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Editorial

bang.
Eacys, and more f2cts! ory the labogatory scientists, bang:
10 these fists with approval on the terch, and jQ‘LﬂEE stcvhrcu‘cr
spparatys 1 course of construchen  But what's o
sgnincance? say the natural phulosopkers, 1ooking up fro
thew deshs, leaving the mixture of doodles and sprculations
senibbled on the papes befose thers And the tho groups €3¢
ene another with suspicion and mstrust, Which camp you
woth w15 @ watter of temperament, and the sad truth s
that so few are capable of work 1 both Yet both are
es5enDat to the progress of sience Al the ume, the expert
menter 15 batiered by a flood of inchoate sensanons arnving
sirtagoushy through all hus senses to fus bram how
sha't be select the sigruficant, mrest s powers of concen-
teation and interpretation, except by reference to some
theon previously scquired, and row perbaps so completely
absorbed as to be a part of the unquestioned dogma of hes
eenday L

{deas we must have, and without them facts are nonsense
$.41dens, Gke pracucs) ethods, are best out 1n the open,
where everyone can ste them for what they are, with thewr
hitts myahid assumptions angd shoddiresses 1t 15 our fuith
and 047 policy 10 emphasize the thoueht over the fact n
she fietds of science our atticles teviews and we shall do Lhus
move and more 1 later 1ssues In this way we hope not
rerely 20 provide 3 mental map on which the factual detayls
can later be msenbed but further te sumulats the PrOgTESY
of Saerce dsoif by drawing attention 1o rdeas of ong
spocedity which way Gind 2 use \n another, unrelated to L
for o'ten 3 single new ntellectuat approach proves frntfu}
avera wids aren

This 1ssuz opens with sn account of how the archzologist
" wofk. and closes approprately with o study of thay
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Editorial
Facts, and more factst ery the Jaboratory sr.\.m'x:ss, bm_';,:

. 1

cst desks leavirg the mixture of doadics and speculatians
i:w:i‘ onihe p%wr tefore them And the two groups e3¢
en¢ another with suspieion and foistrust. Which camp you
aath 1 1 3 mattes of temperament, and the sad teuth 15
it so {ow are capable of work n poth. Yet both are
€58 ol 10 the progress of science Al the ume, the expert
prenter 15 battered by a flood of incloate sensayions amving
s~ Mancoush through alt us sences to hus bran how
sha't be sefect the sigrificant, awre.t tus poers of concen-
travon and wterpretation exgept by teference to some
thears previoinly acquing and now perhaps so completely
absorbed 43 1o be a pant of the unguestioned dogma of hus
tveryday ife

fdeas we must have, and wathout them facts are nopsense
B.tsdeas bike pracucal methods are best out i the open
where dveryore can see them for wnat they are, with thas
e invahid assumptions and shoddiresses 1t 13 our faith
and o noliev to emphanize the thousht over the fact
-~ felds of suence our artictes review and we shall do this
morc and more i fater assues In s way we hope not
~etely 10 provids 3 weatal map on which the fotent detants
€3y later be mseribed but further to surutale the pragress
of Sare wsell by drawipz .Mertion to Weas of one
spestt ty which may find a wse m anouder, vnselated 1o i,
for often a uingle new intelectual approach proves frntful
oves 1 wid, arey

This 1sgun opens with an accoumt of how the archxologsst
resi o wore and coses appropnateh with a study of that
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Editarial

FacTs, znd mate facts! ry the laboratory SCIERUSIS, h:xr;f;
1ag these fiets with approval on the beach, and ;olqu s& e
apparatss e course of construction But what's ; o
sizfance” s3y the natuead phelosophers, lookng up from
et desks, Rasing the muture of doodies and speculations
ecribhled on the paper before thera And the tso groups €y©
cne another with susparen and mestrust. Which camp vou
work 1 1$ @ matier of temperantent, and the sad truth 1
that go fen are capable of wark a buth, Yet both are
£ezrt 3l Lo ths progress ot sornce Al the ume, the expen-
erenter 1 battered by o floed ofinchoate sersations armving
a ancously theaugh all hus semees to hus brn how
ahall e salect the ssgmsfoet, awrect bus pa vers of concens
e a1 9 n, except by o some
theary pre owlv acquired, and now prehaps so completely
absarbed s to be o part of the uaquestioned dogma of hus
evenday Uit

Hdeas e must Base, and without them facts ar¢ nonsense

Bt rdess, ke practicat methods, ave best out i the open,
where evervone car tee them foc waat they aze, with thew
e smvahd sssumpuons and shoddiresses Ts our fank
and 0w policy {0 emphastze the thought ever the fact
e felds of scrence out articles review and we shult do s
more and more iy later rssnes In thus way we hape not
rerely to provide s meatal map on which the factual detagds
»n datet b stserbed. but furthes o stirlate the progress
of Saece tsell by drawmg atienton to wess of one
Apearst 1y whuch may find a wse an another, unrelatad to 1t

fos oten 3 « nafe new intellectual spproach proves frufil
over 1 wade veg

Thssseur opens sath an account of fiow the archaalogst
e v work and closes appropnstshy with & stutdy of that



5 SCIENCE NEWS VIn

subject which has made our culture materially so different
from the preceding Stone Ages—Metals and Alloys. Dr
fox, in an article which repys careful study, discusses the
underlying prinerples m the production of alloys, and the
problems of modern metallurgical research, His essay can
be profitably read with the article on Metals by SicLawrence
Bragg which appeared n our first nsue In HWaar the Earth
i Made of, Lieut ~Colonel Tillotson cxcavates a good deal
doeper than the ten feet or so of surfuce soil which interests
the prehistoran, and deseribes how carthquakes and arit
ficial explosions are used to probe the composition of the
underlying strata and to search for o1l Mr Haslett div-
cusses the origins of Coral Islands, and the light thrown on
thus problem by recent exeavation, in fus Research Report
Piscosity, by Dr Bell, 1s an elementary introduction ta the
modern conception of the liqud state, which 1s exemphfied
also in a note on Glass. Group Psychotherapy explains the
gxneral approach in the psychologieal treatment of neurosis
Demography, Science and Admmstranion s a criical dise
cussion of the study of population and its vast impartance
for modern government, which can only apply controls
successfully to a society whose size and composition are
Lnown. Throughout, our contrbutors are stroving to give a
critical, balanced account, to reveal how the new *facts’ were
obtained and what their sigmificance s taken to be, We want
1o offer something more valuable than knowledge, and
that is Understanding
-



Scientific Prehistory -
LW CORNWALL

tiiat is Prehustory”

S a3TYEN records of the past are the raw matenal of
istory ~ but what of the lone careet of mankind before
wnt ng bas imerted” That 15 the field of the sonce of
Prehsstory In the Near East wntings are found from as
eacly as about 4000 years p © but 1 Batain Jubws Casar s
accoont of the first Roman savasion brings owr pretustoric
wenod oanendaslateas 58 C

The prehustorian comp les hus account from the traces
feft of thesr fnes and actvities by peoples without wniing
ths prinopal helper 18 Archzology the saence which
stud €5 human culture through its matenal equipment but,
espeanally for the sarlier part of man's story many other
wences have an important contribution 0 make

n this sense palzontology and geology are th= hand
maids of Preb story They enable us to discover something
of the biolopcal ongins of the human race and of the pature
of the world n which the earbiest men hived thewr way of
A fe 2nd rlat on 1o thesr enwironment Another contributor
v comparative anatomy which concerns 1nself with therr
rare skeletal remains and guves us some account of ther
forms and faces Archology takes 3 hand when thar
P y stone 1mpl are n evidence
and becomes the principal istrument in explonng the later
ferods when with advancing matenal culture remaias of
- hotmes wiltages cemetenes tools WEApORs Omaments
ar 350 on of ancrrnt man become a alabla for examiition

Many of the rarest and most instructive rehics of mans
remote past such 33 shulls, bones and stone wmplements
have been discorvered by chance when digaung foundations

9
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subject which has mad: our culture matenally so diffe-ent
trom the preceding Stone Ages—Metals and Alloys Dr
Fox 1 an article which repays careful stud, discusses the
underling prineiples in the production of allovs and the
problems of modern metallurgical research His essay e2n
be prot re e
Brieg

i Maa

deeper than the ten feet or so of surfice soil which nterests
the prehistonan and describes how crthquakes and art
fieral explosions are used to probe the composition of th*
undetlying strita and to search for ol Mr Haslett du
cusses the ongins of Coral slands, and the hght thrown on
thus problem by recent excavation n us Resewnch Report
Fiscosity, by Dr Bell 15 an elementary introduction to the
modern conception of the hiquid state which 1s exemphfied
als0 tn 1 note on Glass Group Psvchotherapy caplans the
xeneral approach in the psyuhologteal treatment of neuross
Democrapin, Scrence and Adnumstration s a entical d's
cussion of the study of population and its vast importance
for modern government, which ctn only apply controls
sueeessfully to a society whose size and composition e
Lknown Throughout, our contnibutors are striving to gne 1
cntical, balanced account, to reveal how the new *facts’ were
obtuned and whal therr igmficance s taken to be Wewant
to offer something more valuable than knowledge, and
that 1s Understanding
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SCIENTIFIC PREHISTORY 1

pre Roman Exbly Teon Age. W the place was merely abare
doned and feft to rot, hardly anyihung of use 10 the -
bakntzats wowd be 1l bemnd, but we shauld stit be able
to glean something from the rubbish. §F, on the other fand,
1t was suddenly desiwoyed, 2s by fite, 8 great many objects

. PR S g

. . .
of 2 sixbade We should find the baak and Qitek, or the
past fiokes, wdentfy he gatewdy, the stockcorral, the

ganary avd e store-puits These last wouwld comtmn a
CRILUR ATOMNE A nparse A caon '

of tools, wt* .
and farmy

theny Exaavations m Ly
e Prehoton. Sooce \;m,“k Woodbary Wit Froccedings of

with o thatched roof, of which
i only the
charred s of the umbers wauld x-emm’:Os _;;y:o;csmg;
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for buldings, leveling roads or working gravel Many
others must have passed, unnoticed and unrecorded by
science, 1nto concrete-muxers and bnck-kilns. Some few
have bzen saved from a stnular fate by the devoted vigiance
of enthusiasts and the co-operatton of managers, foren ¢n
and labourers

Most prehustone material, howeser, has been obtamned by
systematic excavation, i places where some chance dis
covery has shown the presence of ancreat remains or where
actual evidence of man’s occupation or activities can shlt
be discerned at the surfece

Having assembled hus finds, the prehustorian cleans, 1
pairs, reconstructs and studies them teying to extort, from
the objects themeelves and the circumstances 1n which they
were found, every piece of information which they can yield
as to thor nature, use, method of manufacture, how they
came to be where they were found, what sort of men mde
or owned thern By companson with stnular specimens
already hnown quite a detarled picture of the pa-sons, the
world and the Ines*of an ancient people can be comrpiled

The work 15 not fimshed until vt 1s published, so that not
only corclusions, but the evidence ntself and the argument
feading to the conclusions, are avalable to anybody tnter-
csted In digging up a site the excavator has destroyed the
text of an ancient document The finds are only iffustrations
1o 1t Nobody can ever aguin read what it contained unless
e reéonstructs the site 1 a publication, descnbing cvery
detal observed n the ficld, whether he has understood its
meamng or not As hnowledge advances, in the future, it
may easily be found that s conclusions were quite mis-
taken, but, if the facts are all there, better informed pre
histonans may be able to gine a more aceurate mterpreta.

tion

Wat the prefistorian finds ~ and what he dousn 1’
Lot us imagne a relatnely advanced prehistone homestead,
such as Little Woodbury (Plate 9), of the immediately
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occassonally, 1n hmestone quarries wiuch expose the fitling
of ancient ennes The bones of exunct and still suniving
species of anmals among which they hved are Tound
the same places This stage was the Old Stone Age ot
Patzolthsc penod Tn the fater part of it the chimate of what
1 now temperate Europe became almost arene at Limes
\znkind took to caves s lrmestone recks and pver hanging
sheliers (Plate 8), and i€ 15 19, and m {ront of, these places
that their tools, anuma! bones, wall pantingy and, sonie
tures, thetr own temasns are found

Eater, forests cosersd most of the land Middle Stone
Are, or Mesolilue, men lived m the more open places ~
seas and ake beaches i fens and bops and on sandy
wastes Mounds of shefls and rubbnsh, the waste from theirr
beachcombing and hunting, yield evdence of their way
of ife as welf as thewr tools and sometimes their skele
tons

Soon we find the first sefticd commumties uiling the soil,
stock reanng and (most ymportant for us) using pontery
Their scttlements are found on the open Chalk dovns and
tull tops, assocasted with the long barrows, carns and
chambers of huge stones which they bult as communai
tombs (Phite 2y

Round barrows and other airenlas monuments, such as
Stonetenge beforg to the Bronze Age, though 1t 1s ikely
1hat some of them, at feast, continued 1o be wsed and
seneratd up 1o tusionic times. There are also cemelenes
of wreated burials in poliery urns of the fater Bronze
:’::c Q'n\y verv few settlements of these people are known

this country R

Many commanding ball tops are crowned wth forts
earthworks danmg from the Early Iron Age U;)atcn;)d
Weaho Lnow sore habitaton sites and widespread field.
syens of the tme The latter are ofien marked by
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have been wattle hurdling daubed wath clay for the walls
If this had been burnt the impression of the hurdle mught
be left for us to find Of course there would be pottefy, but
many of the other houschold fittings and utensils must have
been of wood All this, with basketry and woven textles,
would perish, but cliy or stone spmdle-whorls and loom-
weights would survive to testify to the manufacture and use
of textiles Nothing made of hide, horn, smew or gut - alt
useful primitive matenals - would remamn, but bone and
deer-antler implements might be preserved — blade-bone
shovels and antler-picks, pins, weaving-combs, ctc - and
even, perhaps, much corroded 1ron tools — axes and bill-
hooks The rest of the farm implements, mostly of wood,
must have rotted Of clothing we would find only bone or
metal fittings and ornaments ~ pierced animal-tecth, shells
and beads for stringing, bronze brooches and so on Shing-
stones, flint arrowheads and metal weapons may have
survived, of food, only the meat-bones and perhaps car-
bonuzed grains of corn

In peat-bogs and other waterlogged deposts, objects of
wood, basketry, textiles, leather, grains, fruits and secds are
occasionally preserved to give us a ghmpse of how much 15
generally lost (Plate 13)

For still carlier times, when men lived 1n caves or in
the open and had a much scantier cquipment than this,
there 1s even less to show — flint and other stone tmplements,
bone tools, meat-bones and, perhaps, a few prerced tecth,
shells and other ornaments Even pottery, the standby of
the later pertods, 1s Jacking, but the caves have yielded clay-
modelled ammal figures and pictures, chiefly of amimals,
engraved, carved and parnted on the walls

What is a *dig” and how Is it done?

(a) Where to dig.

The flnt hand-axes and flakes of the carliest men, and
thewr very rare bones, arc generally found by chance in
commercial excavations ~ gravel-, sand- and cly-prts, and,s
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occastonally, it hmestone quarnds whuch expose the fitling
of ancient caves The bones of extmet and still sutsiving
specics of ammals among which they tised ace found m
the same places This stage was the Old Store Age or
Paleohiiue peniod In the later part of it the chimate of what
15 now temperate Eutope becime almost archic at nts
Afanhind took 1o caresin himestone tocks and aver-hangung
shelters (Plate 8}, and 1t 15 10, and s front of, these places
that therr tools, ammat bones, wall pantings ard, somte
mes, their own remams are found

Later, forests covesed most of the fand Middie Stonc
Age, or Mesohthie, men hved i the mote open places -
sea and fake beaches 1w fens and bogs and on sundy
wastes Mounds of sl ¢lts and rubbish, the waste from thete
beachcombing, and huntng yield evidence of thar wyy

of e, as well as their wols and somctimes ther skeles
tons

Soon e find the first settled commumies ulling the sont,
slock rearmg and (most important for us) uung pottery
Thew settlements are {ound on the open Chatk downs and
fult tops assocuated with the long batrows, cawes and
chambers of huge stones whih they bult as communal
tombs (Prae 3y

Round basrows and other ercular monuments, such as
Stonchenge belong 10 the Branze Age, though it 1s likely
that some of them. at least, continued to be wsed and
venerated up 10 fustone umes There are aho cometenes
of cremated bunals i pottery s, of the Yater Bronze
I}gc O’n\y ey few seulements of these people ate known

L. .
this countty

Many commanding hill tops are crowned with fort 4
carthworks datng from the Early 1 Wt
s daur arly lron Age (Plate 3)

ome habitation sites and widsspread fields
systems of the time The latter are often rl:mk:dl lSy .
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have been wattle hurdling daubed with clay for the walls
If thus had been burnt the impression of the hurdle mght
be left for us to find Of course there would be pottefy, but
many of the other houschold fittings and uteunsils must have
been of wood All this, with basketry and woven textiles,
would penish, but cly or stone spindle-whorls and loom-
weights would survive to testily to the manufacture and use
of textiles Nothing made of hide, horn, sincw or gut - alt
useful primitive materials - would remam, but bone and
decreantler implements might be preserved ~ blade-bone
shosvels and antler-picks, pins, weaving-combs, ete - and
even, perhaps, much corroded 1ron tools - axes and bilt
hooks The rest of the farm implements, mostly of wood,
must have rotted OF clothing we would find only bone or
metal fitings and ornaments — pierced amimlecth, shells
and beads for stringing, bronze brooches and so on Shing:
stones, fnt arrowheads and metal weapons may have
survived, of food, only the meat-bones and perhaps car-
bonized grans of corn

In peat-bogs and other waterlogged depostts, objects of
wood, basketry, textiles, leather, grains, frusts and sceds are
occastonally preserved to give us a glimpse of how much 15
generally lost (Plate 13)

For stll carlier times, when men lived tn caves or 1n
the open and had a much scantier equipment than this,
there 15 even less to show ~ fint and other stone smplements,
bone tools, meat-bones and, pechaps, a few pierced teeth,
shells and other orn:\mcnts‘ Echn pnncry, the standby of

What is a *dig* and how 1s it done?

(@) Where to dig.

The fint hand-axes
theis very rare boncs,
commercial excavations —

and flakes of the carftest men, and
are gencrafly found by chance in
gravel-, sand- and clhy-pits, and,
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sngle vessed enery one 1 kept, 1 the hope hat the pot may
e yebwit af 2t least ws shagpe weoarereds

Photography at every stage saves pages af deseription 1n
the exentual pub ication More ymponiant 1 1s prima Jorie
evidence of the ongnal appearanct o structures and objects
which may have had to be moved or desiroyed By the dig
roceeded Archaologieal photography s & speaiat ant,
beset wuh snags and lmdatons B¢ 13 well to be sure that >
2 good pegatnve has been obtamed before the srreplaceable
subjert 15 demolished

Samples of shells, bones sois from the &ifferent layers,
peat chatcoat tocks and mmerals fin the case of peologeal
deposits), Tood pratns and ndustiial wasie (e g metal slag)
way belp after Sxamnanion, to fitl w the poture ghven by

the other finds They are best taken t person by the expert
who wilf examine them

Deciphering the story 10id by the fhds

{1} The suady of types
Arcient man was bound by tradwion and successive

tended to duce the types of ,
pousry and so on used by therr forbears Changes both
of evoluton and degencration, fook place by deprecs
snsensible 1 any one hfeme The archzologist thatefore,
basss many of hss conclusions on umilantes, and the
mdicated relationslups between known types and the par
weviar objetts he s studymng A whole assemblage of
characrers commen 10 the eulture at b sie and sies
lnowa elsewhere 15 even more comtecng evidence of
selattonstap Thus @ partcstar group of people bursed
inewr d.2d m 4 crouched antitwde m round barrows, used
winged and tanged sysowheads of funt and placed wath
tach body 2 clay beaker of charactenste form with a
pecabiar style of comb-smpressed decoraton (Plate 13}
Ths assemblag-, when found at swo widely separated
Tlaces establthes a close velatonshup We do 1n fact,
weogaize the Beales Folk of the early Bronze Age by e
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These principles apply to every dig and cvery archeo-
fogical period, with vanatians 1n plan of action for patticular
cases A round barrow, or other circular structure, may be
excavated 1 quadrant at a tme (Plate 7), an area such as
a cave-floor or an anctent land surfice, without visible
structures, by arbitrary squares, the hine of a wall or ditch
plotted by short transverse trenches at defimite intervals

Interesting detuls, such as bunals and groups of pottery
or post holes denoting wooden bwldings, hearths and se
on, are carefully cleaned and recorded in place, with every
associated object, before anytlung 1s moved

Finally, the dig 1s filled 1n and levelled off

How the fieldwork 15 recorded
and what the excavator takes home

Of no less importance than the actual digging 15 the
recording 1n the ficld The ficld notcbook contuns a dy
to day account, with detuled small scale-plans and sections,
of the work %s 1t 1s actually done Trenches or areas, and
ewch distinct level i them, recetve rdentifying symbols
Tinds in them are individunlly or collectively marked with
their appropnate locations and a reference to the page of
the notebook on which their discovery 1s recorded Objects
other than pottery may be entered on ¢ards with serl
numbers, each with a rough drawing measurements and
description and all the relevant information as toits onpinal
situttion and position

Pottery, which may be sery plentiful on later sites, 15
w1shed, sorted and selected on the site Much of it may
constst of small und ticd sherds belonping to 2
common and well knawn type Once enough types have
been selected, establishing cvery chamctenstic vanety of

- r 1 -1 - -

Tansta 4n stn

o
will not complicate future exeavitions mywhere clse Of
any group of sherds which scem likely to have formed 1
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angla esel every one 15 Lept, 1 the hope that the pot may
be reburht o 2t Jeast s shape neonered,

Photography st escry stage saes pages of descseption i
the evenuzt publication More impottant 1t 18 prira fucie
evidence of the onigimal appearance of structures and cbyests
which may hase had to be meved or destroyed as the dig.
procseded  Aschzological phatography 15 & speaal art,
beset wath snags and himstanons 1t 15 vell to be sure that
2 good negative has been obianed hefare the srreplaccable
subect 15 demobished

Samples of shetts, bones, sots from the different fayers,
peat, charcoa! rochs and munerals (in the case of geological
deposits), food grasns and sndustral waste (e g metal shag)
may help, after exanunanon, to il m the pieture gnen by

tre other finds They are best taken in person by the expert
who will examne them

Deciphering the stars tohd by the fluds
{1} The study of Bypes

Artest man was bound by tradition, and succesine
geaeratons tended to tep the s of

poitery, and so on wsed by theyr forbears Changes, hoth
of exolution 3nd degeneration, took place by degrees
smsensible tn any one hfeume The archzolopst, therefore,
bases many of his conclusions on similanies, and the
wdicated refationships between knowa types and the pre-
veulas objects he  studymg A whole assemblage of
characters, comman to the colture at s sue and sites
known clsewhere, 15 ¢sen more comucing endence of
stlatomstop Thus a particular group of people buricd
their doad 1 4 crouchipd sttude 1 toued Rastoes, wed
wing~d and tanged arrowheads of fimt and placed with
cach body a clay beaker of charactenstie form with a
peculiat style of combampressed decoration (Plate 12y
This assemblage, when found at two Widely separated
places, establishes a close relatonstup We do m fzel,
secogmize the Beakes Folk' of the early Bronzs Agz by \hs;
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These principles apply to esery dig and every archeo
logieal period, with variations i plan of action for particular
cases A round barrow, or other circular structure, may be
excavated a quadrant at a time (Plate 7); an are such as
a cave-floor or an ancient land-surface, without visible
structures, by arbitrary squares, the linc of a wall or ditch
plotted by short transverse trenches at defimite mtervals

Interesting details, such as bumals and groups of pottery
or post-holes denoting wooden buifdmngs, hearths and so
on, arc carefully cleancd and recorded 1n place, with cver/
associated object, before anything 1s moved

Finally, the dig 15 filled 10 and levelled off.

How the fieldwork s recorded
and what the exeavator 1ahes home.

Of no less importance than the actual digging 1s the
recording 1n the field The ficld-notcbook contains a dav-
to day account, with detarled small scale-plans and sections,
of the work %s 1t 15 actually done Trenches or atcas, and
each distinct level m them, recene identifying symbols
Finds n them are individually or collectively marked with
thetr appropriate locations and a reference to the page of
the notebook on which their discovery 1s recorded Objects
other than pottery may be cntered on cards with seral
numbers, cach with a rough driwing, measurements and
descriptron and all the relevant information as to its onginat
situation and postion

Pottery, which may be very plentiful on later sites, 1s
washed, sorted and selected on the sitc Much of ot may
consist of small undisting d sherds bel to 2
common and wcll-known type Oncc cnough types have
been sclected, establishing every charactenstic vanety of
ware, pot-form, fimsh and decoration found on the site, the
sest may be discarded and re buried when the dig s filled
n In this way carcless disposal of unwanted frapmen
will not complicate future excavations anywhere else or «
any group of sherds which seem likely to have formed a
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they were also fumetods 1 western Eurape when the men
of the early Old Stone Age were hving, though the climate

I e
From Ziteet s Textbook of Patrontology Macrnittan

W3 ot \erv different frnm that af w1 (o
¢ -

e

Lt sUULILL 1 Latee, DRoapng to . .
evltoral penod ¢ e stages of the some
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A B
Fig 3.—~A typical Farly Tron Age houseliold pot from Muden
Castle, Dorsct and a bronze ‘situla® or bucket from N Haly, of which
the former 15 a debased form, transtated from metal into clay
{A. from Wheeler Maiden Castle Soc of Antiquarics, London,

1990 B from Déchel Manue) d"Archéo) T 2,
A& 1. Picard, Panis, 1908 )
Germany, at some of which implements and actual remains
of Palxolithie man had been discovered. He found that
his sites fcll mto two well-defined groups, 1n one of which
a third to a quarter of the remains of clephants belonged
to young beasts less than 6 ycars old. In the other group
older nnimals predominated, some two-thirds being over
50 years old and nonc under 6. Now the first group in-
cluded all the sites at wlich man was known to have been
living, as well as two, showing a small proportion of young
animals, where there was no evidence, at that time, of fus
presence. Socrgel concluded that, m those places, man had
hunted the incxperienced members of the herds, for nothing
would otherwise account for the difference n nge-distn-
button, ‘Furthier support for this theory came some years
Tater, when @ human shull was found at Steinheim, onc of
his two anomalous sites. The other remains a blank, but
we Jook forward hopefully to hearing, one day, thyt the
prescnce of man has been proved there also

To-day we associie crcph:mp. rhinoceroses and ljons
with tropical regions. The deposits just described shaw that
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hen the men

Ihey were also numerons 1n westem Eutope
of zhe early Old Stone Age were g, though the chmate

Q{@iﬁﬁ@iﬂ?ﬂ&%

Frg 4—Elephant 1eeth. On the {0, two vitws of 31 uppec molar of
Yhe Mammoth (Efephas prumgemus), whos presence 19 a geological
drposit drnotes a cofd climate foe s formation G e night cofyese

ponding views of 2 Tower molar of Elephas annguus, which byed in 2
temperate of warm cunate

From Zuteel » Tewbook of Palroniolozy, Macmilan
was not very hffecent fram sbns or .= .
ather : . e
af terr . '
of sa .
cultur v L.

Nar are bones the only mdicators of climate, $ea and
frechorater shells and ¥omt o- .
far lass enreerse 4 (Y -
average annwal @« - -
difference 1 yamf .,

o UL IBIELEQ By alterations per.
ceptsble to the conchologust i the relatsve numbers of the
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species composing the molluscan faunas of beaches, nver
flood-loams and ficld-ditches

The botamst 15 another speciahist whose help s often
required by the prelustorran He can determine the species
of trees and bushes from sizeable fragments of charcoal in
the hearths of prehustoric sites Quute a full prcture can be
made 1n this way of the local vegetation of the ime Tna
peit or 8 lakeesilt the very wood of piles or wattle-work
may be preserved for him to determime Even wind borne
pollen of trees and plants, preserved sn such conditions,
can be identified under the microscope Pollen-analysis of
a level m a peat showing the presence only of pme and
birch woods suggests a chmate colder, at least n winter,
than one with 01k, c¢lm, hme and other deciduous forest
trecs Thus method 1s now beng extended to include the
pollen of herbs and grasses as well as of trces.

The botamist may also be able to trace, from a few
carbonized grains or a gramn-mpression 1n the once-plastic
clay of a pot, somethung of the story of prelustonic cultnated
wheats and the travels of the men who sowed and reaped
them

The composite picture of ammals and plints contem-
porary with carly man may be of importance in dating, at
Yeast for the carhier periods of pretustory

Apart from the pal logist and the b , the help
of the expert on soils 15 often needed In tater times, chimte
and surroundings were not very different from what they
are to-day, but the soil-scientist can recognize o “fossil”
turf-surface 1n the section of an IronsAge rampart which
has been reconstructed in antiquity (Plate 4) as readily as
he does the weathening 1 a boulder ely or loess due to
some thousands of years of exposure

The petrologist may be able 10 say where the character-
sstic stone for a particular 'polished’ Neolithuc axe ong-
nated That of an axe found in Hampshire must have been
quarned at a particular place 10 Corwall, Axes of a rock
from the Lake District have been found near Barrow-in-
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and cxchange, even in Neolithic times, 15 most striking

Similarly, the chemist may deternnne, from the compo-
sitton of a far-travelled amber bead, whether 1t ongiated
1 East Prussia or Staaly A nuneralogist may be able to
deerde, from traces of characteristic impunities present, the
particular ore deposit from which the metal of a Bronze-
Age spear was smelted The student of animal bones™cin
help to unravel the lustory of domesticition in anmals
Working with the human remarns, the anatonust and
physical anthropologist seck to define the racial aflimties
of the people concerned

Experts® reports on matenials from any one excavation
are not always imy ve or abounding with spectacular
results Now and agun, onc of them may, however, be
able to say that, to the best of his knowledge, a particular
object or materntl from a Brtish site could only have come
from (say) the Rhuncland At once a connection of some
kind 1s set up between two remote prehustoric peoples, of
winch the rmportance to the prehistorsan may prove 1o be
sery great It as worth many inconclustve 1nvestigations to
obtain even one such informatne result

How long ago was i?
Archrological deposits consist mainly of the rubbish of
human qecupation and have slowly accumulted where they
lie, often 1n more or less distinct layers Provided that there
has been no later disturbance, 1t follows that what s found
deep down must be carhier than what hes above 1t Very
often, however, there Jar been some disturbance - as when
later occupants dug pits or wall foundations into carlier
rubbish, or when rabbits and badgers hive been active If
we find, say, a Roman coin wmn the same layer as Neolithic
pottery, there 1s only one possible conclusion that the
deposit has been disturbed and mixed, perhaps as carly as
Roman times, possibly only guite recently  Certunly the
pottery is ot m its onginal context The latest ditable
object dates the lyer which 1t s found If however, we
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ding
find the $1me Dew Stone Age pottery i a layer wnchu
tothtag demonstrably fater m date we may be seasonably
cottaim that we are in @ steatum winch has lam undisturbed
since the time when that sort of pottecy was being made
and vsed The wme stratierapiuc prnciple {derned of
course from geology) apphes to Old Stone Age rehes i
geolopical not humanly formed deposts This price ple
e 68 a relane chronology the bare order in whch
prel stone evems occurred

Within the last ten yeats of so geolopy has developed
1 ntatse absolute 1 me scofes  datng o years

One of them 1 baszd on the known extremely slow rates
ofd position of traces of b present
i rocks and migerals This dates 1h+ eathier geolopeat
petiods

Prehustary 15 of course only senously concerned with
the Ploistocene and Recent penods of the geologssts com
pusng perhaps the last mulkon years of the Eatths
estimated age of 3000 millon The sub-human ancestors
of man must have been in existence before this but the
fiest undoubted men known 1o us belong to the early part
of the Plastocene say 600 000 years ago

Working on geolopeal ewidence 1 the Alpine region
Penck and Bruckner constructed a cunve to show the growth
and retreat of four main Plesstocene glactanons and to
wndicate therr probable duration and extent

0w astronomers for thewr own purposes have cal

culated for the fast mmthon years the effect on the amount
of solar rad atton receved at the Rarth s surface of cychic
chinges 10 the complicated motions of our globe Some
geolomsts interested 1n the Plesstocene Tee Ages have noted

@ degree of correspandence betneen these tesults and therr
OWn Which seems 10 pyeead ba At e L

on & basis of ma
connecion there(

ey hase provistonatly correlaled the more  detaled
radiation cunve and its bme seale wath the acationcune
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and cxchange, even 1 Neolithic times, 15 most striking

Simtlarly the chemist may deternune, from the compo-
sttion of a far travelled amber bead, whether 1t onemnated
1n East Prussit or Sicily A nuncralogist may be able to
deaide, from traces of characteristic impunties present, the
particular ore-deposit from which the metal of 1 Bronze
Age spear was smelted The student of ammnl bones™can
help to unravel the lustory of domesticition 1n ammals
Working with the human remaimns the anatonus{ and
physical anthropologist seck to define the raci aflinsties
of the people concerned

Experts® reports on matenals from any one excavation
are not always impressie or abounding with spectacular
results Now and again, one of them may, howeser, be
able to say that, to the best of his knowledge, a particular
object or matenal from a British site could only have come
from (s1y) the Rhineland At once a connection of some
kind 15 sct up between two remote prehustonic peoples, of
which the importance to the prelustonan may prove to be
very great It 1s worth many jnconclustve 1nvestigations to
obtain cven one such informatine result

How long ago was i”
Archrological deposits consist maimnly of the rubbish of
human qecupation and have slowly accumulated where they
lie, often 1n more or less distinct layers Provided that there
has been no later disturbance, 1t follows that what 1s found
deep down must be earlier than what hes above it Very
often however, there fas been some disturbanee - as when
Iater occupants dug mts or wall foundations into earhier
rubbish, or when rbbits and badgers have been actise If
we find, say, 1 Roman comn 1n the same layer as Neolithic
pottery, there 15 only onc possible conclusion that the
deposit has been disturbed and muxed, perhaps as early as
Roman times, possibly only quite recently Certainly the
pottery 1s not 1n 1ts ongnal context The latest ditble
object dates the layer i whach it s found 16 however, we
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nd the stmg New Stone Age pottery in a layer sncloding
Eommz demonsirably tater m date, we may be seasondhly
certam Tt W aTe 1n 3 ratam wiveh has fun undisturbed
smoe the g when that sott of pottery was bemg made
and used The same stratigraphue prneple (densed, of
course, from geology) apphcs to Ol Stone Age rehes
seclopical pot humanly formed, deposits This pnec ple
pwes us a relative chronalogs  the bare order w which
prelustone events eccurred

Wnthin the last wen years or so geology has developed
tntatise ghsolute time-scoles ~ dating m years

One of them 1s based on the hnown extremely stow rates
d of traces of rad c present

n tocks and menerals s dates the earher peologseal
pesiods

of

Pretastory u, of course, only serously concerned wath
the Plestocene and Recent perteds of the geolopssts, com-
promp, pethaps, the last mufhion years of the Easth's
esimated age of 3,000 mlkon The sub-human ancestors
of man must have been n ewstence before thus, but the
first undoubted men known to us belong to the early part
of the Plesstocens, say 500 000 years ago

Working on geological evidence in the Alpwne regron,
Penck and Brickner constructed a cunve So show the growth
and zeteeat of four masn Plestocene glacntions 3nd to
sdicate therr probable durstion and extent

Now aswonomers, for their own purposes. have cal
cufated for the last tithon yezrs the effect on the amount
of solar radwuon secerved at the Barth’s susface, of cychic
cthanges m the complicated mouons of our globe Some

tog 1 the Pletst Tee Ages have noted

a degree of comespondence between these results and therr
own which seems (0 exceed that atinbutable 1o pure charee,

on a basis af 1 probablity Assuming soms
connection therefose, but without altempting 10 define 1

they have providomally correfuted the more dcm!cd'

sadiation-curye and its e scale with tae glacsation ame
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(Fig. 6). The absolute durations and intenstties of glacia-
tion, and of the interglacial penods, indicated in this way,
prove to be of much'lhe same order as that suggested by
Penck and Briickner on purely geological grounds. We thus
abtain dates for the main events of the Pleistocene which,
if not yet very accurale, are at least valuable working
hypothescs and probably of the right order of magnitude.
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Fig 6 —Glaciation and radintion<une The upper cune is that of
Penck The axis represents the level of the present Alpine snowline
with graduatiors above and below 1t in metres The dips in the cune
correspond to the {our Almr'ac ghm:lll?ns. Gunz, Mindel, Riss in'd

radiation recened at Lat 65 N duning the fast 600000 years The
four groups of munima shown in full black are regirded by some
geologists as corresponding with Peach’s four glicutions, Ia this case,
throe of them are scen to have been double and the last triple Recent

ficld work tends to corroborate this theoretical muinphaty of the

glaciavens - drawn from W, B Wnght+ The Quaterniry fee

Agmlil’c;u.n:hmnﬂm. 1936 Milankovitch’s from Zeuner  The
Plstocene Period, Ray Society, 1945)
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During the last etpeat of the wce sheets, cenate banded
or*vanved clays lusd down in placsal Yakes have becn shawn
to mark the seasons of retreat, by & thick Inyer formed
Surng, sammes Waw folloved by @ thia band dunng the
wanter freeze up (Plate 5} Senies of these have been counted
and finked up and gie reasonably relble dates for the fast
12,000 years, Now, with the vanes can be correlated mmor
chmatie phases botameally detetnuned by polien analysis
The wilements and implements of pre hastone man ate
also often accompanted by tree pollen, so that the dates of
the varves can sometimes be tramsferred o the human
cufuures

Finally, we come 10 the astronomucally fixed calendars
and hing bsts of the cackest Neat Esstern awitizauions,
which flounshed long before western Eurape emetged from
Qeagety Datable objecys traded and conveyed thence,
when fousd wich prehustonc European remans, afford
approumate fustone dates for these by synchromsm, ample
alfowance having been made for possible lang defay 1
franst,

A stnung example of the method 5 made possible by
the ccvursence, m tound battows m Wesser, of sepmented
fatence beads, Cearly umported, of Which the nearest known
parsllels were made 1n Egypt about 1400 8¢ From thess
#¢ gl an approxmate absolute fixed pomt for our Earty
Bronze Age (Plates 14 and 15}

What do we get out of i®
A great contrast between Histary and Prehustory s thay,
whde e {otmet 1§ argely concerned with the downgs of
promaent ndsviduals Prefustory deals with the daily hife

of nameless ordinary people Dynasues and pohcies
passed uarecorded bt we A,\‘a}m a0 ¥ —t \mw;

4 s LquAPED,
€cotomy sotiely and sdeas Uncansmousty, mr‘k‘\ags, bn{



28 SCIENCE NEWS VIII

not less certainly, we compare what we can discern of the
life of prehistoric man with our own. If we arc tempted to
feel a little patromzing towards the achicvements of our
ancient forbears, we should remember that we deserve no
credit for having been born in this century and consider
soberly how we, as individuals, might have fared in the
conditions of, say, the Old Stone Age

Once started, knowledge and technology advance, to
some cxtent, by their own momentum, Thus, the astrono-
mer, the atomic physicist and the microscopist, among
others, make prehistoric dating possible, Without their
equpment and shill, it would still be & matter of pure
speculation over most of the field of which we have
knowledge.

Even to-day, when education 1s genceral and rescarch is a
field open to any trained inquirer, there are not very many
original minds among our enormous populations. Is 1t not
surprising, therefore, that the invention of so many of our
basic cconomuc activities 15 due to the ingenuity of pre-
historic men - among them agnculture, domestication of
animals, pottery, spinning, weaving, turning, metallurgy?
No one will maintain that the technique of weaving was a
chance discovery. Here are the working of brain and hand,
the exercise of ingenwity and imagination, at their best.
Though the smelting of copper ore was probably discovered
by chance, how many of us, secing a fragment of green
malachite amud the glowing charcoal and finding a globule
of copper among the next day's cold ashes, would connect

L e aigt H

.- el =,y

heirs, in our time, 1t May el collapsc.
“Therefore, better to understand the hothouse civilisation

we have built round oursclves, we need to understand the
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tion of the eyebail must be made as soon as possible after
death, 1n the first twelve hours It ts then hept 1n a cold
room 24 hours or more, preserving it in the future recipient s
blood with every desirable aseptic precaution: Unfortunately
m some countries laws forbid any interfirence with 1 dead
body until 24 hours 2fter the detth has been regustered
This must be modified as soon as possible because of the
obvious socrtl importance of the operation

The Americans, with that sense of size, orgimsition and
publicity peculinr to them, have concenved of the ercation
of 1 speanl burcau to supply the necessary matenal  The
Eye Bank for Light Restoration ® To this agency (in New
York) come those who will hve to have ineye removed, to
offur themselves for 2 future cornenltransplintation Further
more, a great publicity exmpaign has been undertahen toen
courage people of every racc and all ages to leave thetreyesto
the burcau 1 their wills They will be examned, and tested
to confirm the possibihities of future use Recently, to the
orignal collecting centre has been added a teaching centre
which gives every ophithalmic surgeon the opportumty to
cducite himself in the technique of operation In the course
oftsfirst year s functioming thus body has responded to more
than 3,000 requests Without going to the full length of
such an orgimisation which makes us smile a hitle, we
would find 1t worthwhile to collect together offers and
requests for cornenl transplantation

Operatne techn e
The graft can be penctrating or non penctrating total ot
partil, according as 1t wnvolves all the thickness of the
comea or not, and all its surface up to the imbus (periphery
of the cornea) or only a limited segment of that surfice
We cannot for the moment mahe a success of a total graft
for the whole of an opiquc cornet Actunlly the most
frequently pﬂcuscd operation 15 a transplantation partial
as repards surface - Timited 10 a centrl zone 4 to § mm
diameter corresponding to the visual arex of the cornet
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Plate ¥4 Fascooe and other segmented beads, wntly (som
Wiatuwe (Bock & Stone Archacchla L YYXS Sooery of
Antiquanes  Londony

Plate 15 Segmented uence beads from 1 gypt mastly of the
KVith to the XXULd Dyaasties. Bk & SNone Aechaen
bocla JXAXY Socmty of Astiquancs 1 ondon)
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AUSTRALIAN SCIENTISTS' HOLIDAY EXPEDITION  Plates 1619
A pany of Medboume srnusts collecled maoy nferesiing bataaucat
grolopeat and tthnologcal spemens dunng 2 recent § 000-mube holiday
Shred 1A frotn ot Lincoln va South dastralta across the seldomraxplored
wafarhor PLos o Peth (Wevtern Australial  The pany was led by
r Rusell Grimwade. president of the Melbourne National Museum
trovtees. Spectmens coliected will encch the Museum and the Melbourne
flesbarnm  {See page 128)
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Pz 16 Sand dunes near Tucla 2t the bead of the
Great Australisn Big
-Gf::‘?k?«w RETiaton 1 chammps of witre b (Photograph By Mr Rus

Pl {1 gatance 10 one of e Nyllarbot Caves
2 geok
:h':k OW MR W0 13 remoteness and fack of water fus gnﬁ?nd“\?ﬁ
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Piste 20 Photograph of honzontal steuta at Filey Yotkshire showing layers
of sk :mnﬁ?c With the centre of the earth 1 ke the layers of an omon
Hemee by extrapolation concentri fayers deeper i the eanh Courtesy Leeds
Lnversty {(See 3

vage
What the eanth 15 made of)

The punaliel hoes ate
mdications of  the
preence of twinned
s

e

(\ Sy

Blate 22 Magnewum con «
fanung 03 rer cemt af

aliovey

RS

PN



~ not previously tound
. ung af the white man (0

' by cotrtesy of the Mel
pourne Nevon n Atusean )



LYE GRAFTING TG DAY »

208 fotal 1 thickress ~ mvobang all hy;:f &:f e corned,
he name of partel penetsating

W&T:: \h: e of ?;:m, the techmaque of lmpmnmu?"\

soed vanes from suthor to awthor We shall hor{cw 1 §

E~scraphion of (> $wiss masters, notably Feancesehew 4;

Sty who have a following 1 France We must copsider

tym

1 The preparstion of the patsent

7 Cutting the praft

2 thniﬁu aft on the dseased ey and beeprog o 10

face

4 Postoperahive cilce.

L Preporation of £1e patient

A pereimng ooft o vays Tequwes thbe most mindle

Treparanon of the reapents ey As well as the cawes
R Buore the st 1 7

namber of prepar v
fictog.s alone can -
Whers grafting 15 ¢ :
Tuportant 10 15t o1t 4 whole senes of p eventive muasutey

Froo the first perfect asepss of the whole gegion s
cssemaat The wstfaton of peedinn dsops sl thus be
Sury valusble Apmstbea il ¢ obtaned with voching
deops and epessally by the mjteuon beheed the eve of an
s et solstion of syeane 2 corpourd alued to

Fig. § ~Whie te eyor
584 are fe & open by tre
Tettdctar loe) anagtha
tat gected 1ot the eyehall
Thenehes noe
e nese o ey P of
the dagrarn, and e gye.
Leow belay

mmzcamc Buishbounng parts (eyeluds skan) ars Wkewsse
Toca'ly anustietssed Fioally, ™o Ponzemidl and two



CONTACT
LENSES

EYE
GRAFTING

Plate 23 Placing the
plastic tens in
position by means
of a rubber holder
The lens s placed
upside down on the
holder filled with
flud, rased to the
cye as here and
when 1n place the
holder closed which
releases  the lens

Plate 24 The plastc
lens i postion
Notice how it covers
rather more of the
eyoball than the
ﬁln between the eye-
ids

Tiate 35 Right eye
with comeal opactty

before  operation
{sec Eye-Grafting,
30)  Notice

how the pupil s
hatdly vuble

Plate 26 The same
eye over a year after
the opcranon 10
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eadienlarly to the 105, 50 as o obtam 2 complete section,
citan and clear, and to limut the movement of the {rephine
10 depth m order not 1o wound the fens Tius 1s the most
&ifficuit poist of the operation To smphily , some prac
tnoners make use of 3 dittle wooden of metal spatula, which
they shide behind the cornea into the anterior chamber of the
e Tt then acts both as cuttig board and protector

Fig 10—Cutting mio
the antenar chambrr wath
3 scalpel {nght) to 1ntro
duce the cutung plae
Qefty

The quality of the trepanning appears 1o be onc of the
essential elements 10 a suceessful cutcome to the operation
Oree the opaque disc 15 tused, and the bed dlear for the
Braft, 1t 15 brought up o s back on a lutle spatula shipped

wito the prepared bed 2ad finds s Tght poston wih the
feip of pats from the spatnla

8. 40 —The new vrans.
parert comex 15 fowered
into place Note the two
sutures ready m posar

Some surgeoas then apply a very fine

embram
wiols extent of the cornca ehet egashell hmn;(:: flx?:
sxmc.xgc shin the dimensions of whick are nppnmmaxe\'
Wose 1§ b comen Than the threads ace tighiened (no{
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vertical threads are stitched across the eye so that they
cross and form a tmy square At first they arc left stach,
but later when the graft has been put in place they are
tightened and then form a httle trellis to bold the graft in
place As for the nisk of a rapid rise in pressure of the
wtraocular flurds after the operation, it 15 avorded by drops
which lower the tension of the eyeball (eserne, ete)

2 Cutting the graft

Whether onc uses a graft from the dead or onc from the

hving, 1t 1s detached for preference from the enucleated

eycball for thus a trephine 1s used, a kind of tube with a

sery sharp end, the punch movement of which 1s limuted to
'nbout 1 mm, which corrcsponds to the usual thickness of

MA Fig  9—The punch
removes a dise of opaque
‘)'n cornea
/
) V

=t

the cornen Its diamecter sancs beteeen 3 and 6 mm
according to the size of corncal disc 1t 15 desired to cut
and whichis to be taken from the centre of the cornea Great
care must be used 1n pushing the trepanned disc very gently
out of the tube It1s placed on a httle spatula, or better, on
4 fiat circular denner perforated with fine holes, and
plunged into a glass dish filled with a physiological flud or
with serum from the future reciprent of the grift

3 Posiwoning
A trephine with a shghtly larger dameter 1s used on the

diseased cye to remove 0 opaque disc from the centre of
the cosnea, taking geeat cure to trepan absolutely per-
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Unfortunately, problems other than those of optical
coreotion obtrude themselves The fashiontag and fitting of
the lenses demands a high degree of shill and dextenty
The delicate cornea may be imjured by the wearing of an-
{1 Stung lens, and there are cases 10 which even & perfect
fit fas to bestow the desired degree of comfort, Yhe
verage period of use &t a stretch 15 sull somewhere between
five and eight hours

Perhaps the greatest imstation of the conventional form
of Tens 18 the gradual development of a cloudiness of viston
amifar m effect to that of a smoky atmosphere The
clouding, which begms 1 most cases after 23 to 4 hours
use, 1s beliesed (o be doe marnly to the accamulation belund
the fens of carbon dioxde, notmally exhaled by the comen
into the atmosphere Recent expruments by Dr Josef Dallos,
one of the plonzers of contact lens techmyue, have proved
that clouding can be fargely elimmated by the proviston of
sentilation holes 1n the scleral portion of the lens,

Several distinctive methods are employed i the fittng of
contact terses Many recognized authonties favour the
moulded fens The techmque consists of the making of an
empression of the eyeball, from which 2 positive cast 15
Teepared thee fers being presced from sheet plastic to con
form to the curvature of the cast Other practitianers prefer
@ leas of comeal form dessgned 10 fit a Lited area of the
surfure of the eyeball A much favoured design i Great
Brin s the ground spherial tens onginatly wntroduced
b{' 7:’:“__ ﬂ‘»ﬂf ‘hfictlyl\es whih are made from so-called

\though glass lenses are not dangerous, the ma

N anty of
'ent-day contact lenses are made from 1CT plras(\:!:
The advantages of contact leases

Vet spactacles wnefuda
unresticied fold of sisten <~cunty from dlsplaccximn(

SPOTUAS Wi ies such as swammming foothall and sidyne
2.



Contact Lenses

FRANK DICKRINSON

CONTACT lenses have been n the news agun receatly
They were worn by 1 well known professional footballer
who paid high tribute to therr cfficiency

Sp always a handicap 1n most forms of sport
are being repliced increasingly by the newer types of plastic
contact lenses which enable the sportsman to enjoy normal
vision 1 safety The footballer fuatured 1n the news item
15 one of many who take advantage of this modern develop
ment 1n optical science

The basic punciple of the contact lens has been hnown
for merc than v century Sir John Herschel Astronomes
Royal suggested 1ts practicability 1n 1827 Only m recent
years however have the more sertous limitations of ths
method beenovercome through expeniencegamedinthefitiing
of many thousands of lenses in Europe and North America

The lens 1s worn 1 close contact with the sclera (the
white portion of the cycball) It provides a new optrally
perfect anterior surface for the corncr  without actually
toucling the scnsitve corneal surfice This clearance of
the cornea makes it possible to wear the lens without
discomfort The space between lens and cornen s filled
with 2 flud simifar to the tears

By means of contact lenses focal errors of vision may be
corrected with a degree of 1ecuricy unequalled 1n many
mstances by spectacie lenses This unique feature of con
tacts 1s particularly valuable when the cornea has been
damaged by discase or injury In heritoconus for eximple
(2 comcal protrusion of the cornen) they offer by far the
hest means of visual improvement gving almost miraculous
tesults 1n many cases previously considered hopeless

kL)




De/nograplz Y - Science ang
Atﬁni/zistrarion
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! The Begmmng: of Drmngraplr)
UNTit ten Yearsago the word ‘demoaranhyt v .
1 this country Das s
the

and & “Pusqles published by

the “HUlLdl Statistyea) lnsmutc. but the Concise Oxford

D:rlmnm' stll defined dcmogmpby s 'statistics of births,

15Cases gye N xllustmlmg condition of com;
gurt

arg a5 -ed more
frt‘ql:enlly and more correctly, ang the Umvcrsny of Londoy
¥R appormteq (m 1938) 5 Reader 1 *MOgraphy
Ography, Lke e 2
methods ang wth re; scholars haye been 1nger.
ested only 1n the dcvclopm t of mey;
basic dagy

London ©°0 Grayn His Ligge baok
Aatargt ad Politicay O'nerrallnqr upon the Billy o AMop.
v Was g emarkable achmcmml
enial cong sted of he Weekly Londop ‘Bills of
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almost complete mvisibality (an undoubted asset m social
and stage life) and the visual benefits mentioned above
Among therr disadvantages are comparatively ligher cost,
the hmted pertod of use, and physical unswitability of the
©yes In certun cases



Demography - Science and
Administration
R. R. KUCZYNSAI

1, The Beginmngs of Demogtophy.
{RTis ien yeaTs ugo the word “demography’ was rarelv ued
L - - . . -

Jears wtiogiaphy has been used more
-. + € SEMaCra e e

e

o . . 1
methods and with results A few scholars have been infer-
ested only 1n the development of methods by which the
basic data may be correctly sterpreted, and the demo-
grapher awes much 10 those pure mathemalicians Among
demographers, who ate all, of course, interested sn mer-
preting rosulls, & cerian number have contributed to the
development of methods

The Rirst ran who ever made a demographic study was
the London haberdasher John Graunt His lttle book
Nat.rat a=1 Polwieal Qhservations upon the Bulls of Mor-
L, published 1 1662, was a remarkable achicvement.
Vs bvars matenal consted of the weekly Loadon *Bulls of

a7
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Mortality’ which showed baptisms by sex and bunals by
sex, age, and cause of death He comptled all available Bills
and analyscd the content of his tables, which covered many
decades, most thoroughly and with a vast amount of com
mon sense He cven went so far as to construct a hfe table
for London This Iife table, of course, was most primitie
and tnaccurate — about as inaccurate, I should say, as the

. recent official Iife tables for India or for Lagos His motne
for *deducing so many abstruse, and unexpected inferences
out of thesc poor despiscd Bulls of Mortahty’ was that ‘the
Art of Governing, and the true Polisigues, 15 how to preserve
the Subject 1n Peace, and Plenni * When Graunt published
s pamphlet he had not the faintest idea that he had
created a new science Demographie data, he thought, could
be useful only to the Admumstration ‘There seems to be
good reason, why the Magistrate should Jumself take notice
of the numbers of Bursals, and Chrnstenings, vz, to sce,
whether the City increase or decrease n people, whether 1t

‘increase proportionably with the rest of the Nation;
whether 1t be grown big ecnough, or too big, ctc But
why the same should be made known to the DPeople,
otherwisc than to please them as with a curiosity, I see
not '

Graunt lived 1n an enlightened period The great import-
ance of his work was at once recogmized both by the State
and by Science s name appears in the oniginat list of
Tellows of the Royal Society, wlich recerved its charter in
1662, and Sprat, n his History of the Soctety, speaks of ‘the
Recommendation which the King lumself was pleased to
make, of the judicious Author of the Observations on tl ¢
Bills of Mortaliy In whose Election, it was so far from
bemng a Prejudice, that he was a Shop heeper of London;
that his Majesty gave this particular Chirge to hus Society,
that if they found any more such Tradesmen, they should be
sure to admt them all, without any more ado "

The originat Jist of Fellows contained also the name of Sir
Witham Petty, who wrote 1ssaysn Politcal Arithmenk and
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other demographic studies * An sble disciple of his fuend
Graunt, ke was both more knowledgeable and mose
esibant, but fus contribution to the development of methods
was not impertaat. Edmund Halley, on the other hand, who
joued the Society a few decgdes later, was hardly mterested
1 demogeaphy as such, and hus whale demagraphue work
covers only erghtecn printed pages ® His great contnbution
was the discovery (in 1692) of a most mpentous method of
constructing 2 Ife table He was not sufficrently exphcrt as to
s data and the use be made of thenr, and hus method hag,
therefore, been very often musugderstood Many of his
SUPCCSIOrY 1 VALIOUS Countries camn'u(ted grase ecrofs
tsying to apply 1t, whle otbers introduced shight improve~
ments Bot 0 a general way it may be sad that Halley's

wethod was for about 175 years the usual dewice for con-
structing hfe tables

2. Scierice and admunisiration
Eogland was the cradle of demography, and m the two
centunes follow ing the publication of Graunt’s Observations
¥England s contribulion to the new science was equal to that
of any other country But the positon has since changed If
a3 bist were made of the hundred best demographers who set
t:ul on \!3:3_: carcers dunng the Last hundred vears 1t wen 14
. - .

, -
was fifly or a

sumber has inc )
6 orm Ban e

- v oslaes UNIRE prionly 1s gnea ta all
m\ucn deabg with Te@itration, in the comtinental stattste
o offices popLlation statistics are not at such 1 disadvan
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Mortality' which showed baptisms by sex and burals by
sex, age, and cause of death He compiled all avaulible Bills
and analysed the content of his tables, which covered many
decades, most thoroughly and with a vast amount of com
mon sense He even went so far as to construct a hife table
for London This Iife table, of course, was most primitne
and maccurate — about as maccurate, I should say, as the
| recent official life tables for India or for Lagos His motne
for ‘deducmg so many abstruse, and unexpected inferences
out of these poor despised Bills of Mortality’ was that ‘the
Art of Goverming, and the true Politiques, 1s how to preserve
the Subject in Peace, and Plenty ** When Graunt published
s pamphlet he had not the faintest 1dea that he had
created 1 new science Demographic data, he thought, could
be uscful only to the Admimstration ‘There seems to be
good reason, why the Magstrate should imself take notce
of the numbers of Bunals, and Christenings, viz, to sec,
whether the City increase or decrease in people, whether it
increase  proportionably with the rest of the Nation,
whether 1t be grown big cnough, or too big, etc But
why the same should be mde known to the People,
otherwise thin to please them as with a cunosity, I see
not
Graunt hived 1n an enhghtened period The great import-
ance of lus work was at once recogmzed both by the State
and by Science His name appears n the onginat list of
Tellows of the Royal Society, which recerved 1ts charter 1n
1662, and Sprat, in hus History of the Society, spcaks of *the
Recommendation which the King himsell was pleased to
make, of the judicious Author of the Obserrations on 1) e
Bulls of Mortalty In whose Llection, 1t was so far from
being & Preyudice, that ke was a Shop keeper of London,
that his Mayesty gve this particular Charge to s Socucty,
that if they found any more such Tradesmen, they should be
sure to admit them all, without any more ado
The ongnal list of [ellons contuned also the nime of Sir
Wilhiam Petty, who wrote Fesays m Political Arithmenk, ynd
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He made simstar complaints over and over agun In his
weport for 1867 be sud

Tuo grave defocts 10 the regutert of the United Kingdom deprve
the of mah of the.r utibty 58 pedigress, and a5 records of facts for
% solstuon o the greaL probiems of population Méither the age of
fiothers at the bicths of each of their chuldren nor the order of burth
wroooded , 50 that the number of chuldren borne by womnen at diferent
3¢, and n 1he course of thotr dves cannot be ascerta ned Thit

drfect s s1.074 e 1 the Srst schedule of the Seotch Act bu the
porunt fthes %

1855

Tu1s patheue to tead o the Congress reports of $he Inter-

national Statsstical Tastatute the appeals $huch Dr Farr made
- v -

{07 Yhe TRttt am A€ ha matt aote ame a

where this question was not asked The bith schedule of
1837 remawed unchanged unul 1938, when Parkament m
L [alied .- .

W4l 1o many decades wodld have been as ample tn England
as 1n the Brssh Domtnians, the United States, France,
Germany, Austna, falv, the Scandmavian coutngss, Qo
et As he was second 1n cormand hus country denived onl)"
very fimited benefits from the last promnent demographer
it has produced That he accomplished as much as be did
was due 1o the fact that he was not onily competent but also
obsessed by an vrge for fesearch and a deep interest in demo
m'{my Noie of his successors combuined these qualittes
u »101&6; c;rusc of the datenoration of British demography
ke aén :\x contact between admimstration and science
e C “\\ n:m many directors of staustcal offices are at
o < m‘?b umversty teachers, they somelimes hold
mu“sor mm office ang teach the students the whole
prosess :\Yi :;ucai technique Tt s quite wsual for such
e ;Pm f;ﬂ €y Bave termunated their umiversity studies,
iy P " (: nssistants and fater duectors of muniapal
¥ stagstical ofives, and to becorme 10 thar tum
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tage A Remstrar Generalis nghtly chosen according to his
qualifications to function in this capacity, and he may never
have dealt with population statistics before hus apporntment
On the Continent a cvil senant becomes director of 2
statistical office after having worked for many ycars eitherin
the same or another statistictl office, and 1t 1s nconceivable
that he be appornted without having had experience 1n popu-
lation statistics It may be argued that the Registrar-General
has demograpluc assistants who are in charge of this section
of his office’s work But expericnce shows that this offers no
solution of the problem The Registrir-General George
Griham, in 1879, concluded hus tast annwal report by saying

‘Lastly, I must express to Dr Farr, whom 1 1842 1 had the
good fortune to find here presiding over the Statstical
Branch, my grateful nchnowledgment of the important scr-
vices he has ever since continually rendered He as acknow-
ledged throughout Europe, the United States, East Indies
and the Colontes as one of the first statists of the dy To hes
scientific researches and reports I attrtbute any reputation
that may have accrued to the General Register Office of
England and Wales from the time he accepted office i this
Department *¢ All this was perfectly true Dr Farr, m the
Statsstical Branch, made the best use of the basic data he got
from the Registration Branch But his efforts to mmprove
those data faled The birth registration form introduced tn
1837, when the Registrar-General's Office was created, was
quite defectine From a demographic viewpoint 1t was much
less satisfactory than, for example, the birth registration
form wntraduced 1 Sweden 1n 1775 Dr Farr bcc:lmc early

aware of that In s report for 1842 he wrote

-~ 00 provision has yet been mndc l’or deternuntng the simplest

1 facts — the d on the subject

such 48 .. the ages of mothers of chﬂdrm Upon m:my of these
€ f - amgne
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at vach subsequent census Questions relatug o fertaity
were put odly 1 1911, .

* At the carly censuses the omission of persons was appat-
cotly frequent, but from 1841 on the censuses in England
fave probably been as complefe as 1 any other country.
Thss does not mean that ¢he onusstons are altopether neg-
higble Thers s, for example, a tendency everywhera to keave
ott young 1fants, and this tendency 15 strengthened in
England by the habit of delaying the regstration of births
“Thius the General Report on the 192 census states

1t oy be oheraad St thp aom ts a1
. - . e

»,“ 18 impossible, of course, to estimate even approximately
K PRSI

' wav s e v BUIBOETS - that 1g, 1 3
with 0 R may suffice to mention that, :\‘;‘::\d)lelg :‘26:;5
lﬁ‘JH census, there were 245634 men aged 58, but only
215,999 aged €1 260,152 women aged 50, but paly 240903
aged 51 Apes ending with the diget 7 are unpopular, w‘hxl
theve 15 @ marhed predilection for agesendinnn § A‘ccordc
g to the 1931 census, there were more men and mot .
nomenaged <§ than aged $7 more men and women a, ad :;
than ered 47, mace won and women aged 33 than 3‘? 2
That the age stattics of many other countries are n'oxe sca
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university teachers Nothing of the hind exists m this
country The scholar interested in population problems
usually knows very little of the techmque of statistical ad

munistration, he cinnot appruse the technieal difficultics
and the cost of carrying out the proposals which he my
suggest to the ndmrnistration, he cannot effectively answer
the arguments of the civil servant The admnisteation on
the other hand, focuses 1ts attention on tts immediate needs
and 1s, as a rule, reluctant to acknowledge speeific legitumate
needs of the demographic scholar This, of course, does not
affect the pure mathematician mterested 1n methods but not
1n results As a consequence thereof, the foreign render of 2
wview such as the Journal of the Royal Stanistical Socicty
must be struck by the high standard of the purely mathe

matical contributions dealing with a fictitious population

and by the scarcity of demographic papers The barricr
between admumstration and science deters the British
scholar from demographic rescarch, another deterrent 1s the
low standard of the official vital statistics, compelling hum to
resort to foreign statistics which are difficult to understand
without a Anowledge of foreign conditions and foreign lan

guages The gencral level of demographic doctors’ theses
submutted to English universities 1s high  but 2 demographic
study of the authors would probably reveal that compara

tnvely few are born n this country

3 Lnghsh census statistics
Censuses have been taken regularly every ten years from
1801 up to 1931 Thesc censuses furmsh valuable informa
tson to demographers, soctologists, s geogriphers
and adminsstrators I shall deal here only with those data
which are of special interest 1o the demographer They refer
to tht sex tnd age composition of the population to mantal
condition, and to fertility The sex was ascertuned from the
first census onwards The ages of the populition were ob
tamned 1n 1821 and agun from 1841 onwards The manta!
condstion was asked for the first time 1n {BS1, and thereafler

»
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at cach subsequent censws, Questions relating to fertility
were put only m {911, .

* At the early censuses the ommssion of persons was appar-
ently Srequent, Bug from 1841 o5 the censuses England
have probably been as complete 2 1n any other country
This do2s nos mean that the pmisnions are altogether neg-
{tzble There 15, for example, a tendency everywhere to teave
out young infants, and this tendency 15 strengthened 1
Ergland by the habit of delaying the repistzation of tarths
Thus the Gereral Report on the 1921 census states

oo emmad s L at s
. . .

B - oy

Tuas impossible, of course, to esumate even approxumrately
\:\c p of the at vanous ages.

e

s A LRAIGS Lhe Tistanes 1 the returns op sex, to be
sute, are srdoubredly feo Bat the age data are less sats-
factory Thete v England, as everyshere, a tendency 50
fepant age i tound numbers ~ that 15, 1 numbers eadumg

with @t may soffice to mention that
1933 cersus, there werg i A

245,681 men aged 50, but onts
SN aged £4, ]QA . niy
T 5y R 51 190,482 wamen aged 0. but only 240793

and % omen ared 43
A omen aged 33 than 37, ete,
Maisties oF manv othier coumtnes are por so

©owges UMY S8 S, mOre men
Bt 2red 1 mots ven and w
That the age
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defectne as those of England 15 duc to the fact that in they
censuy forms they do not askh for the age at the last birthday,
but rather for the date of burth, It scems desitable that henee.
forth Logland should follow thor lead i this respect.

Mustatements of marsal conthtson are afso guite fre-
quent. The large cxcess of marred women over married
men which appears at every Botish census <an be explained
only 0 part by the fact that the number of marred members
of the Army, Royal Navy, and Merchant Senviee who are
temporartty abroad exeeeds the number of marnied foreign-
oy who are tempotandy n thys country and hunve feft their
wives at home. It secms that tens of thowsands of women
report themselves as marned though they are sot But o
nmuch graver defect 1s the inadequacy of the statsties of
divorced people. Untit 1921 all persons over 15 years were
sshed 1o state 1 the consus forms whether they wete single,
warnied, or widowed As to dworeed persons, it was evi-
dently left to thewr discretion whuch of these theee alterna-
tines they bked to choae, and (0 by amy whance they were
abstinate enough to reves) thewr actual mantal condition
they were probubly counted as widowed {n {921 o discreet
attempt was made 1o dently duorced persons The heading
ot the column relating to marstal condition now read

For porsons aped 15 and oves wiste Sengle, Murned  Widowed,
araf marnage dissolved by dinone wnte O

The innosation was introduced with great retuctance and
with the consiction that it would prase to he ¢ fadure The
£2pOTL SLACS

At the 1921 Census an @iumpt was Made fr U bist 1 oan m P
country 1o ascertun the sumber of divoned pusns Atk popaittion

The tosal numbay redus sed ik thes Lategon amounted to 4682
afl, of which 8,464 were moles and £ 248 femaler s erewtly to be
ferved, howoser, that doubls 43 to the valoe of sth srioms, whah
weze folt and sxpreseed G hen it was first devided 1o inclinde the inquin
in the general Census questonnain hase proved antv teo wel foundied,
for from an evarmnation of the tecords 0F the o vunes whah have

fhon 1o T Tecuctrony
ranted yoat by vesr, afler making full w w
?ﬁ;SnumLc:‘ b mortahty ard bn g veny figh sensnags e the
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an e
.

The number of men reported as devoreed was then shghtly
greater tun the rumber of women Since the remarnage
1~ of dovoreed toen s much logher than hat ng divoreed

pam

the divorced tumales 19,169 Jt it D€ LS G W Htau g
o licial corment on these figures 1 the Geneeal Repart,

wiuch fus not tren pudhiched as yer
Frors a demogtaphue sandpoigt the 1911 census & sult
to-day the most vatuable of aff because st included questions
. P a ta

.

hed The qustion about the duration of marnage was
answered 1conetly by a very farge number of wives fhe
fentee y Lo concentrate o 10und pumbess - 10,20 30 40~
W3~ e

s

fuld

@ - [ AuH\L\J -4y £ 2 and 23 years 0 the
tunber of marmages concluded  the three
i cenaus was 65 Loy g

NS
e chldeen of e
P ruded O the agher

Te 0 mot cepsus embodyng feribny questions hed teen
Wk 6 0T g Massachusetts a4 many otber countvey
oo ed st The dn g gn the birth rate wade, of co.rm,
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on pearly twce that of England sad Wales and with an
area more than ity times os Jarge But we knew that s
ad 1o do ut, and 2l the velumes, tables and text, covesfing

peardy 10000 large, clowly prnted pages, were publiched
wathn the preserbad tume bt

4 Enghsh vaal statispies

Codb remstration of buths, marnages, and deathy was
stasted on July Ist, 1837 The records are probably as com-
glete as ta apy other country Burth registrayion, to be Swre,
was somewkat defective priot to the wireduction of comt-
pulsory regstration w 1875, but 1 is safe to say that neatly
alf childres born thorealter have been registered, though
ofien with preat delay Death registrapon was ajmost
complete from the outset Muarnage statisies, of colirss, 818
wheolutely complete, sinee, While people may be born of may
die without being sepstered there 18 no marnagy withoot
repstranor AS 16 socuracy the vk statsucs saffer from
defects wmitar 10 those of the censes statstics The age st
Jeath 15 too often reported in numbers ending with 0 There
15 also, at feast among middie-aged persons, & predilection
for ages ending ™ 3he dagt 2. Here agasns the remedy hes i
askig for the date of turth anstead of the age 10 years.

Untd the new Population {Statssises) Act came into foree,
the Repstrarliencral s Stanstieal Resiew showed merely
the pumber of male aed female legtimate znd depumate
Lo tusas and stsll barths, regustered n each quarter From
July Ist 1938, on the Starsiical Reswen shows mn addizon
the births by order af burth, age of wmother, and dusation of
matnage The Decesssial Supplemen goves 1 addwon data
abow fertsdily by oceupatson i th. pentod centnng around
Ehe census The Supplemeat deabing With the year 1924 was
£ Rt 19T the volume winth 1s 10 cover the years

Mevccet But the records of the

. € heta g0
B3 beem tisa ond~
o the date of Lirth angd the date o [

nthe
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the demand for such cnquines eser more urgent, aad
bekween 1920 and 1936 alone fertdity censuses were tiken
Yrance {1921, 1926 1931, and 1936), Holland {1920 and
1930) Norway (1920 and 1930) Hungary {1920 and 19%Y
Estona {1922 and 1934) Spun (1920 and 1930) {taly (1931),
Czechostovatin (1930), Germany (1933) the Unton of South
Africa (1921 wnd 1926} Southern Rhodesit {1921 ang 1926),
Northern Rhodesia (1921 nd 1931), Australin {1921) New
Zealand {1921 and 1936) But m this country no such enguiry
fias been made since 1911

Another grave defect whielt must be mentoned i this
conncetion 15 the date of publication of the Laglsh contus
reports The fortthty eaguiry of 1911 was nnde throughout
the Umited hangdom The complete reports for Scotfand and
frefand were both pubbished w 1913 For Enpland and
Wales 1 first volume contaaing & number of basie tables
was pubhghed m 1917 the sccond volume contumng att
other tables and the toext was published m 1923 1 huve
already mentioned that the tex volume of the 1931 census
15 not yet mvaubble The volumes published so far coman
merely tibles This 1t scanis to me 15w intolerabie situ stion
which should e remedied and couk! be remedied casily [
happened 10 be connected with the Umied States Census of
1900 The publicytion of the 1890 census reports had been
rery stow  But Congress was not withng to run a ssimilar nsk
again The Ceasus Act of March ed 1899 provided there
fore

The only volunes that shll be prepaned and publ siind i conptnt on
with the Twelfth Consus, cxeept the S st Reports feremafter pro
yidud for shall refate 10 population martalty and vital statistics the
grodits of 3 and of £ g and amechacat
and shalt be d g g5 anud consl tute the Censey
Repogts wh ch saed reporty shall be pobls t~d not later ¥ an the fent
g1y of Julv nmete=n hundred and fwo

Ve then had barcly two years for the prepacition and
putlication of the repotls sot oy of a most elaborite
populition census but b0 of 2 most mtrcte census of
agnaltuce and of manuf~tures 1 COUNTY Wit X popudt
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seular publication of these standarduzed death rates The
corrtet death rate denved from the fe tables has decreased i
the last sixty years from 23 o 16 or only by about 30 per cent
England, which n the 1850's had 3 Jower mortality thag, for
example, Germany, Holland, aud Swatzerland, had in the
19%'s & Tugher mortalny thap those countries The tume
that 15 wasted 1n computing msleading standardized death

rates coull not be better used than 1n studying why the pré-
frect aphusadae ln amsr swonebal o m unda 1~ L2 ot

183834, 1871-80, 188199, 159}-150D, 1901-35, and 191612

Sisce Then Bbles hgve been pubhshed only for 18202 and
1936-2 While the earlitr tables compnsed 2l years from
1871 101912, the tecent ones cover oply s of the tarty tho
years clapsed since 1912 Formerly the bad years were taken
wnhihe good years 1t 15 obvious that the results of the new
procedure, which completely ygnores not only the war years
but also such a bad peace year as 1929, are Tauch fess con-
chne The exsing Ufe tables showld be supplemented
without delay by a hfe 1able for femaes for 1911.20, and. by
tables for eachy s fot 192032 2ed 1939 The DELRSSATY
data are all available 10 the Registras-General's Office, and
byﬂmxng’ modern shortent methods whih wield results
ALrmatl pme s €

ES

& - .

Suu s sz usbl 938 As 1n the east of the death
stainhics o s fGC 0 much the tables showing the basic
figures which aced mod but rather the published
wes sad averacey The Pacerms s~ .

Revien =

men, (b . .

W) wd .

fetane

v IS OF seventy years ago when the
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ar 22,7 per cent, while the number of actual deaths imereases
by 24,785, or 251 per cent 1t scems desirable, therefore
that henceforth not ealy the births but alse the deaths be
classified throughous by date of occurrence.

The Populatton (Stausties) Ast ntroduced only some
questions of minor smportance to be ashed on the registra-
tron of death But the collection of detalls about deaths has
been fatrly ample for many years, and the monnhlysnusm&
of England compare fasoumblv with ghese £y

tries, [ awentd < o [
pryes e
¢ . The
s 5w sa aneant to convey a belter

I weuiv 0t the trend of mortality than the crude death rate,
has decreased from 20 10 1876-80 4o 9 19 1935-9 The crude
death e has decreased only from 21 to 12 Thus ervir e

1500 udcquaxc gAvRe ur Phe sen vt -
crtmen ,

[N N o o wuw IURE
f . " 5 stats ago, the crude death rate over-

swates the decline of mortality The offcial standardized
death rates are those which would have been recorded if the
age of the poput had been the same as in
15301, Al depends, of course, on what year s taken as @
dard, and 1t so happens that by ch @ the year 1901
the dechine of mortality in the Last sy )cars 15 overstated
still more than by o comparison of the crude death rates. To
compute what the death mtes would hase been sixty years
ago and what they would be now if the composition of the
population by age at both dates had been that of 1901 i¢
perfeetly futsle. Jt i< sust as Gutde as to compute what would
e been the death rates then and to-day if, bothan the fate
seventics and naw, the coniposition of the poput b
occupnnon had been the same as 1901 But the compuh-
tion of such s:andard:zcd deash mtcs sspotonty &«
nuisance Not» = Vs '

toco - ) N . '
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10 the burths which ocourred fn each year and making
allowance for a Continung smprovement in survorship
conbons™ I ns Stanstieol Revew for 1938 be fad
weluded 2 net reprod Tate comput ding to the
paniples accepted all over the world {and adopted by the
League of Nauons and the nternationat Statssticat In-
stitate], whuch taply that such rates should be computed
on the Dasis of corrent fertiluy and morulity, His new rates
take no account whatener of current mortalty Akhough

hoa o e L4 -
esumates of future hup arte H
they tend $o overstase reproduction because they distegard

Pactystions in mortality. But of they were recomputed on
the Hasis of cutrent mortality they would be most wseful.
« A start, 6o doubt, has been tade w the course of the
Last few years to sncrtase our knowledge of the demograpiie
Tt tean of England. Bt much has stft 10 be done 1 ordey
1o tuabte the Royad Commussion 1o examne the facts
selating t0 the fresent poputavion trends * A few thungs have
‘:;;(sug;’::swd \.)erore. such as the computation of hfe
of .. .
the .

MR i WA Of 3 spectal fertidity Cor fawuly) census
which woutd B many gaps sowsed by Ahe numerons sins
of pmyssen committed 1 the course of the last decades
Swch 2 ferdiy e would convey g comprehensive
petare of ewentid demograpiug facts upon which {to use
Vare's words of 1833} he greatest sgnorance provals,' for
cuamp'e, the 1endence of childiessness, the spacing af b‘\t{h&
fecti s ¢ fleeencs betaern docupational and social zmups:
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Since the appointment of the Royal Commusston the
postion has improved considerably

1 The results of the emergency census taken for purposes
of national repstration on September 29th, 1939, wen
published 10 the spring of 1944 The report shows the
ovihan population by sex, age, and marnal condition The
returns are less trustworthy than those obtuned at the
general censuses, and the data for men are particulacly
defeetive snasmuch as they exclude (for England and Wales)
about 900,000 non csvthans, but ous hnowledge of the age
compositson and ¢the mantal conditions of females has
become much more up to date

2 The Goverament publshed n the summer of 1934
data for 1940 callected under the Populition (Statistics)
Act, sumlar figures for 1932 were published 1n the autumn
of 1944, and shortly thereafter for the second half of 1938 #
The 1ables for 1938 are accompanied by a covening report
which shows the gross and net reproduction rates for 1938
Unfortunately the text 1s watten 1n the same vein as the
White Paper on current trends of population The Regustear
Genesal evidently thought that the mun obyect of such a
report was to fight wht bis Medieal Statistical Ollicer calied

that Iamentable sense of nisent) afertonty from which 1
large section of the populition now seems to be suffunng b
The cssence of hiy wrgument 15 that the population problem
15 not scrious since a population dechne could be prevented
by cncouraging marnage and particularly early marnage
For 1939 and 1940 only tables have been publishied but ne
rutes and no text It 15 to be fiared therefore that in therr
present state these statistcs well be of lage use to the
members of the Royal tommypswon Hownever the basi
data an now asuhible nd 3t <should not ause smsur
mount1ble difficulties 10 rlste them to other datr hidden
1 the Regrsteae General s Ofine wad to provide an unbrascd
e tpretation of the figures

3 The Registrar General o the wpring of 1944 published
for 1934-43 ‘approumate reproduciion rites corresponding
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16 the firths wheeh ocourred i each year and making
i ¢ for 2 poverieat 1 survvorship
conditions ™ In his Statssncal Revew for 1938 fe had
mtuded 4 vt reprod tate compited ding to the
principles aceepted all ovet the sorld (and adopted by the
Lesgue of Wations and the International Statistienl To-
staute), which smply that such rates should be computed
on the bass of cursent feruiity and mortality Hus rew rates
t2ke no account whatever of cmr:nt‘mcmh‘y Although
PP e

R Yy S

year i year-out a steady’gradusl 1mprovement in survivor-
atup canditions ” These rates are nat comparable with those
of any olher country, they are speculative because alf
estimaies of future survivorstup conditiont are vucertamny
they tend to overstate reproduction because they disregard
fuctuations in mortahty But «f they were recomputed on
the baws of current mortality they would ba most useful,
« A stafl, no doubt, has been made 1n the course of the
1o ata

tesd il L0 LNE PIOSEDL populatiot trends.” A few things have
been sogzested before, such as the computation of hfs
tables and nuptiatiy tabies, of pross reprodusun rates and
of gentine net reproduction rates and a proper analysis of
the statstics collected under the Population (Statistics) Act
up to 1943 But the most important tash of all 15 the
immediate taking of 4 speaiat fernfiy for family) census
\\:\ch would fitl many gaps caused by the numerous sins.
.

omision commited tn the cousse of the last deca
Swh s fertility census would come e

3 c

T r.(u_rv of essenuat demographic rmsyupen :gy;:i(\‘c;\ s:)\;
Taer's wonds of $648) the preatest ignarance prevas, for
cramp's the incidence of ehldlessness, the spaeing of b;xl}u
fert Tty dafferem =« hewnten ociurationat and socia} groupx'
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o g

ny forngn
than 0 any Bntsh Pomnion or Colony ot v 30Y fre

B - .

Wales ard the population was mine tmes as large Yet, the
forty mine \o\u&c‘: of Yoot Yodhan census which iwcluded
an admirsble 1ext of several humdred thousand words wert
pubaFed vithn ity months after census date Would
Smyons supgest that 1t 15 easier to fake a consus m Indss,
23t 1t 15 casier there to instrict the supervisors and the
. - R TIY Ly

anyurt suggest hat with the present organszation it would
be posuble hiere 1o schieve what has teen achieved in lndha?
Dhffuings, 1t 38 trug, may anse in finding the adequate
gervanned for (he new oTganTAton The leading soen show'd
be competent unbuased, eager, and preferably young. It
B e hn Sornce an play an impostamy part Qut
umsessiies should establsh chawrs for demosgtaphy and
{he students of demography should be thoroughly tramed
in stantics This tratning, would enable them to find a
position 33 sihiiuetans 1f they fal 1o seoure employment a8
dermozraphes But the demand for demogsaphers wlk be
sof siderable m the futate, The inereastng impartance of the
porelar en prebiem will afford many opportunities of domg
Ul work i this country, and the preat declopment
wBees 19 the Colomes cannot be catned ows effectively
#ithot the avastance of expent demographers.
In e Tetd of demotraphy 3s in many other fields the
Admimstras an et
what
corop
sghek

Wiy by skl the basic demo-
st duta may be votrectly interpreted bt he lumwelf

cann 1 cobeut thow duta They can be coliected onfy by
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the Admmstration, and his chanees of getting the data he
neads will obwiously be much greater if he contributes
tonards the educatton of the future persounel of the
Adnunsstration
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What the Earth is made of

ERNEST TILLOTSON

Introductior

Tue eanh i nearly a sphere having an cquatorsl drameter
of 12,756 776 kalometres (7,927 06 tiles) and a polar dia
reter of 12,713 7 kilometres (7,900 29 miles) Tt has a mosy
of $98 % 10°t kalograms (5,870 mitlion millzan million tons}
and wt thus weighs § 5163 tmes as muck as © wostd if 1t
were made solely of water The comesponding ratio for
average surface Tocks 13 26, and thus we see that the
witenior of the earth must be made of matertl much more
dense { heavy when we take umit volume) Qur knowledgs
of 1he sntenor of the cattn 15 obwnned by inferences from
observations and cxpetiments made Wathm the uppeTmoy
4 of § kilomettes (3 mifes) of tfuckness or depth In oy
tash of finding what the earth 15 made of we iherefore
proceed by maling 8 mental model of the earth the parg
of the model being constructed from our obsenations and
deduetions from cxperiments We can then amend thyg
odlf necossary o5 new tacts come 10 hght. That we do
altce 3t from tme 10 ime and that we are st} prepared 1o
do 10, and to discuss alternatives chicates (hat our present
miodel 15 not perfect Tts fack of petfection 1s caused by Gur
obwenatiors bang mcomplete, and some of our deductions
U Let us eomine the 1939 ©anh modcl, and yhe
obenauons and deductions ued 10 the making of (.

A glance at & i face shows the rock (o be arranged 1
fayers ard these yery (0 be concenn. wath the eany's
ceatre {15 ot therefore 3 wild Mt of fancy 1o 1Damne
the eanth 10 b mads up of comcenine sphencal shelly
saret trg fike n onion thesg shells nereasing 0 deney.
ey € wards the centee (e plate 20) The pext “‘O"mu:;
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step 1s 10 try to discover how thick these shells are wdus
dually, and of what kind of materat they are ldely to &
mde Letus firstiook st the outer 4 or Sk fometres thadaew

1 aat the geofogist bas to sm
When the soil and sub sorl have been clearcd away frem
part of the ewnth’s surface by wid, streams, glaciers or
othier natural agens, or by the hand of man as in quanes
and mings, we can st¢ the roths Rocks may b clssified
mnto thies \ypes, sedihientary, igneous and metamorphe.
Scdiment iry fouks are those which hive been deposiied by
the agency of wind or water, agatous rocks ine ban
formed by volkanic actton thit s they hase been molten,
and metamorphic rocks are either of the above aftered by
heat or pressure or both Sedimentary touks may b recog-
nised by exammung the wdmdual minerad grams of which
the veck ss composed, shen these are scen (o bt wates- or
wand-worn, apd by the presence i sedmnentary rochs of the
remams of the fishes, anunals or plals which were hving
at the ame when the rocks were deposited and wiich ate
now found as fossls By exannmung these fosud remans
and by noung carefully the relauve positions of undistutbad
honzontal beds as they oceur onc above the other we ¢an
distingnsh a seguence, which, i the Brtish Isles his been
worked out, and the groups o rockhs grven aames as follows*
at the base of the sequence and therefore the aldest sedi
mestary rocks, pro-Cansbrian, and abose this v order as
1he rocks wete deposued more and more recently, Cambnan,
Ordovicnn, Siunan, Devonnn, Carbonferons, Pormm,
Tnasaie, Jursse, Cretrecoun, Eocene and Ohgocene, Pho-
cene and Recent Igneous rocks may be recogntsed n that
the mduosdual puneral praons hve not been rounded, the
rocks In'mass are not arranged i layers or sivata, but they
finve boen intruded woto the surrounding s~dunentary rocks
and they do nat comtan fossds The charscter of metu.
morphic tocks 1§ indicated by ther poution amongst wihicr
roeks, e, near wienscly contoried drata o pneous in.
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trusions, and by their appearance §n hand speciroens or
thun shees under the mucroscope 3F Al one time they were
scdimentary 2nd contamed fossifs these will have been
altercd teyond recogmtion The examnation of the -
dnaduat mireral grashs singly of in thin sections under a
mwsoscope assists wdentification

The vanous minerals needed for our enilisation are
found concentrated 1n ore bodies, which makes commereiat
cxplotation passble The presence of these nunerals in the
cruit 3% 3 wbale s often w very small proportions For
example 1ron 18 present to the exent of about 5 per cent by
weipht of the whole crust, copper 0 01 per cent and fead
600 per cemt The concentration of munerals snto ore
tod e335 often by volcanic acuion, but cecasionalty by water
sortng of other naturdl process

The tincknesses of the individual strata vary greatty from
ere ta another, and cven the same stratum s of different
thickness from place to place Somelmes one or more
sats w3y be entiely sbsest, causing 3 non seguence ot
veconformity at that pownt At the thickest places as
the Alps, Andes, Himatayas and Rocky Mountains the
total thaekness of sedimentary rocks may be 4 kilometres

QF riles) whilst under the Pacific Ocean 13 supposed
153t they are entiely absemt

#lat tle geaphysical prospector telfs us
When a geolopist examunes the strafied rocks at the eagth's
surface and finds them dipping ot thar bedding planes
sloping tnto the ground he can take the angle of dip and
with a knowiedge of the toporraphy draw a section to show
w4t bappens o them underground In this he 15 assisted
by other observations of other strata i the dustret and
poswibly by the reappcacance of the onmnal strata (r’ccog-

noed by fowl wwemblage) forther awas

3 y This 15 called
extrapatatieg from known 613 1o unknawn tegons The
(v‘ﬁg el trool that tus enrapolations are pshified 1 by
dnthrg and examaming W cores so oblansd Thu s sery
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expensive and novadays there are cheapsr ways of tesung
logieal ferences obt; d 1 the above manner Thest
less expensie methods are called geophy sical prospecting,
because we make use of the physieal properties of the rocks
and examune them with the apparatus which physicists
nornvally use m their laboratories and observatories Tbe
four chief methods are magnetic, cloctneal, gravtisonat
and seismuc We will examune these methods i some detatl,
partcularly the seismic method, as they are also useful for
the larger work of probmg the deep snterior of the carth
The magnetic method depends upon the magnetic sus
cepubilitics of vartous nunerals i the rocks The preserce
of deposits of rron, tchel or coball ore can readily be
detected by thns method even of they ane buned 10 5 depth
of over 1,500 metres (5,000 feet) Ores which oecur
association wath, say, magnstie or pyrrhotite can also exuly
be focated by this micans, though the percentage of dron
present 1 a muneraf 15 not the only enterion of its magachc
susceptbility  Occastonally cortain igntous rocks such 8
basait, diabase, diofte of serpeptine are more strongly
magnetic than, say, haemante, which contamns a fugher
pereentage of iron fn magneiic sunveys the vertical com-
ponent of the earth’s mignetsc field at o gwven pont ts usually
found, as tdus 1 prachice 15 more senstne for the purpose
of focating underground depostts or determimuag teetome
struntuces than finding the honizontal component In most
snstruments of the type used 1n the ficld this verueal mignele
force 15 compared with an oppasing foree 10 the instrument
dure 1o, say, gravity, torsional or bifilar suspension or the
magnetic foree of an auubary magnet The magnetic susvey
13 the quickest and cheapest of all surveys 1t does not need
a tramed obsenver and 1 independent of topopraphy s
Lrmtouons are duc to the Mt that enhy some rocks hase
mragnetic propertics 1t hias proved extremely wseful in such
countres a3 Sweden
The gravitational micthod of obtuning evidence concern-
g underground structures depends on the vanatwns of
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densty of (he rogks as we o from place to placc The work
" ﬂo?amd out by means of a pendulum which would
PFeasdre the absolute valus of gravity 1 any place, tut
vawally by means of & torsion balance which meastres
bonzontal varianons 1w gravity The first effecuve torsion
tafanee was constructed by Baton Rofand von EStvds

Frofessor of Phyncs 2t the Univeruty of Budapest, in 1838

Ore type of the EBtsas torston bafance consisted of 2 high

borzontal beam with cqual masses of plannum at each
ead - one actually at one end of the beam 2nd the v.her
suspended at a depth of about 3 metre from the other end
of the beam The system was suspendzd from the mud pomt
of the beam by means of a dzhcate suspension ware, the
toron 1 v hich acted 1 appPutiion to the tendency of
the earth to rotate the beam #rto one definte posion

The suspended beam carned a musror by means of which,
n assoc1auon wirk a ale monnted on a scparate stand a
telescope could be used to observe chanpes i the posiion
of equitbrum of the beam The greatest suecess of the
stryment lies m debineating the extent of large bodies of
sery b gfl or very lox dentity when these oocur farrdy near
the sarface  The boundanes of s2lt domes associated
some pats of the wotld wath tetroleum deposits, cen be
rapped effiently, after the necessary corrections for the
effeets of tarface festures have been applied.

Bectrcal methods have been used 1o dstermine the
Ceptbs 2nd deps of fuddes fayers of rock and are based on
the differences 1 tketneal conductyy wy between adjzcent
fock bod es These differences may be very Large aad herce
1hore 13 3 greater yange 10 this method than 10 any of the
ather methods. The ondaton of centam sulphide ores
r;:d“m r‘-x!ml a:;n currerts, bet i other cases 1t 15

sary 10 set attifqal electec eurre
3Rentam thear oot T 1 the earthand
Thoww mew 3 3 -
A

-
©
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expensive and nowadays there are cheaper ways of festing
geolopical inferences obtamed 1n the above manner Thess
less expenstne miethads are called graphysieal prospecieg,
because se make use of the physical propertics of the rocks
and oxamune them wath the apparatus which physiasts
normally tse m ther labortones and observatonies The
four chef methods are magnes, tlecineal, gravitationat
and seismie We will exanune these methods n some detad,
particularly the seismie method, as they ase alse useful for
the larger work of probing the deep intenior of the carth

The mrgnetic miethod depends upon the magnetic sus
ceptibihities of vartous munerals in the rochs The prescace
of deposits of 1ron, nichel or cobalt ore can readily be
detucted by dus method cven of they are butied o o depth
of over 1500 metres (5,000 fect) Otes whuh occur 1
assocsation with 81y, magnetie or pysrhonte ean also casdly
be focated by this nieans, thouph the percentage of 1000
present i a mineral » not the only criterion of is magnehic
suscepibibity  Occasionalfy eestaun ipneous rocks such as
basalt, diabase, diorite or serpentine are more strongly
magnetie than sy, hacmante, which contams o gher
perceninpe of ron In magnetic sunveys the «
porentofthe canth’s mapnmt & @ v, .
found as this in prrctic B e pEIpON
of tocating vadergroand | L o oor determinig 1oCtOMS
structures than finding the honzomtal component In most
ystruments of the type used in the field this vertical magnetc
force is compared with an appostag foree mn the instrument
due to, sy, grisaty, torsional or biblar suspension or the
magneue foree of an awahiry magnet The mapnetic suney
15 the quichest and cheapest of all surecys I does not need
a truned obsener and 15 independent of topograpiy. its
lmstztions are dua te the fact that only some rocks have
ragnetsc properties £ has proved extremely useful in such
countries as Sweden

The prav { method of ob 2 evidence contermn.
g underground structures depends on the vanatons of
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tnen b wfaze The sork
w | which would
¢ e - . sy place, but
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wseally by means of a torsion balatce which measures

Totizonta variations in grassty The fiest effective Lorsion

flanen 15 constructed by Baron Roland von EStvds,

decact on 1888

- - - Tighe

. - . cach

end - one actually at One ENO Ut Wl Ve o = other
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=+ o conirr frpm the other £nd

e L he mid-porat
[N - 100 wire, the
1OM0L 1 Sl vaele - * tendency of

o
the earth 1o yotate the beam wnto ont definste poston.
. wad o e wene by means of which,
. rate stand., 3
the poston.
uecess of the

3 et af

- - .
of eowhbrum of the beam  fhe greatest o
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neeessaty cotrections for the
o

. Lram el o

some pacts of the world wath petrofeum
mapped efficiently, after the
. . T e

. v

produces natural eanth currents, but in other cases 1t
necessary ta set arvfeal electne currents in the earthar
ascertawm theie effects

The sewmic metbod of prospecling 15

prabably the o
which 15 capable of the greatest accuracy mm; and t
eae nhxch has the grealest possibrhines of advapcement






WHAT THE EARTH 15 MADE of [

3,

VELOGITY XHMJSEC

1
‘M MLLLu

OEPTH KM

]

‘g (2 ~The ypeed of travel of both S and P wases smcreases ag we
g0 deeper into the Eanh, until the core is reached,
of the weight and the surroundings, a few thousandthe of
an inch, 1 magmfied and then recorded on papet fixed to
arevotving drum: Time marks are also put on the paper.,
There are various ways of arranging the work in seismic
prospecting, but here we will consider onty two ways -
-~ v . . . .

oo .- B
- . P

. . . N
by letary strata I we fire a charge of explosive at
(g 13} and have seumographs at A, B and C, equal
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DEPTH KM

13 12—The speed of travel of both § and P wanes mureases ag we
0 dceper 1mto the Earth, until the core 1 reached
of the weight and the surroundings, a few thousandths of
an neh, 15 magmfied and then recorded opn paper fixed 1o
a revolving drum Time marks are also put on (e paper
Thete are vanous ways of atranging the work 1n seispue
prospecting but here we will consider only two ways ~
refraction shooung and reflection shooting Suppose 1 the
first wstance that the area has been geologeally surveyed
and that a salt dome 18 to be cxpected. We first wish to
find 1he honzontal exient of the salt which 15 surrpunded
by Tertary staata If we fire 2 charge of explosive at S
(ig 13) and have scsmographs at A, B and C, equal
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the future The cost 1s faarly high but ot pays dividends by
us efficiency and 1t 1s much cheaper than drilfing, Relatnely
simple geolopieal structures such as salt domes, antichnes,
and honzontal strata have boen dealt with successfully up
1o the prosent time The earthguake waves are produced
artifically at a known instant by fining clectncally a guantity
of explosie  In the neighbourhood of the Guil of Mexico,
when prospecting for salt domes, 70 to 90 hilograms {150
to 200 1bYof TN T are buned 4 to 6 metres (14-20 feey)
underground and fired cloctncally In that part of the
world the hole 15 sometrmes left unfitled In England and
more populated arcas tess explosive is employed, though the
people of Leyland in Lancashire thought they had ex-
penieaced a natural earthyuake when o shot was fired i a
30 metre {100 feet) borchole w the neighbourhond when
prospecting for oit on Sunday morming, 21 Suly, 1946 The
action of the expiosne 1 to generate at feast two types of
waves Inthe first type, called primary (), the particles mose
backwards and forw.ards wn the direction of the wave, which
15 thus fongutudmal §t v of the same nature as a sound
wise though often the frequency of the wave is such that
human bemngs canno! hear 1, and an instrument ss required
for sty detection and recepiion The sccond type of wave
18 catled sccondary (S3, and as the wave pisses any point
the particies 1n its path move to and fro at aght angles to
the path 1L1s thus a transverse wane, and 1s stower than the
F wave Morcover # must be transmutted through solids

Ligmids and gises cantof transmut 8 waves In sessmic
prospecting 8t present P owaves only are used, though

future S waves may be employed The instruments used to
detect these waves, whuch are similar to tho wases present
in natural earthquikes, are called sesmographs and the

records obtamned by them senmograms In prnciple, the

hotizontal seismograph comsnty of a waight fixed at onc

end of a nearly horizontal rud, which v pivoted at the other

end When the earth quikes everyshing moves except the

waight, which stands eelattsely sull The mlatve morement
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f the earth, »hich 55 the onc handled by gealogsts
!;%“ir ;onmn of the earth 15 called by geophysinsts the
sedtmentary fayer 1tas Jargely sechmentary in the geological
sense 28 it 15 composed chefly of such rocks as fimestone,
sandstone, shale and clay, which are the products of
weathening and teconststution of the ongimal stony surface
maternl e wift now probe deeper

The interior

The bascrent comples of pre Cambnan rocks, about
1,500 000,000 years old, 1s visible in Finland and conusts
there of 525 per cent by weight of gramite, 21 8 per cemt
mstures of granite, seduments (the earhest deposited on
Eanh) and old Volcanic rocks, 4 0 per cent granufes, 9 1
per cent schusts (2 metamorphue rock whose crystals are
distinguishable to the naked eye, which 15 conspicuously
thinly fohated and i which felspar 1s absent), 43 per cent

d ans 01 per cent and
dolomates and 82 per cent baswe tocks unlike gramite tut
ance moten. It will be seen that ot 8 truly gramtic 1n
composition enginally largely igncous though partly sedi-
mentary, but now fargely metamorphic 1n texture There
may be local varations n this metamorphosed mass of
preCambrian tocks, but actording to scismological evi-
dence 1 1s Tairly urform 1 character and about 10 kilo-
metres (6] miles) thick 1t 15 called the gramic layer and
e(r)\;:\ops the whole eanth with the exception of the Pacific

an

Under the grambic Yayer 13 ancther bmform layer some
20 kilometres (neasly 120 miles) thick which has 2 com-
POULON IMErmed 2th bt nam —onm ¢ 31

me . - - . -

alsc ¢ e .
mﬁu\;\duy\uu: £15¢ 30 Whe kanh

¢ sedimentary, gramic and mtermed;

sether form the Crust of the earth which lol:;cx(l:gr;ct:;
the time when wt really was considered 10 be the only solid
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8 T ataemanva sohned of

-

- . . .
thie physicad properties of the matenialat these ugh pressuse:
Lcc: the core stable, though at these temperatures and Q&&;
surcs ¥ M3y £onspivte 2 Franulon repon where physical
aod chrmucal propectics begun to change strongly (These

rondimons 4t nothing Wke the conditons made stars,
however §

Temperatares wirku the earth

The temperatort gradrent i the crust of the earth 15 such
that st pets abaut £°C warmer 1n every 30 metres {I°F Jor
sery 18 yacds despee approwmately) though there ate
large vanabons seh o3 oser salt domes and promte plass
and over basement tocks The heat current through 1he
earth s surface 1s abaut 107% ealores per second por square
cenumttre {369 x 107 Boush Thermad Umis pos
second per square foor) and this appears to be fargely

for by the prod of
Feag by the known Avernge radioactite minerat costent of
tocks 1n the upy }mles}

persmost 40 of 50 kolomeyres (25 10 3
of the canth Faurih Iab Y tend to
confirm that at lugh pressures rocks and ymmnerals 304 metals
are wperconducting to heat and we are thus fed to the cone
clysion that the wntenor of 1he £3rih 00 Jonger contributes
ta the heat fiow throvgh the surface Except for the onter
mest part of the mantle the tempreature i the wterior of the
canth appeass 15 be noy far from the Wmpsratsres amsting
4 e ume when the trust solidsfied

When the earth wos engnolly gaseous wis thought to
have had o temperature of 600G absofue BIIPC =
10,356 € the orost became solid afier about 15000 yezes
and soon fierwards the surfsce cooled sufficently for
ortans 1 condense  THE teroperature of the eah's cenlie
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WHAT THE EARTH 18 MADE OF 8t

beea cuused m the seme way 2s earthquakes which stan
2 theearth s surface This potat 55, however, stll under dis-
wusyon AT earthquake epicentres are plotied on 2 map
accordng to therr depth of ongin nteresung vesults are
obtained We find that earthquakes with shallow foct, 1 ¢
8~ 100 klometees (@ to 624 miles) and ntermediate fo,
1e, 100 to 290 kilometres {621 3 181 mulas) are closely
Lsocuated with Tertary or more recent mcuntain butlding
wntun e tast 60 muttion years), whulst deep focus shocks,
e 790 to 700 kifometres (18] (o 435 tmiles) are assocrated
wik gre Cambnan topogmphy {1,000 000 CB0 years old)
What was the ongin of the fateral forces w the carth’s
it which from hime to timz have been responsible for
ol thiy movement and mountan bunding? Some have
been duc ta the contrnetion of the earth s mtenor ¢o e,
qent o coaling, and some way have been caused by
S2n3tons 1n temperature wuttun the crust and upper mantle
e Voa ey, - ele .
“

.
others Let us taje o {ook ay the
1¢ theupper Pt of the mantte,
The crust of the carth y5 often called SIAL on account of
1ts es;xmalcd AVERAEE compasitton by weight, wh ch 15 $10,
i l; per sent, m,g. 1534 per cent, other minerals making
Atha can L . - Thoa -

*foundations of the crust,

The theory of 1sostas concerns thys
Mydrostate fupnort of the easth s crust by ylh: mantle al;xld
fanms) that each vertical eolumn of the
1008 1hat have not been fecently dyg
® 2 radius of at feast [0 Llorretreg 6}

carthg erust, 1y %3
Torbed, which hay,
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Glass

£ L LOEWENSTEIN

THE 2n of glass manufacture depends on melting together
2 number of substances, which, on coohing rapidly, will set
1o gve a clear, transparent sobd From a physical pownt of
siew this corresponds more 1o the hqud than to the sohd
stite For example, the change from hquid watee to sobd
water (1<) takes place at a defimite temperature, and as Jong
25 both water and ice are present the temparature of the
mare will be 0°C or 32°F, v th glasses this 1 not 50 on
cooling, the viscosty increases continuously, and there 15 no
definite temperature at which the glass can be sad to
solidify, simtarly, on hezting glass from room temperature
# will soften more and mote without any break o the tem-
resature cune This is beat dusteated by means of a graph,

Tempersturs

ety






GLASS »

stroctore For example, berylhum finonde 15 a glass-
former, on substituting a smaller atom, € 8- Tttum, for
tenyluam, or & larger atom, ¢ g brorune, fot fluonne, we
fiod that the substitittes are too small or too big respectively
108t into the network structure

1thas been found that the gavo of the atomic radu of the
om0 the anion must be approxmately &3

The tugh stability of sibica glasses compared with other

ﬂ“!r&mm 15 ascribed to the fact that the ratio of the
o b e 68 O R AE .

sixan stoms, furthermore, as no oxygen can hold more
than teo sthicon atoms there 1s a certain ficubility 1o the
Jorung together of S13, tetrahedra, Hence the energy in the
supercooled state 53 not very different from that i the
erystalline state, and the tendency to devatnfy is small.

M, hawever, other groups besides the S0, tetrahedra are
10¢orporated m the plass structure, the tendency to devinfy
Wincreased

{2) Other constituents —The breakang up of tce threes
Simensional 10, network by other constuuents will loner
e meltind vIAt AF sha o vt sa and ea 3 T, .

¢ e .

- . " "
1‘::1::. e glassmelt, , 3nd which has no tendency to
) :
N

Ly -






GLASS ®

ricarporated 1m0 a glass wathout asking for trouble* the
g2 tends to devitnfy even 1n the molten condition, and
the aushed article will be attacked rapudly by the catbon
dioxide 1 the atmosphere

The continuity of the silica network can alse be broken
1p by replaciog some of the oxygens by fluonne, Oxygen
15 divalent and can, therefore, act as fnk between the inds-
wdut dra, fleotine 1 fent and
eannot This rocthod has its drawbacks as fluondes are not
vesy soluble in the glassmelt, and the pots 1n wluch the glass
srelted are badly corroded

Calewm ovde (ume), baniurm, tead, zing, and magnesium

oudes do not break up the silica network, but thun out the
tetrahedra, e 2

| 1
o 0 })
| )
-0~§|—0~}’b-0»5’1—0—51—»0~"b—~0~ .t
| [ |
0 o Lo} 0 e
N/ ;, N O —H— —
Si b S ~
[N s O
o 0 o ~
I

’

The extent to whuch these divalent metals ean be added
1 the form of thesr oxides depends an the properties of the
ﬁzulﬂIm gths, the solubihity of the oxide wn the glass, et

by

aducae e quantiey Lup 4o S per cent), can form tetra,
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Sihen n the vitreous state
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One moleele of sodum oude, Na,0, has eptered the
plass structure (The diagrams are projections on ta a
plane, and do not represent relatise distances, e )

it can be seen that there must be 2 ot to tius process of
breaking up the sifica network s this imut Is the formanon of
sodium stheate (waterglass), In plassmaking the fmmt 13
governed by the stability of the resultant glass, as a rough
gmde not moresthan 18 por cent of atkalr oxde can be

.



GLASS &

wetporated irdo & plass withow asking fac wouble: the
gass tends to devitnfy €ven in the molien conditian, and
the finshed artiele will be astacked rapidiy by the carbon
dioxideinthe atmasp?}ere .

wpe L. - PR
ne - - . e - N . N
widuay dra, fluonne 38 tent and

canet. This mhthod has ¥ drawbacks a3 fuondes are not
sery soluble n the glassmett, and the pots n which the glass
tsmelted ars badly corroded

Calensm oxede {ome), batwum, lead, zine, and magnesium

axfdes do not break. up the slica etwark, but thin out the
tetrahedra, e g,

& b b

{
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Th extent 10 which these divalent metals can be added
10 the form of thae axides depands on the propetiies of the
t\:ﬁ:\:l:;m ;hg;, the solubdity of the pxde in the

ther atn

- ~le aliee, when
ity smal) quantities (up 1o § it ceaty, can fon;r tetrg-
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One my, olecy o of sodiym, ovde, Ny O, nas cnlcrcd the
Blasg Struety e (The dmgmlnx are pe, /ccn Ons on ¢, a
Planc, and o not Tepreseny relatng dugy, ces, o

It cap b e seen gy tlcrcm st be g p e g, lsproccssaf
brc'll.mg Up the sy tca ncmork, this hm 1815 the e fo, Ormation of
sodrm stl Cate (ware CIglass) Iy Blassmagy lhc hane i
gou:mcdb hc Stabaly U5 of the po II ant gy v as g ,.‘,ug;,
Biide nog oy “than 1 18 per cent of 5 Ikl 7% n be



GLASS “

ireotporated mto @ plass wathout asking for woudle the
;!m“:o:nd: 1 dmmEY’; even 10 the molten ¢ondiuon, and
the Simashed amele will be attacked rapidly by the carbon
doudein the atmosphere.

The continuty of the sihica network can also be broken
wp by replacing some of the oxygens by fluonne Ovygen
1 divalent and can, therefore, act as Jnk between the mdi-
wdend tetrshedra, fuonoe 15 monovalent and therefore
cxngot, Ths method has yts drawbacks as Buondes are not
tery solble tn the glassmelt, and the pots 1 whick the glass
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tebedra, e g
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The extent 10 wiuch these thivalent metals can be added
s the form of thawe oxdes depends on the properies of the
t;sult.x\m ghss the solubility of the onde n the glass, ete
A e & o1 . ..

. .
X - .
¢ 4 Lt L operties of most glasses can B improved
by adling bone andler Asmmum oxdes Thesc? when
2ddd i sl quantaes (Ao $ pex temt), can form tetea
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Silien in the vitreous staite
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One molecule of sodwm oude Na O has entered the
glass structure  (The diagrams are projections on 10 8
plane and do not rupresent refatne distances ¢ic )

it can bu seen that there must be a imst to this process of
breahing up the sthea netnorh  this hmt s the formation of
sodum stheite (waterglass) In ghissmaking the bt i«
goserned by the stabifity of the sesultant glass as a rough
gu de not more than 18 per cent of nikih oxide can be



Viscosity
DR A. E. BELYL

YiscosiTy plays perhaps as large & partin lp:_ph:ncmena
of everyday hfe 25 does friction ~ with which it is x;lated T
wsia faet an effect w ¢ commonly exchange for fuction when
b fatter §s undesirable When we wish to reduce the drag
between tho metal surfaces, as in the mowing parfs of
machuery, we introduce a thin Jayer of off which acts as a
L.bneant. Thus replaces fnctional loss of enetgy by a Joss
due 1o viscosity, but with a suitable lubneant the loss 1s much
less, and the wear s elumnated The viscosity, or resistance
10 flow effered by the Jubnicant 1n the beanng, remains an
unnvodable nuisance, but fortunately the viscosity of a
1qird sn practically all cases shows a marked decrease as the
.“:n-matu‘r: nses, and (s means that considerably less
Ut St A [ PR
‘ e - .
2 nmsanee 1t 1s the same here wath viscosity A reasonable
amount of ¥ixcosty 10 2 paint 13 an advantage smee there 15

Tttke flow duning the time taken for the paint to harden. Too
much wall mean that the hrich macke am —asa'uadon 1
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hedra, which, being of n different size to those of sshica wilt
distort the symmetry of the StO, groups n reletion td one
another This guives greater fleability to the glass structuse
without brethang up the network

The sum total of ali these effects on the ongmally sym
metrical nets ork 35 that 18 1s imposstble 1o represent visully
and accurately the structure of a glass as was attempted
above Al thatcan bc smd on the subjeet ss that the average
position of the ind 18, say, one plummg
group for every 50 sﬂxca gfoups, on the average ¢ery
24th St~ O - 8t bk ts broken by an atkal atom, or for
cvery theee S0, groups there 1s one fead atom thinaing out
the structure But we must remember that these are average
positions, and deviations mty be considerable 1t 15 1mpos
sible to picture the structure of glass the hats and chuns
of atoms are twisted and turaed m alt ditections, the space
allotied to each atom varies some are squeczed i, Ssome
have more breathing space, but, on the average, they just
about fit sn In techmeal languase ths has been termed o
random network structure, common tso to mustures of
fiquid substances, this 1s another terson why the physicist
¢1lis glass a supercoofed hiqud
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VISCOSITY %

(heough & column of higmd What 15 wanted s a sacnce of
(he subject, and stemght away we see that to understand
11500¢ {f we iced 10 dnow a good deal about the teraal
corditions, one might say (be consuitunion, of hgmds These,
we know, ate composed of molecules 1a faily close contact
and the forces between the molecules are unquestionably o

eetrcal eharacter Nevertheless we ean get on quite wed
PSR 1T e maq
. m ) 1

mesn that we need to thunk only of the momentum of
raving particles and the cfficts of forces on them, and not
congern ourselses at all wth clectrons and protors, still less
sith those wave_aspects of matter wath which modern
physies makes us famibat

At first eight o ceqtandy searns ay 1f bquuds are really oole
very higtly condensed gases of vapowrs You have only 10
ool and compress ar suffictently and, as we atl know, 3t

begas to hauey Thomas Andrews” studied the changs 19
1he case of carbon dioxsde 1 the sixties of last ceatury and
PSP S -

ufre with pressufe at any given temperature and he did
fact plot the curve for the pressurefvolume relation for 2
is of temperatures, The shapes of these eunves oF
=l?ermm at shown m the figure Andresws found
af fa 1 orm et e

. .. - v

210112 a3y both gas and liquid were present 1o us apparatus
* pressute remamed constant So soon as the gas was all
quefied gt was found that great wncreases an pressure il

ueed po apprecuble decrease i volume on account of the
HOMpreswbilty of the hiquid The result @ that the feft

274 partsons of the curves are alt vertical.

The contnuity of the 1o stytes can best be appresiated
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These molecules shide over each other znd one Tayer seems to
cause & drag on the next through the entanglement of the
chains This shding of one layer over another, e the
shding over each othet of the cards tn a pack, 1s called 3
shear In Newton's great Prancipia of 1687 1t was pomted out
that the shearing force F 1s connected with the zate of shear,
di/dx, the viscostty 4 and the area of the layers A by the

equation oA th

Fa=nA o
and this 15 stll the relation employed 1n measunng viscosty
Since liquds 1y adhere very 1y to the surfaces

of solids the flow of a biquid through a umiform crcular tube
mohes the shdmg of concentrie Inyers over cach other »ith
the fastest masement at the muddle and 2 zero veloaity nedt
o the wall This 1s what 1s called Taminar or *Newtonsn”
flow, and 3¢ means that the contour of the vefoeihies acrossa
section of the tube 1s of the form shown on the left

e arer )
v
Fg 22

If we thunk of tvo flat lyers A and B one centimetsre apant,
one moving telatively faster than the other by 2 veloesty of
one centimetre per second, then clearly A will exert a for-
ward drag on Band B will exert 4 backward deag on A The
force exerted per square centimetee of euther fayer 55 the

viscosity of the hquid
In a general way it 18 clenr that uiscosty results from
forces exmsting between the molecules as they pass over cach
othier, and it 15 naturat that physicrsts showld be ansious 1o
conncet the vscasity of 2 hquid with the known properties of
its molecules Measurements of viscosty pre relatively
e and imolve study of the mte of flow of hiquids

1
thres bes or the raie of f37] of a swall metnd spbere

theough fine tu
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through a colymn of hiquid Whatus wanted 15 2 science o
the subject, and straight away we see that fo understand
viscostty we necd to kow a good deal about the intetnal
conditsons, onc might say the constitution, of hquids These,
we know, ate compased of molecules 1 fauly close contact
and the forces betw een the molccules are unquestionably o,t'
tlectnical character Neyeetheless we can get ot quite well

witbout concerning queselveg wete ek <
Of the freem ‘

mote

ran -
movmg pant -t .
oneem o .

with thos « aavu NOVATR
PhysicsMas waaliuar

& utay U The ===

Athiest ssght 3t certnly scems as iF hquids are really onhy
ety Jughly condensed gases or vapours You have enly to
ool and tompress arr sufficiently and, as we all know, 1t
tepns 1o hiquefy Thomas Andrews™ studied the changs i
he case of carbon dipude in the sixties of last century and
e produced evidence to show that there 1s 1 fact a ‘con
tauny of state” between the liqud and gaseous condittons
of that compaund, His fnethod was to study the change of
volume with pressure at any given temperature, and he did
 fact plot the curve for the preseurejvolume relateon for @
senes of femperatures The shapes of these curves or
nothermals are shown in the figure. Andrews found
that for any temperature below 31°C there 1s a particular
pressure at which the gas begums to hquely  this might be
alled the saturated vapour pressure for thus temperature
Solorg as both gas and hiquid were present 1n his apparatus
the pressure semamned constant, So soon as the gas was alf
liquehied it was found that great sncreases 1n pressure pro
doced no appreciable decrease m volume, on account of the
tocompresuibility of the fiquid The result s that the (et
Pand rortions of the curies are all vattical.

The contmuity of the two stales can best be appretigted



Tig 23 ~The bchavmur Of carpon diovide o iffereny femperayyy
(sec text below for etplanauon). P, pressupy| v, Volume
by Tunning the €ye from the botton, Ich-h:md part of g,
figure UP towgrgs the top ight-hang part The Curve Mmarked
15 th lsolhcrmal for the Criticay rcmmmmrc, and at ha

c
Pressure the Condityopg AT 1n fyeq ¢Xactly mrcmxcdmtc.
' Walc, gutubchall’-fl I'hqutdcarbon ude, ag ¢h;,
tempery, 3 reacheq 5cen thay the liqu,q Strface
Vanishes Without the hquig ving b, led i
¢ bquid and gas States p, Under thoge cond;.
tions ¢, ame depgy and ghe,, as Onsequencey
indlsuuguuhablc. Ifwe "Preseny lhchqutd rat,
O%er than T, by the deng} w £108 O the pgga.
culesin (a) gng the gas g e, (b), thep oy
WO pictures have 1o pe ticat theoug),
the CXpansion of the liqug on the ope hang g, h

h
Pression of he 8ason the other,
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10 bus firgs scientific Publication ge Dutch scientist Van
€er Waal Produceq (1873) an clegant explanation of the
discaye ndrews and Others, Thys Successfully
treated ha hquid state ag OLIBINAtNG frar ot %
230 the combum vt - o - - '
fo P . .
e . - . *wsovan ger
W, = Predcted the change from, the
£%0us (0 1 liquid sta10 Today 1he old kineyre theory,
éxording (o whue]

h Lquids closely esemble pases (1 that
theyy Irolecules age distabateq ), a

o
Orgotten, There was a
2dox 1n 3yIng that ;g Success Provided Suppory

forthe Mnetyg the

Iy supposed tobe,
was. Probably the
of the £ene lcorn:cmcss of the

FORDIAN Mo, cment
best vy dcmommucn 12l
phcnon*cnon, Micro.

1y I Scopic Particleg
ABCh 9y (hggs found 44 1, dian mnk, 1, or Lonsistng o
or T, when Pl M water 2T¢ o be

e vuder g,

2 OpPe to constangly ubmung or
Fratpg aboyt fixeq pow! that (hy whole field of view 15
fotly tembling g APpearance, Eagieyy Beg detaey
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mathematicat theory of the phenomenon, wheh s dug to the
uncqual bombardments of relatively huge flomng prrticles
by the surrounding water malecules AH b1t Browawn
ntavement shows therefore iy the eastence of moleculesna
state of vibration

1t has not proved to be possible to goe a
account of visconty on the bags of the old classical teory
outhined i the preceding two paragraphs, and moteover
thete are other matters such as the exsstence of a mowe of
less sharp melting pomt winch are equally (or more) ddfe
cult, You have only to remove enough of the energy of the
molecules of a hiquid and they bepm 1o take up 3 pattern and
‘erystalise’ When the crystals are melted how do we haow
that the pattern completely disappears? The answer appeacs
10 be that 1t qurte often dovs not Professor G W Stewart®
was the first to deaw attention 1o the fact that where st was
possible to obtain X-ray dsffsaction patterns for hoth the
fipnd and the crystatline states of a substance thece Was 3
general resemblance between them I the case of a crystal
the pattem 1s formed by the scatteriag of a pencil of Xerays
by the regolarly spaced atoms, and it wontd be thought that
the molecules (and thus atoms) of a hquid would be ds-
tributed tr s0 random a manner st no pattera would be
produced This proves not to be so, althongh the patterg 15
far fess cosy to detect than for the erysial

Following up s fead Professors Bernal and Fowler m
1933 published & long papert an the constitution of water.
They considercd a wide vavety of evidence including the
X-vay seattering cffects aad they were gble to conchade quite
delinitely 1n favour of a pactcuiar kind of *quast-crystalime”
structuse foc waler near s freczng pownt Theew vews it
sn el with Stenart's theory that hqmds hise a “cybotacte’
structure, iz, that theee are small aggregates of mot~~ ‘a3
atranged as they would be 1 g cevern® . oot
water the same po*es P e ot
nops mthe e+ * . . ot v though o
entends over oo, " .wity number of molecules at a time

3
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The pattzra 15 constantly formmg and vamshmg at :myr

en pont so that o the average only a certan degree 0

order peails,
PR

P S S

(e sot d phase, at docs not, 2s 1 a gas, spend most of its ltfe
t comparatne freedom and wmteract stronely with other
melecules only occasionally’ ® Although the picture 1s ot
W very elear the resu'ts from the experimental and theoreti-
< 81065 3o to be 1n general agreement Useful evidence
<aforexample be obtaised from the study of glasses, which
2% umply lguds cool.d down below thewr freenng pownts
bawahout erystallisation having taken place It1sasif the
Fartcles of the hquid had been frozen i therr positions so
U2ttty can be studied at Tersure (No doubt it 1s not really
S tzsoumple asthat )

UL st be emphasised that an article of this size and scope
2101 do more than present a general picture Rut enough
$28 atr.ady happencd to make 1t quite certam that the old
keue theory of Wqmds 15 quite wnadequatc For the
spoetshist there 1 1 Larpe review of the subject by the Russian
Thysicst fmnlel' Freakel shows repeatedly that we must
Fifrm et o .

L
AL

3 voruderable change 1n the explanation of viscosity Ina
Forang hquid 1t 1< now supposed that some of th momen-
W™ of one ayer 15 transeered o the next {te. i ammar
fou) (brough the aprinon of transioat molecular forces

“Tthe sort fognd wn crystals On the older theory, molecutes
¢ 13pposed (o b tost from onc

tayer to the pext, apd o
i which was supposed 1o bng about the tramfer of
Tmentum ) e clear that the toss of faster moving mole

Qatr ncvitably the new view of the hiqued state has meant
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mathematical theory of the phenomenon, which is due tothe
uncqual bombardments of relatnely huge floating particls
by the surrounding water moleeules All that Browans
movement shows thercfore 15 the existence of molecules ma
state of vibration

1t ias not proved to be possible to give a math 1
account of wiscosity on the basis of the old classeal theory
outhned 1 the preceding two paragraphs, and moreorer
there are other matters such as the custence of a mors of
less sharp melting pomt whick are equatty {or more) diffi-
cult You hate only to remore enough of the energy of the
molecules of a liquid and they begin 1o take up a pattern and
‘erystallise” When the erystals ane melted how de ne know
that the pattern completely disappears? The answer appeats
to be that 3t quite often docs not Professor G W, Stewan?
was the first to draw attention to the fact that where it was
possible to obtan X-ray diffraction patterns for both the
bigud and the crystalbne states of a substance these was 2
gengral resemblance between them In the case of a erystal
the pattern 1s formed by the scattenng of a penaif of X-1ays
by the regulatly spaced atoms, and st would be thought that
the molecules (and thus atoms) of & hquid would be dis-
tributed m so random o manner that no pattern would be
produced. This proves not to he so although the paers 1
far fess tasy to deteet than for the crystad

Following up this lead Professors fernal and Fowler m
1933 published a long paper! on the consttunon of watet,
They considered 2 wade variety of evidence sacluding the
X-ray scattering effects and they were able to concfude quite
defimtely 1n finour of a particular kind of * quisicry staline’
structure for water near sis freczing pownt Therr views fit
1o welt sith Stewart’s theory that liquids have a *cybotactc”
strugture, \iz, that there are smalf aggregites of molecules
nrranged as they would be i a crystalline partiele Thus in
water the same pattern which 1s found repeated 1 alt diree-
tons m the toe crystal s present«n water even though o
extends pier onty a hmited number of molecules ot 2 time
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Lt cnerate themselves 19 the electrical field of the ton
Tk~ are, besales, 1ons of opposite charge always in the
vkmity The fesult s an jome stmosphere Wiuch 15 €01
1271 ghed 21d eebualt as the 1on moses through the hquid
Ti et 01 the wncosity of the sofution has been caleu-
bted, noutly by Falhenhagen, and some agreement
Yetneeq theorv and expertmert canbe recorded

T 18 so~cthing of a relief 1o turm to the solutions of non
tentrotytes i solvents othee than water, for here the con-
iro 2 p good deal smpler Here we almost certariy
rproach the state of affars envisaged tn Andrade’s theory
The motecules of the dissolved substance affect the visco-
1 12 way which depeads in a relatively sumple maaner en
tor sze and shape Stawdingar, for example, uscs the
reosty of a golution {¢ g 1n tetralin 1 order to compare

e feroths of mo'ecules Thus he has shown that the
litne alteration 1 viscosuty

n solution — y solvent
7 solvent

€epends direetly upon the concentration of the dissolved
v.starce and the size of its molecules Provided the sub-
ety comptred arc of the same chem cal tvpe the method
Bveaa qu.eh means of companson of the sizes of motecules
r\duced i the 1mp process of In
Rbmenssion the chernst 15 cansing small molecules to
3 vy unlly ana head to 12 ) fashion, to produce very
hrze molecules and i the production of lubnicating olf,

231 the Torention of substances for use 1n plastics thus 15
I {reaf eopramug Importance
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cules to » slower-moving layer would have this effect
Frenhel, and in this country Prolessor Andrade, have
worked out theuries of vicouty whiclt are more i line with
the new wdeas As Prolessor Andrude expressed s, onthe
supposiion of 2 *transitory and fluctuaung ¢nystathsation,”
or a temporary hofding of krnds between wmdivaluab of tho
paraliel rons moving pist one another, a theorctizal equas
tion ¢can be deos o wiuch hobds goud jor the viscositees of
Quute & numbcs of elemants st the hguad state { s equation

1
i & /\ fu

Vo '
where A s the momic woght of the element T, the melting
point on e abrolute sale o tomperature, YV, the volume of
the atonmue waight expressed i prams and » the viseosty.,
Theconstant K havthevalue S | 107 A modified equatton
can be pphed i those hqued compunn Iy, the motecules of
which hase sudicently vagorm tidds of toroe sround them

Unfortun iy water rem i too diffeult o probiem The
water mokoue powscases a4 hickd of fore winh 1 by ne
means untorm and s Beraad and 3 owler hs ¢ showa the
amount of “order w the hgud w rehitvedy ugh t would
seem that the oy e of vvbotactic ity must mier(ere
wath famiar 50 s concened i o snplestway The cons
sequence s ot thare i et no Complute g ivseal theory
for the sionty of witer Much wark Bas heen done, hovs
ever, on the etfecs of divsolvd wbng ences socdy 1 aits

The imttad eflset o) 1 o2kt~ an vry negh solutrons secms
to be 1o sane the viscosity §U s known op vther grounds
that the sons imto whnh wats wre disovaed have vonsider-
able restramtng influences on wih other’™> mosements and
VISCOSIY MEBUTCCHL 1 ~aft sedutiony does proside w fact
& uselsl means vt v imnnn ot wn forey The sons of
salts are surroundud by hige ponbery of water moelecufes
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+ 4t enentate themselves m the electneal field of the won

Trere are, besdes, 1ons of opposite charge alsays in the
vamty The result 1> 20 10ne Atmasphets which 15 con

saarity sha and rebuilt as the 100 mores through the Irquid

T ¢Teet gn the wiscosity of the solution has been calon-
fled, notably by Talkeohagen, aod some agreement
Petyecn theory and expenn ent can be recorded.

Tt 1 sorethre of a nlief to tum to the solutions of non
tleciralytes i solvents other than » ater, fo- here the con
¢+ 3re 3 good deal smpler Here we Wmost certanly
approach the state of affaws envisaged 11 Andrade s theory
The moecules of the dissohved substance affect the wisgo-
Sy mzway which depends tn @ relatuely stmple mannsr on
ther sz and shape Stawdmg r for example, uses the
<izossty of a solunon (e g 1n tetralin) 1n order to compare
b drpths of melecwles Thus Fe has shown that the
rehune alieration i viscosity

7 solution - 5 salvent
9 solveni

depeads ¢ rectly opon the concentration of the dissolsed
Lhame apd the w2z of is molecules Provided the sub-
sunces coppared ate of the s3ma chemueal tepe the mcthod
Mesaquek praweoe - -

productd i

Thmensaton

wv w
DOLE L aly wa pead to @ fashon to produce sery
Yarge oleculss ard g the production of lubnicating o Is
and i tte formaton of s bstances Tot use A0 plasties s 1s
£ FTRat 6ProT i IMportance
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cules to a slower-moving Iyer would have this effect |,
Frenhel, and 1w thus country Prolessor Andeade, have
worhed out theories of viscosity which are more in fine with
the new idets As Professor Andrade expressed sf, onth,
suppositzon of a ‘transitory and fluctuating cnystallisation,
or 1 temporary holding of hands between mdmdinb of tve
paraliel rows moving past onc another, a theorehieal equa-
tion ean be derived which holds good for the sneosities of
quile a number of clements m the Iiquid state. Thisequntion

5

;o+ KR fAT,

- .

where A s the atomie wesght of the elemen, Ty, the meltng
point on the absolute scale of tumperture, V, the volume of
the atomic werght expressed in grams and 4 the viscosty
Theconstunt K s thevalue 5 § a 10 % A modilied equation
can ba apphied to those hiquid compounds, the molecules of
which hve sutficiently uniform ticlds of foree around them

Unfortunately w wer remuns oo dihcult o problem The
water molecule possesses 4 field of foree wiich 18 by no
means umform and as Bernal and Fowler have shown the
amount of order n the bguid ts celitvely lugh {t would
seem that the custence of cvbotactic vmits must mtesfere
wath laninar 9% as concessed i the ssmplest wiy The con
sequence 1s tht there s 1 yet no complete physienl theory
fo~ the viscostty of water Much work bas been done, haw
e, on the effect of dissolved substances stich 2e salts

The sautenf effect of aff salts i very weak sofutions seems
to be to ruse the vncosty Hoas hnown on ether grounds
that the 10ns 1nto Which salts are dissocrated hase cansidee-
able resteimng wnflucnces on cach other's mosuments, and
sviscosily measurement of salt solutions does provide s fict
a useful means of eximimng tnter-one forces The rons of
salts are suerouaded by lacpe numbers of water molecules



Group Psychotherapy
STEPHEN LESTRANGE

DURING the last generation the treatment of the mentally
s ck has made great advances No longer does the onset of
«rious mental 1iiness mean the ncarceration gnd the ¢us-
tad 3k eate of the patent peading a posaible spontaneous
rroovery Instead, there 15 an almost amiversal counsel of
bope and actone therapeutc measures are available. The
dramatic empincat suceess of the new physical treatments
~electneal treatment, insehn therapy and ‘Mand Surgery”
- must pot be allowed to obscure the more sold advances
which have been made in the understanding and trestment
of the muldes forms of mental sllness Mental sllness -
“Insamty”~ still has a great deal of sigma attached tot, but
wath the increase in knowledge of the Tunction and structure
v .

L LU v =t
realinz mote ofien that nervous symptoms can and shoutd be
trested
Tonowledgs of the how
PP -

5 -

and why of mental disorder first
. - : [} P
! . PR
M owdi. which 1 wicety accepted or open to ditect g
o0
remamsetremsely small Frend recosmeet thas aeneo o
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whbion and redurection {subumation) of many primitive
M e el amaa mmamdeor These must be
wishes and
. et with s
4 ons n kind of thermostate contedh, with the segulator
w2t at 3 comemiomal Ivel of permitted self seehang This
comrrol prechamsm may hreak down wn several ways The
sod,sidual may refuse, for mstance to accept the sacnfices
1>poved by the cortmunity and become 2 cnmmal or a
revolynonary More often open confuct 15 umsought, and
3mues either because of & camsttutional veskness of the
rersonaly or because the probiem to be solied becomes
150 preat Thus Tadure to control the situation leads exther
wizentsl 3V ne3s or the stress may caus: apparently physical
& weate st as peple vicer or cehtrs 1 the causation of
meadl iness extarnal stram generally tnterscts with a poat
persomalty strnctore The balarce hetwaen these two
factors 1 well Mustrated by the expensace of war time
Hlere th~ ext=rral stresy 15 meareas¢d and may become so
graat Tt the most able pervonalities sl react wath
yratked TAUT K symploms
s Bepats 135 own wemment. Psichatherapy 15 the
torbned atzmpt of the patent and his physican to
uaravet the sty of The caaltict and sttain ap understard-
g of the yaderlying bans of Wz symptoms Rehef through
pachotherapy can be obimntd by three mam methods
Pr~oving the ceae tany of Whe zenotogienl factors be
mel PLRaod og eves fonber back - i the inhiern-4 make up
x: the £r ~ t~ and % s of cottse triposuble 10 renove
s Thr borduof ool and pense~t ronbled 1 howeser,
&2 koye ore, fo the ta.tohe 15908 1 accumdate
fa ot Adudramt af the coworment w therefore gn
1 p0rtaat part of the weatrnes of the paten’ gnd @ wthe
gt_ Aol the tan warker vt that the, .
i

~ 15 30 b= to do,
Pt T T ot A praret v e sulfess from oy

:,—. SN £l e lang ourmen 10 40 Lo 8 cramded
IR VT SRR B 1M from the
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'-m‘comuus resistanes Stcondly, these fallaces are almosy
alwayy hapr truths, and there ISconsequently 3 Joy of evidence
10 bolster thep Up women are 8ood and they aye evil

nd Je0pardises the Tationing scheme,
* € [CEards women asthe embodimeny
21 with fear |p B¢ believe ihyy

ctly, s our S d pont the Patient 45

fuche in the externat

oty reality o blurred ang false he

find thyy more difeyly Perhaps IMpossible Here the
Pychiatng €l by er can

1 Mertonsy ree myn Methods of ¢
B o MCatmeny, y,
already CTe2ted g ¢ :ho'omy = OUT patreng and by S
mers Ony third 5 ; t
tma Yo oy adju
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compartment may become so strong that he no longer dares
to myke the journcy and he stops off work Tinancfsl
worries now add to hus musery The treatment of claustro-
phobia may unfortunately be long drawn out and the social
worker must step i to Al tus gap She s not content with
tielpmg the pauent to obtam financiat aud from the appro~
prate authority or chantable istituion Bread and butter
may be cssential for the patient’s evstence, but self respect
15 just as fundamental to mental health and the social
worker should find the patient srmlar work near Jus home
Alternatrvely, she can help ham to obtam accommodation
within walking distance of fus onginal job

Altering the patent  Many conflicts arc due to reactiont
mote relevint to the child than the adult or they may be
due to false behefs winch the patient his sequired early
hfe and wiuch colour his picture of reahity To take a sumple
cxample boys are often brought up to beheve that women
are different ~ angels m thought, noble and unsuthed by
the unpleasantaess of hfos struggle This 18 Anown 0
psychuatrists 4s the ersor of the pedestal Aftermitisely, the
contrary delusion s equally common ~ that women are
scheming, false and 1 cortun ruin fo the man who meddfes
with them Tius s known, perhaps a hitle more cynically,
as the crror of reality Roth these errors are typical of 1he
rusconceptions a patient may have about reality They are
a type of falizcy inherent in fiumn thought - generalisas
tions from the particular and ex1ggeration of the importance
of what we happen to have experienced ourselves These
fallacics do not easily suffer spontancous correction, and for
two mun reasons First, they are often beliefs stamped early
1nte the mind of a chuld by a prrent To the cluld, the words
of a parent or pirent-suerogate have el the suthonty of the
ex cathedra statement of & boing who s at onc and the
same ume the most feared and the best-loved person in the
world, and whose omniscience Bias not yet been questioned.
To deny these behefs 1s to deny the parent lnm3c|f. and
however emancipated we may feel thus arouses immeme
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nmsonns mustaoce Secondly, these fallacies are almos;
atnayshall trrhs,and there 18 conscquently a lot of evidenc

o bolstes thm up women are gao_d and they are evil,
{ine € mlane 4 -

ra.cly paicted m strong blaeks and whites and much b
srcessary conlhict 5s engendered by this BISYOTION ‘The man
who beloves thay women ate pure 15 whable to secosti's
thog s3¢h the reality of a buman help-meet who, for us sake,
gheats the mufknan and yeopatdises the ratioring scheme
¥ on i other hand he regards women as the emtbodiment
of en, desire continually wars with fear I we beheve that
nrtec ¢ absolute, 1S disheartening 10 find oufselves al#ays
3morg the gosts Man has a fted of situe and 3 sense of
nghtdoing, and if s 1 fo keep gong happily be must feel
1hay some of his arrows are fathing near theyr target, of 3t
Yexst travelling at e gt dufechion

Ths ssccteily, 15 our tond pant  the patent ©
strupshing to fit comfortably irto & niche wn the external
wodd [f bis pucture of eeality ¢ 6furred und f2lse e will
fird the more difficukt - prhaps smpossible Here the
tychiatnd can help hum Any antelligent onlooker can
Torrt ou W Joohhiness of thrse misconctpiions (1hey are
not calied delussons because 5o roany normal propie sub-
et tathernd bt the neurotic 13 shy of ranomal arglment
9rd = orly effective approath 13 by demonsiraung to the
et how ghe pdeas otigimally arose and how they
puevd the power whey undoubtedly possess. Detter sUl is
e anebytiest mewhod of feading the patient back over his
((:(v S3T g m & seover thase easly influrnces for him-
L3

¥ rentioned trve 3 methiods of treatment. We hase
aeady ereated 1 ¢ holomy - our patient and his eaviron.
et Qut tard apprmach therelore mast tmbody the other
o e ey ad urrert, Blmg the patient gntp the fral



104 SCICNCE NEWS V]I

compartment may become so strong that he no longer dates
to make the journcy and he stops off wotk Fnancial
worries now add to fus musery The treatment of claustro-
phobia my unfortunately be long drawn out and the secial
worker must step n to fill this gap She 15 not content with
helping the patient to obtun financial aid front the appro
prate authonty or charitable mstitution Bread and butter
m1y be essential for the patient’s ¢xistence, but sell fespect
15 gust as fundimentit to mental health and the soctal
worker should find the ptient siular work near Ins home
Alternatinely, she can help him to obtun accommodation
within salking distance of fus ongint job

Altening the patient Many conflicts are duc to reacttons
more relevant to the cluld than the adult, or they may be
due to false behefs which the patient hiis acquired early 1n
Iife and wiich colour hus prcture of reality To take a simple
example boys are often brought up to believe that women
arc different — angels n thought, noble and unsulhed by
the unpleasantaess of lfe’s struggle This 15 known lo
psychiataists as the error of the pedestal Alternatisely, the
contrary delusion 1s equally common - that women are
schemung, false and 1 certamn rwn to the man who meddles
with them Thus 1s Anown, perhaps a hitle more cymcatly,
as the crror of realty  Both these errors are typical of the
misconceptions a patient may have about reality They are
a type of fallacy inherent tn humin thought - generalisa-
tions from the particulr and exaggeration of the imporgance
of what we happen to have experienced ourselves These
fillacies do not casily suffer spontancous correction, and for
two mtn reasons First, theyare often behiefs stamped early
tnto the mind of a child by a parent To the child, the words
of a prrent or parent surrogate have all the authonty of the
ev cathedra statement of a bewng who 1s at one and the
same time the most feared and the best losed person in the
world, and whose ommscienee has not yet been questioned
To deny these beliefs 1s to deny the parent humself, and
honever epancipated we may feel this arouses tmmense
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sfeonscrous fesistance, Secondly, thess fallacies are al;nust
afwayshalf truths, and theez1s consequently i ot ofevidence
tobolster them up women are gox:d and th

~ £ v e fe mmos

tehaviour ave ofted cxcelient, but the weals are unfortu.
na'ely punted 10 strong blacks and whites and much un-
azeessary conflict 18 engendered by th, dustortion The man
310 brheses that Bomen are pure 1s unsble to seconaile
{tus with the teality of 2 human. h:lp-m‘m who, for tus‘ sake,
S o W by -

wirtee 15 absolute, 1t 1 disheartening 1o find ourselves atways
among the goats Man has 3 need of virtue and 4 sense of
nght-domng, and 1f he 15 10 keep gowg kappily he must feel
kot yome of his zitons are fathng aear Vet target, ot t
feast tranefling 1 1he nght direcuon

Thes, succinctly, 5 our second poat he pauent 1S
sropzhng 1o f comforiably e a mehe m ths externat
world 1f bus pueture of reality 1s blorred and false he wiil
find (s mores iffcult - perhaps impossible Here the
ychiatast can help m Any wiclogent ontooker can
pount out the foolishness of these misconceptions {they are
not called delusions because so maty normal people sub-
Sorha tnthamt £ aLa 4

Tew ey
guned the power they undoubtedty possess Bastes sullss
the anzlytical method of leading the patient back over his
hr?f:md Tetting hum discover these carly influences for um-
s¢

1 rentioned theee main methods of teeatment, We have
shready created g dichoromy ~ our patient and hus environ-
meat. Our turd approach therefore must ermbody the ather
two We call 8 2djusiment, Gtting the patient 1o the real






¢
GROUP pSYCHOTHERAPY 103

i e tmost
wiconscrons resistance Secondly, these fallactes are
always hatf truths, and there 15 consequently a fot of evidence
tobalter themup women are good and they are evil,

One further example of 2 typs of miscanceptian gf m':q?r

' .
naely punted 10 Stzong blacks and whites and much un-
necessary conflict 1s engendered by this distortion The man
who believes that somen are pure 15 unable to reconcte
{tus winh the reality of a hurman betp-mect who, for hus sake,
heats the mtkman and jeopardises the rauoning scheme.
if, on the other bund, he regards womsn as the embodiment
of evyl, desire eonunually wars with fear 3 we beheve that
wirtes 15 absolute, 10 s disheartemng to find ourselves atways
among the goats Man has a need of virtue and a sense of
nght-domng, angd 1f he 15 to keep gowng hapmly he must feel
that some of hus aszows are faling near the r tasget, or at
Ieast travelling 1 the nght directon

This, sucaaclly, 1s our second pomnt the patient s
Struggling €0 fit comfortably into 2 niche in the external
world 1 s picture of reahty 15 blarred and false he will
find this more diffcult ~ perhaps rmpossible Here the
Psychnainat can help hum  Any imteligent onlooker can
vmln( ‘3.“2 \i}:‘fbohshn:ss of these muconceptions (they ate

guntd the power they undoubtedly possess, Better stll 13
the anzlytical method of feading the patient back over fus
\\(;:md Tetting tum duscover these early influences for hume
52

m‘muoncd three maw methads of treatment. We have
et aw e a4 . .
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worlkd Hiving made our asswult on the emvironment {socr
therapy) aad hving altered our patient (odiadual thorps)
we do not, unfortunately, find an casy fit. Blustly, he must
tump w, and we must belp him Thus 1s supportine theraps

e ca thelp um to destlop s assets, seize s opportmt €5
ind tearn awceptable methods of gisung selt-esteem and
satisf wtron Like n patat with heart discase, b has to be
taught 10 Ine wiitun fus hmttsons Brefly no moon and
10 twars Crlies of psyuhio imihaeal techmygue say that
what 1s not pomsense s common sense Of courss dls bs
1ruc and one is tempted to suply with the wdage that common
SE05C 1S AN unwommon virtue Seme, thit 1s to siy, tatienyd
thought s a tre tsure that s avadebl now and agun o
ewgyone but avver contmuathy (9 ovan the most cot
Most problems i hving  (hne betuee s porsons as welt s
those between nations  hase & seasibie scfution butits 4
matter of vommon sorroy that thy & so rarcly apph
No psychsutrist s hims # pertuct but feoss a spearifist i
mterpensonal fdwony 01 world winr porfuction s oaly
a rumour the lime can sometim ok the pardysed 1o
hmp

One of the hautstions of prychiatiy b als s boen e
amount of tume whrch the ther st Bould dovote to eich
pattnt Osshodor psychustrists may af vy o sevenyd hours
to the mvestgstion of onc L b tre e it miy eat ul
many more An wmalyyn By ro pate 8y or three hours 2
week for 4 yeur of forter A wwond kn trion s that the
it s poblems are slkn on s o s wad ahiptaten 1le
seos M doctar woprivac B w oo Gk s dus sdine (o
heart and poes avay to try aad p st v poac o flow
much Btter st would be st B 10 r o i soc bom o bus
trouble and 5y te heip hum adapt on the pog Bih these
Imutations 450 Rl o me ey tn o p pwmbio.
therapy Ths implits that s 1Toup § patomis o taied
tozether sather than mdmdualh B mothwe v macly
severy! mndmadsils recenvig troafmeat at the vone ame

For the patieat the proup 1s an catirely dalrent suuanon
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his mental onents

from an ndinidnal treatoent session ¥

tion 1s alteted by (he nesd to consider the oﬁn.r pauenss
.

Oppirally, govp teatment was uied (o expedite the
after-care gf p:mci!s with phyueat comploints The first
reco ded use of groap trerapy wastheexpenmentof Dr¥ ¥
Prat 10 Boston In 1905 Dt Pratt arranged 2 senes ot
mezungs §o1 3 groap of wwbercular patiats and gave them
fagsmal tnstruckon 10 by ereng and careful hving The onginal
mperes fot the cxperument was 4 destre 0 sase tim= but
Prott soon noticed. that the patents enjoyed meet ng to
gother and give cach other matunl encouragement He was
ot stow 46 develop hes duscovery and soor stacted groups
1ot 1B treavrent of other chronic diseates such oy rassed
tood pressate and diabeles So sooressiol vere his resulis
that s mwethods were quickly adopted by workers in piher
pirts of Amenca 1n the fiedd of mental dlnesy the benefit
of group acuvues had been no iced eather Tn {934 Or
Camus 2nd Dr Poenrez wovking i the Salpetnére (Pans)
publ shed 2 teport on thetr expenence with the prolonged
vest treatment devisd by D YWerr Miteh»ll They noted w
assing that the patents w the tatee public wards wees
cosdetably more cheedul than the patients treated yn
Triate fooms These worbers howmer dd not eppreciate
e mportages of s ebsenaton and Gie tredit for the
£k constraus we of ¢ oup peychoterapy moaw 20 else
whese By 1909 D Mank was) erpeneenung 1 Amenca
Witk U gToup treatment of \he paychoneurosss In Vienna

sm 3911 Dy Moreno began s Tomous expecment
problem clutdren He treated ¢! e .

hese paticnts too young It
form.t anatens by merhods ey

apalogous 16 May thers
He er ouraeed the children o act out thenr fantmcsp(y«

rurature pays 1ad thas lad the foundations of psycho-






»

GROUP PSYCHOTHERAPY 03

seerns obvious, and practice Rpears 1o bear this out, that
growp Ireatment offers 3 more natural environment for the
adustment of some emouona) disturbances than does the
smtense focal pomnt of indwndual amatyss Group therapy
also enables the patient to form more diffuse and less
wiense emotional ties while under treatment, and he ss
spared the necesaity of switching them on and off suddenly.
Freadships formad in the group may be coptinued mto
erenyday hife Group therapy 1s not a comprehensive panacea
and should be part of 3 wider therapeutic plan Figst the
patient shoufd be ginen o lengthy diagnostic iiterview ot
which 3§ compreliensive hotory of lus iliress and the back-
ground of tus ife 15 recorded This should be followed by
 thorough phyvical examumation to exclude or evatuate any
orgame thsease If any doubt remams, specsal pathological
tests wll almost atways settle the powt Only when the
patient has been thus diagnostically assessed 18 5t possible
to lay down a ranonal plan for (reatment Group therapy
may be the mam treatment switable for a pasticntar patient,
but even 50 1t wast be supplemented by indvidual therapy.
Sach 1mdmdusl treatment should of possible be pren by
the doctor whe runs the group On the otfer hand, group

\herapy may be an adjmant to the physical methods of
treatmeny,

The condions which benefit most fram LEoup psycho-
therapy are the psychoneuroses — particufarly anety states
and reactve dep and the psych Mgeswes
such a5 pepuc uleer, high blood pressure and asthma In
Wheie Yatter conditions worry and teaston aggravale the
orgame tesion f they do not actually cause the physieal
i!:ﬂgis Arx.f\ery‘ mermber of the group will mflgence the
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drima These methods saon c1ught on and it became clear
that pieats who recond group therapy showed greater
mmprovement than thne traated mdinaduatly  They were
gettng so nething extry Whiat v the wane of tha eun
bomtit ?

MPschotheripy b o man wepons & dirent appaat
to the intcticet and womdirect approwh hrouch the
emotions The emotond sitsation whadt trses between
docte r and punat i far oldur thin the stady of prycholoss
cat medaine and hiis 1a Gt sbaovs plived a partin nduat
treatment 0 pavihotheripy this amotinal bond avaumes 8
very important role 1nd R been digmfied by the speesal
aure of  transference The tormition and subseguent
control of 1 poutne (hdpfuh rranderence betweun the
therpst and B patient s~ one of the mowt dithicul vpocts
of paichothuripy A positind teansterone i vt de o pared
to stirt wich bet as troatment peoigieascs and the patent
frced wath unweliome home traths ind the fov of some of
the protoction he obtuned from hus aliness Be esinees
marhed hostility Thes is the stage dF nug e 17 furesee
and unluss 1t s handled carefolly e may beak off treat
ment Liyen a fvvounable emoton i situstron vin s mctimes
mterrup! treatment as effectivady as ot Gin aad A cruual
point v psychotherapy v the warctul dispereal ol the
therapeutic dransference when the treatment o draniny, to
a close Mistakes here will load cither to 3 patholopnal
dependence on the tnalyst or te 1 sudden fos of ol the
ground so exhausungly gamned 1oy m s dutferent approach
o the transference siuation that greup pych thapy
makes an miportant whance

The basis of the emotionad life b vory imperfecthy wrd ¢
stood, but 1115 clear that normal people hase 4 preat veed

10 Jore and Be foved Part of this emotiomyt prof 1s used up
on indiniduals - parents ablings, spouse fread taer
some of it 15 dirscted tosards groups af peaple the sallip
the office, home and country  of exen towards symbcly o
bSO Comephons smh s the flag or demoray It
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$ obvious, and praclice apPears (0 bear this out, that
mp treatment oﬂ‘egs a more natural environment for the
of some § distorbs than docs the
wtense focal pownt of wmdivduat anatysis Group therapy
also enables the patient to form more dilfuse and less
wtense emotsonal ties while under treatment, and hoe 13
spared the necessity of swuching fhem on and off suddenly.
Frieadships formed 1 the group may be conumued ma
evenyday ife Groap therapy IS nok a Comprehensive panacen
and should be part of @ wider therapentic plan First the
panent should be muen a lengthy dragnostic mierview at
shich 2 comprehensive hstory of hus tiness and the back-
ground of hs hife 15 recorded This should be foflowed by
athorough phy <ical exagupation to exclude or evaluate any
arganie disease ¥ any doubt femams, specat pathological
tests will dimost always settle the pomt Only when the
patient has been thus dinprostically assessed 1s it possible
1o oy down a rational plan for trestment Group therapy
may be the man treatment swtable for a particalar patient,
but enen 50 1 rrvust be supplemented by indmidwal therapy,
Such mndiidual freatment should of possible be gren by
the doctor who runs the group On the other hand, group
theragry may be an adysvant to the physical methods of
freatment.

The conditions which benefit most fom group psycho-
therapy are the psychoneuroses ~ partrcularly anuety states
and reactive d and the ¢ inesses
such a8 peptec. uloer, high blood pressure and asthma In
shese latter conditions worry and fensiop aggravate the
Grgamc leston of they do not actually cause the physical
<hanges As every mewber of the proup will mfisence the
progress of the others, the selection of patients suntable for

8 group requires considerable chmical acumen The melunion
of ore wnsutable

patient may completely disrupt the group
and Block further progress O the one hand, the acutely
disturbed o1 deeply depressed patent wilt distract and ppset
those less 4l On the other, the supeseslious, argumentative
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mtcllectual will spread a hughly contagious atmosphere of
non cooperation It 15 not essennial that afl the patients
start at the same tme, and 1n practce 1t s found helpfil
i a new paueat joins a pre-custiag group  old members
make hum welcome and explun the mysteries to nm Those
who have never hnd any psychotherapy before resent the
rdea thm therr troubles are prumanly mentat and are inclined
o doubt the efficacy of mere 2k The personal story of
recorery from symptoms very similar o the new patent’s
own, told by on¢ of the old members, carries more con~
viction than all the blandish of the most enth
psychotherapist The Intter also appreciates the precemeal
arrival of s clientéle beeanse 3t gves him an excuse to
reiterate his fundamental concepts

The number of patients admutted to 1 group depends
on the type of treatment The *decper” the therapy (1¢, the
more analytical) the smaller the nomber which can be
satisfactorily treated Two or three patients treated together
will automatically form a group while eight to tuehe 15
probably the wdeal number With more than twenty memlers
the sesston 1s Ikely to degenerite mito a lecture and while
this didactic form of treatment can still be very helpful, it
lacks the plasticity of a small meegrated group At the first
session, then, the therapist wall find humsel{ susrounded by
hedaches, backaches, mdd weak legs, ind
palpitations, depression tremors paralyses, puns before the
e3es, pauns behund the ears, pans alf over and just plamn
nerves With examples and explanations w simple terms the
therapsst shows how symptonts like these can be cansed by
mental conflict and worry He draws everyday annloges
1o Wustrate these mechamsms at work  Fear, he renunds
the group, can cause sweating trombling, nausea and
diarrhoe - pliysical symptoms, a sudden shock -~ cven the
mere sight of Blood — my cse foss of conscrousness,
tensson and awkward postures cause musculir discomfort
and pamn He emphasises that nigorous medicat examin ition
hs excluded any physicat cause for their symptotns and
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 Lhel sons. The therapist
fkaves them to dra™ ll.ux osvn’c‘?ch\i ms. The

afe mev mhas

pare become vsed ta each other and have acquired sare
knowlzdgpe of psychologieal mectianisms they are required
to wnte ther own bie stortes m the hght of this new
Yronledge Selected passages are then read out — apony-
rowly - and everybody 15 1wwied o comment on them
It but not al P that patients
will ofien secogruse more eassty m others than wn themselves
tre psychological causes of symptoms  Makng this step, af
€ourse, belps detably towards the of msight
into thetr own troubles. Throughout group treatment the
patient 15 seen indradually at {requent ttenvals when the
trare personal points and intncacies of fus own fliness are
discusstd

1n magy chmes this fundamental educatve side of the
treatment plays o munor role and most of the benefit 15
derived from the emoetoral re-zdjustment obtamed Many
panents have never really attempted to integrate therr livzs

sath thor neghbours <ocial conventtons have dammed

back the pnmtsse expression of their drives and they have
never acquired the abitity to enjoy the compensating outlets
that svbisation offers Other patients have become so pre-
cccupied with thew syorptoms that they have withdrawn
frors socmal seuwiies The pyychothernpist therefors at.
templs to estabbish a 4 Jhe ¢

1he PANEELS 10 take vp bobbies and to develop any interests
they tae i common He lays empliacs on the dutes of
Ahe nddual 1o the co-operation
and fnondshup bewween patients, and by pownling out how
Evenone can cONNb.AT 10 <0me Wiy 10 the general good,
bolsters up tbew self-tespect He teaches them musenlar
rfaauon, ahch besdes having & benefionl physiclomeal
ffeu renders them moze sugpestible and Tanes the way for
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the p of encour and nce Many
therapists, especially sn America, conclude cach treatment
with exhortative passages from the poets and minor philo-
sophers The more inspirational a therapist’s techmque the
more closcly docs a group sesston resemble a revivalist
meeting Indeed, such moyvements as the Oxford Group use
similar methods ‘Alcoholics Anonymous,’ a group formed
by alcoholies for the treatment of alcoholics, emphasises
that a fundamental step towards the success of their treat-
ment of the chronic drunk 15 a change of face equivalent
to a spnitual conversion The mass cures, which 1n the past
accompaned outbreaks of religious fervour, were spon-
taneous examples of the mechanmisms underlying group
psychotherapy Special methods such as psychodrama are
cxtensions of the same princples The patients themselves
act out therr conflicts and seeh solutions 1 imagnary
sitnations f *
In asscssing the results of group psychotherapy it must be
remembered that 1t 1s the chrome neurotics who respond
best and these patients are notoniously unresponsive to
other methods of treatment, usually continuing n a state
of mterminable disability The modest achievements wiuch
can truthfully be attributed to group treatment are therefore
a decded therapeutie advance In one folfow, up question-
naire 90 per cent of patients replying sud that they had
improved, and most of these to a constdernble extent When
allowance was made for those who did not reply, and for
those who had defaulted from treitment, the proportion
showing improvement fell to just under 50 per cent Group
therapy tahes defiberate advantiges of man’s gregarious
nature, and 1s thus plinted on a firm theorctical bawis
Further, 1t has stood the test of trme It cn therefore safely
be added to the armamentarium of the psychitnst, but st
must be remembered that group therapy 1s not a specific
and when further light has been thrown on the <tiology and
pathology of the ncuroses 1t may well give way to a more

direct method of attack
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Muscle measurements

For sheer debeacy of measuremeant and finess2 of expent
mert 1t wou'd be dificult to beat some recent observations
ty Prof A. ¥ Yhll of Unnersity Collzge, Londom, on the
Bt changes which take place dsnag a sincle toich of 3
mesfe. The nise 1n temperatare which accompanes such 4
™ 6% 15 only sbont 0 602> degrees Ceougrads This an
1se)f wou'd present ra particelar dificulty for althongh it
RETES-pls a small enough temperture chanee by ordinary
standards, vesy much smaller differences 1 temperature
€27 be measured The real difficulty was that, e order to
fllow 3 ymple ruscular thitch throweh it s stages and
fartoulily to record accurately s begsomng Prof Hull
~rded 10 measure both the contraction of the muscle and
s umperaure ot such speed that the state of affarrs at
1atervls of ume onfy two thowandths of a second apart
0.4 be diungumstied {t was the of these two
Teqmrerents of speed and sensitiety which made the
measurtran? problem difficult.

Tre frst stape wos (o transtate the teraprrature changes
to be rreasured mto changss of elecine potentiat Thi was
Gons by 2 small electne thermometer or thermopile about
@ 100X a5 2 red Blood celt 15 lony Is mavwoum output,
ardsr the conditions of the expenment, was tbout four
milionths of 2 volt Thus tn turn was tranclated nio a smal}
ntrent of 2 mutror meiched 10 4 fine wae coi) sus.
perded + - - .-
wanan
n Cirect

NI uen W mrtor moves s observed on 3 distagt eale
"
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of coral growth These are the fungng reef, the barrier
recf, and the atoll or coral 1stand By the first of thes is
meant the type of reel winch grows dircctly out from the
coast and at low tide can be seen to be connected with st,
The barrier reef, on the other hand fooks to be a separate
structure from the continent or sstand which 1t separates
from the occan beyond The Great Barrer Reef of north-
castern Austraba stretches for about a thousand mules,
1N as a more or fess sus breakwater sep
Queenshind from the Coral Sca On the other hand, sn the
typical barner recl ssland, the barnier reef 15 an seregular
crcle, with the island in the nnddie, and usually a break in
the reef on the leeward side, and sale anchorage m the
lagoon betwecn teef and shind Finally, i the atoll or
coral ssland @ the literal sense) there 13 no central stand,
but only a breadening of the coral reef on which. vegetation
has become estabhihed

Darwin s suggestion was that, an the typical case, these
three types of lormation could be regarded as stages 1 o
sungle pracess He supposed that the ongnal sland was
volcame, as many Pactfic 1slands obviousty are Ta the first
stage, he thought, a fninging growth of corat would become
established round the cdge of the stand - although, w fact,
there are no known cxamples Then, in the second stage,
the 1sfand would begin to sublide and the reef would grow
upwards to keep pace with the subsdence, but would now
be reared above o part of the sland which was submerged,
gving the effect of a barmer reet. Finally 1n the third stage,
the ongmal sstand would have subsided so far as te have
totally disappeared, and only the barrier reef to which 1t
had given rise would be stiff vistble above the surface

The theory ts atiractive 1 its sumphaty, but fards com-
pletely to cxplain one further fact - that the depth of nearly
a1l atolt lagoons lies between about 120 and 230 fre
a relatively flat sca bed at thas 1 i,
zeason why ~ <= . .
subsiding -

waiuw the
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surface Nor can the theory, by itself, account for the very
large amount of debris needed to Jevel off the gap bc&w:ﬁ?
s Ropimg wides of the furmer voleano and the harner red
1 was thesefore posated out by the Amencan geolog‘“r
H A. Daly that during the pessod when the contments Of
Europe and North America were cavesed in sce sheets, the
lesel of the oceans would have been lowered by some 300
{est Dunng thus perted, any pr. ewsing coral would have
bern umable to survive, and be thought that the effect of
vises 208 stacas would have been to wear away the top
of the isfand to a roughly kevel platform Then, about
25000 years ago, when the jevel of the cceans would have
begun to f1se agan, from the mehting 1oe of the contnental
shacts, coral would kave become established round the edee
of these eroded platforms, and the final result would be a
bamer reef, with a central kepoon of roughly the required
depth. Ut 15 agmnst the background of these two theones,
which many geologsts believe can be usefully combined,
iy A posivlity o e THUleTL TROVESIRSNS B WARK-
mediate stages, that the results of test bonags through deep
comal structures are most naturaily considered ‘
Fifty years ago, the first such bonng was undertaken by
2 Royal Socwery on Funafun atolt SO0 mies north of Fijt,
3nd e then there bave tees further borngs on the Great
Barnier Reef of Ausiralia, i the East Indies and s the
wland chain south of Japan But by a substantal margn
there has been Gone 50 detp as that lately camied oot on
Bikant at0lf, mos was there the same wfotmation about the
depth of the basement roch Quly the prebmunacy sesults
of the Brkeu bonng are yet avadable These bring out (o
mam potnts The fitst 15 that the layers of the atoll foundr-
Yo which aee now 308-575 feet below sea level appear to
have been at ons tme exposed above walesel This suggests
that, as well as the two man processes, there must at one
stsge have been a quite considerable upheaval The second
3“ that the tayers from 1,790 feet down 1o the fower Wt of
2556 feet are lower mocent snd must have been formed



He SCIENCE NEWS VIl
therefore between 20 and 30 mullion years ago. This would
mply an aserape rate of growth not more than one.
thousandth of the mavumuom i of o fool i fen years
which 15 possible for coral structures In other words there
would be an ample margin for mterruptions and terersals
of movement Consequently, 1f money, tme and equip-
ment, can be made avaiable st would be a project of real
migrest 10 explere a single deep structure down to and into
the basement roch beueath The suggeston s that the
boring should be in the centre of the lagoon, 0 as to ghe
the earbiest chance of reaching the basement roch, and that,
s conpunction with a suaken landing barge, the exstence
of a number af flat-tapped platforms reaching within
twehe feet of mean sea fevel, would make such a ceatrad
boring possible,

Ladd, Tracty and F il Srwence 3948 207, 81

Redar aitd cotomal wrsey
Mathods of mapping from the am, with radar control to
fix posuion, whih were developed dunng the war for use
in the Far Last, are now bemg apphed on o large seald
Afnca by the Colomat Survey Orginsatron Since Apnt of
fast year upwards of 156,000 square mfes hase been photos
graphed in this way Tius meludes the whole of Swaziland,
and parts of Bechuanaland, Tangwyiha and the develop-
ment arcas of Uganda, as well ay some further work
Kemya, Pronty has been goven to those arcas scheduted
for ground-nut planting, and the whole programme has
been tachled with @ speed and urgency which would finve
been tmposstble with conventional methods of surveving
There 15 abso the advantage that, peading the translation of
sur photographs mto maps, the photogr iphs themselhves are
immediately available for any purpose for which larpe
numbers of copes are not required These are on a scale of
111 30,000 ~ o not quie two mnches to the mide Mapping
trom the mr photogeaphs 1s limited at present to @ sate of
80,000 squate miles 2 y£ar, S0 that the bottlenech 15 on the
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rappmg sde rather thaa m the taking of the phatozraphs
o which the maps aze based

Tie system of radar control 18 bsed o mrasurements
of the sange of the awrcralt from radar beacons instatied 1
con enrns pasiteons on the ground The matn transm tler
wath 2 systens of thas fand, 15 10 the mesall, and the baacons
cnthe ground can be thought of as so many reflectors from
whech radat schocs ase retuned to the ancraft This is the
manse of the onginal 1 warmng vse of radar whon the
iransmutter was on the ground, and the echoes which were
measared cawe fram the mreraft The ondy differsnce other
une 1 that wnstead of zetying on sunple reflection the Tadar
escons are provided with auxdmry tansoutters which are
tozgrred ot set off' by the mscraft treasmsssions thus
yong stonges reply signals The measurement wheh s
obtsined 1s that of the range of the aurcralt from the beacon,
and 115 tounk an surey work to By on & senes o srrealar
courses about one of the beacons Jo thn way af photo-
Frapas are taken at regolar amtervals of UMz and successig
coweRs ere avewratelj spaced, st s possible 1o maks certain
ot there qre neiher gaps nor oserbappmg. With the
add tion of & second beacon ot ground st2tion the posstion
of the aweraft 3s fixed The ranges of the mecral from both
are direally dplayed and artangements are made for a
shotograph to. b~ taken of the wstrument panet sho ving
these (wa sanges the height of the awiraft and the uikt of
the artraft a1 the same rastant that each susvey photograph
s tzken The sardiest expenments with this method | ere
cimed out 1n Angleny and later vie Colomal Sumey
Q‘tzmsa\ on ganed out Jurther that surseys an West
A%rea The present sutveys w central 20d east Aftica sse
belesed hoserse to be the first farge seale apphication to
:;‘o’:ﬁ; ;‘::E?m; The bt of accuracy 1s stated to be
1Q(Yt"cfa(.‘ At of Unnersity College, Lordon who was
;'\db ‘_T‘Wm\cd to the first gniversity <hawr of survesing

v, wav directly rocd with (e
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the 2ct0s area on the sun's sutface They found that,
A the most, the width of this atea could not be more than
about tes Tmwes of are, of soms 300,000 miles on the
su's Surface Any error in their meagurements would have
made thys an over rather than an under estitate - and 23
3 5pot measuning pot quite ) 50,000 mmles across was vigble
e uge, W, seeroed 2 teasonable guess that the visible
suaspot 2nd the sbserved ‘radio spot covered rouckly the
sume area Since then, the sun has been kept under con-
truous sadw cheervation,  quiet times as welt as dis

tarbed, over 4 penod of some ten months Records bave

feent made on two different frequencies, 80 and 175 mega-
wyeles 10

P ¥ P pihs of 3715
and {6 metres And 1t hns been found that one useful

wdieslion of condihons on the sun s the proporiion of
LUty Much 15 Pt 1pto Whest 1O freguencies Under
tisturbed conditions, the amount of power radined on the
bigher frequency 15 several times gfeater m Proportion
Fieally, wlang Wus change w encrgy distnbution as the
cntenon, it was noheed that there was a tendency for these
abaommal petods to recur at 27 days ntereals, corre

spanding with the sun's known penod of rotaton Thi,
1 telf; 15 not pastiewlady surpnsing Sunspots themselves
¢ kable to tecur a1 smdlar intervals and for the same
fesson althoogh it 1s unusuat for even a large sunspot to
ke mote than one or posssbly 9o repeat appearances.
What &5 interesting, and rather surpnsing, about these
Cambridge measuseraents 1s that, dunng the whole of ths
!:n matths penod there scem to hase been onlv three
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the mass of
1 produces on the spectator but rather 10

formation which 1t provides for the formulation and
cheching of theones of solar actvity From ltm.’ pomt of
wiew, he dominant must be that on

1he sun are not $o S\mpiz as the contnibutions of theoretical
antophysicists would sometiries suggest.

- and of Penguins
Another <cienttfic film which was shown lately 12 London
was rade as part of the work of the Falkland Islands De-
pendencies Suney [t includes a senes of moton studies of
Adehe Pengnns which, 1 the hands of corapetent zoolo-
£ 5t, should be a useful supplement to the extensive obser-
sation made carher by Levick on the same speties and
1ecorded in tus book Antarctic Penmans Many shots are
rctuded of pengwmns yumping from sea on to 1and ice, with
an angle of take-off of sbout sixty degrees wath a shde i
tobopgan position on the e es the usual ending. Posnts
which coutd be noted wete the quickmess of pickeup to an
upnght posiion and the balance shovm zfternards
ghesading s\\\l upnght, dosn 2 steep snow bank Except

was used for straightforward travel on snow, sath both feet
and fhippers wsed for propulsion 1t compared very favour
“bly with the smtar cfforts of a Weddell seal, hamping
1 back Tke @ caterpufiar ot each forward movement So
few zoctogsts hase had the opportemty of studying the
reovements of penguins o' first hand that st would seem
A efl sorth while wabing 8 slow mation version of this and
any ’S‘Th*r fitm studies of the Yund whick may becoms
nalable

Blood ad vis e-olution
The red cells of the blood play 5o necessa
1Y 2 pa e
senveyance of oxsgen to all organs of the bod’;' ?h:!‘ ;]r‘u
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stre 10 be found in the same individuat and at the sam;
bme 3 both had been evofved 1 response 0 other an

gassibly deffetent needs, and then found useful as oxXygen-
camners, it would be sn odd cotamdence, but not 1a itself
particularly unbikely, that both substatces should be present
1 the same speaies Haemoglobis could ‘}me fngmnt:d

by wtsell was sufficient to do the 1ob
Tox Notre 1947, 160 431, 823

Meson parncles

Twenty years ago, #t was supposed that nature made use of
only mo Xinds of fundamental parbcle as “buidding Drcks'
for the construction of atoms, and so ulnmately of the
matenatunverse These were the netatiely charged electson
~ the om, 1f you Irke, of electnicity - and the posttwvely
charged proten, otherwise the nuclews of the hydrogen
ttom mvh g mance reesa 1TAN 0 aag o '-;\'%\ To “\C&C, n

- utron, which was

. 1he same mass as
the E’o\on 1t was also discovered that postine clectrons

alwtisiic that no particles were bkely 1o eust of masses
iafeemediate between those of the electron and proton.
Torrewese ddectrons, the ightest partcles known, and there
WETE protons and neutrons - but nothing i betneen
Then, i1 1935, on purely theoretical grounds, (he Japanese
thscst Ykawa postalated the eastence of an inser-
medate Lind of particle with 2 mays abowt ane hundred
tmes that of W tieriron No one at the ume pud mach
attention tecause the exsting pictire appeared =asonakily
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Operanonal research

So much bas boen sud and wotten sbout the possible
appheation of the methods of operationa) sesearch to
protote ndustral production that ¢ cosersle example
wh b has fately been rastanced may be worth tepeating
Wis due to the Shurley Jostitute, the cotton industry s €0
oprabive tesearch establisiment, and comsisied e
qastitatine ymvestigation of the reasans for varying output
11 diesent mills The method was o take each process
separately, coffecting figures far the amounts of cottor
ptoctssed, numbers of wothers hours wothed, types of
shat, eqmpment and so on The Ggures showed that for the
sare process and the saree count of yarn, the number of
Tian hours requiced per pound mght vary by as much as
thres to one Dy study:pg some of the apparently best and
st of the spparently worst mills for any parheular pro~
o3 4 gaod 1ded was thien obtamed of i teasons for these
differences, practice o labour deployment package suze,
Sav-out or whatsver 1t mught be

Uploa poiat, thus could be descrbed as * merely common

14 yardshek,, raght, ot largely bataneed qut The cewalts,
At 1 G oata- 4 .

M AN fren ¢ maoctad

toaned wath the same Jaboar force and machwery
Vether thus 1s catfed scienes’ or common sense apphed
© teratically and Ahroaph figares’, the fact remams that 1t
7 ded an vestigavon By tramed scienusty famafiar with
5t 10305y 10 Show how much cowld be done This. cwample
W25 gaoted by Mr Herbest Momnson who as Lord Presideny
of 1 Couneldl 1 resfonsible for the Department of
S entific and Industnal Peseath

Sit Edward Appluton as Seeretary of the Department,
s 2ho prventately fus own abbreviated defition of opcr;:
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st pergibour some 70 mides away, these settlers must
ry e the Flving Doctor,” summoned by pedal wareless,
1acases of sickness Theae chuldren are pupis of the Schoot
13 1he raaf) box, Australia's celebrated system of education
by correspondence for children who hive 1n remote ateas
st~ thets are no sehools

Braesth the surface of the Nullasbor pluns bes a fac-
sieetchurg undernorld of hmestone caverns (plate 17), deep
tadesand watrrways The S00 fuet deep limestone depasttisa
surinal from the Tocene, when the plan was pact of the
tedofthasea Trom these canes, the scientific pacty brought
Fack by ot d of minerat gypsum
snctead of the usual caleste these pypsum stalacttes have
v tefore been §ound 1 Avstrakian caves, though they
wete proviowsly deseribed 1n the Mammoth Cases of
Rentcky and a small cave 1n Southern Frarce (See
plate 18)

The hohday explonng party was orgamsed and led by
HrRessell Grimade Prewdent of the Muiboutne Natonal
Mircum trustees and a teading Austratan drug tmanu
facturer 1t comprsed a forester a zoologst, an anthropolo-
e an hol and seed-collector and a Y

. P

BT emal ¢ aegatta at.

YR

. . .
2bong ~alchoppng axes (plate 19), paras tie plants, metatic
ELe spiders which hunt metatic blue ants, and the strange
vlent kinvla which grows a foot 1 a cemury and hves for
Faseral thyusand vears

Wl afemeat
The whale 1 not 2 fish, Like the £ow, 1t brings forth s
30ung as calves And nounshes them on mitk Like the cow,
s & warm blooded amnat with the vesuiges of four leps
L I PSP PR
1w - - .
1 N . )






RESEARCH REPORT i

., txpefiments towing, anzsthetised fish supgest thotan
. beybave much more fnction, and not less, (o overcome
. #iessdd of the same sie and shape - but fus may be
ol waly Tough vurface
siyway, the assumphions probably do not completely
_ i the’ cateulation, They do not gwve the whale's true
sepover, but they do show whether this hatsepowar 1y
wndsed times greater {or smafler) than the human They
2 wgurate to that extent, and after alf, thot 15 what
furacy s - alwaye a relatne matier, not an absolute thing
seording to the experts, the vatue for the whale comes qut
Yebout B horseponer per 1on of muscle, which 1s a figure
aner than that for man, after all (four thousandths agaimst
#t hundredth) So the answer seems to be that Whalemeat
» 3ot ke buman meat, mechamcally speaking, snd the
hale's fantaste power 18 the result only of is fanlastic
vt thas really no more kick to 1t than a cow

Folic acid again
§ oo8 The tepOM wn an earher 1ssue of Science News of ahy
drponery of this new water soluble vitamun whichiis present
¥ %= teqes of plants as well as e bver and i yeast,
i . -4 tn oy the ongwnal con-

1t eatter,

' . wkers
Monue. . ted 1o
Eep young chucks on a compieityy 2, that

1#1a 83y, which contained only knowa protetns, iats, carbo-
Bydeaten and manerals, and all the pute known wiamps

Samathing extra was needed wn thy 008 before the chicks
would prow, somettung that prevemed their getng anattme

Cxperiments about the same tme with vanows hands of
Batena on ample casen medn contmamny, only knegan
tomttuents, showed the same kind of result Before the
‘bups® would grow a supplement bad to be 2dded In the
€wz of Lactahacilius caser, tis Was obtaned from fiver apd
AN ettty with streptococcus fircahs 1t was found n
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ot 50, for a couple of hours at a stretch This muscle 15 very
fatty, and may contan anything from one to ten per cent
of extractable ol In the past st found a use, after the ex-
traction of this aif, as a high grade cattle food or a rich
guano-type soif fertshiser, now the world food shorirge hns
brought ot on to the human dinner-table as a sery valuable
protesn food The blue whale's fiver, whih weighs abouts
ton, 15 also nutrittonally mmportant, for 3 per cent of st s
ot rich m vt A
But whalemeat, 1o s Ineng state, 15 mteresting from quite
anotber pomt of view The performanee of the animal 55 50
striking, both 1n speed and endurance of swimming, and st
sheer strength, that one naturally wonders whether s
muscles can possibly be the same i structure and function
a5 those of the human body Surcly they must be much
more efficient machines than those m our arms and legs
Otherwise, how could a whale tow, a small stexmer forward
at seven mtes an hour when sts enmines are rcing ol
astera’ .
One way to 1 the effi of h JERL
pare the lorser g d for a goen weght of
cngine Now human horsepower has already been worked
aut, wd tt seems that an athlete, ke the dog, pencrales
about a hundredth of a horsepower for eich pound of
musele he has 1 jus body To get thys result nas selntovely
easy, because a man can be made to work away, for mstance
at pedatling a stationary broy cle, under laboratory condittons
which permut of precise measurements The whale 15 & more
difficult case, and one or two assumptions have to be made,
for wstance that when towmg the sicamcr st 1s doing as
much work ns would a submasine of the same shape and
dsplacement  In other wards, st 1s bike a niged steel body
torgng through the water, with a sundr water shin fnction
resisting #ls passige It may be, however, that the whale,
peng fieuble and not ngd, and osded all over, has fess
water ressstance to overcome, and wasles less energy m
producing wake eddies than the s1” o
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a4, o5 ents towing, anesthetised fish suggest that
mmmmuch moregfumnu, and not Jess, to overcome
Nan g vesed of the same &z 2ad shape ~ but this may be
due to thewt sealy rough surface
Anyw2), the assumphiens probably do not wm?\e\dy
spol the ealevlation They do not gne the whales true
horsepoter, but they do show whether this horsepower 15
3 hundred imes greater (or smadles) than the buman They
M penie 1o 1hat eatens, and afier afl, tiat w owhat
aeueaey 35 - piways a relatsve matter, not an absotute thing
Aceordsng 1o the experts the value for the whale comes aut
2bost § hotseponer per ton of muscle, wiuch 15 a figure
Tower shen that for man after alt {four thousandths agaunt
oat hundredth) Sa the answer scems to be that whalemeat
# just Yk human mest, mechancally speaking, and the
whale 8 fartastic power 1 the tesult onfy of us fantastic
sue 1 s really no more hack 10 3t than a cow

Folic acul agom

§ e the teport s an earhier 1ssue of Science News of the
4 scovery of tus rew water soluble vitsoun whuch s present
mthe Fanes of plante as well as p hver and m yeast,
fareher cesulls have appeared 10 modify the onginal con
clanens, and 10 jusufy a Fresh account of the whole matter

As 1 & great deal of modern witarmn research, workers
23t on the track of 4n unknown when they attempted to
keep young chicks on 1 completely synthenc det, one that
111053y which contamed only known protems, fats, carbo
Bydrates and minersls, and all the pure hoown vitamns
Sometting exira was needed 1n the food before the ctucks
would gro s, somethung that preyented theit getung angemic
Trprnments sbout the same hme with vanous hinds of
LINIRPIFY smple casein meda contmmng only known
€on titkrrts showed the same band of result, Before 1ho
B2y’ would grow 2 supplement had to be added In the
<a% of Lact *ac Jfus cases this was obramned [rom lier and
bt etnety with streptococcus frcabs 8 was fourd o
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or 50, for a couple of hours at 8 stretch. This muscle is very
fatty, and may contan anything from one to ten per cont
of extractable o In the past it found n use, after the ex-
traction of this oil, as a high grade cattle food or a xich
guano-type soil fertithiser; now the world food shortage has
brought 1t on to the human dinner-table as a very valuable
protein food: The blue whale’s iver, which werghs abouta
ton, 1s also nutntionally important, for 3 per cont of i is
ail vich i vitamin AL

But whalemeat, 1 sts fiving state, 1s mnteresting from quite
another point of view. The performance of the antmal is so
striking, both in speed and eadurance of swnnmng, and w
sheer strength, that one naturally wonders whether ats
muscles can possibly be the same sn structure and funclion
as those of the human hody Surely they must be much
more efliient macinnes than these mn our anms and legs.
Otherwise, how could n whate toy a small steamer foraard
at seven mules an hour when 5 engines are mung full
astern”

One way to compare the eff aaency of machines 15 to
compare the horsepower generated for a gnen weght of
engne Now human horseponer has already baen sorhed
out and 1 ~eemn that an athiete, ke the dog. encrates
about a hundmedth of 3 horepower for ewl pound of
muscle fie hasan s body . To get this result was relatnely
casy, because a man win be made to work away, for instance
at pedalhng a statienary bigydle, under laboratory condiions
which permuy of preusse measurements The whale is a more
difficuft case, and one or two assumptions have o be made,
for wstance that when towng the steamer it 1s downg as
much work as would s submanne of the same shape and
displacement In other words, i 55 bke a nmd steel body
torgieg through the water, with a sular water shin fnction
ressshing sts passige It may be, however, that the whale,
bemng flewble and not ngd, and oded all over, has lows
water-resistance fo overcome, and wastes less energy
producing wahe-tddies than the suk Qo the othgr
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jand, txpreiaents 10wIng anzsthetused fish suggest that m
facdtrey bt mosh wore fction, and not Jess, Lo overcatie
i 1 sessel of the same sue and shape - but ths may by
due 10 thear scaly rough surface

Angway, the assumptions probavly do nos vompletely
spoi) the eadeuianon. They do not Bae the whale's true
osseponer, but tisy do show whether this Borsepowar 15
3 hundeed times greater for smaller) than the human They
are acturate to that extent, snd after att, that s what
tocucscy 1 ~ abways a relatn ¢ motter, notan absoluie thing
Aceording 10 the experts, the value for the whale comes out
stabout § hotseposer et ton of tusale, which 15 a figure
Yower than that for man afier alt (four thousandths agaurs
onz hundredth) So the answer scems to be that whalerreay
1< qust hke human meat, mechancaliy spealang and the
vhale s fartastic power 18 the result only of its funtastec
se 1t has really no more hick to 3t than a cow

Folie aosd agan

$ nee the repodt 1 an exglier wsue of Sciente Mews ofabe
di carery of th s rew water toluble vitamm whuch1s preseny
b aves of plangs a8 well 23w loner and v yeast
(amther resalts bave appeaced o modify the ongaal con
clunans and o yustly & fresh 2econnt of 1he whele matter

Al n 2 great Zeal of modern wiamin testarch, workers
1ot on Wbt track of an unkeowna when they slempied to
ketp youny chucks on a completely synthete diet, one thal
161053y which coptuned only known protoes als catho
ydeates and monerals, and a4 e pore known witamms
Sarethurg extes wan peaded oAbt food before the chucks
would grow, semething that preventad thei grung mavane
Exgeaments showk the same hime with vanows wunds of
bidteu o waple eavn medws contumng only knosn
o s showed the wame Wand of vesut Befose 1he
bups' wa.M gros a supplement had to be added tn the
castof Lt “ocifius ensed, Yhis wis obtained from Yiser and
YA euncs Gl streptovoccut faeahs it was Tound
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astensh,, or
may te thiee, 1€, two more altached at the

& the mechaniam wiich makes the
e e, 38 Ao e e e vim e » and

hese
. = the
forr with seven phntare ressdues, for mstance, 35 effective
v1the diet for ehicks, but useless 1 the bactenal test Thare
Ensts an enzyme 1 amral tissues which breaks dows the
riore complx forms 1o sumple fole acid
TUwas catural, 1n view of 1he effect of folic aerd deBoiencs
3t~ blood of etackens and monkeys, to try the effect o”
£ o0 sanous human blood discases o this way 1t was
dueovered acodentally that fobe and would ‘eurd” per
£oi0us 2nem ‘That 1s to say the anzmia would clear up
204 the blood remamn normat #s tong as the correct Sose of
fole acid 1ablets was bung teken The quantiy requred
was qus ¢ large ~ 5 or 10 milligrammes per day At first it
w21 thought that this would become the modern treatment,
Teplacing W= nunance and expense of crude liver ijections
Bt 0ne aspret of the disease had been overlooked
Permaant 2eama tself 15 an ness 1o which there na
{3ilute 10 produce the red cells of the blood, enly a few are
tade and (hey are abnotmally Jarge Assocmated ttregu
$arly with this {the causal conmeenon v cbseare) there are
TV s symptoms grouped under the heading of sobacuie
combined degeneraton of the spinal cord The nervons
IFTROMS may be marked and the anmma shight or the
zmd alont may be present followed onfy afer some
time by the nervons degeneration which has nothing 10 do
ath the seventy of the anemia 1t was eadly found that
fohe acud urbike Iner would not affect the nervous side
of the fftr~cs, fut 1 100k abowt twy years of expetience to
thew thyt eople wath anama only and this anmmma
srtenfully seated suth fobic and maght develop subacute
corbared degreerzoon neverteless 1n other words foke
3ad w28 dangrtous tecause w huhled doctor and patient
R false stnes of ycunty Tt affccted the Baod, ‘but not
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the nerves, and was only a balf-cure The truly curatne
substance present m Jner extracts a5 st} (March, 1948)
a mystery* it s not folic acrd, but it may be a chermical
relatne *

In another sllness, however, folic acid appears to be
having a marked success Tropical sprue 1s a disease wath
great diarrheea, and an anemua somewhat fike the per-
nrcions type In o matter of days from the start of treatment,
fohe acid often arrests the diarrheen, the health of the
ntestines improves, and the anema lessens. So far no fly
10 the ointment has been announced,

*\ery recently DrE Lester Smtth of Glaxo Labaratorics, Middieses
has an.u?unc‘cd fhe 1solaton from liver o{ u‘rLchegnzm whrch

— et -— et nants w

Amencan workers, and further news of them, will appear in 3 later
issue of Seience News



Minor Additions in Metals
and Alloys

DR E A, FOX

11y 1042y becoming ncreasingly understood that our
yresent Govel of enpimeenng techaology 15 i large part due
15 057 kil an manvpulating alloys However, althoughatss
weff known that, shere mechanical strength 18 néeded,
Pate wetals ark 100 weak 1o do what medem eagineesty
Tequites, 1t 15 ot 90 widely understoed that the amount of
e et alloyng addition s often remarkably small
Moot rom speciatists have the haz est 1dea of how alloys
are torsuitated and tend to think of additons of tens per
oenf being necessary before mutal B will have much effecy
dawetd A Some of the best known and oldest alloys do
centem Large amounts of 1he added metad as for example
Zr¢ 01 copper 1o make brass, and coppes 1 gold to make
e wsal jenellery afloys As however, the saienet of
7ol e 5 has developed wt has become posmible 1o do two
&8~ fiest 10 B to sobate the causes of ifference,
@ tetancas of apparemly similar glloys, many of whih
retmes tefused sath 3 subtlety which seemed almaost
FTPTE LY 10 do what was avnonend .

ty :mdadtoe N
to formglze -

eaentan

.
v e .
v

fewsst WLIE OF the tundamentat guding prin-
138
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the nerves, and was only a half cure The truly comtive
substance present i lwer extracts 3s shil (March, 1948)
a mystery st 1s not folie acid, but # may be a chemicaf
relative *

In another iiness, however, folic aced appears to be
having a marked success Tropweal sprue ss o drsease vuth
great durheea, and an ancenma somewhat ke the per-
mcious type in & matfer of days from the start of treatment,
folic acid often arrests the diarthaa, the health of the
1ntestines improves, and the anemia lessens So far no fiy
10 the omtment h3s been announced

*V\eryrecently Dr B Lester Smuth of Glavo Laboratories Maddleses,
has aanounced the ssolstian from hver of a red pigment whech n
powerful in tresting permcious Bnacnna, though it does not conta
fobicacid Smultancously workers at Merck Laboratonies, Now York
have 1solated a crystaline  viamun B, which i also powerful 12
treatment The relation between the discovenes of the Brinh ant
Amencan aovhers and further news of them wall appear 1 o later
1sue of Srience Aens
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T eective particles of alomina have not bean postively
senfied m’:y:; e Dashest mapmifications under t;xc
T OoOpe, et they affeet the bebasionr of the stect i
*Pdh they ocous yg 5 rag et Wiy The effect of gases on
b2 bhanoue of morats and aloys 15 often complex,
Eretally thy are hanmfal, but the }ddmnn n\; ovgen to
e o USSR O e o

" Txnlstunng processes Another rample 1 grrovided
by the e of Satbon.moyeuds 1o smprove the hardnesy of

sterd on the surlace (’ms:-harﬁemng’). the ¢33 teacts
itk e grgn, 2nd won eartnde, thy fardenung consutuent,
B 0mmed 1 the outer Layers of the mrt which 15 10 be
hankeneg

Ftom the sCienafic
“ed on the
e changey

Point of view the olerest 15 naturalty

pretire which can by forred of the apera.

Seeurnng withiy (e strocture of the fecad,

Snictry by Showing Beametrically Sormpg faces, haye 4
‘muu‘ful tetnat. TeRulatty which can be Teveaied by Xoray
.. N -,
rarg wdsnaely iy gy directions and s bounded only by
' umits of the pece wself or, morg wually, py the
403008 of the indinduat gry g Ths r'-xghbounng Zram
hss, of COuteR, the Wme stuceare, Byt g dxﬁmnﬂ;
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The effecttve particles of alum,na have ot txen postuvely
\denlficd even at the highest mapmficstions under the
ricroscope yet they affect the behaviour of the stecl
wheb 1hey oceer in a tadaat way The effect of gases on
the betviour of metabs and afioys 18 often complex,
eer.rally they are harmful, bt the additron of pwgen 1o

.

. . o= .

11 mamactunng processss Another example 18 provided
v the wse of catbon monoude to mmprore the hardaess of
o 1d gteet on the surface (casnlardening }, the gas rexcts
with the won and won carbude the hardemng constituent,
1 formed 1 the outer fayers of the part which s o be
tardened

From the scientific pownt of view 1h~ interest 18 naturalty
focused on the pictare which can de forred of the opera-
e chane™s occurnng wittin the structure of the meta)

Struciure of metallic ervstals

1t wag fong 20 shown that metals ace crystatline and
that the ordinary alloys of ndustry are composed of @
mass of erystals or grams® whuh are clearly to be seen
tnder » = - - . .
eiched .
wen, - - - - .
;Ymm“ﬂt\:m‘.m,‘”_r‘ b Setmettieally lo::mcd_l’a.ccs have n
crystalic .
bwit up - '
these 2 T essetogn e best v
“"‘mm\;‘dﬂlc e forces beween them They sf::scsll::: :eo-
E::"h:“;ﬁ:}\d)’  all directoons, 374 15 bounded ont by
iflvisad o(‘é‘\c P wselfl or more usvally, by fhe
T e mdivdut gra g The weighbourng gramn

SOuse e Same strocture, but ¢t 1s differently

[
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a  f aaebht hpes dana noreesnt NOTR

. . . .

31016 "em s the fattice forces large The penodiasty
LGT p::pxcmes sh:m 1 the table of the elerrents was an ecly
pounter 1hat atoms could not prapenly ¥ conndered a8
Tunute tilard balls, and that structures within the atom
welf were enbgal Mtals are characterssuically clectro-
pestive Thus fact sayobves the smplicauion that ther atoms
iy be ttadily sepasated fiom one oF more of {he clectrons
whch these contam From the study of the forces i the
space lattices of metals, the general piclure has fanly
reeently emesged that the latuce pomnts ate occupied not by
atoms, but by postine tons from which one or more
elecirons have besn separated the electrons are more o
Tess fres to move 10 the itersnces of ths structure, farmung
what may be descnbed as an  clectron gas™, the elsctron
£2s or cloud s the deaisive agency in holding the structure
together, the 1ons themselses having a mutually repulsive
cfect. This pictuse 15 ot {or {he Mot clectropesiive
metals, other types of tattce bonding apply for those which
are kess charactenstically * metatic * ~ for example the
togctures of arseme, anumony, Wsmuth, seleqwra and

tellarium are bound together by forees which are more like
chemeal binkoges

Mechamsms of alloying
“When an alioying addition 18 made to 3 metathe element,
the question at ones atses ~ how can the atoms of the alloy-
ng element be accommodated 19 the structuse of the parent
metal® Great numbers of investigations have been made pver
maty years (o follow the changes that cocur when atloys are
rade, years 2¢0 the microscope and the cooling curve were
e princapal research toals and a great body of knowledge
w2s bullt wp with ther aid, Mote tesently X ray and other
teehniques of modern physics have been adding to the data
and are bring 2sa ssed to relp formulate theares as to the
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onented i spice nd the gram boundary 1s 1 zong wm which
the atomue 1rrangement 1s tocally not perfectly regulir since
1t s one of brinyition from one oncntiion to another

The guometry of the ervatal structare o space lattice ' s
charactesistic for Cich metal although three common types

—

LAt
i 12 10
Tie 25 (2 Pacecentred wbo s wdwe unmst olb (A Body
centred wub o stret e umat ol {0 Lhse prded hovagond

structon untoeli
of symmutry ire recogninad Two of those wre mdluded m
the cubie system an wluch the uni of stomse drshwork of
which the strvature o budt ss cubhic in forn The two
common types of cubic umit ol tre the tree ventned cuhe
md the body~ceatred cube In the formur the umit colt 15 ¢
cube with i tom  cach corner ind one sn the centre of
etch fuce, i the hitter v cube with o other Atom night
sn the centre «t the cube asedt (vt the mterswecion of
diagonals poming opposite corners)  The third common
type of vt oefl 1 that termed ddose proked huvigonit in
which the umt v+ hexygonil prism with 1n atom i the
centre of cach end hexteondd twce  d three others
symmetrical posions on the centril phine parllel (o the
end faces (F1g 25 Most cavtnvenng matenials conform fo
one of these threw types «f strunture but theaciusl dimen
stons of the umt cell are chiratensue of the partohir
metn! (or alioy) mmnor doviitions from these types abvo
occur (for eximple some hexagonal mefils dre not close
ched i structers but s clongated or compressed
aually from the geometrual we )
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R docs 50, cotts vt of the solution a8 1ron cubide, Te.C,
weposes within the won fattce, when dissobied, ot pownts
qud stant from three nerghbounng won 2loms

el affotesgn atoms in the parent Tattice 1s niturally
05z 2 greater or lesser distortion of tts regulanty mn the
snshbourhond of each intrader The distortion vanes with
e tatue of the added atoms, and with therr nombers,
e sulferent forgn atoms have been pdded to make the
504d so’stion yust unstable, then a new phase 1s formed of
father additions are made, and this plaass 15 of such a
SO etk r 6 s '
o . .
53bt .
olbing umit one Ty say for cxample what at room
tmperature alummum can hold up to 02 per cent of

vay > Lty nay oocur withia the grams of the parent metal
or 1n the geag boundary they may be 1n massive or i file
ke forms gnq their mechatmeal state of agpregation may
bave an mhvence as £7€at 23 Or preat~r than thew *inherent”
et assocmted wah composition In na field of metathe
SUBCLPS 15 this bettor mvmmnt fad L — .

myt

conly

Aze hardenmg
Age hardening 1s the name 8i¥en to the spontaneous hard.
tmng of an alloy on standing afier heat treatment, the metal
ardens with 1he Pu8522 of fime, b¥e oty makers’ arter es






MINOR ADDITIONS LN METALS AND ALLOYS H)

thr solstia and aeding trextayent 35 of the same cheducal
compostion but he second phase, when i mAse form
{masne 2t least ont 2 mroscapie scals) has 2 relatnely
small streagthenng effect on the strocture The haghty &s
Tewd wapent preaipiane eI W Etnt h_:ud:l‘uﬁg

N

atomse planes by whick 3 metal dcforms undet toad the
detady of e Taktice distortion mechansms vary from alloy
10 aflay 2ecanding 10 e nature of 1 component metals

Effects of nunor additrons

The techmyend anterest of nunor addinons 1o meals and
2Noys bes 1n four maie fields fust the addon way have
some peculianty which makes & 3 pateat, that slthough
im0t 1 quartity it constitutes the matn altoymg effecs of
tiesystem second, 1t may be added to neutralise the hate

ful effect of some 1mpurily which 2 15 not practicable of
feonorees 1o ehmmate tuied 1t may be added 10 conmteract
Some yrdesicable betrawour of an otherwase wseful alfoying
addianatready p esent orfinally 1t may be added to moditly
sorwe speatfic physical or chemical property of the mistal to
4 mbamum (or 2 runtmumy extent  These effects the mimor
addyison grust 2ciene by tomy o sohd solution o Phases
already preseqt, of by causing 3 separate phase to agpear

Light alloy examples
4 gyod example 1 the first field 1s provided by the recemly
wnves agated allays of agatsiom and uromum, Same of
whith are now bemng developed for industnal applicatton
Pure magnestum 13 not nsed for ENQINCErIng PUIPGSES sinice,
unitloyed @15 100 wesk Ong of the teasons for ths weak
258 2ppaccs ¢o e conpected Wk Wie Tact that 1t sohdifes
wuhalame gram size 2t es qat acly a general fact of obses
vation that metals and alloys tend 1o be weak of therr gram
structuce ts coarse, byt 1t s Found that magnesinm alloys as
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s raised At 518° C for example, mettl A sy beabletotake
$7 per cent of metal B into solid solutron, but at room
emperature 1 may hold only 02 per cent i solution and
Above this bt some separate phase - say the S phase - tunds
to come out of solution Suppose now an altoy of $7 per
cent Ban A s heated to $48° € and held at that temperture
for lons enough for 2l the 8 phase to dissobw and 1o pro
duce a homogentous solid solution of the oy s then
quenched tn water the prece may cool so raprdly it thene
18 no tune for the B phise te come out of solution as 1t
woukd othernise do The conditon is khun thiat of an allov
contantage 5 7 pervent and not 0 2 persent, of Binsolution
at room tumporature i oxir S S purcant of Bassaid to be
hietd in forwd s hd solution Ay result the alioy s un
stable and spontinuons chinee begin to tike place w the
direetio 1 of proapmiition those vhinwe €N oeeur Wiy
regddy  snen at crom fempoeit ans wht oy de called
atome mobthty 1 nat groat vd it onb s the e se il
of precipitntion slowed down byt i state of w_ngitionof
th umbriome poaptite ¢ Biloront trom that ssousted
with stimhn

There has b en much roearch whohas sl contimune
on the natare of the it apent nd rudsmentany preaptates
which form under thuse conditiens i different aHoy
systems for example m the dumimum o ppr ssiem for
which the above fivores opphv (this s the basn of the
duratunun pe of Hev) the chiinaes Ul place are com
plex and are on 1 sele well bevond the ordimary light
microscope 1o fusohve althouh the normal preapitste in
the un heat treated et affor 1y rewdiy vauble under the
mucroscope The etiect of the clementary type of precipita
tion eccurring under age hardemng, condittons 15 observed
i many alfoying systems s to cruse a drstinet, and
sometimes a techmeatly decisise trdening and strengthen
e of the atioy, and clectrical and other physical propertics
aroalso affected These chatiges are wholly due to the spectal
state of apgreration of the alloyiag addition,, the 1Moy before
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The alloys of atumrmum have been the subject of 1tene
vt escarch for very many years, 3nd strorg grain yefine.
ant s beem observed to follow §ror minor additiors of
tazr o3, columb L 2nd boron, but 1 this {eld (he rnor
sdditon which mizht be classed as baving the effect of a
weagor Logreg elment 1> sodiwm, when added to the
el.rmmresiloon alloys The porsad alloy conta mag 11
FT oezt 1o 13 per cent sibican 15 cistinetly weak and brittle
voder impact 1 oL 15 cast 1 & s3ad mould 1o make 2 p o%e of
any size 3 however, 0 03 per cent of sodwm 15 added 10 the
wolten alioy st Wefore pouring, 1ke metallograplue strue-
§ 1618 greatly refined and the mechamisal properties ot m::
a"‘stmg areso m\fh mproved that the treated tor Lmndxﬁ:d )
Ao r e PR

3~

fmshed castng, There are many meresung po ats sHout
‘rodifieation , thief among whueh 15 the fact that the allay
shows 2 modfied structure even 1 the absence of sadwm if
15 quickly cooled, 1 otber words, & 1huin seenoned preee
Gstinto 3 metal mould would not requyre the addinon of
sedxzm to produce & modified micro-structuse and good
ank ot Eal -

.

that the super saturated hiypo solution m the choalboy
fxpmmcm vemamns hawd ~ tecause of absence of mocu-
-, e . e

Coenteractant additions
An cxample of researches w the second §ield 1y pravided
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Nosphe oeed {0 1 per cont t pemmalas 80 T ES
'c,:::;:; h:;fg) weofd r~:§£ Pty Rk &c:—v:rnfg
tehavionr Ancther fine ef resea=e bas bezn pussest :xﬂws
courtry and 3 soleton bas heem feriwosune w‘.v:; EY
efcuve for hazh a3 weil aa roem momperrnwes Tie 1.,...:!;
W1 to test the et of aflarz sddnees whes Ao stzls
compotnds wik bisznth azmerg these was Lo, w‘rl.u
furts the compennd Bily, itk 3 me anz port of 143 <
Tt was found that az additon of 00% pe= cegr Dthram
ety elmmoted the barmfal efens of tismuth op @
001 per ce=t. The formator of the kugh melunr post som-
pound sould maruraly kad 10 18e ebmnanen of tex Lgmd
pliase s0 harmLl to the cobesnion at hurh repeaterss The
additon of hithiam 15 abo efctne 1 prevenurg the b smom
embagierent of copper-tm and coppes nec Ao s,

Another cxamp's of the set a theef toca ch a thef” 1k
1d.e oecure~d 1n ane attoy research work. Some years bank
1 52n0us trouble wath zioy alloy @ s<casungs was thot thew
wee fonnd 0 weaken spantanequsty wah tme, ey

tesame brtde 25d even somenmes dsmtegrated a®er a
fev montls servee [t was found that the trout'e was due to
Tmmen s -

s prone 10 JmoTPhene tononon spreading dlong 1her,
which caused weaderung and disruphion of the meto} The
arasnt of i which could have (hus unwelcome effect was
rarucntarly small - of the arder of © 002 per cent As lead
and cadmuum were present m the erude metal, the problem
of daalrg, wath them w2s 1n 1he 128t resort & maner for
xperts ir extraction of the zine 1 the meantime a tem.
porary solution was found howeser, by the addmon of
Tmagaesium to the casting alloys It was found that abom
01 por cent of magnestum would make the alloys fmrly
siible to tropieal smosphene conthiions promded the con

Ceatratan of lead, tun and cadmivm were not too high
18005 per cent for cadmium and 10, and © 010 pet eent for



145 SCIENCE NEWS VIII

by the harmful effect of small amounts of bismuth as an
wmpunity sn copper I copper contming more than about
0905 per cent of bismuth 1ty abihity to be hot-rofted falls
\ery senously, and as hot rolling 1s the standard way of
making copper sheet, this influcnce 15 cconomcally most
undestrable Copper refined by an electrofytic process con-
tamns neghgible quantities of bismuth, bet 1t 15 ahvays
present o copper which has not been treated m this way,
and no other satisfactory way of removing small quantitses
of bismuth 1s avadable The amount of bssmuth catering
solid sofutton w copper 15 lesy than 0002 per cent, any
brsmuth occurring tbove this hmt i pure copper docs so as
metallie bismuth stsell Tty strngly  hurmful ofect
exerted bouause 1t proscine gias Tise 1o smadl gu otities of
hquid metal whin the copper ty heated for hot rolling, the
frqued spords the continuity of thy me and (auses enecking,
it abso adsenscdy aflcuts cold rofling b wne the ismuth,
which 1 weak tends o ke up hlm ke torms botween the
crystals of copper dustrovsne thor cofston 1 the copper
conlam vyt as it ofton does then the bivngth owurs as
the less barmful onsde, 810, ibuve SO0 howerar, nxtil-
fre bismuth i formed The wpprowh to the problom fus fisd
to be along the s of fndme some wWdditon gnt whnh
wall neutriine the hamtul effcct of the biumuth by ome
biung with o convert st no some rlisvely hirmlos
form or comp rund
Austraban rescarch showed that one pent which could e
used to ehrmnate, at least at room tempuratare the bnittk
ness of bismuth contuninated copper, v 15 plissphorus The
use of tius clement 15 an Lasy maur o the copper tesneries
since coppet 15 often deoxtdnsed wsih phosphorus and alt
that 1s requited 1 1o ensure that there » envugh phosphorus
1eft 10 the metal to neutmalise the bmuth ot scemed prob
able that the phosphorus worked Sithout combiing with
the hismuth, but by causing it to awume 4 globuhir non
Sitm-dike form, perhaps by some surfuce teision mech rusm
"This answct was oot pctﬁ:c(, howeter, sinve the amount of
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0011 per
tsphocus teguered (0 U pee cert to neutraliae

Ecntzf tsmuth] would its>Mf inter(ere with the hot w orking
dehavioyr Another hine of research has been pursued 1n this
countey and 2 solution has been forthcoming which 13

effectne for fugh as il as room temperatures The attack
. e a1 voe w

entiedly chmwated the harmial effects of bismuth up to
9B percent The formation of the hugh mejung poiat com
pound would naturally lead to the ehmnauon of 1he hawd
phase so hisrmiul to the coheson et high tempesatures The
additon of by 15 aiso effectine va prevenung the bismutn
eohatlorsod of CoPIRT tan 3ad copgrt Tne alloys

Anathes exdmp ¢ of the set a thuef to catch a thiel” tech
rique ocenrred 1n zoc alloy research worh. Some years back
4% 1ious trosble with zine alioy die-castings was that they
nere found to weaken spontaneowsly wath lume  they
became prwle and even somenmes disintegrated after a
{f:. moeths service £t was found that the trouble was due to

oo an €

Mt neag fa ntranerbee o e

llg cadsmum were present 1n the erude metal the problem
of deahng sk them was in the 1ast recart 2 mAtRe Sor
expents i extraction of the zzme <a the meantme 2 tem
parary solution was found however
magaesism 10 the cast ae alta
% por cent of ma i

stable to tropeal at

centration of tead un and codruum were

(0005 per cent for cadmum and fio and § o\gﬁiﬁn‘?}i’;

Towa e

by the addihon of
s
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s from the ntenor of the crystals to reach the gram
:‘éisdg;ms{!nl hich preap tation ocsurs, the Ch'f“:,“;::
) - sthe
the
erystals, near the gram boundanes Since these ouler 1) ers
r:zm contribute cﬁgh chronuum o supply 15 to 18 tumes
the amount of ¢arboy comng from the whole of the bulk of
e ervstals, they suffer a severe Joss of chfomium and asa
rwuht the corfosion rewstance of the metal s locatly des
troysd. Stasnless steel whuch 15 30 thns condation, of subjected
1o cortosne conditians, suffers rapid attack at the gramn
Loundanes, and n tme may dsintegrate Thus effuct was
ongwally moticed 1 stamtess steels which had been welded,
and 1t was termed ‘weld doway® an the shops, antergranular
corrosion’ 1n the leboratories
Tiug bad effect of an otherwise useful alloying element,
could be countered by three methods by reducing the
carbon content 5o that precipitstion does ot occwt, by
mroducing some other element wineh hos a greater affimny
for carbon than has chromtum, or by switable heat treat
ments The fisst 15 not practicable from a manufactuang
viewposnt, and the fast is often not econdmic or comvenient,
espeaaally for welded pieces The search for the antdote
dlement was, however successfal, and thres answers were
found. The most commonly wed alfoyng addition to
prevent inte-granular corrsion of stainiess stred iy titantum
which has the required Ingh affimty for carbon and forms a
e RAa Ty h ey

beomes ymmane from weld decay In welding however, the
P esnee of tlannim 1 the weldmg rod does not necrssardy
produce weld metal whch 15 tmmune from wlergranular
LTosian gence 3 asge part of the titamum. 102y be oxidised
dunng We welding and e Joss wall be enztrat of Several
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crossing or oserlappmg welds hase to be made In these
curcamstances the alterpztne solutions may provide better
resuits ~ 0.75 per cent of eolumbium or 2 per cent silcon -
smee these elements do not suffer such loss m the welding
optratton, and consequently can more readily ensure that
the chromuam 1s hept 1 ats proper “defensne’ plice i sohd
solutien

Restricnon of gram gronth,
Examples of the use of runor additions to modufy specific
physical or <hemucal propertics of metals and alloys are
aumerous Interesting dlustranons e wn a field alhed to
that of grun refinement touched upon earher, tus s the res-
triction of grain growth 1tys ¢ general rule that metals which
have been mechanically worked (rofled, forged, e1c.) may
tend to undergo gramn growth when they are heated, e,
certun prauns grow by snallowang therr neighbours It often
turns out it severe grain growth 13 undesirable smee it is
accompanied by foss of sirength and hardness If it 1s an
unavordable part of some operation that 5 metal or alloy
has to be submtted to a high wmpertture, then it becomes
desitable to try to restrict the resuftant grain growth
some way, to avoud its weakemng effects A fampharexample
of metal cxposed to very high temperature s thit of the
wingsten filament wire w ordmary clectrie hmps which
runs at temperatures well over 2000 C I wngsten without
any sdditions 18 used for fityment ware the grains become
enormous as the timp'’s lefe continues, s a result the metal
tecomes brittic and the gram growth causes distorhion or
saggng under the filament's ona woght An additton s
therefore made to the tung dunng the facture of
the wre, of an agent ¢1pable of ebstructing the growth of
{he grawns, 075 per cent of thonum oude (thorsa) 15 very
effective W tus way, being insoluble an the tungsten, and
when fincly distributed throughout the structure the pare
peles present a durable mechameal ebstruction to prain
growth Tungsten comatmung 075 per cent thona thus
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penmits the production of filament wire with 2 much in-
creased sernee fife

Before a werked metal undergoss grain growth shen it
15 hested, 1t usually recystathses — (hat 1, smong the
crystals wheh sere distorted by the working process, appesr
uny nen ones, which sre nat distorted, these begin to grow
as the temperature 5 rarsed further, and they finally
obluterate the ofd structure The metal 15 then saud ta be
‘completely reerystathned’ $fost metaly are much strengthe
ened by bung worked, and recrystalhsabion causes the
fncreased strength to be lost with the obliteration of the
old erystals Pure copper 1s rather weak, bub s valuable
for its tugh electrical ard heat conductiity ; for some vses
1 which strength 13 needed as well as good conductivaty,
1t 35 wsed i the norked state, such for example as bard
catd rotied sheet, suppose, however, that ths copper hag
to be soldered, the heat of the soldening operation wafl
perhaps be enough to canse recrystathsation and lass of
the desiced extea strength put 1n by the working Here the
problen 15 to find an slloying addinon whuch will raise the
recrystallisatton temperature, thereby avoiding the softenung,
but which will rot nterfere wath the good conductvty of
the matal Copper 15 most sensitine to munute traces of
mpuntiss, many of which cause 4 great deop 1 con-

:i:zcﬂ;wly, the selection of permissible alloying additions 1s,

preperties . coppet, 1t also has 0o bad effect on the

strengih of the worked copper, but *postpones” to muck

hogher temperatures the soflemng effects of heating for

aperatians hke soldentrg This smafl sddition of silver thus

p&cr‘:'uls( the use of ;eppc« when stengih 2nd hugh con-
uclivly ace requated, and when a hig!

be met dunng mqan::hclur;' e lemperatue s to

Ths short and rather smplified review witl perhaps halp
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GLOSSARY

Brtr Ratr This o calou'ated a5
the romber of taties bom dunng erc year /. 1000

P a
B f =
- - D P

.
Deaty Rate The crude death rate for 2 population s
the number of deaths registered 1 the year ~ 1000
T oLl number Of Peopis alve Ball way ihroush
Hee the word population denotes 3 group hvirg wathin denm ¢
geograptucal boundunes Cotueguently, to gt the Corveet nmber
of d¢ ths, allowance must be made for wsidents who die atle
away from home and b deaths of vistors from abroxd must be
discounted

Specifi- drath rates m general are calculated in the sare way but
Tefer onty 10 one group of the population, g tetn-apers bus

tonductors women comparng the numrber of thar deaths with
the aunber of them alf alve

Teariary  An estimate of the extens 10 which people can and 4o
muftply Thus the Burth Rate (see above) 15 a0 atlerrpt to measie
B but 0¢ fable to misiead wice Bo account 18 Wken of e
rumbes of women ws the population of the nght age 1o hase
childrn
-

wrevage e futare I gou are

. o
afrezdy 0 nety when you read thg,
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About Our Contributors

4 E Bell, Read of she Seience Depoztment, Cofton College, & 2
sheoust who has tooome equally iaterested 1 the hustory of Scrence
i bock o Chrutian Huvgens appeated earfier ta the year, and his
haf mirrest 3% 1 the edusationsh problen arsiog thiough the need
Tersoatists of wids cultare it modem ervibisation e
1 % Corvsall was born w Inia in 1908 He 35 & graduate of Cam-
balge and M‘d‘?:hn Academuc Driploma i Prehustone Archzology
of the Unnersity of Londom, where he occupres the past af Sceretary
at Ge Inawte of Ambaology His chef mistests ate m human
eclaton, the skelerad e of tarly men and sub men, dnd e

ey of fheir ehronment and equipment as shown by Geology,

Palzomtelozy and Archrology

£ L Cramerer kas Yeen ednor of Scence News from ire
fxtt 1sae onig nal'y under 3 pserdonym  He has had expersence
of Sorvace e and of Jouriabam, 15 a Sowence graduate of Cambndge,
whers e hay dong 1senrch, 18 medically quatified and has practied
tednpe  He s now inentyesoven

Lrand. Dickitson 1 4,000t oS peactitionet sho has westten severat
techoical and general articlos o the wark whuch he bas been doing for
T2 pact 1o years He has betured extensnely abroad and a1 iraug

centres and sechincat collezes here, wnd s 2 merober of the Councst
of the Coatact Lo

Franeis Fox graduved r Menlwgy at Bumingham, and 100k iy
Festjob ona gold mine o West Afc: He bas been engaged w metale
Lurpital sescarct eves e e retumed 4o this county and i best
krown for s fubbications on magorsiarm aloys for which he wax
awarded hus DS He 15 2t present Deputy Thrector of the Bribsh
Weeliing Resetrch Associaton

A W Halnt u s Cambndee gradunte who hins made stennfic
wurnatism hes Gusvet e s Edvtor of Seremce Today and for some
months pust has boeo 3 regular speaker 1o the BB €. Forors Eduean
Tonst Prograryme

R bert Reat Ruegpnshe, who died ax the end of last year was‘one of
e greatest damographiers of our umie The Univeruty of Londan
apseoted hew @ 9M 0 the fiy Resdentip s Demography
- tm

o= 1935 by wars appoted demmograptue
e Blance of
- 913,
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Magnehc method  of pros.
pectng, 66

Mantle of brsalt, the carth's, 724

Marnage statsstics, 55, 56

Mechanism of sfloying, 139

Mesohthic man, 33

Mesons, 125

Meteorutes 83

Mortahty stotastics, 33 54

Muscle measurements 113

Natonal restration census, 5§
Nuttarbor Plasn, 128

Ohrussions n censuses 47
Operatton o rescarely, 127

Puteotuatie man 13

Pengum s 121

Pericous anvona 133

Petrology 22

Phasphate determin stsons i
Anhxology 14

Proilen analyas 22 27

Polymerisanon 92
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47,49, §¢

Post-operatna vare m gratime 36
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Proservation of prohistor. mae
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Prossures i eanh s ot Ta

Prychotherapy, 101

Radar<controtiod air suney 15
Radio and sunspots 120
Receat mountains 7%
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Recording of field work m
arhxology, 16

Reflection shooting, 72

Refriction shootng 49, 71

Reproduction rates, 58, 59

Reststivity  surveying tn archee
atagy,

Rk ctssificatton, 64

Rosat Commussion on populs
tion, 57
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SIMA 81
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S nl sence, 22

Stwndardazed de wh rates 54
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GENETICS
BY 1 BALMUS

Though gonelce i3 the youngest of the ological seences it
18 excil ng more attention among both scientists and fayfoll,
at the present tme than any oker branch of bologcal
iy

1t 423 grown 5o fast, and m so spectacular & manaes that
the majonty of scicansts and even of bologisty cannot heep
Abreasi of 1 comsequencs W Bas won an updesetned
rputaton fo bz deficult to understand How undeserved
+ e apparent 10 every reader of th s book for Dy Kalmus
aad 5 collaborator M ss L. Crump 1a compatatively small
sper bere ey ot wn s mple language the man ponciples of
s ncesoctearly and conc sely that every reader hovmyer
T naousty ignorant of its axioms and aduevem nts will b
abl 1o foflow

Part of 1he supposed 4 fliculty perhaps resdes tn the
s tal termunclogy which gen=tos bas creat d to meet us

spoco] aeeds  But no one need be det rred from matang 3
[

for th veaders of thair pages

What fa-tors of b ologwal makeup ave wherned n plants
anmals and man how they are inher ted bow mutat ons
nd varat ons anse and are wansmitied  the mmpottance of
£rarteal Lnow »dg= to the gasdener farmes Stock breeder
and human parent all these mutters are d scussed and ex
placed and th toxt 15 elundated by a number of simple
LELI
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o%e shllfmn and sixpence









