch. type.

y of regarding the same nets would be to think of
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géemeas probability .machines. These would respond if the value
e num}?er of times @ and b occgr together over the total
moer of times ¢ or b or both fired is greater than some con-
stant value, or critical ratio. This is the same as a Laplacian
probability, where the critical ratio is taken to be 1/2.

The reader may notice however that unless the number of
counters available (the number of ¢- and d-elements) is large
compﬂfed with the number of occurrences of a and b, the
Weighting of the machine will be in terms of the recent events
only. This means that the distant past will be forgotten. If
on the.other hand, there are more counters than events, then thé
nets will give a straight Laplacian probability. The system can,
of course, be wired to give any sort of probability estimate.

i Evfil;};e machine. is, as it were, supplied ‘with food after lights
for th efarn the m.ck of realizing Fhat the light has come to stand
e me }?oq tha.t is to fo].low. It is also important to notice that
only bec anism is a contingent one, in the sense that food will
o e p'rcsemed if the correct response is made. If the wrong
b ponse is made to the correct sign, and this could happen for

18ger systems where every possible combination of the inputs
W:rlS counted, then far from food being presented the machine
W_l]? be punished. The result of punishment will be to score a
dlSJflnction to ensure that a particular combination does not fire
again. This means that stimulus-response connexions that lead
10 a satisfying state of affairs for the organism are retained,
Whereas those that lead to pain are stamped out. This means that
there must be a motivational system. Clearly the use of the
waords ‘pain® and ‘satisfaction® are interpretations of the system.
More realisticallv, we might say, the correct response is one
that stops the firing of some clements — these are not shown in
fhe fipures ~ that continually stimulates the net, and thus aliows
1t 10 rest. With ‘pain’ the opposite happens.

The organism must have the motivational system built in
and this system represents certain ‘basic needs’. The activity of’
;leed-reduction is then the essential mainspring of behaviour
ﬁ‘::eleld‘\ve shall make ﬂ.xe condition that the c-elements will noi

niess need-reduction has taken place. and similarly the
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d-elements will not fire unless some unsatisfactory state such as
pain follows the organism's response.

Of course there will, almost certainly, in the living organism,
be a permanent memory store, apart from the looped-elements,
and this could be added to the nets if it were needed. But there
is a lot to be said for merely considering the organism’s activity
in terms of these loops as the only stores. One other fact should
be noticed; if it were not for motivation, the organism would
not be able to distinguish the use of different words, if say the
correct response to two diffcrent words both led to satisfaction.

Computers

All that has been said about these logical nets has a consider-
able bearing on computer design. Indeed we have been givin_g
the design of a computer in the form of a logical net. This 1s
part of the process known as ‘cybernetics’

When one sets out a theory of organism, a theory about how
the organism is constructed, one is. in cffect, giving a blucprint
for the construction of a computer. This means that the whole
literature on the design of computers comes within our pur-
view. Mecthods of storage, long term and short term StOres,
effective controls, and input and output systems, are all of the
utmost interest. The fact that Boolean algebra, too, 18 of the
greatest value to computer design further emphasizes the USC.Of
Boolean algebra that we dlready mentioned in connexion with
logical nets,

As with the logical nets, we have an effective method for
translating logical formutae into electronic gadgetry. There are
components called gares utilized in the design of computers
that realize the various busic logical operations. The use qf
triodes, or diodes, with simple components like resistances, 18
sufficient to mirror the logical operations of “and’, *or’, and ‘not’,
and the rest of Boolean algebra cuan be realized in terms of
such components, We c¢:n translate our theoretical, or paper,
machines into electronic form without any difficulty, although

in practice there may be many short cuts and conveniences that
1t v.ould be wise to use,
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When we realize the full implications of the fact that logical
Nets are computing muchines, then we see the close relationship
that exists between computing machine design and theories of
behaviour. For the mathematician it is worth remembering that
a Universal Turing Machine - another form of paper maghine -
is equivalent to a general purpose digital computer., with an
infinite number of punched cards, and the possibility of in-
definite selcction in the re-use of cards already punched. Of
rather special interest to the behaviour theorist is the process of

rogramming a computer, because this is equivalent to the busi-
ness of teaching a human organism.

The Conceprual Nervous Svstem

Now we come to the last aspect of the problems to be dealt
Wwith here. What has been said about comruters and their design
Will have led 1o the realization that we are concerned with the
development of effective methods of machine design. Thus, even
if the designs discussed and suggested were quite different in
their construction from the human nervous system, they would
Stll have their uses. Their principz! use under these circum-
stances would be 2s machine designs.

The student of behaviour is especially interested in the inter-
Pretation of the model that can perform what the human organ-
ISm can perform. Of course lower level organisms may well
form an intermediate siep in this process. .

Let us remember that our methods of theory construction
Were such that we used theoretical terms to bridge the gap'be-
tween the observables in our system. We could at the shme time
formutate many of the properties thut the organism must neces-
serily have if i is 10 behave in the wav that it does — for example,
the need for some sort of storagze system is clearly absolutely
vital. Thus what we were doine was constructing models that
could be given an interpretation that would make them equiva-
lent 1o 4 human orgunism. We aereed that 2ny model might
Serve our purpose, thus different scientists have used models
from hvdraulic pumps to particle statistics, We zre suggesting
Now that i logieal model, in the form of computers ind logic-1
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nct;, is especially suitable. This is, essentially, the underlying
belicf of cybernetics.

Nov'v the next step is to examine our knowledge of human
behaviour, as we know it from common observation and from
the molar theory of behaviour, and our model of logical nets,
and we are now in a position to say something about the nature
of the central nervous system. To be on the safe side, let us
say rather that such studies lead to what some writers have
called a Conceptual Nervous System, and this system should
then be matched against the picture of the Central Nervous
System we have derived from our neurological studies. In other
words what we have to do is to place a neurological interpreta-
tion on our molar theory. This is what logical nets enable us to
do, while knowing that we bask within logical security. We also
know that by the same token we are opening up the way to the
general application of mathematics to the biological sciences.

The problemislargelyone of towhatextent we canmake predic-
tions on the basis of these idealized nets. This also raises the real
problem of handling large-scale mathematical systems in a pre-
dictive manner. But of more immediate importance is the fact
that in our logical net model we have made assumntions that are
not in keeping with the known facts. Thus the absolute refrac-
tory period of every nerve cell is not the same. and of course
there is the possibility of neurxal growth in practice which we are
not directly catering for by the methods so far outlined. These
omissions are in keeping with the developments of science in its
oversimplified initial stages, defects that can later be brought
into closer relation with the facts.

In our conceptual nervous svstems we have a fairly well-
deﬁned system of connexions, but no mention has been made of
their initial growth, which is of obvious importance. It may be
thflt the growth of fibres in central nervous tissue is, within cer-
tain limits, a random process. These limits are set by use in
:’i‘;i?llln;s?:(s’gver thou?ands of years, and are transmitted gene-
genetic tmmnic:l::rat}on to generation. The exact manner of

Whatew L h- ion is of course .not. understood. . -

ever the methods, there is little doubt that distinguish-
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able oFganic characteristics are transmitted, and the structure,
potential ;.md otherwise, will largely determine the function of
the organism. The higher up the cvolutionary scale we go, the
More we seem to dispense with the fixed patterns of behaviour
that we call instinctive. This fact is well catered for by our con-
ceptual nervous system, because a system of any size can be
built upon the smaliest nucleus of fixed or built-in activities.

The central nervous system takes on definite structural forms
that determine the functions performable by organisms. The
well-known swimming reflexes of the salamander depend only
0r.1 the maturation of the nervous system. This is also in keeping
With the design, or could easily be made to be.

Well-localized structures exist in the form of spinal tracts and
the controlling areas of the medulia, pons, cerebellum, caudate
Nucleus, and the cortex itself, which are probably mediating and
COntrglling centres for the whole organism. It seems likely that
these important centres are best thought of as large aggregates
of elements that are clustered together for the purposes of com-
Pactness. We should thus think in part of how we would arrange
the elements of logical nets when the number of inputs was of
lbe same order as would be necessary to emulate human activi-
ties. At the same time we must bear in mind the dimensions of
nervous tissue — Warren McCulloch, for example, has estimated
that there are 10,0%0.000.000 neurons in the human nervous
System. Would a logical net containing the same number of
elements have the same sort of functional capacities? Tt seems
Probable, in fact. that some sort of duplication or other econ-
Omies are both possible and necessary.

If the neurologist were to set to work to reconstruct all he
knows of the workings of the human cortex, using only the
y\'ell-known properties of nervous tissue, using only the facts of
Inhibition and excitation, and the all-or-nothing law, the stan-
dard knowledge of refractory periods, facilitations, and so on
then he might provide the right sort of picture to compare witt;
the_ logical nets described in this atticle. In this connexion it is
Unimportant that we do not know. for example. the exact natyre

of inhibition, since all that matters is that inhibition takes place
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As one particular instance of the agreement between our con-
ceptual nervous system and the facts, we might mention the
reverberatory circuits that certain physiologisis have claimed
to observe in the central nervous system; more cvidence such as
this is greatly to be desired.

Further Developments

‘The imminent paths of integration in science suggested by this
work is of the utmost interest to the development of the whole
of science. It is clear that in this article we have not by any
means exhausted the possible uses of logic. Other work is
already afoot to try to state the nature of the inductive systems
used by humans under all circumstances. Thus the Theory of
Games suggests that the diflerent strategies operated by people
- from the extremely pessimistic one of always being prepared
to cut one’s losses, to the extremely optimistic one of assuming
that the best will happen, can all be mirrored in logical nets.

The other big step forward that has been recently taken is the
realization that what philosophers of science tell us is the proper
procedurs for a scientist to go through to confirm his hypotheses,
and indeed formulate those hypotheses in the {irst plice, is the
same procedure as for a rational machine, and can be pictured
by a model capable of showing behuviour clesely akin to that of
human beings.

We are thus heading towards a complicated modzt of human
behaviour from which we shall ultimately be :ble, or so we
hope, to make predictive statements about individuals as well as
groups. During this process of formulating the beginnings of
the blueprint, we shou!d devote some part of our time to the
Co.nslruction of some of the models in electronic gudgetry. In
this respect the models built by Drs Ross Ashby, Grey Whalter,
and Utiley have been of the greatest interest, and have had the
fnr::t;sct ‘};‘eeulristic value.‘Thc integration of the whole of science
more and yeto:mirt:rm ;u]m.. but the short Icrn'l.:nm 1s to interest
confront the vounopeo'? ¢ in the new anq cxciting prospects that

€} g science of eybernetics

THE HISTORY OF THE MOON

D.W.ALLAN

As the Earth's nearest astronomical ncighbour, the Moon has
10_"8 been a peculiarly fascinating, if not tanializing, subject for
scientific siudy. The surpassing strangeness of the surface
features revealed in great detaii by good telescopes have excited
the curiosity of scientists of every age since Galileo’s, and
Speculations on the origin of lunar structures continue to be
both numerous and diverse. Secing that the physical causes of
such large-scale surface features of the Earth itself as the great
m?gntain ranges are by no me.ns known certainly, it is not sur-
Prising that one cannot make an unequivocal choice among
thco?‘ifes concerning the Mcon. This does not prevent these
theories from being debated with considerable vigour.
Our knowledge of the Moon has advanced considerably since
the Seventeenth century, when Samuel Butler depicted the ‘vir-
tuosi’ of the Royal Society as discussing
‘Whether the Moon be Sea. or Land.
Or Chareoal. or a quenched Firebrand;
Orif the d: /% Holes that appear.
Are only Pores. net Cities there)”

but the tone of their arcument is not unfamiliar.

The visible surface of the Moon has by now been mapped in
more detail than vast creas of the Earth (the Antarctic, for
txample), and its orbital motion is known with an accuracy per-
haps unequalled among determinutions of physical constants,
NCVcrihc!css. the Moon is still a subject of intense scientific con-
troversy. The manner of its origin is intimately connected with
the origin of the entire Solar Svstem, and hence the many un-
?e!ll?d questions concerning the latier are reflected in difficulties
' discussing the origin of the Moon. Bat it is in the internrety.

tion of the surface featurcs that the greatest confiict of onini
- pnion
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arises. The most striking features, the so-called craters, are now
widely believed to be the results of meteoritic impacts, but there
are still distinguished scientists who support other hypotheses.
Even the largest features of all, the great dark plains called
maria, which are visible as grey patches to the naked eye, are a
source of disagreement. It has lately been argued that they
actually consist of rock powder or dust that has settled into
flat plains in the low portions of the Moon: the older view is that
they are great lava flows. Severd type. of smaller features, such
as clefts and ridges. are still less satisfactorily explained'
Altogether, then, although selenography, the charting of the
Moon's surfitce, has reached a fairly high state of development,
selenology, the clucidation of the origin and history of the lunar
surface structures in terms of reasoned physical processes, re-
mains as yct in a very speculative stage.

HISTORY OF LUNAR STUDIES

Like astronomy as a whole, the study of the Moon reach'ed '?
peak among the Greeks, then lay largely dormant 1n mcd:cvjq
times, and has flourished since the fifteenth century, although in
modern times progress in knowledge of the Moon‘ has not
always been as rapid as astronomical progress generaily. Tt was

Galileo’s work that truly marked the pegirning of modern

astronomy. In 1609 he heurd that a telescope had been mnd.e in
His penius recognized

Holland, and immediately reinvented it.
the suitability of the instrument for exploring ibe heavens. a.nd
the Moon was the first body he studied. The Sid reus Nu'zmu.s
of 1610 produced a scnsation by the many new discoveries it
contained, including the rough, mountainous appearance of the
lunar surface, alike in nature to that of the Farih. Fneland may
take some pride in the fact that. in 1609, Thomas Harriot and
his pupil Sir William Lower also examined the Moon telescopic-
a"Y though without much benefit to science: Lower gave @
:!}?;?u;yde:c‘)-‘;;mion: ‘In the full she appears to me like a t'lr:
stuff, and rher: o'?a{(.ieyme last weeke: here a v:nnc‘of brigh
The other gre'\t(z;zlrv‘c' ﬂn(} so confusedlic all over. ;
‘ ance in the seventecnth century was, ©
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zg‘;gséyewton‘s grfavitazional theory, which. hg ﬁrst verified by
dise ing the motion of the Moon. The f’rtrzcrpla of 1687 also

us‘s?d the form of the Moon, explained some of the in-
equalities in it motion, and gave a theory of the tides. The sub-
Sequent development of lunar studies provides an interesting
€xample of the interrclation of theory and observation, with an
almost cyclical alternation of refinements of observations pro-
duced by improved instruments and advances of the theory to
Mmatch the accuracy of the cbservations.

Progress in seienography, on the other hand, secms to have
followed a practically independent course. In 1647 Hevelius of
Daf\zig issued the first reasonably good map of the Moon, in
which he named over 250 formations after terrestrial objects.
The system of ncmenclature that has previiled. however, is not
his, but that used on a map of 1631 by Riccioli, a Spanish Jesuit.
He named formations after great men (not neglecting himself).
Ci_issini, at the Paris Observatory, also produced a map, this time
With positions obtained by measurement, but his main contribu-
l{on was to enunciate three empirical laws of the Moon’s rota-
lion, completely explaining libration.

In the second half of the eighteenth century lunar theory was
bl‘ought to a new stage of accuracy by Lagrange and Laplace.
Among other things, they calculatied what the shape of the
Moon should be if it were in equilibrium under the forces act-
Ing on it. and Laplace, by a marvellous piece of analysis, dis-
ccvered a sccular acceleration in the Moon's motion which
Haﬂey (1693), from a comparison of contemporary tables with
ancient eclipses, had suspected must exist.

J. H. Schriter published two volumes on the lunar surface
fielails in 1791 and 1802. He introcduced the method of measur-
Ing heights by the lengths of shadows, and made numeroys
Mmeasurements of crater forms from which he deduced the rul
that the volume of rim material generally would just fill thc
Crater depression. The outstanding selenographers of the n;i o
teenth century were Beer and Midler. who in 1837 ”hl‘e e
map based on a painstaking survev of the \1;\,077:‘; ,‘I.\,,,f-,“th A
an accompanying book Der Mond which gave a fy e ond

Hldecription
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of the surface features. They concluded that the Moon was an
airless, waterless, unchangeable desert, with its surface broken
by vast extinct volcanoes, and their work was considered so
authoritative that it had the remarkable effect of suppressing
interest in the subject for many years. Interest was to some cx-
tent revived in 1866 when W. Schmidt, who observed the Moon
at Athens for many years and later published a very large lunar
map, announced that there had been an important change on the
surface: Linné, formerly described as a distinct and deep crater,
was, he said, now merely a white patch. Though this maiter can
still raise debate, it is very doubtful whether a change did occur.

The nineteenth century saw tremendous 2dvances in celestial
mechanics,and such theoreticians as Hansen, Delaunay. Adams,
and Newcomb studied the Moon in great detail. Adams again
ook up the question of the secular acceleration. and found that
[_aplace’s theoretical value was too large. so that there still re-
mained an observed acceleration that was not accounted for:
the imnortance of this is discussed in the next section. At the
turn of the century E. W. Brown’s exhaustive researches com-
pleted the theory of the Moon’s motion, and his tables are not
likely to be improved upon for many years.

In this ceniury, selenography has remained larpely in the
hands of amateurs, who have been especially active in Britain.
Professional astronomers have not completely neglected the
Moon: most of the great telescopes are used occasionally for
Junar photography: several of the finest examples are repro-
duced here. (See Inset.) The recent increased interes: in theories
of the surfzce features may presare another period of advance
in lunar studics, and it is ¢ncouraging to note that one of the
most eminent modern astronomiers, G. P. Kuiper, has under-
taken an extensive observational programme with the 82-inch
McDonald telescope, the third largest in the world.

WHAT WE KNOW ABOUT THE MOON

The previous scction reviewed the gradual growth of the body
of knowledge wc now possess concerning the Moon; in many
ways this is impressive, but it is still inadequate when one wishes

THE HISTORY OF THE MOON

1. The Moon, age scven days; taken 6 May 1938 with 36-inch refractor.
(Courtesy of Lick Observatory.)



2. Clavius; 200-inch Hale reflector. (Courtesy of Mt Wilson and Palomar
Observatories.)

< SRCIAY It » " :
) "’F (“' " ) -% (3 y""-) ;.\,

4. Mare Imbrium Region. Archimedes and Plato: taken 15 September
1919 with 100-inch reflector. (Courtesy of Mt Wilson and Palomar
Observarories.)
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7. Photomicrograph of the interior of a nuclear research
emulsion exposed to a beam of protons from a cyclotron.
5. Regio ole - . . The tracks of four protons that entered from the left are
regecl:oarm(ugfu,c,gfen}l?f’;kc" 15 September 1919 with 100-inch visible. One of lherl; collided with a stationary proton in
. Y 0, t Wilson and Palomar Observatories.) the emulsion and knocked it on, producing a characteristic

forked track. (Courtesy of Prof. C. F. Powell, F.R.S.)
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8. Another photomicrograph of proton tracks. In this
picture one of the protons has collided almost head-on with
a nucleus of carbon, oxygen, or nitrogen (the constituent
of gelatine) in the emulsion. It has bounced back in (hs

e

6. Ptolemaecus: taken 21 March 194 he Pic-d M' Observatory
. 1 S at the Pic-du-Midi ato i i hich i
by H. Camichel, 23 sy, 194 direction from which it came, and
m » £3.5-1n¢ch refractor. (Courtesy of The Paris moved forwe i ' '
H.C o rward a little way to m
Observarory.) (Courtesy of Prof. C.

he struck nucleus h
as

ake the short, thick track

F. Powell, F.R.S,) '
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9. Photomicrograph of three-pronged "star’ formed by
radio-active disintegration. Each of the three alpha particles
emitted from the radioactive nucleus has made a short,
thick track before coming to rest in the emulsion. One of
them has collided with a proton in the emulsion, knocking
it on to form the long, lighter track. (Courtesy of Prof. C. F.
Powell, F.R.S.)
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10. Facsimile projection drawing of a nuclear disintegra-
tion (on the left of the picture) from which an energetic
alpha particle was emitted. Before coming to rest, this
alpha particle collided with a carbon, oxygen, or nitrogen
nucleus in the emulsion, knocking it on slightly to form the
short, thick track. An enlarged drawing of the collision is
shown in the top left-hand corner. (Observer: D. H.
Perkins.)

INTERNATIONAL GEOPHYSICAL YEAR
JULY 1957 — DECEMBER 1958

I1. The Sun: Chromosphere and Great Flare: taken 25 July 1946 in
hydrogen (Hx) light. (Reproduced from M. A. Ellison: The Sun and Its
Influence ( Routledge and Kegan Paul, London, 1955)
from M. L. d"Azambuja.)



12. The M.V. Magga Dan at Halley Bay. The main party of the Royal
Society 1.G.Y. Expedition, under the leadership of Col. Robin Smart,
arrived at Halley Bay in January 1957 in the Magga Dan. She then went
on to take members of the British Commonwealth Trans-Antarctic
Expedition to their base at Shackleton. (Copyright, The Royal Society.)

p. i

13. General view of the Royal Society Antarctic Expedition Base at
Halley Bay, showing the main base hut and stores in the background.
(Copyright, The Royal Society.)

14. Two views of the Tottan Mountain Range 230 miles east of Halley

Bay, taken by members of the Royal Socnety_advance. party on

11 January 1957, while flying in a Trans-Atlantic Expedition aero-
plane. (Copyright, The Royal Society.)



15. Evidence of climatic change in twenty-six years. (4bove) The

Saskatchewan Glacier in the province of Alberta photographed in

1922, (Below) The same, taken in 1948 showing a recession of the

terminus of the glacier of some 2,600 feet. (Courtesy of The American
Geographical Society.)

16. Three examples of the drawings of auroral forms which, w

descriptions, are being distributed among European obscrv;rs

preparation for recording during the International Geophysical Yc
(Courtesy of James Paton, Lelinburgh )
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24. The 80 foot launching tower for the British Skylark rocket. The

rocket rides in three guide rails; the gimbals allow movement of the

tower about (he vertical. (Crown Copyright Reserved: reproduced by
permission of the Controller, H. M. Stationery Office.)
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10 consider the lunar history of thousands of millions of years.
Thus, the dynamical theory of the Moon's motions can give
results of high accuracy for periods of hundreds of years, and
results of a sort for intervals of thousands of years, but the
theory breaks down for times of the order of thousands of mil-
lions of years. However, Sir George Darwin's researches on the
effects of tidal dissipation of energy showed that a transfer of
angular momentum from the rotating Earth to the Moon rotat-
ing about the Earth should result. This would produce the pre-
viously unexplained secular acceleration and also cause a reces-
sion of the Moon from the Earth. Sir Harold Jeffreys, from his
revision of this theory, has given the time since the Moon was
fairly close to the Earth as very roughly 4,000 million years.
This is close to recent estimates that the Earth is 4,500 million
years old.' but the uncertainty of the lunar theory is shown by
the fact that H. Gerstenkorn, in a more recent treatment on the
same lines, obtains 2.500 million vears for the Moon’s age.

The study of the lunar surface affords more insight into the
Moon’s history. because it is highly likely that we sce there very
ancient structures indced. Measurements by Franz and Saun-
ders of the positions of surface features have demonstrated that
the Moon possesses a bulge towards the Earth which is much. if‘
excess of the bulge that would result if it were a figure of equili-
brium. Independent cstimates of the shape of the Mogn, from
comparison of dynamical theory with details of its motion, con-
firm the existence of this bulge, and suggest (though with less
certainty) that its shape is not such as a completely liquid body
would ever have assumed. So the bulge cannot be explained as
a ‘fossil tide’ formed when the Moon was close to the Earth and
in a plastic condition. This non-equilibrium shape could not be
maintained unless the Moon pessessed considerable strength to
great depths, an important fact in considering possible tempera-
tures within the Moon.

The assumed antiquity of the lunar surface is a consequence
of the almost complete absence of an atmosphere there, which

! See *Cosmic Ages by P. Reasbeck in Scivnce Newy 30
C
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prevents erosion similar to that on the Earth from taking place.
Because of its low surface gravity, the Moon would, according
to the kinetic theory of gases, lose most gases completely within
a few thousand years. Measurements of the refraction of stars
as they are occulted by the Moon have shown that the surface
density of its atmosphere must be less than 1/2,000 of that at
sea-level on the Earth. while B. Lyot has suggested an even
lower limit, less than 1/10,000, by examining the Moon for a
twilight effect. Even a very slight atmosphere could cause visible
meteors, but none have been observed for certain. In fact,
although the number of meteorite falls on the Earth suggests
that about one hundred of mass ten pounds or more should fall
on the Moon each year, the bright flashes which L. Lapaz has
estimated such collisions should produce have certainly not
becn observed in such numbers. The explanation probably is
that they are actually much fainter than estimated, but, con-
sidering their probable importance in its history, it is unfor-
tunate that we have no direct evidence on the number of
meteorites striking the Moon.

The lack of a substantial atmosphere allows the Moon's sur-
face to be subjected to intense fluctuations of temperature, rang-
ing from over 100° C in the (ul! sun to less than — 100° C out of
it, according to measurements made by Pettit and Nicholson,
using a thermocouple on the 100-inch Mount Wilson telescope.
They also made detailed observations of temnerature changes
during an eclipse of the Moon, and these have been intensively
studied in attempts to determine the thermal constants of the
surface material, Jaeger and Harper's very thorough analysis,
which also made use of observations of microwave radiation
by Piddington and Minnet, showed that the surface behaves
Fhermally like granular matter comparable to pumice or gravel
Interspersed with dust which lies on top of it to a depth of about
two millimetres. The only other evidence on the nature of the
lunar surface material is due to Lyot: he found from measure-
ments of the proportion of the Moon's light that was polarized
that the surface was covered by a substance whose character-
istics resemble (hose of volcanic ash.
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THE ORIGIN OF THE MOON AND THE EARTH

Because erosive processes are largely absent on the Moon, many
or most of the structures to be seen there quite possibly date
from times so remote that no similar geological record of any
sort is left on the Eurth. Thus the study of the Moon has an
immediate bearing on the question of the origin of the Earth and
of the entire solar system. A thorough review of theories of the
origin of the solar svstem was given by Sir Harold Spencer Jones
in Science News 4. 1t will sutlice to say here that scientists no
longer favour the ‘catastrophic’ theories current some years ago,
according to which a coliision with some other star, or some
similarly vio'ent event, left hot gases in the neighbourhood of
the Sun, {rom which the planets condensed. Instead, the planets
are thought to have accreted by a slow ‘evolutionary’ process
from a dust or gas nebula of some sort, perhaps at the same time
as the Sun was forming. The initial temperatures of the various
planets and satellites would depend both upon the size they
reached and how fast they accumulated, since the heat released
by infalling material would increase as an accreting body be-
came more massive, while the temperature of the interior would
be furiher increased by compression. The major plansts and the
Earth may have been heated to melting point by the time they
reached their present sizes, but the Moon and smaller bodies
such as the asteroids probably formed at lower temreratures.
Other rrocesses, such as chemical heating or heating due to
short-lived rodioactive substances, now vanished, could have
ecurred, and one has to consider a number of possible initial
conditions in studving how temperatures in the Moon might
have changed throuchout its history.

When [;nr\\':n nut forward the tidal recession theory men-
tioped earlier. it was believed that 2!l the p'anets had formed at
high temr~ecratures. and se hd ras:ed throush a iguid stage. He
therefore sucgested that the Moon had once heen part of
the Farth, havine been separated from it as o resuit of enor.
mous resonance tides set up by the Sun in the licitid elohe (he

period of the solar tides then being close to the natersd neringd
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of oscillation of the Earth. This attractive idea was exploded by
Jellreys, who showed that tides of the required magnitude could
not build up. It is now believed that the Moon and the Earth
formed separately, but perhaps quite close together; it should be
realized in this connexion that in a way they are quite unique in
the solar system, in that the mass of the Moon relative to the
Earth is much greater than for any other satellite. As Kuiper
states: *The Earth-Moon system is a double planet, resembling
on a small scale the formation of a binary star, not a planetary
system. Its history is entirely abnormal in the solar system.’

Once the system had formed. Darwin’s tidal friction mechan-
ism would come into operation, and the Moon would recede
from the Earth. It has been mentioned that this process must
have begun some thousands of millions of years ago and that
the age of the Earth, -.500 million years, may also be the age Qf
the Moon. Certainly many meteorites appear to be about .thlS
age as well. However, the age of the Earth refers to the time
since the mantle became stable, i.c.. the whole Earth cannot have
been molten since then, but there may have been a long interval
prior to this date, during which radi(;:lctivity caused melting of
a great part of the Earth. A similar history may hold for the
Moon, and hence it is possible that it is as old as $-6.000 million
years. It is relevant to these considerations that the oldest rocks
so far known are about 2,000 million years old, and there was
therefore an interval of some 1,500 million years between the
solidification of the mantle and the formation of the oldest sur-
face rocks still extant. Since there is no geological record left
from this period. there could for all we know have been struc-
tures like those on the Moon present on the Earth then. One
explanation of this gap in the record is that radioactivity heated
up the top fifty or so kilometres of the Earth, inducing tremen-
dous volcanic and tectonic activity which left none of the
original crust intact.

If similar processes took rlace on the Moon, they would be
very important in interpreting the lunar surface features. With
this in mind, the author has been studving the thermal history
of the Mcen in some detail: Figure | gives some of the results.

Phe History of the Moon 69

T IDEPTH (735 KM)

L -
L@. DEFTH 870 KM
__1500F

[}

]

1060}
0 DEPTH 170 KM

290

DEPTH 350 KM

DEPTH 87 KM
\\

—~———

)
)

DEPTH 35 KM

| H ~

4
e (107 years)

"

L
0 !

~k

Fig. 1. Thermal History of the Moon: temperatures at various
depths arce shown. assuming that the temperature throughout was
near the melting point 4.500 muliien years ago and that radio-
activity has been concentrated near the surface,

If the Moon sulidified 4,500 million years ago. and radioactive
substances were concentrated near its surface, then the interior
temperatures would change with time as shown in the figure,
Evidently temperatures would have risen near the surface, per-
haps even causing localized remeliing, so that there could have
been a source of lavas on the Moon for 1000 million years or
more after it had solidified as a whole. Present temperatures
would be well below the melting point throughout, in aceor-
darce with the conclusi_ons_fmm the non-equilivrium shape
given in the previous section. The impertance of this
placing limits on the amount and distribution
the Moon was first pointed out by H. (. Ures

criferion in
of radionctivigy n

o
Silar studies of
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lunar thermal histories for difierent assumed initial conditions
have shown that the Moon could not have been melted as a
whole by its own radioactivity unless it was originally formed
aslong ago as 5,500 or 6,000 million years, and that it could have
formed at low temperatures 4,500 million vears ago and nevet
melted since, but in this case there would be no temperature rise
near the surface to account for lava flows,

THE MOON'S SURFACE FEATURES

Many of the characteristic lunar surface features can be seen in
Inset 1, which shows the Moon at first quarter. As is customary
with lunar maps and photographs, this is given inverted with
north to the bottom and south to the top of the page; the photo-
graph shows the western half of the disk. A black and white
photograph represents the Moon's appearance very accurately,
since any colours are but the faintest of tints, the only well-
identified coloured region being a siightly yellowish patch near
the crater Aristarchus. The striking difference in appearanceé
between the maria and the uplands, or continental, regions
results partly from the difference in brightness. partly from the
much greater number of craters with which the latter 8fe
covered. Inset 1 also shows several of the Junar mountain
ranges, and many finer features such as rills or clefts, ridges,
and grooves are visible. Some of the bright rays from the crater
Tycho (not itself visible) may be seen spreading out over the
southern region, but these are not so prominent as at full Moon.

The maria occupy about half the Moon's disk, and pre-
dominate in its northern half. Some have quite irregular boun-
daries; others are bordercd by chains of mountains, are roughly
circular in shape, and have some similarity to the largest of the
craters. An example of the latter type is Mare Serenitatis (the
largest dark plain on the lower half of Inset 1). It is some 700
kilometres in diameter, and is connected on the east to the
largest of the circular maria, Mare Imbrium. which is more like
1,300 kilometres across. Part of the latter is shown on Inset 4.
Tt will be noticed that the floors of these maria are not featureless:
only an occasional large crater is fourd, but there are many
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small ones, and here and there can be seen the so-called ‘ghost’
craters, the buried remains of craters older than the maria.
There are numerous variations in brightness, white patches, and
dots (the most prominent white dot to the eastern side of Mare
Serenitatis in Inset 1 is the famous Linné). Cften the white dots
are found under close inspection to be ‘haloes’ surrounding a
smail crater, The surfaces of the maria are not completely level,
but contain many ridges that are often concentric with the boun-
daries of the maria : Inset 4 shows some of these. Many features
beyond the maria themselves are evidently connected with them
in origin, such as the mountains about the circular maria. At the
end of the last centurv G. K. Gilbert pointed out that many
ridges around Mare Imbrium point in its direction, and that
hundreds of U-shaped valleys or grooves are also thus orien-
tated. Some of this radial pattern can be seen in Inset 4.

The circular structures that have been given the generic name
‘crater’ vary greatly in size, from walled plains 300 kilometres in
diameter to tiny pits at the limit of visibility. Inset 2 shows one
of the largest, Clavius, 235 kilometres in diameter, 5,000 metres
deep, and about 1,600 metres high on the exterior. This fine
photograph shows a number of later smaller craters distributed
over Clavius, and gives some idea of how the forms of the
craters change with size. The floor of Clavius is rather flat, with
but slight indications of a central peak, whereas the smaller
craters have central peaks. smaller inner plains, and more exten-
sive structures round the inner wall. The very smallest craters
seem to be simple bowl-like structures. This is not to say that
craters of the same size are always exactly alike. Some present
the ruined or battered appearance of Clavius, while others are
sharp-cut and fresh looking, such as Copernicus (Inset 5). Again,
a number of craters have very flat floors, raised higher than
normal, apparentlv having been ‘flooded” with material similar
to that forming the maria. Two such, Archimedes and Plato,
show on Tnset 4. and another. Ptolemaeus, is given as Inset 4.
The most striking example. Wargentin. is a crater near the
south-east limb which has been filled to the brim, creating a
curious plateau. This is shown in Insei 3.
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Inset 5 shows Copernicus, one of the most prominent craters
on the Moon. It and Tycho are extremely conspicuous at full
moon because of their ray systems, bright streaks extending
radially from them for enormous distances (up to 1,500 kilo-
metres). The photograph shows the rays, as well as several small
Craters surrounded by similarly whitish haloes. Copernicus is
undoubtedly a late crater, as one can sce from the fresh ua-
damaged appcarance of the buttresses, ridges, and terraces of
the wall. The diameter of the crater is 90 kilometres, the depth
3,400 metres, and the height above the surrounding plain 1,000
metres. Other markings besides rays can be detected radiating
from the crater, as is the case with several of the craters shown
on Inset 3. Insets 4 and 5 show a number of craters with central
peaks, a characteristic feature of craters other than the smallest
andlargestones. One or two on these photographs reveal smaller
craters in the peaks; this is not very common.

Inset 6 shows the crater Ptolemaeus, 180 kilometres across.
It is one of the flat-bottomed craters that seem to have been
filled in in some manner. This superb photograph shows that the
floor is not completely flat but is dotted with numerous tiny
craters, and several "ghost’ craters can be detected as well.

The lunar mountain ranges are, as already remarked, asso-
ciated with the maria. They bear no resemblance to folded
mountain-chains on the Earth, looking instead somewhat like
great chunks of material which have been hurled there (Inset 4)-
Cracks ia the Moon's surface known as clefts or rills are found
by the hundred, many around the borders of the maria. They
are up to two kilometres wide and often end at a small cratef,
or turn at one near the centre. Sometimes a row of small craters
lies zlong the cieft, locking iike the chain craters west of Coper-
nicus. The wider clelts are occasionally seen to be filled nearly
to the surface, and to have flat bottoms.

A word as to how well we can actually see the Moon in tele-.

scopes and on photographs may be in order. It has been estis
mated that the 200-inch Palomar telescope can show the Moon
as x( it were at a distance of 30 kilometres, but this supposes ideal
‘seeing’ (atme pheric conditions). A better estimate is that with
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a large telescope magnifying powers of the order of 1,000 can
generally be used to advantage (corresponding to seeing the
Moon as if from a distance of several hundred kilometres). The
important factor is the resolving power of the telescope, since
deyond a certain point increased magnification merely enlarges
a blurred image, and this increases in proportion to the size of
the aperture. The best photographs show the Moon no better
than a 10-inch or 15-inch telescope under good conditions.
There is thus still room for a great deal more visnal work to be
done, especially if really large telescopes are available.

THE ORIGIN OF THE MOON’S SURFACE FEATURES

No process known on the Earth has been thought too unlikely
to be put forward at one time or another to explain the Moon’s
surface features. The craters especially seem to have stimulated
imaginations: to give only a few examples, it has been suggested
that they mark the spots where enormous gas bubbles rose
through congealing lava and burst: that they are coral reefs left
stranded when a lunar ocean disappeared; and that the entire
lunar surface is covered by deep ice in which former pools of
water left the crater structures. The knowledge reviewed earlier
on such matters as the lunar temperatures and atmosphere,
though scanty, is at least sufficient 10 rule out many far-fetched
hypotheses like these.

The so-called craters of course derive their name from their
supposed volcanic origin, but it is certain, now that a great dea}
is known about their forms and dimeunsions, that if they did
originate by some igneous process it must have been rather
different from those that produced terrestrial volcanoes. For
example, although the Moon’s Jesser gravity might have allowed
much larger craters to have formed than on the Earth, it is hard
to sec how their interiors could be lower than the general sur-
roundings, as with most lunar craters. Of course, since forma-
tions from the Earth's early history are lost to us, unfamiliar
volcanic processes may have occurred. There are some lunar
features whose igneous origin seems very probable: the chain
craters are most easily explained as volcanic blowholes of some
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kind. Certain low domes with minute orifices on their tops 8r¢
not unlike small terrestrial volcanoes, and there are some .
features resembling dikes(vertical sheet-like intrusions of moltent
rock). Jefireys has suggested that many of the craters Weré

formed in the same way as ring-dikes on the Earth, while others
were formed by the explosive release of gases. Many of the
details mentioned in the previous section, such as the radiating
grooves about craters and some of the maria, are most easily
explained by some kind of explosive activity.

The most likely source of the tremendous number of intense -

explosions required to account for the hordes of craters seems
to many scientists 0 be meteoritic collisions, not volcanic
activity. That the Moon's surface had been sha ped by meteorites
was first suggested by Gruithuisen in the early nincteenth cen-
tury, and Gilbert in 1892 pointed out how much evidence there
was for an immense collision having taken place in Mare
Imbrium. The fact that the craters are all circular in shape then
sgemcd a great obstacle to the hypothesis, since many of the col-
liding objects would obviously not strike vertically. The key t©
understanding the collision process came in the 1920s when
several people pointed out that a high-velocity meteorite woul

behave much as a high-cxplosive bomb does; so much heat
would be released that high-pressure gases would be produced
as in an ordinary explosion, and no matter what the angle ©
collision a circular crater would result.

R. B. Baldwin has marshalled the evidence in favour of the
explosive origin of craters very convincingly in his book The
Face of the Moon. Figure 2. taken from this, shows that there iS
a consistent relationship between the diameters and depths ©
terrestrial explosion pits, meteorite craters, and lunar craters
(only ‘fresh’ lunar craters that do not appear to have been
altered greatly are plotted). The few meteorite craters known on
Earth correspond in size to relatively small lunar craters and
are quite similar in form. A photograph of the Arizona cratefs
which is a little over a kilometre in diameter, is given in Science
News 39. Practically every detail of the crater form is under-
standable in terms of the explosion hypothesis. Schroter's rule is
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Fig. 2 Diameter-Depth Graph (after R. B. Baldwin): there appears
to be a consistent relationship between diameter and depth for
terrestrial explosion craters, terrestrial meteoritic craters, and

‘fresh’ lunar craters.

Obviously explained. The radial ridges and grooves around
many of the craters obviously fit the hypothesis, while the rays
can be ascribed to rock powder thrown out in long trajectories.
The central peaks can perhaps be explained by a rebound of
Material compressed during the collision, or simply as debris
left by the explosion. T. Gold has lately examined the mechan-
ism of a supersonic collision in detail, and he believes that both
the existence of central peaks and even the occasional appear-
ance of craters thereon are what would be expected. To explain
the craters filled with material resembling that of the maria, as
well as the implications of the fact that there are notably more
craters on the continental regions than on the maria, requires a
consideration of the origin of the maria.

Once it was realized that there could never have been enough
water on the Moon for the maria to have formed as the beds of
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actual seas, it became generally accepted that they are enormous
lava flows. These must have occurred some time after most ©
the craters had formed, overwhelming the existing cratef”
covered surface, a few traces of which remain as ‘ghost’ cmter-s'
The buckling and crackling of these enormous lava sheets in
cooling could have produced ridges and clefts such as aré ob-
served. However, now that it is no longer believed that the
Moon was originally formed in the molten state, the origin ©
the lava flows is not immediately obvious. Radioactive heatiné
18 a possible answer, as the previous discussion of the Moon’s
thermal history has shown. A collision on the enormous Scalc?
that which caused Mare Imbrium would release any lava avail-
able in the crust. Baldwin, indeed, believes that practically al
the maria were filled with lava from the Imbrium explosio™
G. P. Kuiper thinks that the maria were formed at the time ©
maximum melting of the Moon: thus so much lava was ava‘ll'
able when the Imbrium collision occurred that great qU““tmes
were splashed across the surrounding continents to form the
mountain ranges. He believes that the craters with level floors
are further evidence of the availability of reservoirs of Iav.a'
while the central peaks of many craters are also igneous "
origin. The continental regions probably represent the origin?
crust of the Moen, which consisted of loose rubble in the Pré”
melting stage but which was changed inio hardened metd”
morphic material during the period of maximum melting. The
differences in the sharpness of the features of the various craters
result from their having been formed in different sorts ©
material, and a similar explanation holds for the fact that only
the younger-looking craters have rays.

The variation in freshness of appearance of craters can be
explained in quite a different way. in terms of the result of some
erosion process, and T. Gold has latelv made the intercS'i".g
§Uggestion that such a process could account for the maria !
It is assumed that they are great dust plains formed by the
eroded material finding its way to the lowest regions on the
Moon. There can be little doubt that there is a great deal of dust-
like material on the Moon, both because of the evidence from
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lemperature variation and because estimates of the amount of
Mmeteoritic dust falling on the Earth show that a considerable
amount must also fall on the Moon. Gold argues that intense
ultra-violet and X-radiation from the Sun, playing on rock sur-
faces unprotected by any atmosphere, would, over periods of
thousands of millions of years, cause significant erosion. It is a
difficulty of the theory that, contrary to what usually happens
when rock is pulverized, the darkest parts of the Moon are con-
sidered to be dust and the lightest rock. Gold suggests that the
solar X-rays might cause the surface to darken, while the con-
tinually eroding highlands would present fresh, lighter rock. On
these assumptions, the ray craters and white craters must have
been formed comparatively recently, since otherwise the white
markings would have been eroded, covered over, or darkened
by radiation. Features like ridges and rills are explicable, since
dust at a few metres depth would become compacted and behave
like a solid, but the rills would have to be quite young. It is hard
to see how an object like Wargentin could come about.

H.C. Urey has proposed a modification of the dust theory
which removes some of the objections to it. He ascribes the
origin of the dust to the explosions forming the lunar craters and
maria. These produced great clouds of dust and water vapour,
from which the dust settled out and the water fell as rain, wash-
ing the dust into low places. Perhaps a temporary atmosphere
was maintained while collisions were frequent, and this kept
rays from forming, since powdery material would not be thrown
out in peat trajectories. Urev thinks there may also be some lava
flows on the Moon. but sees their origin in the heating accom-
panying collisions rather than in internal heat. He believes that
neither the Moon nor the Earth have cver been molten.

In weighing the merits of these various theories, the principal
consideration must be how well they fit into a consistent history
of the Moon from its origin up to the present. For example, it is
evident that the process that formed the largest craters could
not have extended much past the time when the maria were
formed. Kuiper has the interesting theory that the Earth was
once surrounded by a ‘sediment ring’ akin to the rings of Saturn:
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as tidal friction caused the Moon’s distance from the Earth w«“!i
Increase, it passed through this ring and experienced an intense
bomnbardment (thus the Earth would never have suffered ¥
h.ei‘"}' a fall). His theory would impose some restrictions on the
time required 10 melt the Moon, its original distance from the .
Earth, and the rate of recession. It is by examining such intéf- -
relations that theories cun be tested, and thus even the study ©
Il?e lunar surface features alone requires a study of the entifé
history of the Moon,

CONCLUSION

Any (or none) of the theories just described may be true; this

makes the study of the Moon all the more interesting, especia’’
since definitive answers 1o some questions may be at hand; 1t 18
possible that rockets will, within a few decades. phomgmph the
surface of the Moon from orbits around it. For the momenb
hpwcvcr, the Moon's history can only be sketched very tentd”
tively. The choice scems to lic between two general outlines o'
events, which may crudely be referred to as the ‘cold’ and ‘hot
theories,

According to the ‘cold theory the Moon was formed betwee?
four and five thousand million yearsago byaccretion. The cratefs
were caused by the explosive impacts of meteorites or p|anetc§l'
mals in the final stages of the accretion process, some i”cg”lanty
of which left the bulge in the Moon. The maria were also caus
by collisions, which may have involved some melting, but the
theory that they are great dust plains fits better into this sY®
thesis of events. If the dust has been produced by the erosion ©
surface rock, the craters and rills on the maria must be SUTPFis”
ingly young. It is more likely that the dust was produced as the
craters formed, and the maria as well as the craters date from
near the time of origin. The ray craters and some small craters
(e.g.. those on the maria) have been acquired since then, b‘ft
otherwise the Moon has led a quiet existence. Nevertheless, it
IS not impossible that gradual heating by radioactivity may
restltin arcat changes on the surface in the distant future.

According 10 the ‘hot’ theory, the Moon is rather oldefs
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haVing accreted between five and six thousand million years ago.
For 500 or 1,000 million years it heated up because of its own
r?MiiOactivity, meanwhile slowly receding from the Earth. Be-
tween 4-5,000 million years ago the Moon had become almost
entirely molten, and then solidified again quite rapidly (once it
Was liquid, convection currents would transfer heat to the sur-
face and away comparatively rapidly). The volcanic theory of
Crater origin would fit this history, if it is assumed that they and
Fhe Maria formed at about this time, but a more acceptable view
Is that they were formed by impact, and several of the largest
}mpacts happened to take place near the time of maximum melt-
Ing, so that huge flows of lava were released to form the maria.
There are difficulties in understanding the distribution of
Meteorite falls with time: it must be assumed either that the
Supply of large meteorites ran out just after the maria were
formed or that bv a coincidence the Moon passed through the
‘sediment ring’ near the time of melting. The lunar bulge can be
explained either as having been produced in the original accre-
tion, and not lost in the melting process, or as one of the effect.s
of the terrific collisions that caused the maria. In either case it
must be assumed that the Moon was still quite close to the Earth
otherwise the bulge would have been lost, and one can deduce
that the primitive Earth probably had no oceans (e!se the Moon
would have receded much more rapidly). As remarked in the
discussion of thermal history. there may have been heating
effects and possible sources of lava for 1,000 million years after
the Moon solidified as a whole: this may explain some of the
lava-filled craters, and there iseven a possibility that some of the
maria were formed later than the time of complete melting. By
now the Moon is quite devoid of internal heat sufficient to cause
further surface changes.

That two such verv different outlines of events in the Moon’s
history should both be well within the bounds of possibility may
perhans seem surprising. It is chastening to reflect that, despite
its having been studied by all the means at the disposal of
Science. indeed. for as long as science has existed, the Moon
Tetains much of its age-old mystery.
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FURTHER READING

Baldwin's The Face of the Moon (Chicago, 1949) discusses the
meteoritic theory at length, and contains a good bibliography of
lunar studies.

Some more recent papers of importance are:

Kuiper, G. P.: Proceedings National Academy of Sciences U.S. A
1954 40 1096.

Urey, H. C.: ibid., 1955 41 127, and Sky and Telescope, 1956 15 2.

Gold, T.: Mon. Not. Roy. Asir. Soc., 1956 115 585; see also recent
issues of The Observatory.

Publigmions of the British Astronomical Association contain much
of interest on the Moon. A useful small-scale map of the Moon by
Elger has recently been reissued (London, Phillip, 1955).

THE POLYSACCHARIDES OF
HUMAN TISSUES

S.A.BARKER AND M.STACEY

PoLysaccuaRrIDES, together with nucleic acids, proteins,
and lipids, are the most vital macromolecular constituents of
human tissues. Often they are intimately associated with each
other even to the extent of forming firmly bound complexes
such as lipopolysaccharides, nucleo-proteins, and mucoproteins.
Each one performs a specific task. Polysaccharides act as energy
reserves, as lubricants, as structural and connective materials,
while others, as will be described, have a special physiological
activity. Nucleic acids play a dominating role in cell division
and, in combination with proteins, in determining hereditary
characteristics. Proteins not only form the main structural
Material of all tissues: they can also be said to be the substances
that make us ‘tick’ since they constitute the major portion of the
structures of the enzymes that are the ‘bio-catalysts’ of all life
processes. Lipids, which are fats or fat-like substances, include
such physiologically active substances as the esters of vitamins
A ond D. besides the more prevalent glycerol esters of fatty-
acids that are deposited in the storage organs, such as adipose
tissues, and serve as fuel for the body. In the nerve fibres lipids
are believed to act as insulators.

Evidence from many laboratories shows that the polysac-
charide constituents of body tissues are much more widely
spread, and have more important biological functions, than was
originally thought, and more attention must be paid to their
behaviour in health and disease.

As the name implies, polysaccharides are long chains or poly-
mers in which the repeating units or building bricks are ‘mono-
s1ccharides’ or sugars. Monosaccharides include hexoses such
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as glucose, galactose, and mannose, each with the molecular
formula C H,,0,, hexuronic acids such as glucuronic acid and
galacturonic acid with the molecular formula C.H,,0;, and
hexosamines such as N-acetvlzlucosamine and N-acetylgalacto-
samine with the moleculzr formula C,H,,0.N. An example of
each of this class of monosaccharide shown by Haworth-type
formulae is given below. The numbers in the first formula
indicate the position of the carbon atoms.

Hexosamine

Hexose Hexuronic acid
*CH,0H COOH CH,OH
H°C——0O H H C—O H H C— O\T
NV N VAN L/n c
C H C [ , OH H
> };(/| |\(f'{ e AY __Cl/éH
HO Cymm=() G RO omma Oy HO € v
A On i OH i M
(,:O
CHj
D-glucose D-glucuromnic acid N=acety!-D”

i;lucoszml"e

The polysaccharides are ‘condensation’ type polymers which
can be regarded as beinz formed by elimination of water m0].e:
cules betwecn 2 series of monosaccharides; the ‘QIYCOSid“.:
—OH group on carbon atom No.1 is invariably involved in this
climination. Carbohydrate chemists have shown that any mono-
saccharide can exist in two forms, the so called « or f3. In the
example given D-glucose is written in the »-form in which the
~-OH group attrched to carbon atom No.1 is below the plane ©
the ring system. The 3-form has the --OH and —H groups
attached to carbon atom No.l interchanged. The linkages be-
tween carbon atom 1 of one saccharide can engage any 0n¢€ of
carbon atoms 2, 3, 4, or 6 of the next saccharide. In this way
many beautiful complex patterns are built up - added variation
coming from the presence of »- or A-tvpe linkages. When the
linkages are of one kind only, e.g., (1 —4)-4-", we get a long
straight-chain molecule 4s with the ‘amylose’ fraction of starch.
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When the linkages are of mixed types as with ‘(I—->4)-z-’ and
(I—=6)-2-" we get a branched-chain molecule such as the
amylopectin component of starch or as glycogen the reserve
carbohydrate of the body.

GLYCOGEN.

S |

-
|
b
o
T
]

o /‘J(\ .
! Glucose units within the chains

{carbon atomas | and 4 engaged

Glveog-
U n linkages j.

- O- "“:
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| CH3 |
| — |
| H/F O H t
| H | i
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(3jycose units at branch points
~ cioms |4 and é
r tinkages).

Glycogen is u polvmer of glucose having the highly branched
type of structure shown. All uniis are linked 2-(1--->4) and any
unit involved in branching is additionally linked »-(1-—->6). The
ratio of all the glucose units present to the number of chain ends
is about 12. The molecular weight of humun muscle glycogen is
about 2.4 x 10*. Glvecogens come from many sources and in
many ways resemble starch, but thev can easily be distinguished
from starch because while the latter stains blus with iodine the
corresponding colour obtained with glycogen is red or red-
brown. Starch amylopectins and glvcogens have closely similar
Molecular structures.
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Glycogen occurs mainly in the liver and muscle. The normal
glycogen content of human liver (dry weight) is about 4-5 per
cent, while that of resting muscle is 0.5-1 per cent. Since, how-
ever, muscle constitutes 40 per cent of the tissues of a normal
human being, the total glycogen content of resting-muscle is
greater than that of liver. When the muscles are being used the
glycogen rapidly decreases because it is converted to lactic acid
which is transported by the blood to the liver where it is recon-
verted to glycogen. Luter this glycogen can be broken down
into glucose, some of which is transported by the blood back
to the muscle where it is again stored as glycogen. To make up
for the loss of energy incurred in this process the blood sugar
is generally augmented from other sources, e.g., by direct ab-
sorption of glucose from the alimentary tract. )

There are several types of disease that are :1ssocialeq with
the storage of abnormal amounts of glycogen in various tissues.
One of the best defined was first described by von Gierke: 'lt
involves abnormal deposition in the liver. In 1952, Cori and his
collaborators showed that in several cases of the disease the
glycogen content of the liver reached more than 10 per cent.
The cause was traced to the almost complete absence of one
of the enzymes (glucose 6-phosphatase) responsible for the con-
version of glycogen into glucose. Glycogen deposition was
therefore fuvoured and the polysaccharide was no longer avail-
able for blood sugar formation. The structure of the glycogen
produced during von Gierke's discase was identical with that
of normal glycogen. Other tvpes of glycogen storage discase
are much rarer, although in one of these abnormal quantities
of glycogen are stored in all tissues especially in heart, dia-
phragm, and skeletal muscle. Here. the glycogen from many
tissues was found to be abnormal in that the ‘outer’ chains in the
moiecules were shorter. This abnormality was again traced to an
enzyme deficiency because in this case none of ihe enzyme
responsible for breaking down the branch points (amylo-1:
6-glucosidase) in glycogen could be detected. The lack of
enzyme explained the abnormal glycogen structure and the
accumulation of ghycogen in the tissues.
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MUCOPOLYSACCHAR!DES OF CONNECTIVE TISSUE

Mucopolysaccharides are complex polysaccharides combined
W"h. a small amount of protein and usually contain a hexo-
Samine as one component. Connective tissue, which is a rich
SPUrce of these mucopolysaccharides, consists of the connective
tissue cells (or fibroblasts), fibres, and the so-called ‘ground sub-
stance’ or amorphous matrix that surrounds them. Karl Meyer
and his collaborators have distinguished at least six acid muco-
Polysaccharides in connective tissue: hvaluronic acid, chon-
droitin sulphates A, B, and C, chondroitin, and keratosulphate.

Hya/uronic acid, or tissue ground substance

_HYaluronic acid is a very large macromolecule forming
hlghly viscous solutions in water. It is composed of equal num-
bers of D-glucuronic acid and N-acetyl-D-glucosamine resi-
dues. 1t is known that some of them are linked as shown.

CH,OH
COOH
o]
B
_____ o u
HO H
H  OH

Hyaluronic acid has been isolated from human umbilical cords,
Synovial fluid (the ‘lubricating’ fluid secreted in the interior of
the joints), skin, and the culture fluid of fibroblasts derived from
ﬁuman bone. Polysaccharides with similar properties have been
1so-latcd from a tumour (a liposarcoma) and from the pleural
fluids of 5 patient with a lung tumour. Hyaluronic acid is rapidly
broken down to small fragments by the ‘spreading’ cnzyme
hYaluronidase. This can be demonstrated by the remarkable
loss of viscosity of its aqueous solutions so treated. In vivo
hyaluronic acid has the important function of offering rcsistance,
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to penetration by foreign matter, including agents of infectious
disease. Some bacteria and spermatozoa contain large amounts
of hyaluronidase.

Chondroitin sulphates A and C

Both these polysaccharides, which occur in connective tissue
and are organic sulphates, are broken down by acid to equi-
molar quantities of galactosamine, glucuronic acid, acetic acid,
and sulphate. The acetic acid is attached to the amino groups.
On mild acid hydrolysis both give the same disaccharide, chon-
drosine, which has the structure shown.

CH,OH
COOH HO O H
o v/ H
H H
OH R . o
HO H Mo NH,
H Ott

The calcium salts of the two mucopolysaccharides differ in their
solubility in aqueous alcohol, and in their optical rotations
(A has [2]p = = 30°: C shows [+]Jn= - 19°).

Chondroitin sulphate A occurs in the rib cartilage of new-
born babies while chondroitin sulphate C is 2 minor constitucnt
of umbilical cord, cartilage, and tissue cultures of fibroblasts
derived from human skin. Both polvsaccharides have been
isolated from tumours {(chondrosarcomas).

Chondroitin sulphate C has been isolated from nucleus pul-
posus (a tissuc derived from the invertebral discs of the spinal
column) and from a chordoma (a spinal tumour).

Chondroitin sulphate B

This mucopolysaccharide contains equal numbers of N-
acetylgalactosamine and hexuronic acid residues, together with
one sulphate group for every two monosaccharide units. The
hexuronic acid. recently identified as L-iduronic acid, is ex-
tfemely rare. It differs from D-glucuronic acid in that the posi-
tions of the —H and —CH,OH groups on carbon atom 5 have
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been interchanged. Chondroitin sulphate B has the lowest opti-
€al rotation of the three. i.e., [2]p—359°, and its calcium salt is
the most insoluble in aqueous alcohol. It also differs from chon-
droitin sulphates A and C in showing weak anticoagulant acti-
Vity, and being resistant to testicular hyaluronidase. No record
has been found of its isolation from human sources but it is
found in calf <kin. pig skin, heart valves of pig and calf, and pig
tendon.

Chondroitin

Chondroitin ([2]p —21°) is composed of equimolar quantities
of N-acetylgalactosamine and glucuronic acid. Since, however,
it contains little or no sulphate it is believed to be a precursor of
chondroitin sulphate A or C. It has not yet been isolated from
human tissue but has been found in bovine cornea.

Kerato sulphate

This polymer is composed of residues of N-acetylglucos-
amine, galactose, and sulphate in equimolar proportxor}s. It .h;m
also been isolated from bovine cornea and is probably identical
with a similar compound in human abdominal subcutancous

tissue and human intervertebral discs.
OLIGOSACCHARIDES OF HUMAN MILK

During the last few vears scientists in Germany and Amcr.ica
have discovered that human breast milk, and the secretion
(colostrum) that precedes it, contains a number of oligosac-
charides (substances containing from 2 to 8 monosaccharide
units approximately) besides the normal milk sugar, the disac-
charide Jactose. The striking difference between these oligo-
saccharides and those found in cows’ milk is that the former
contains a rare sugar, L-fucose, which is absent from the latter.
Three of the bre:;st-milk oligosaccharides are x-L-fucosyl de-
rivatives of a fourth which has the structure (@) on p. 88.

One mav well ask, what is the purpose of these oligosac-
charides? investigation kas shown that the most abundunt bac-
terium occurring in the intestine of a normal breast-fed baby is
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Laclobacillus bifidus. A particular strain of this organism (var.
Penn.) wij) not grow on a normal medium unless human milk
Or any one of the four breast-milk oligosaccharides described
above s added. These oligosaccharides therefore play the role of
Browth factors. Cows' milk shows very little activity in this
Tespect. Human blood group polysaccharides (described below),
T "VhiCh have many structural features in common with the human
milk oligosaccharides, also act as growth factors for Lacto-
o baciltus bifidys (var. Penn.). Both this organism and human
saliva contain enzymes capable of breaking down both the
blood group polysaccharides and breast-milk oligosaccharides
and setting free N-acetyl D-glucosamine, L-fucose, and D-
_galactose. These then are the clues to what one feels is as yet an
Incomplete but fascinating story. The breast-fed baby can at
least gurgle with delight over being fed with a rare sugar.
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BLOOD GROUP POLYSACCHARIDES
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" In the years that have elapsed since Landsteiner first discovered
the four major blood groups, research by Morgan, Stacey,
Kabat, and others has revealed that the blood group substances,
Which furnish the basis of this classification, are polysaccharide—
amino-acid complexes. Since the amount of blood group sub-
Stances in the red blood cells is exceedingly small, to investigate
them advantage has been taken of their presence in various
human secretions such as saliva, gastric juice, tears, nasal mucus,
bronchial mucus, semen, and urine. About 80 per cent of human

T beings of a particular blood group produce the corresponding

o blood group substance in their tissue fluids and secretions.

o Morgan and collaborators have in the main used human ovarian

=z Cyst fluids to get sufficient blood group polysaccharide for struc-

tural determination.

All the blood group substances (A, B, B, O, and Le?) contain
L-fucose, D-galactose, D-glucosamine, D-galactosamine and
the same 11 amino acids (lysine, arginine, aspartic acid, glutamic
acid, glycine, serine, threonine, alanine, proline, valine, and
lf?ucmc (or isoleucine or both). However they differ quantita-
tively as shown in Table I.

NH

COOH

H

icm--iPemacetyl-D-glucosamine V----{ D-Galactose 1=-----{ D-Glucose )

S2.3C1050

(D-Ge

a
Ty
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TABLE 1
s o B I
[ ‘ ]‘ Per cent
Blood group | [+) l Per cent Per cent reducing
substance ! 7isim ’ Fucose |Hexosamine| sugar after
| | hydrolysis
SRS DUV F S R
A 1385 : 13.5 37 57
B 0:5T 1179 20 50
B’ ’ 2 =350 200 22 56
0 b- 303 ' 14.0 31 54
Lea | oa0edr 7 1300 32 57
' o | J—

The following glucosamine-galactosamine ratios were found
for the various blood group substances: A 1.6; B2.8; 02.5.

The rare deoxy sugar L-fucose in the blood group factors
was first discovered at Birmingham University where some in-
sight was given into parts of the structure of the blood group A
factor from pepsin: D-mannose, D-galactose, and D-glucos-
amine were other constituents. Part of the D-glucosamine and
L-fucose unils were present as end-residues and the amino
groups of the >-giucosantine units were acetylated.

Kabat has put forward the hypothesis that the blood group
substances have skeletons ‘made up of galactose, N-acetyl-
glucosamine, and N-acetylzalactosimine in ratios of about
2:1:1. To this would be attached in some acid-labile arrange-
ment, fucose and various oligosaccharide side chains consisting
in part of N-ucetylglucosamine und N-acetvlgalactosamine in
different ratios depending upon the various blood group spect-
ficities.' He also believes that a terminal non-reducing [——6
a-galactosidic linkage is an important determinant of blood
group B specificity.

Heparin

Hem_ﬁ" obtained from liver or lung tissue is a complex poly-
:z:\ilChBr_K:e composed'of al}ernatc residues of D-glucosamin€
every fcix:i:mmc acid ‘whnch' carry five sulphate groups fof
been postul. onosaccharide units. The formula (b) on p. 88 has

ated by Wolfrom.

S i Cale s
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if:;'za}l]n elements of this slruc}ure remain in doubt, at:nd indeed
colous ¢ as r.eported that heparin beha'xv'e.s abnorma'lly in certain
o the g eactions. He s.uggests Fhe possibility that this may Pe due
b tahct that heparin contains an analogue of glucuronic acid
an glucuronic acid itself.
sta}:::arm is the body's powerful blood anti-coagulant sub-
PR Tht} coagulation of blood is extrem.ely complex but
Sentially it consists in the following conversions:

Formation of the enzyme thrombin

thrombin
(active enzyme)

(® Prothrombin

(enzyme precursor) Cat*+ +thrombokinase

{ii) Blood coagulation proper
fibrin
(insoluble protein)

Fibrinogen

(a soluble plasma protein) thrombin

Heparin will not exert its anticoagulant activity and indeed
$ no effect on either of the isolated systems (i) and (ii) unless
an additional factor, known to be present in blood, plasma, and
Serum, is also present. This factor is believed to be a lipoprotein.
) Heparin is believed to originate in the mast cells of connective
tissue. Such cel’s are found mainly in the vicinity of capillaries
and in the walls of the blood-vessels. Heparin is usually isolated
from the liver and lung, where the mast cells can readily be
del?Cted by staining with a basic dye, such as Toluidine Blue,
W*}lch is known to interact with heparin and other sulphate con-
taining polysaccharides.

The authors have isolated a sulphated polysaccharide, which
showed some, but not all. of the structural features of heparin
from the liver of a voung girl who died of a rare disease Called‘
ga.rgoylism. The main acid hydrolysis product of heparin and
this polysaccharide were apparently identical, but the Iatter did
not show more than traces of blood anti-coagulant zlcli;'it\r T}la
disease, which results in severe growth deformations Of h—e
’Skeleton and other supporting tissues. gave rise to dcpositionﬁ 5;
:arge amounts of this particular polysaccharide in the liver, “:d
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appeared to have completely knocked out the normal glycogen
storage system.

Mucoproteins(or Glycoproteins)

These are carbohydrate-protein complexes of which the re-
action for protein predominates. They are probabl.y of “‘;o
types: (a) mucoproteins in which polysaccharide is loose'Y
bound by polar linkages to protein, and (b) muco;?rotems lf;
which the carbohydrate is firmly bound to the protein. cht’-l'i:i
mucoproteins of the latter type are found in human seljum ‘}"te
rather drastic treatment with alkali is necessary to dxssoclan_
the protein and carbohydrate moieties. They are known to <:ond
tain galactose, mannose, glucosamine, galactosamme, ba "
fucose together with a complex acid called sialic‘ acid. A 00-
10 per cent of the total serum glycoprotein consists of or(t)SOf
mucoid, an acidic glycoprotein which contains 40 per cen o
carbohydrate. Orosomucoid contains 12.4 per cent hexqsaT of
(with glucosamine and galactosamine in the proportion
about 3 to 1Y and 11 per cent sialic acid. o that in

Rescarch during the last few years has indicatec .
patients suffering from a wide variety of diseases the con_[c_en'c‘1l
tion of the serum mucoproteins is markedly increased. Typic

I'ABLE 11

; |

Serum \ Hexose qun- f Fucose |5M/l"“C’d

: ' amine } o

Normal 1220 8441 89506 0zl
Active ! 11919 ‘ 178+ (2.6

. 2044156 2119
tubercufosis ' doliae cat , | e

‘Suhacutcrl;arcrlcriuI‘ o i
endocardit's 167 + 19'3; 44 1

'

109412 102596

1
AdvancedCancer | 1952511203 +12 | 14.2+2.1 g

15713

Parenchymatous
liver disease

96 +1.2

I
: |
"141+ 6.4 | 158195 !
: | |
! H
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€xamples are shown in Table II. The various monosaccharide
Constituents in normal and pathological sera are expressed as
milligrams per 100 cubic centimetre of serum.

The reasons for these increases are not fully understood; some
schools of thought believe they are due to breakdown of the
ground substance of connective tissue and release of the pro-
ducts into the circulation while others suggest that the increased
serum mucoprotein reflects processes associated with tissue pro-
liferation, Urinary mucoproteins are important substances. We
have found that when low molecular weight dextran is adminis-
tered to patients as a blood plasma substitute and part of it is
excreted the amount of urinary mucoprotein is doubled.

Cerebrosides

The cerebrosides are found chiefly in the human brain.
Although present in the highest concentration in the white mat-
ter of the nervous tissues they also occur in the grey matter.
When hydrolysed they give one molecule each of D-galactose
or D-glucose, a fatty acid, and a nitrogenous base, sphingosine.
Four cerebrosides that contain the galactose moiety are known
and differ only in the nature of their fatty acid; one containing
glucoce has been reported. They break down as follows :

Cerusine —-> galactose, sphingosine, and lignoceric
acid

Phrenosine —-> galactose, sphingosine, and »-hydroxy-
lignoceric acid :

Nervone —-> galactose, sphingosine, and nervonic
acid

Oxynervone —-> galactose, sphingosine, and x-hydroxy-

nervonic acid
Glucosidocerasine —-> glucose, sphingosine, and lignoceric
acid.

Other tissues where cerebrosides have been reporied are the
kidney, spleen, liver. lung, retina, and red blood cells. In most
cases of Gaucher’s disease abnormal deposits of the glucose-
containing cerebroside are found in the spleen. Compounds
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called gangliosides, which are related to the cerebrosides, have.

been detected in the cerebral cortex of the brain. The cortex of
a patient suffering from Tay-Sachs disease (infantile amaurotic
idiocy) was found to contain ten times the normal content of
gangliosides. The gangliosides contain the complex acid, neur-
aminic acid in addition to a fatty acid, galactose, and sphingo-
sinc. Neuraminic acid appears to be closely related to the sialic
acid found in mucoproteins.
*

In conciusion it can be said that polysaccharides and their
complexes play a major role in the physiology of the human
body. In many pathological conditions abnormal or greatly de-
creased amounts of polysaccharides, or their complexes, are
present in the tissues, indicating that some marked change in
metabolism has occurred. In several cases cited it appears that
the changes are due to the lack of a specific enzyme.
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THE NOT-SO-RARE EARTHS

T.M.DUNN

IN' the conventional periodic table, the chemist’s filing cabinet
of the hundred clements, the pigeon-hole allotted to the element
laflthanum is really more crowded than it appears since it con-
tains fourteen additional elements, formerly called the ‘Rare
Earths’, but now usually called the ‘Lanthanons’ or ‘Lan-
thanides', These elements are still largely unfamiliar, although
there are few who have never seen a ‘flint’ light a cigarette-
lighter wick, or have never watched a dazzling white searchlight
beam probing the blackness of the sky. Both of these common
sights, however, owe much to the almost unknown group of
elements. The aim of this article is to show that many of these
elements, which even fifteen years ago were mere chemical
Curiosities, are already of considerable technological impor-
tance. The fact is that this group of elements was almost the
Cinderella of the periodic table till. with the coming of nuclear
fission, their potentialities began to be realized.

Reasons for Revival

The reasons for the present interest in this group can more
readily be appreciated when the products of the fission of U2
by thermal neutrons are examined. The yield curve for these
products is reproduced in Figure 1. It shows two well-defined
Maxima at atomic weights 95 and 139, and this second mass
number js most common among the lanthapides. The vield
eurves for other heavy elements that undergo fission with ther-
mal neutrons are similar to that for U***, so it became important
in the development of atomic piles to learn more about the
chemical and physical properties of the lanthanide group. The
investigations were undertaken for three main reasons.

First, very little was known about such nuclear properties of
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Fig. 1. U** fission yield curve.

these elements as their cross sections for slow neutron capture,
and if this proved to be very great for those species formed in
large amounts during fission, then, obviously, this could result
in very inefficient atomic piles because of neutron absorption by
fission products instead of by uranium or other fissile material.
Secondly, after a pile has been operating for a certain time the
uranium slugs are removed for re-processing. It is thus necessary
10 know how best to remove the commonly occurring diluents
and so recover the unchanged fissile metal as well as the new
artificial elements, such as plutonium, that have been formed:

And thirdly, before this separation could be carried out on the-

large scale required, even when the method was known, more
haq Fo be learned of the degree of hazard due 10 the radio-
actwity of the various possible lanthanide isotopes that aré
formed in the fission process. Some of these isotopes are not
found in nature and their properties were not known.

These. three reasons initiated research which covered all the
conventional chemistry of extraction and reaction as well as the
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radiochemistry of the whole group and within a relatively short
SPace of time a great deal of new information has been obtained.

HISTORY OF THE LANTHANIDES

T!.]e history of the lanthanides began in 1750 when the first
Mineral bearing them was recognized as having some entirely
NeW properties. The mineral was subsequently examined by

erzelius and Hisinger in 1803 and named cerite. Also around
the turn of the 18th century, the Swedish chemist Gadolin
eXamined 1 mineral found near Ytterby and concluded that it
Contained ‘3 new earth’. None of these workers, however,
realized the complex nature of their respective minerals, and
this did not become apparent until 1839, when Mosander re-
tXamined Berzelius's cerite. '

From then on successive members of the ‘rare earth’ family
Made their appearance until, about 1908, von Welsbach: of
gas-mantle fame, and Urbain simultaneously isolated lutectum
from viterbium ;'esidues. and the whole family was compl'ete
except for element 61. For its début it had to await the coming
of the atomic age. Brauner predicted the existence of another
element in the Eorrcct position in 1903 but, apart from what
proved to be two false alarms in 1924 and 19'_’6,‘ \Yhf:n the miss-
ing element 61 was named florentinium and illintum respec-
tively, it remained for Marinski and Glendenin in 1948 to detect
the clement in the fission products of U=, Th.ey sugge.ste(? the
Name prometheumn (later changed to promethium) to lqdlcate
its birth in the fires of nuclear fission. This latter name is now
adopted officially.

Since the discovery of pr
Tare earths has been concentr
amining the chemistry, physics. a
individual Janthanides.

omethium most of the work on the
ated upon the important task of ex-
nd physical chemistry of the

Structure of Lanthanides

Having dealt with the history
reasons for their revival, let us now
elements of the group have in common to

of their discovery and the
see what features the
cause them to be

D
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TABLE I

] - s
"__-Elt'nltlll ' Symboi ! At.No. !‘ ALWe. I;,’;:{’C'::l’::
Lanthanum | la | 57 | 138.92 | 4 557 5p* 5d’ 65°
Cerium i Ce I 58 140.13 | 4f* 55% 5p® 5d°6s”
Prascodymivm ¢ Pr ) 140.92 | 47 557 Sp* 5d° 6s*
Neodymium | Nd | 60 | 14427 | 4/ 557 5p* 5d°6s°
Promethium 5 Pin ol | (147) 4f° 552 5p° 5d° 6s?
Samarium ©Sm 62 150.43 | 47° 55° 5p° 5d° 65
Europium | Fu 63 1520 | 4f7 557 5p° Sd° 65
Gadolinium  { Gd 64 1569 | 4f7 Ss25p*5d* 65’
Terbium { Th | 65 159.2 470 552 5p* 5d° 6s*
Dysprosium | Dy | 66 | 162.46 | 4% 557 5p® 5d° 65
Holmium { Ho | 67 164.94 | 4f1 552 5p* Sd¢ 6s?
Erbium [ Er ‘ 68 167.2 | 4% 552 5p® Sd°65°
Thulium P Tm 16 169.4 | 4512 552 5p® 5d° 65”
Ytterbium , Yoo o J 173.04 | 454 552 5p° Sd” 6s:
Lutecium ‘ Lu 71 } 174.99 | 4f14 552 Sp* 54" 65

assigned to only one pigeon-hole of the periodic table instead of
14 that would be required for other clements. Table I givesa list
of the rare-carth elements, together with their symbols, atomic
numbers, atomic weights, and, most important, their electronic
structures. In many texts, and in the literature, it is common
practice to include yttrium and scandium under the gencral#
heading of ‘rare carths’ since they usually co-occur in namr&’-"'
This co-occurrence is connected with the fact that they belong’
to the same group or column in the periodic table and so, much
as fluorine, chlorine, bromine, and iodine resemble one anothef’
chemically, yttrium and scandium resemble lanthanum and the
rest of the lanthanides. It is an academic question, and of little
moment, whetker to include lanthanum in the group, but its
tripositive ion resembles the similar ions of the rest of the group
electronically and so it behaves similarly in chemijcal reactions-
The reason for the uniqueness of the lanthanide group is
made clear by reference to Table I where the electronic struc-
tures of the clements are given. The lower encrgy shells that

f

i
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have been filled in forming the lower elements of the periodic
thel: are not in?luded in the table so it n}‘ust be understood that
Strucgymbms' 157 2¢* 2p* 3s* 3p° 3d' 4s* 4p° 4_d“‘ precede the
e ures given. These symbols refer to the different types of

Nergy levels that clectrons occupy in atoms: their order is
shown in Figure 2.

i

o

s i 29 3s 3p 34
R
N I -
Eroryy =

S

Fig. 2. Order of atomic energy levels.

_ These ‘shells’ of electrons car be thought of as something
like the layers of an onion with the nucleus at the centre. They
have, however, more complex shapes, but they do tend to get
larger as their principal quantum numbers (1, 2, 3,4, ...) in-
crease, and so can accommodate more electrons. Thus the shell
having principal quantum number 1 can hold only 2 electrons,
whereas when the quantum number is 3, the shell can take 18
electrons in all, these being distributed among sub-shells called,
or reasons that need not troubie us here, s, p, d, f,etc. It has
been shown that an s sub-shell can hold only 2 electrons at any
lime, whereas a p sub-shell can hold 6, a d sub-shell 10, and an
f sub-shell 14 in all.

In general, shelis have higher energies the higher their prin-
cipal quantum number, and then in the order s<<p<"d<If, as
shown in Figure 2. so that for example a 3p shell will fill before
a 34, and the 3d will fill before any other shell of principal quan-
tum number 4, such as 4s, 4p, 4d, 4f.

The reason for the group-like characteristic of the lanthanides
is that this order is not always strictly preserved, and, in fact, the
4f sub-shell lies hicher in energy than 5s, 5p, 54, and 6s, and so
they fill before it. Reference to the structures make this clear.
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Lanthanum has the full structure 1s* 2s* 2p* 35* 3p* 3d'° 45 4t
4d" 4f° 55° Sp* 5d' 65%, the 5d shell also being ‘out of order’ an -
being higher than 6s. Thus it will be seen that Ianthanum has no
4f electrons and this distinguishes it from the rest of the lan~
thanides. Cerium is the next clement and its structure is either
L. 4fU 557 5pt Sd 65 or ... 4f* 55% 5p® 5d° 6s® with the elec-
tron that was previously in the 54 shell going into the 4f shell
as well as the additional electron required in moving from lan-
thanum to the next element. This type of behaviour is fairly
common : the cause is that electrons, being negative charges,
repel one another strongly and upset the simple order of levels
that is well known for helium, where the order followed iS
strictly according to the rules given above.

To understand most of the features of lanthanide chemistry
it is necessary to appreciate in detail what happens in moving
from lanthanum to the next element cerium. Chemically the
thing that distinguishes one atom from another is atomic num-
ber, i.c., the number of positive charges on its nucleus. Since
lanthanum has an atomic number of 57 and cerium 58, to trans-
form the former to the Litter one proton, i.e., a positive charge,
must be added to the lanthanum nucleus. If this is done without
as yet adding the extra electron required to muintain electrical
neutrality, then the monopesitive cerium ton Ce* results. The
electronic structure of thisis known: itis ... 4f' 55° 5p® 5d" 65"
Comparison with the structure of lunthanum chows that what
has happened is that by adding a positive charge to the nucleus,
one of the electrons has gone out of the 6s sub-shell to the 4f
sub-shell, showing that the 4f sub-shell is starting to become
lower in energy relative to the 6v sub-shell. This process goes
even further if another positive charge is added to the nucleus
to give the dipositive praseadymium ion Pr** which has the
structure ... 4f° S5% Sp* S 6%, and if still another proton iS
added to the nucleus to give the ncodymium tripositive ion
Nd "', then the structure is ... 4f* 5¢° 5p* 5d° 65°. We could
now add three electrons to Nd * * to give the neutral neodymium
atom which might be expected to be ... 4f* §¢* Sp* 54" 65°. In
fact, as reference to Table T shows, the actual structure iS
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-+~ 4f* 55 5p* 54 65*. This could not have been predicted : it is
20 experimental fact, it being impossible to predict whether the
firsy electron will go into the 5d or the 4f sub-shell.

e group behaves regularly during the addition of three
More protons and electrons to form the next elements down to
€Uropium, which has the structure . .. 4f’ 35* 5p® 5d° 6s*. There
1S a change in behaviour at this point, however, and the next
electron goes into ihe 5d sub-shell to give the element gado-
linium the structure ... 4f 5s° Sp* Sd* 65>, The 4f sub-shell has
T0om for 14 electrons so in the elements europium and gado-
linium the sub-shell is exactly half full. This half-filled sub-
shell has particularly stable properties connected with its sym-
Metry, and, in the same way, 4f° and 4f'* are both very stable.
'.rhesc completely full, half filled, and unﬁlled.sub-shells play an
'mportant part in the chemistry of elements in general and the
$ame is true for the lanthanides.

The reason why the rare-carth elements occupy only one
Space in the conventional periodic table is that they all have a
tripositive jon as their most stable species in solution. Norm.all.y,
Valency changes as one goes from one element of the periodic
table to the next, but the reason why this does not happen for
the lanthanides is that the 4f electrons are not simple ‘valency’
elecirons as is usually the case. They are, in fact, what are
Usually called ‘inner electrons’. This refers to the shape of the
Space they occupy in the atom, and even though norma!ly.elec-
trons with the highest encrgy tend to be furthest out, this is not
50 for the -f clectrons. It is relatively easy to sh.o“f that they do
not project out very much but lie more or less inside the 5s, 5p,
Sd and G5 electron sub-shells. Since it is the outer electrons that
determine chemical reactivity, it is the 5 and 6s clectrgns thz.\t
matter, and most of the lanthanide elements are similar in their
complement of these. . .

Since one seldom deals with reactions involving uncharged
Metal atoms. for most reactions then it is fons that are com-
pared. The lanthanides all have structures ... 4/ 55* 5p° e,
they differ only in the number of 4f electrons, an(} S.iI}F_-&-thse

do not projecz:mch. they do not affect 1he'c:}pm;iazwiig§.
3 >
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andd

O.f thc tons which are thus all triply positive and so react very :
similarly, provided they are all about the same size. (To a first”
order, size is determined only by the number of positive charges
on the ion, so that ail lanthanide ions are about the same size-)

The question may pertinently be posed as to why the ions aré
most stable when triply charged, but this is not easy to answer.
The number of positive charges required for an ion to be stable
in solution is, broadly speaking, determined by two factors.
First, there is the amount of energy required to remove the elec-
trons. This will obviously increase rapidly for each electron that
is taken off. Secondly, the amount of stabilization energy (heat
of hydration) that will result from the loss of these electrons.
This stabilization occurs because the positive jons polarize the
solvent molecules around them and attract them so that they
form a solvent shell around the ion. The attraction is obviously
greater the greater the number of positive charges on the ion,
but 1o create each of these charges requires a large amount of
work to be expended in removing an electron, 50 that the final
most stable stite is a compromise between the two factors.

We have scen that it is usually the 54 and 6s electrons that are
removed to form the ions, and since this is true for all the lan-
thanides it means that the same ionic species will probably be
the most stable for them all. Here, too, we sec the reason for
lanthanum itse!l keing included in the gronn since its tripositive
ion will have the same ouier structure os all the rest and so it will
resemble the others cherically, even thoueh neither neutral La
nor La ‘" has anv 4f clectrons,

OCCURRENCE AND SEPARATION

The above discussion has endeavoured to show why the fifteen
fare-earth elements have very similar properties chemically and
why they are thus dealt with as a group in much the same way
as, for example, lithium, sodium, potassium, etc. Before pro-
ceefling to look at their very interesting properties, it is worth
while considering how they are found in nature, with what
abundance, and how they are separated.

Contrary to tl'_neir customary name, the ‘rare earths’ are not
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Teally rare rather, they are widely distributed and this gives an
illusion of rarity. Figure 3 shows the known abundances, and it
I a remarkable fact that the elements of even atomic number
are much more abundant than those with odd atomic number.
At first sight the percentages of the earth’s crust may appear
Small, but they come into perspective when we consider that as
a group the rare earths are more abundant than copper, lead,
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Fig. 3. Relative abundance of rare carths,
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zinc, uranium, tungsten, cobalt, tin, mercury, iodine, platinum, .

gold, cadmium, arsenic, and many others.

There are now known to be about 200 different rare-earth-
bearing minerals: these are found mainly in the United States,
Russia, India, Brazil, Norway, and Australia. The main minerals
are monazite (which also contains much thorium), polycrase,
samarskite, gadolinite, cerite, fergusonite, euxerite, and allanite.
Many of them contain yttrium for reasons already mentioned.

The ores are usually ground and passed through a magnetic
separator which attracts the strongly paramagnetic lanthanides
towards the strong part of the maguaetic field, while the dia-
magnetic silica, etc., goes to the weak part of the field. The con-
ceatrated ore is then finely ground and, in general, cither digested
with hot concentrated sulphuric or hydrofluoric acid, or fused
with caustic soda. Any undissolved material is filtered off; the
base metals are precipitated as sulphides and these are also
removed. The addition of oxalic acid then precipitates the rare
earths plus thorium and zirconium. This is then digested in
ammonium oxalate which dissolves the lanthanides but leaves
the rest. It is from this source that the thorium used in breeder
reactors is mainly derived.

Previous to 1943, the lanthanides were then separated from
cne another by a series of tedious crysiallizations which de-
pended upon slight differences of solubility between various
salts of the members of the group. Many thousands of opera-
tions were necessary and even then the final amounts obtained
were very small for most of the less abundant elements. Nowa-
days, the final separation is carried out by ion exchange columns.
psxxall)' some chemical method is employed to divide the group
Into two parts cualled the yttrium and cerium sub-groups,
although the division is not a sharp one. These sub-groups are
called the ‘heavies’ and ‘Tights® respectively, since the former
fub-group contains mainly Y, Gd, Th, Dv, Ho, Er, Tm, Yb, and
>, and the latter the lighter La, Ce. Pr, Nd, Sm, and Fu.

The elements Ce and Eu can be prepared relatively easily
d‘ue to the stability of the configuration 4/° and 4/ as discussed
aoave. Thus cerium forms «n ion Ce * * with siructure 4 552 5p,
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ags:umpipm forms Eu+? with structure 4f” 5s° 5p®. These ions
€ chemical properties somewhat different from the usual tri-
P::)smvc Ongs so chemical methods can be used to remove them
on m the mixture. The other elements of the group are separated
litefOn exchange columns. The present process uses an ‘Amber-
€xchange resin upon which the lights or heavies are first
adsorbed in a narrow band at the top of the column. This
Column s then ‘eluted’ or washed through with some chemical
at forms a complex with the adsorbed ions. Since the com-

Plex forming powers of the ions differ slightly among them-

Selves preferential elution will occur, in which those most
strongly complexed will be washed out first. In practice an
aMmonium citrate solution has been found to be very suitable
Provided the pH is controlled by additions of citric acid. Many

ifferent variants of exchange resin, eluent solution, concentra-
tion of eluent and adsorbed ions, etc., are in fact used for differ-
ent separations in the final stages, but in all cases the general
Procedure s as outlined.

If radioactive material is available from a pile then ‘tracers’
€an be inserted into the column and the progress of elution fol-
lowed by measuring the radioactivity with a Qeiger cour?ter or
Other appropriate instrument. In this way either one ion or
Several may be ‘tagged’, depending upon the I‘adIOiICFlve
Material available. Experimentally, the activity is plotted against
the total volume eluted at that time and curves are obtained of
the type shown in Figure 4, provided, of course, that there are
tracers present for the elements represented. It was by an
examination of such peaks that promethium, element 61, was
first discovered. It will be observed that the elution order is in
exactly the reverse to that of atomic numbers, so it was expected
that va'omethium would lie between neodymium and samarium,

as in fact it did.
PHYSICAL AND CHEMICAL PROPERTIES

From the point of view of atomic energy one of the most impor-
tant properties of the group is their very large cross section of
capture for thermal neutrons. The cross sections of gadolinium,
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Fig. 4. Curve showing the clution order of the clements in fission pra-
ducts as determined by their activity when tracer material is added

samun’gm, and eurcepiuam are 390,000, 4,250, and 2,500 barns*
rcspcclxyc?y. and by way of illustration these values n:.uy be com-
pared with the cross section of capture of cadmium, which is the
usual material used to regulate the neutron flux in ,atomic piles,
where the value is 2,600,

From these (igurcs it is evident that gadolinium metal would
fl:tc::ez:r:‘;tcr?;imlgl) ?ﬂicienlt nuclear fission ‘fire extinguishel"
that sven s arr:]xouu::‘.;s getting 91¥t of coplrol. This also mc{lﬂs

H of gadolinium or its salts formed during

* [N N .

It isT:::‘:]r?;zj :;;;rtnmr‘cicrs to 10 ‘ cm® and has an amusing origio-

tions of neatro o !'- ate _!:nnco Fermi was discussing the cross s€c”

small the anir 10 d:[: l‘l'rt::Wflll some students who renuarked upon how

up in some surprisc :.3 was. Enr*co Fermi is reputed to have looked

and from thot | and retorted. ‘Small! It's as big as a bloody bara's
nstant the name of the unit had been decided.

_ Magnetic to paramagnetic is
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ion ) . .
Process will result in a large decrease in pile efficiency.

. € radj ivi . . ]
of 10activity of the lanthanides is also of interest. Most

::;iztgx‘?:‘)lr’ el_eclron emitters'of fairly low energy so tpat
imes ac 003!%}1 hazards arise althoggh y-ray emission
T Particje, |, companies the 3 emission and, in one or two cases,
One feamd"mg energies 475 MeV are cmm'ed. '
22y Ssio re of the production of the lanthanides group du.rmg
P 7y 00 has been the production of clement 61, promethium,

* This element does not oceur in nature in any of its isotopic
“Umbé:):; ;’Uri‘ng the fission process an isotop'c having 2 mass
ecays b 47 is produced with a 2.6 per cent yield. The 1sotop.e
i8 eag Y electron emission with a half life of 3.7 years and this
iBtics toy long enough for its chemical and physical character-
in the be determined. Thus it is that this renaissance of interest
unknorare earths has resulted in the discovery of a previously
Stable Wn element, and since that time about ha}f a dozen less
meta] isotopes of the element have also been identified. The
Orms th.e.mselvm are highly clectropOs.mvc, ie., they tend to
diff Positive ions easily in solution,so it is only with the greatest
Hheculty that they can be prepared in the pure metallic state
although most of them have now been isolated in macro
aMounts, One of the difficultics encountered in their preparation
is that they form an almost infinite series of solid solutions one
With the other and also with most other metals. These alloys,
Annoying as they are in the preparative stage, are proving to be
Very useful in the correlation of the theory of metals with the
Practical side of the subject, simply because of the large number
Of possible combinations that form alloys. It has also been re-
Ported that lanthanum metal is a superconductor of electricity.
All the metals and their compounds display a strong para-
Magnetism (i.e., they move towards the strong part of a mag-
Netic field) and gadolinium itself is ferromagunetic* below 16° C.
at which the behaviour changes from ferro-
known as the Curie point. It is the tem-
Perature below which the individual metal atom magnets start to
interact with one another strongly, and instead of behaving as a co!-
lection of individuals act co-operatively.

few

*The temperature
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Gadolinium metal may thus be picked up by a magnet in the
normal way provided that the temperature is less than 16° G
above this temperature, even though attracted to the magnet,
the attraction is not nearly cnough to support its own weight.
The paramagnelic properiies of the lanthanides (actually 0

their ions) played a very important part, even as early as 1932, -

in the development of the quantum theory of the magnetic pro-
perties of matter. Their paramagnetism is due almost entirely
to the presence of the 4f electrons which, being well inside the
outer electron shells, are not disturbed by the electric fields of
neighbouring ions. This allowed direct comparison of their ex-
perimental magnetic moments with the theoretical values cal-
culated by Van Vleck for the tripositive ions, and Figure 5 shows
how well these theoretical values agree with the experimental.

Still connected with magnetic effects is the role played by
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- mnh:;r)'m‘\ :(r;g c:angc in magnetic moient throughout the
*ear 1es. On this scale experime cale ed Vv
are indistinp i) pecimental and caleulated values
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?3‘:;’2:}"? gmphacte octahydrate in attaining temperatures as
ich is.th} 1-0002 K above absolute zero (about —~273.14 Q),

e salt | e lowest temperature so far reported. Ir.x th_ls pros:ess
aboyg 465£091ed down to the temperature of liquid ‘hehum

and when | ) in the presence gf a very strong magnetic field,
Retic fielq emperature cqgnhbnum has been obtained the mag-
Causes (p e ’Sudd"nl}’ switched off. The removal of the field
i“dividu; ‘Sa.t to absorb heat from its surroundmgs. since the
and to g l}?n maguets can now t.ake up random orientations,
TOUNdin o ‘Tls'rcqu;res energy which they take from their sur-
given, gs. This causes the temperature to drop to the value
CO!SO(LT: &’;h'hc ‘Am!hfmid'e.ion's have rather char.acteristic pastel
atomie n en the tripositive jons are arranged in grder of thqxr
mith inu}n;?crs, regularities, which werc first noticed by Mam

s ‘the f -7, appear. These rcgUi:mpes_ can be summarized
Placey .H'S't seven 1ons h:\\"e co.lours snm.lar to the last .seven
Way in 'ﬂ‘}ijc reverse order”. 'ThlS feature is broug.ht out in the
colours which the ions are listed in Tal?]e 11, which gives the
: S of the various cations. these being almost completely

in X
dependent of the nature of the anion.

TABLE 11
Colour M+3
colourfess colourless Iu
colonniess colourless Yb
cren pale green Tm
red red Er
pink brown-vellow Ho
A ; pale vellow i pale vellow-green Dy
Ey pale pink pale pink Tb 1
o

Gd colourless !

a The reason for this colour regularity is related to the fact that
len atom wv.ith a configuration 4f" has the same types of energy
vels as one with 4140 e.g.. if n=2, then 4f* would be similar
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10 4/'* and these correspond to pracsodymium and thulium
positive ions which, the table shows, both have the same col bt
Since this rule holds so well it means that the absorption of L83,
in the visible region, which is what gives rise to the visSIO®y
colours, is restricted to transitions involving the 4f eleclfon’:§
only and no others. This has not been confirmed experimenta .Y.(

in all cases, but the spectra that have been analysed show this

to be true. There are other absorption bands in the ultraviolet

which are due to the excitation of other electrons, but these do .
not affect the visible colour.
APPLICATIONS

Chemically, the lanthanides have not up till now been very
important, although one compound at least has been in usc for
a considerable time. This compound is ceric sulphate, which is
a very powerful oxidizing agent, and is used extensively in volu-
metric analysis. Its use as an oxidizing agent depends upon the
ease with which the ceric ion, Ce "', will accept an additional
electron and so revert to the oxidation state of three which was
shown above to be characteristic of the whole group. The ceric
ion has no -f electrons whereas the cerous ion has une electron
in its 4f shell, so that it is this electron that is removed when
cerous ion is oxidized to ceric 1on.

Probably the earliest known use of the group was in the Wels-
bach gas mantles where the small ceria content improved the
quality of the light. Ceria has now found a verv important use
as an optical polishing agent in place of jeweller’s rouge. Its
utilization for this purpose rests on the fact that it is much easier
to clean off the surface properly and so does not give rise 10
after-corrosion of the polished surface. It is also claimed that 8
much higher polish results from its use.

Thc group has been found to be increasingly useful in the
optical and enamel industries. The former depends mainly upof
¥hc large range of sharp colour absorptions that can be foun
In the various salts and in their strong ultraviolet absorption.
Fﬂ::’;ﬁ:,\i'::‘écmiﬁc filter glasses for the visible region are made

¢1a58 Incorporating one or other lanthanide. as also are the

S
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Protective glasses used by workers in glassbiowing and welding
;?iusmes- The Crookes lenses in sun-glasses .depen‘d upon the
Dg absorption of long wavelength ultraviolet light by the
af"hanide oxides, and similar glasses are also much used
Scientifically.
In synthetic jewellery the colours of the lanthanides also find
a PSCfUl place. Artificial rubies depend for their colour upon a
Mixture of cobalt and neodymium salts, and green praseodym-
UM salis are used for artificial emeralds. Even bright purple
Bems’ can be fabricated by use of neodymium salts alone.
The oxides themselves have been increasingly investigated as
Possible additives for special glasses. One example is the use of
lanthanum oxide, which is colourless, in conjunction with other
Non-sjlica bases to make a glass having a very high refractive
index and vet low dispersive power. Such glass is very useful
for the widé-anzle leases used in high-altitude aerial cameras.
Inany discus;ion of the uses of lanthanides the widely known
Misch metal and its associated Auer metal must be mentioned.
e former contains mainly cerium (about 70 per cent) with
smaller amounts of lanthanum, praseadymium. necdymium,
and verv much smaller amounts of the other lanthanide metals.
Auer pieral is 35 per cent iron and 65 per cent misch metal. The
importance of both these alloys is in their pyrophoric nature,

" i.e., thev emit showers of hot sparks when struck or scratched

and so are useful as ‘flints’ in lighters. These alloys are also
included in tracer bullets and other pyrotechnic devices.

Finallv. the lanthanides, particularly dysprosium and holm-
ium, are' by far the most paramagnetic substances of all the
elements ar'wd thev are coming into use as catalysts wherever
their paramagnetism is of importance. Now that these elements
are being produced on a much farger scale it would not be sur-
prising to see a rapid expansion in the uses to which they may
be put, and with the coming of reallv large-scale production
the metals and their alloys may become of grent service.

*
The purpose of this article has been to endeavonr o show
how manv of these elements hive now become aceented redia
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of rapid technological advance. In addition, with the new d¢-
mands placed upon the chemist and the metallurgist by modern
high-speed engineering, it is comforting to have grounds for
hope that somewhere in one of the hundred pigeon-holes of the

periodic table, or by a combination of them, may be found the
right elements for any job.

RESEARCH REPORT

A. W.HASLETT

X-RAYS FROM SOLAR FLARES

Preparations for the International Geophysical Year have led

1o the discovery that solar flares, in addition to previously

known effects, are accompanied by bursts of X-radiation from
the sun. The discovery was reported by the United States Naval

Research Laboratory, Washington, from preliminary experi-
Ments with rockets launched at sea. The experiments were car-
ried out in co-operation with the Climax High Altitude Observa-
tory, Colorado, which keeps 2 regular watch on the sun’s sur-
face. X-ray measurements were made during only one flare —a
small one on 20 July 1956 - but the expected X-ray burst was
found. A similar, but greater, increase in X-ray emission from
the sun is suggested as the chief cause of the fade-outs on short-
wave radio that accompany major flares.

The origin of the experiments was the knowledge, obtained
from a dozen rocket flights scattered over seven years, that the
undisturbed (‘quiet’) sun radiates sufficient energy in X-rays to
account for the ionization of the E-region of the atmosphere, at
an altitude of 100 to 140 kilometres. This is, in fact, the mechan-
ism that is now thought to maintain daylight jonization in this
region. The range of wavelengths concerned is between 10 and
100 angstroms. To the radiologist, these are ‘soft” X-rays; they
correspond with the output of X-ray tubes in the range from
about 1.5 to 15 kilovolts, the higher energy corresponding with
the shorter end of the wavelength range. lonization of the D-
region, which is sometimes recognized below the E-region at
altitudes between 75 and 95 kilometres, has been attributed to
ultraviolet radiation from the sun = Lyman-alpha radiation
originating in solar atomic hydrogen. Tt is a sudden increase in
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;?:(Z)Z:;!::reln’xcthls, t'he. lowest, radio-reflecting region of the
o, h, ;c;:oomp'.;r;lccfi by a lowering of its r;xdio-reﬂectirfs
altendy i ponsible for the fade-puls on shgn-wave radio

Y ntioned. Although there s good evidence for the
part plig}’ed by ultraviolet radiation in causing ionization in
this rcglgn under normal conditions, it has been difficult to
account in the same terms for at least the more drastic fade-outs
observed. In an exireme case, an increase of more than
ten-thousand-fold in Lyman-alpha radiation would be neces-
sary. Hence the interest of these ncw observations on X-ray
wa'vel.engths, and the suggestion that i1 js the increased X-ray
emxssmn.during a solar flare that upsets short-wave radio
communications.

The purpose of the rocket programme, to which the experi-
ments now reported were a preliminary, is to make simultaneous
observations of solar X-ravs and Lyman-atpha radiation during
solar flares. Because of the violent disturbances on the sun that
accompany a flare. it was arranged to measure X-ray emission
gn shorter wavelengths than those found in ‘guiet sun’ condi-
tions. Detgctcrs TeSponsive to two ranges of X-r;x.v Q"\\'clcnsths
were proyzded -onefrom11o8§ angstroms, and 1i\c 6lhef from
0.05 to 1 angstrom - and the lower limit of wavelength received
was also measured.

The initial tests of the equipment were mude at sea - 300 miles
F&ﬁ the coast of California - using the ‘rockoon’ combination,
In which a rocket is launched from a high-altizude plastic bal-
loon. The advantage of this arr'mgcmcr;x is that the rocket i
fired above the main mass of the atmosphere, so that a relatively
small and quick-burning rocket can be employed. For use in
solar flare abservations, the ‘rockoon’ had to be launched in
advance, and the rocket fired by radio. In an 11-day test pro-
f;:fg:;e;vl::c;iroc.k':ons‘ were launched in the mornings., and i
fred by m Without a flare, the rocket had in any case to be

ghtfall.

In the usual way thay things happen, the two best flares during

the test period o
. ccurred on the ay sven when
a ‘rockoon’ hagd not one day out of the eleve

been launched. They were :1ccompanied by

Research Report 15
radio fade-outs. which were detected on the ship — no dou.bt to
the annovance of the party. The smaller flare, during which a
; ified by radio from Climax Obser-

tocket was launched, was notl .
vatory, which had observed it visually, and no radio fade-out

was detected. The interval from the beginning gf the visual ﬂ'are
1o the time when the rocket was at i.ts peak altitude of lOOfkﬂ;)-
Mmetres was between 11 and 13 minutes. The strengthdof the
visual flare was by then declining. X-rays were observed from

to 3 ngstroms were
ilom nwards. Wavelengths down
e e d intensity would have sufficed to

recorded, and the measure we :
double the normal density of electrons in t:f: D;eegilfc;:t.s'l(;};
flare, as has been said, was small opc. The. igge effects ob-
sewéd in the D-region and in p_racncal raglo cg?m ication
could be cccounted for, it i ;.)ox_med out, by a'ed bP et
modest increxse in X-ray e"f‘ssmn' aCCOTt‘;;an'[l‘he myechanism
further drop in the lower limit of ant.:l]cn;, . e e ther
suggested is thus plausible, s0 fa'r as evic ence-);iona] G,cothSi-
observations are {0 be made during the Internatior

ts.
cal Year using ground-launched rocke

Crepli W
Chubb. T. A.. Friedman. H., Krep:in. R
Narure 1957.179. 861

and Kupperian, J.E.:

BELOW THE GULF STREAM

ean current below the Gulf Stream ha;
‘ cloped by Dr J. C. Swallow o

ed by methods deve 5
e fO'u()\*‘lclnstitute of Oceanography. Enough‘muasuremems
the Natiors waler movement with depth were

i -ariation of
ahlish the variation water .
N 61513_‘-‘11 recent joint expedition 1n which the Royal Research
made sn ¢ < int €

: ith ti ole research
Vessel Discovery 11 collaberated with the Woods H

A southwards deep-0¢

! : . .
T A paratus consists of a pair of aluminium tuhes,

The essential ap ! pair of al i
hich an ac c transmitter is attached
to which an acoustic t )

sealed a! both ends.

The tubes are of the kind used in s'cuﬁold‘.ng. The contuiners
formed from them 1re tess cpmpressnb‘c than sen water. Hence,
if suitably loaded. they will sm}( at the sur.fzxcc; but, on reaching
a level determined by the foxding. they will flont thereuiter ut a
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const i
rate g? tW]act‘:;l ris;rvl:\fxll);n?tatcot:i? ?t plr eSSl;lre). To measure the
S at level, all that is i
g;l:rf;?fr;:z g:]lf?\v the movement of the floats l\];;ct:\ssf?;c)l’rcl)n
accuracy, rface vessel and to navigate with great enough
Until a few months ago. Discovery
for ) . « Discovery I1 had followed 12
as mt:;r;; xdt?eyssvg;kscvcm. parts of the eastern North zl&tlf::?
other marine hbomHS possible being done in co-operation wiﬂ;
ccho-sounding"mcf‘loonjs. With the help of navigational aids,
that the deep h;):xls cgcljlilli;l(:ktt::limlyg' 1};}(5 radar. it was shown
show g i - acked sufliciently accurs
Hole t(l;ieicneé’zlrl'?c; 'dm[} LU.”C',"S‘ Co-operation with the ‘Vt;i));:i(;
gether this Bri;is}xpcyzc1 nstitution, Massachusetts, brought to-
can progress in.lhc'ti;:rc\r'lcc)efl:::,(c:.sur?mclm and recent Ameri-
Dr H. Stummel. of Woods Hole hxz; cireulation. Tn purticular.
a considerable < : » had predicted is
:nc(i\);:lt;kprr‘::i:'J?;“hw:i,rdg movement below Ih‘:ij‘:‘}?’;‘gﬁi;ﬁ
I the mﬁ%b'n lr mc‘xsl.lr.cmcnls to be made.
level floats ’mhf/ﬁwcxrac‘(‘mmn: Discovery I used its constant-
sampling of.x.hc \\"1';\:Infl~“ C:,”md out close measurements and
tive lines across Ih.~ X “.‘ om \“rf.:wc 1o bottom, along representa-
allow the -cons’!ru -‘.l-rw under investigation. Such observations
oceans, analogou chion of constunt-pressure charts for the
charts ;sfth‘iw} 1\ I}O\Ih‘m used in weather forecusting; from
fated, Providui”l“hf the course of water movements can be calcu-
by measurement 'lthu rtan initial assumptions can be checked
a permanent - -v‘””xrc{ was thus an additional - and probably
conjunction. ate from the use of these two methods in
Th i .
4,500 and 6,000 ,rtzmt. r}:c:xm was s.(mng to the north: between
greater depth lhrcc‘ﬂ!-crc was little or no movement; at 2
9,200 feet went to ihg-q."‘s followed at 8200 feet, and four at
steady third of 4 knozxottrlvlh. ,?nc (,)f lhg decpest floats did
adaptation of sea-bed p‘hox?\:c, ing 23 miles in 66 hours. An
movement, almost dow ar:!phy showed that there was still
N 10 the ocexn bed. Photographs of the
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deflection of a ball suspended by string from a compass only
18 inches above the bottom showed an appreciable movement to
the south. The existence of a deep current, southwards in the
southern hemisphere as well as the northern, is probably the
reason why the Gulf Stream is more powerful than its southern

counterpart, the Brazil current.
Admiralty Bulletin No. 90, May. 1957.

DOUNREAY AND NIOBIUM

The most general interest of the Dounreay station of the United
Kingdom Atomic Enerzy Authority is the extent to which it
has been planned as a rescarch station - and not merely as the
he biggest ‘fast breeder’

home of an experimental reactor, t
power reactor yet built. Till recently it was not appreciated out-

side the Authority to what an extent this reactor would be used
as a tool for research: or how far the station that was being built
round it had been conceived as a self-contained unit. In addi-
tion. there is the more specialized interest that the new metal,
niobium. is being used for the first {ime as a material in its own
right, and not merely as 2 minor alloying constituent ~ notably
ess steels intended for uses that involve welding.
o ‘can’, or sheathe the fuel elements
of the ‘fast breeder’. These, for the present, will be made of
highly enriched granium. Later, there may be trials of individual

fucl elements made of different alloys of plutonium. Later still,
d to use entirely plutonium fuel. The

the reactor may be adapte
reactor has been designed on the basis that heat, at the rate of
60 megawatts, will be relcased in the small reactor core — 21
inches across and 21 inches in height. Butitis envisaged that the
designed heat rating. already high. will Iater be increused. |
terms of heat transport the design rating represents an ave . »n
output of 1wo-thirds of a kilowatt through euch Squ'\r‘\ ng'e
metre of can surface. For the removal of this heyy \I}L- .&cnu-
peared to be no alternative but to use a molien mnxl«,\‘ 1‘uc- ap-
potassium alloy. The operating iemuerature of ”‘L\ : =sodium-
been stated. However, some form of rongh s L ¢ins has not
HENZURSS mayv he mude

in special stain
The use of niobium is t
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from the overall efficiency of 25 per cent which is implied by
the installation of 15 megawatt generators. Probably can tem-
peratures will be in the neighbourhood of 400° C under the
initial conditions of working. But, again, a move to higher
working temperatures is envisaged.

A first requirement in the canning material js thus to with-
stand contact with molten sodium and potassium at tempera-
tures of 404° C and upwards. Niobium is resistant to sodium
and potassium at all temperatures up to the boiling point of the
alloy - about 900° C. It is compatible with uranium up to
.1250“ C. But these, unfortunately, are not the only limitations
in respect of temperature. There is the further requirement of
structural rigidity in face of the rapid production of fission pro-
ducts, some of them gaseous, and i conditions of intense
neutron irradiation. Niobium has high melting point: 2415° C.
I?ut it has been said earlier by Sir John Cockc;oft that, in rela-
tion to its melting point, it begins 1o show significant ‘creep’ at

a disappointingly low temperature. This, then, may be the most

serious limiting factor — although it may be reduced in part by
alloying. The impression civen was, that although the design
temperature might jater be improved upon. no very great ad-
vance was probhable. Lastly, but by no means least in view of the
heat rating, niobium has a thermal conductivity 2! times that of
zirconium, while being alv an ensier meind to work. With these
advantages, it 1s comparatively a minor drawbuck in a reactor
of this tvpe that the absorption-rate of niobium for neutrons is
some eight times greater than that of zirconium. At that, it is
better than stainless steel by a factor of roughly four, and has
about the same advantage in respect of thermal conductivity.

Tbe manufacture and fabricition of niobium metal are being
carried out directly by the Authonty for the present. The neces-
sary techniques, which include powder metallurgy, have been
developed at the Culcheth Metaliurgical Laboratories and
Springfields factory, both in Lancashire. The fabrication of fuel
elements - including canning - will be at Dounreay. Chemists
who .ha\_/e been concerned with its development forecast later
uses in industry, once production h:s been established. In ap-
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Pearance, niobium is a typical steel-grey metal; its density is
8.57. It is fairly widely distributed in tantalite ores, the chief
Present sources being in West Africa.

In explanation of the probable later changes in operating
conditions of the Dounreay ‘fast breeder’, some further points
should perhaps be added. The primary heat exchangers, which
are inside the reactor shell, are understood to have been deliber-
ately over-designed in order that an increased heat output could
be handled. In the case of the secondary heat exchangers, there
is provision in any case for the ‘dumping’ of surplus heat. Trial
runs at a higher working temperature could'be arranged, too,
without any major change in equipment. But if the temperature
were to be permanently ranged, then new turbo-generators

would be needed.

NEW PLASTICS

New possibilities for making ‘tailor-made’ polymers have been
opened up by the combination of a new process ar?d a m;]w
approach. The process, introduced .to British production at t e
Shell Petrochemicals plant at Partmg(f)n, near Manchester, is
the Ziegler process, applied in the first instance to the polyrrller-
ization of ethy'cne at ordinary pressures. Instead of polymeriza-

. : anti i f high pressure,
der ihe blind, but effective, compulsion 0 .
tion un . this is made on the job

an oreano-metallic ‘catalyst’ is used; ]
frlrﬁ ;ilanium trichloride. Strictly speaking, however, 1t appgars
not to be a catalyst, since it emerges .changed from th.e produc-
tion process. By varying the conditions the propertics of the
polvmer obtained can be varied. But the method offers g.re'fiter
flexibility than the making of different polyethvienes; it is a

f ization of unsaturated hydrocarbons in

method for the polymer! ]
general, and the catalyst also can be varied.

The new approach is indicated by the appearance of a new
set of words ~ ‘isotactic’s ‘svndiotactic’. and ‘atactiz. The idaa is
that when a controlled process of polymerization is applied (o
an unsaturated molecule with side chains. it should be pagsible
in principle to produce a number of ditfercnt pn!ymérq with
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gflg:x:‘snia:lsr:;;bﬁ“or?s of the side chains in space. The side
the n;olecui; 1hl‘c either fbovc or below the main plane of
be allernatel. 1bls 1s ’the xsotacu.c' arrangement, Or they can
desoriben «“y».‘, (()iyc and ’bclow it ~ when the arrangement is
disposed _;nda:;:e 1otact.fc. Or :a‘g'.n'n, they can be randomly
ments will bo hi hr; are Jitucnc . Either of the first two arrange-
will be amorphoﬁg y ordureq, and hence crystalline. The third
words are not im ‘ 07. only slightly ordered, and less dense. The
sugest are pcrhapormn'tt and the clcur.-cut distinctions that they
be happening | :s unlikely to be reatized. What does appear (0
rese'xrﬁ ; bg Ts that ma.luszrml chemists are thinking, and in the
arch laboratory acting. on the principle that they can choose

the structures that they want and produce them — if they fi
out how.

ln. practical terms, we have so far “linear’, otherwise ‘high
density’, polyethylene, higher in tensile strength than ordinary
polyethylenc: ‘isotactic polypropylene’, made on a pilot-plant
scale in ltaly, reputedly of about the same strength as ‘linear’
polyethylene and with a higher melting point: and tatk of new
syathetic rubbers, one of which has been made scemingly to
order. Polypropylene should perhaps be regarded as the true
point of entry 1o this promised new world: since propylene, from
which it is polymerized, is the simplest unsaturated hydrocarbon
that has a side chain to dispose of.

SOME BOOKS RECEIVED

VOICES OF THE WILD by Eric Simms (London, Putnam, 1957),

pp. 230, 21s.

In his introduction to this delightful book, Peter Scott aptly puts

his finger on a change that has taken place in man’s at{itude to nature
during Yiving memory. The invention of the gun having, unhappily,
preceded that of the camera, both still and ciqé‘ a geperanon ago, as
he puts it. ‘there was only ont recognized objective x'f a man Vyould
pit his wits against animal and bird. It was to exercise the ultimate
sanction ~ the power of life and death:‘

Advancing techniques and the pursuis b:_isgd on t.hem have alt'ercd
that: today. the still and ciné picture, obtaining which may entaxl. alt
the ardours of the chase, are supplemcmed by t?'_te soun.d recordlfxg.
in this Eric Simms is a leading exponent. :['pe .ploneer n r_ecordmg
the voices of birds and animals was the mnjmtablc Ludwig Koch,
whose invaluable collection of nature recordings now repose in th,e
archives of the B.B.C. But innovators always pfly a price for 1h€1r
pioncering. Simms. who 1§ responsiblc for making the natural- his-
torv recordings used by the B.B.C., has .nII the advantages of ml.dgget
lap’c-rccorders. walkie-talkies. parabolic veflectors, guper-scnsztwe
microphoncs. and so on His own broadc.asts, p:{rincglatly '}l::?ss
studies of single species he broadcast§ frgm time to time 1n t}i:e |§~ :
Programme. a1¢ of acknowledged. scientific valu.cA Now he I z;ls ‘}N,m
ten for us the adventure of making the recordings on which these

broadcasts were based. ,
He takesustoa badger set int Surrey, to the great reservolrs round

London where man has created a habitat that nature is not slow to
seize. to the Brecklands, the estugry of the l?ce. and to the Spb-arctxc
tops of the Speyside maountains. o aU. of \yhlch he pursues his quarry
with all the avidity of the most ‘perun'acxous hunter — but a hunter
whose prize is not 3 stuffed specimen in a glass case. but a few ‘ter-
chees’, ‘hek-keks'. of ‘teck-adoos’ on a plece of magnetic tape.

THe ATOMIC AGE aND OuUR Birorogical FuTture by
H.V. Brondsted (London, Watts, 1957), pp. 83, 9s 6d.
The most significant part of this little book is perhaps the post-
script, of which the first seatences read . *Many readers will d\“lbt“;gg
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have gained the impression that the author of this book had painted
a gloomy picture; this has been his deliberate aim. When one is deal-
ing with dangerous things, it is better 1o be over-cautious than to0
daring. Radiation is dangerous.”

Its author has been professor of zoology in the University of
Copenhagen since 1948 and the book is based on a serics of lectures
he gave to the gencral public. Ten short chapters deal with, among
other things, radiation, mutation, isotopes, and the relation between
radiation und, for example, sterility, embryonic development, and
the transmission of genes. it is, however, in its short introduction and
postscript that its true value lies. In the introduction Professor Brand-
sted makes the point that the coming of the atomic age has con-
fronted Man with an altogether new cihical problem. Are we today
responsible for the men of the future, for distant generations in days
to come? This new moral problem crises because by our activities
now we may increase the mutation rate of future generations, and so
bring about some incalculable disturbunce in our biological equili-
brium. As Professor Brondsted says: *We ure responsible for some
of the mutations that will place their stamp on mankind in future
generations. In education there is always a way back or aside or for-
ward, if the education has proved to be wrong. If the social order
is bad. there is always a possibility of having it altered into some-
thing thai seems better. But there is no wiy back if in our ardour and
imprudence we have altered our genetical constitution, whether it be
folr‘bcm.'r or for worse, wnd the chances are by far the greater that it
wili be for worse. This s our new and immease responsibility.”

With httie difliculty one could read this book in an h(;ul". the
gucszions it raises wiil not be puat out of mind in a generation, There
is a weil-chosen short bibliography of which two items, those in
Impaf'l‘, vol. 4, merit further careful study by anyone trying to reach
a decision in the ethical dilenaa that now faces mankind.

CONCISE ENCYCLOPEDIA OF AToMIC ENERGY edited DY
Frank Gaynor (f.ondon, Peter Owen, 1957), pp. 204, 37s 6d.
in no ﬁf}d o‘f scientitic ende.avour s the inced to be up to date moré

z’;z:fggb;n‘;ntm it.hc field of atomic enerpy. One is. therefore, rather

2 1957 pu;)nc:t fonsc(va]c‘r that while this Encyelopedia purports to be

1950, e (clx?.'! ¢ date at the end of the preface is New York

Xt is presumably older stil.

Qnl i .
Y an expert in the subject could pronounce on the scicatific
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data, but any scientist will sndoubtedly notice that Einstein, Soddy,
Fermi, and Irene Curie, at least, are represented as still alive. They
will also notice that British Nobel Prizewinners who have made out-
standing contributions to nuclear research are not included while
Many ‘officiuls’ from the American nuclear scene are, Cockeroft is
described as a professor of physics at Cambridge and the quondam
scene of his labours the Cavendish Institute. Harwell, which he now
directs, had only acquired two reactors: Calder Hall is a far-off

dream.

The neutrino, negative proton, and parity are naturally absent.

Titanium is described as a rare metal — curious for an element that
comes directly after aluminium, iron, and magnesium as a possible
structural metal. All this is most disappointing because it could have
been an invaluable refereace book. Perhaps it was, once.

UnEesSCo SOURCE BOOK FOR SciENCE TEACHING (Wake-
field, Educational Prod uctions Ltd for Unesco, 1956), pp- 222,
15s.

The fascinat
mistaken idca that to t¢

essfully explodes the
ach a uscful amount of science special
‘apparatus’ is really pecessary. The kitchen, hardware storc., cycle ?nd
radio shop, and the hujiders’ merchant can supply a wide. variety
of requirenients that can pe used as the foundation fo'r the obserya»
tion and experiment that are fundamental to good sqencc teaching
at any level. This reflects its origin which was a col!t.:Ct}on of sugges-
tions made to science teachers in devastated countries at the end of

the war. ) _ .
Teachers from fortunate schools with well-equipped laboratories
¢ the rough and ready improvisations,

may look askance at many 0 pr
and let it be admitted that they are not all above suspicion. Never-

theless. the volume contains a wealth of fascinating suggestions for
simple cxperiments. many of‘ which have. the virtue that, by contriy-
ing them with. as it Wer&, string and sealing wax, they never suggest
that science is something apart from everyday life.

There are several appcndices‘of useful data. The reviewer has not
checked the figures given. bul it was unhappily noticeable that iy
prices for English scientific periodicals are those operating in so :
ipstances up to six vears ago. Fortunately physical CO““"\'SS /]r.f me
subject to such rapid alteration. stants are pe

jon of this book is that it succ

t
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HuUMAN BLOOD GROUPS AND INHERITANCE by Syl\‘n'{i D.
and L. J. Lawler (London, Heinemann, 1957, second edition),

pp. 103, 7s 6d.

With three centuries passed since its circulation was scientifically
demonstrated by William Harvey, blood is still a subject of prime
interest to biologists. As R. R. Race, director of the Medical Re-
search Council's Blood Group Rescarch Unit, points out in the fore-
word, only in eleven normal human characters is the ecxact mannefr
of inheritance known with certainty and nine of these eleven are
blood groups. It is not surprising, therefore, that blood groups are
of fundamental importance not only in biological research but in

clinical and forensic medicine, anthropology, and so on.
All these aspects are treated by the Lawlers with commendable

clarity. They describe the history of the subject, the technique of
blood grouping. the national blood transfusion service, the A,A;BO,
Rhesus, and other more recent, systems, and finally the implications
of a knowledge of blood groups in biology. There is a useful short
glossary : a good buy for the school library.

FounDAT1ONS OF WIRELESS by M. G. Scroggie (London,

Itiffe, 1937, sixth edition), pp. 349, 125 6d.

As suceessive generations of scientists and technologists grow up,
the beoks they use, if they are 1o keep alive and useful, must grow
up with them. Fowndations of Wireiess, irst published in 1936 under
the authorship of AL L. M. Sowerby, M.Sc.. has done this success-
fuily. During the twenty years of its existence it has been the indis-
pensible handbook of scores of thousands of radio cngineers. Now,
in a sixth edition, produced by M. G. Scroggie, it is once again
brought up to dute. in particular by the addition of a new chapter
on the increasingly important sem.-conductors.

Only a minimum of mathematics is required 1o follow Mr
Scroggie’s explanations. An introductory section deals with algebraic
symabols. graphs, and circut diagrams, and then follows the whole
basic theory of radio; the fundamental laws, the theory of valves
transmitters. and all types of modern receivers, There are short chap

ters on radar, television. and such topics as power supplies, trans

mission lines, acrials, and so on.
All‘onc needs to be able to talk learnedly about cross-modulation
and kinkless tetrodes is 125 6d and plenty of time,

-
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WiLLiam HARVEY: HIS LIFE AND TIMES: HIS DIS-
COVERIES: HIS METHODS by Louis Chauvois (London,
Hutchinson Medical Publications, 1957), pp. 271, 25s.

D Motu Corpis BY WILLIAM HARVEY translated from
the original Latin by Kenneth J. Franklin (Oxford, Blackwell
Scientific Publications for the Royal College of Physicians of

London. 1957), pp. 209, 17s 6d.

In June the world of science and medicine celebrated the tencen-
tenary of the death of William Harvey, whose clear demonstration
for the first time of the circulation of the bleod is onc of the great
milestones of the history of biology. o .

Dr Louis Chauvois is a distinguished French specialist and medical
historian who holds the Prix d Histoire et de P/xilgsf)pll{e des Scienc.es
awarded by the Academic des Sciences. His tmmmg.l'n the classxc.s
has enabled him to go afresh to Harvey's own writings, a.nd .h,s
admiration for the great anatomist impelled hlm.to make pilgrim-
ages to many. if not all. of the scencs of Harvey's la%)ours. On all
sides. therefore. he writes from expert knowledge, with the result
that he has produced not only a biography, a‘nd .an cxceller}t one, but
a valuable study of Harvey in relation to his time and his contem-

porarics. ' '
For those who have neither the leisure nor the ]earmpg to read
Harvey in the original Latin, Professor Kenneth J. Franklin has pro-

duced a new and valuable translation of the shor_t but_gr?at work on
which Harvev's fame rests. As with Dr Chauvois, this is an act of
homage (Professor Franklin explains that Harvey hfls long been one
of his heroes), and it is indeed fortunate that one with the necessary
qualifications as a humanist and a scientist was prepared to dcqcl'-t
the laboratory. in part at least, for !ong enough _to u_ndcrtake t.hls
task. As the volume also includes the Latin text, mlg?lt it not be tried
as an alternative the Caesar’s Gallic Wars', perhaps in an attempt to
bridge the gap which scparates the humanists from the rest.



ABOUT OUR CONTRIBUTORS

D.W.ALLAN is a graduate in mathematics of the University of
Toronto, and did research on the age and thermal history of the
Earth at th.c Geophysical Laboratory of the Department of Physics
there. Hq 1s spending 1956-7 at the Deparument of Geodesy and
Geophysics, Cambridge. on  post-doctorate fellowship from the
National Research Council of Canada and a Rutherford Memorial
Fellowship from the Royal Society of Canada.

A BARKER was educated at Handsworth Grammar School, Birm-
ingham, and at the University of Birmingham, where he obtained
a First Class Honours B.Sc. in 1947, and his Ph.D. in 1950 in
Chemistry. In 1954 he was appointed Lecturer jn Organic Chemis-
try at the University of Birmingham and the following vear was
awarded a Rockefeller Fellowship. The tenure of his Fellowship
was spent at the Radiation Labaratory, California University, and
at the Institute of Microbiology, Rutgers University, New Jersey.
His research has been mainly concerned with the synthesis of poly-
saccharides using enzymes isolated from plants, moulds, and bac-
teria, and with the development of new methods of determining
carbohydrate structure.

THOMAS XL DUNN s a graduate of Svdney University, Australia,
who in 1952 came to England us an 1851 Science Scholar and has
since joined the <taff of University College London Chemistry
Department. He is encaeed in research on the ultra-vielet spectra
of organic polyatomic molecules and is also interested in the
spectra and structure of inorganic molecules. hence his interest in
the Rare Earth elements on which he writes in this volume. Outside
chemistry, his main interests are cricket, tennis, and listening to
Music. He is married and lives at Sutton in Surrey.

-H.GEORGE reud both the Moral Science Tripos and the Mathes
matical Tripos at Cambridge. and also studied physiology in the
N:\tU(al Science Tripos. For the fast eight veurs he has been Lec
turer in the Department of P chology at Bristol University, cxcept
for 3 year's leave of absence in 19534 when he did research at
MCQIH University and was Visiting Professor at Princeton Uni-
versity. Apart from his special interests in behaviour, philosOPhy
of science, and mathematics, he is especially interested in cyber-
Retics ar‘\d 1ts application as automation. He also takes a keed
Interest in literature, rugby football, and cricket.

About our Contributors 1%7

P.E.HODGsoN graduated in physics at Imperial College, London,

in 1948, and subsequently studied the nuclear disintegrations
caused by the cosmic radiation, for which research he was awarded
a Ph.D. in 1951. Afterwards he moved to University College Lon-
don and began theoretical studies on nuclear collisions. He is now
Lecturer ia Physics in the University of Reading.

C. MARTIN has been Assistant Secretary at the Royal Society since

'1947. He graduated at the University of Edinburgh, where he did

research in physical chemistry for which he was awarded his doc-
torate. During the war he was in the directorate of scxenflﬁc re-
search in the Ministry of Supply and among other duties was
secretary of the Explosives Research Committee (Chemls?ry).
From 1945-6 he was General Secretary of the Chemical Society.
He is Recorder of the Chemistry Section of the British Association
for the Advancement of Science. He was elected a Fellow of the
Roval Society of Edinburgh in 1956 and has recently assumed
thc‘Chax’rmanship of the I.G.Y. Publications Committee.

M.STACEY, F.R.S., was educated at Adams Grammar School, New-

port, Salop. and at Birmingham University, London University,
and Columbia University, U.S.A. In 1946 he b'ecame P'rofessor of
Chemisiry in charge of Biological and Organic Chemistry at the
Universitv of Birmingham and in 1957 Mason Professor and Head
of the Department. He is a Member of Council of the Royal
Socictv. Vice-President of the Chemical Spcncty, Cl}arrman. of;he
University Joint Recruiting Board, apd Chief Scxcnt:ﬁc.Ad.vnser for
Civil Defence for the Midlands Region. He has 230 scientific pub-
lications to his credit.



42

SOLID LUBRICANTS: E. R. Braithwaite

THE LOCUST PROBLEM: P. T, Haskell

VAPOUR CHROMATOGRAPHY: A. F. Trotman-Dickenson

WORLD'S FIRST MAJOR NUCLEAR POWER STATION:
Archie Clow

DEVELOPMENTS IN INTELLIGENCE TESTING: J, C. Nisbat

TENSION REDUCTION AND TENSION SEEKING:J. C. Rowan

SEMI-CONDUCTOR P-N JUNCTION DEVICES: R, D. Knott
and J. 1. Missen

THE NEUTRINO: A. W. Haslet:

43

SEEING CRYSTAL LATTICES AND DISLOCATIONS: J. IV, Menter

THE STRUCTURE OF THE NEW TFESTAMENT: .. Q. Morton

YEASTS AND THE BIOCHEMIST: A. }. Rose

THE FIRST AUSTRALIANS: H. A Lindsay

LAND RESEARCH IN AUSTRALIA: Archie Clow

FOSSILS AND THEIR ENVIRONMENTS: F /], T Rhodes

MPDELS OF THE ATOMIC NUcq) US: G R Sarchler

ALPHA, BETA, AND GAMMA RAy SPECTROMETERS: /. R.
Williamsy

44

ANEW OUILOOK IN INGRGANTC CHLMISTRY: RS Nvholm
l&b: MC Dodgson

SPEPCH ENGINE] RING: D.J. Bruce

FIRST TRANsATL ANTIC TELEPHONE CABLF: Archic Clow
NEW MAGNETIC MATERTALS - THE FFRRITES: . Brailsford
MALE OR Fpmaqp K22 DB Carlise

ULTRASONICS 1y INDUSIRY: A, Linford

e e

e o =

et = e

e
JR,
- -—
ot —— i
o ———




	168397_Page_01
	168397_Page_02
	168397_Page_03
	168397_Page_04
	168397_Page_05
	168397_Page_06
	168397_Page_07
	168397_Page_08
	168397_Page_09
	168397_Page_10
	168397_Page_11
	168397_Page_12
	168397_Page_13
	168397_Page_14
	168397_Page_15
	168397_Page_16
	168397_Page_17
	168397_Page_18
	168397_Page_19
	168397_Page_20
	168397_Page_21
	168397_Page_22
	168397_Page_23
	168397_Page_24
	168397_Page_25
	168397_Page_26
	168397_Page_27
	168397_Page_28
	168397_Page_29
	168397_Page_30
	168397_Page_31
	168397_Page_32
	168397_Page_33
	168397_Page_34
	168397_Page_35
	168397_Page_36
	168397_Page_37
	168397_Page_38
	168397_Page_39
	168397_Page_40
	168397_Page_41
	168397_Page_42
	168397_Page_43
	168397_Page_44
	168397_Page_45
	168397_Page_46
	168397_Page_47
	168397_Page_48
	168397_Page_49
	168397_Page_50
	168397_Page_51
	168397_Page_52
	168397_Page_53
	168397_Page_54
	168397_Page_55
	168397_Page_56
	168397_Page_57
	168397_Page_58
	168397_Page_59
	168397_Page_60
	168397_Page_61
	168397_Page_62
	168397_Page_63
	168397_Page_64
	168397_Page_65
	168397_Page_66
	168397_Page_67
	168397_Page_68
	168397_Page_69
	168397_Page_70
	168397_Page_71
	168397_Page_72

