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mulio waves filled the wholo stmosphere hetween (e suefoee of the eortly ang
the Tleavisido Tayer. 1 aluo believe the cinema (0 propody used } will widoly
help in tho edueation of sur time,  Thero ix 1o need 1o elnim for these in.
ventinna o placo in history for their infloenee js obvions,

Bub it is wlao tenn, that seieotifie discoveries ore” thenwelves peoduets
of hivtory,  Wao still flndd tho Lodief that the ehicf lines of Lhe hisiory of seienees
waro Juitd down hy L sm_lﬂ_umnu nppenianens of grenk iminds — ol a tianinen,
NuwroN, Lavomsiun, TXTWIN, Sivseeid, Towever, if wo anafyse the rend
tlovolopmont OE_HI'{_‘J!_%O itlons, which npe known an the idena of theso men, wa
fined hesideGuimerogaattompta in the snine direetion,  Soma of them wem
ovon aecesaful § wo romoember Inter ane nomne only, who stmmnrises in ghe
moat logical and ofton tho most radienl way, the now conception, ns {ho

“\% nohirvpmont.
It in unt n puro rnmcnlnnuo that Newron, Haok nul ]{u\'mrm@uuﬁt >
& tmwnunly Jworked on the smne peoblems, tnl Boir and Rurasnronn, ne
Broour and ScundviNuer, Bory, iIsENnery oned Dinac have within-a_-
fow introcdecad n ncw @uf ilean lnown as qunntum meehinies, ™
Funidrasln of papora wers neressary to mako it posuibin, "t yonra hater oo
will resnember the quantum thenry of DIRAC o8 s astonishing achiovement of
n grenb mpirit,  Fvon tho slviking radien] idons of TansTEir wore nob inex.
peetond, Lonewz and Frezeerane, Bucngngx nl Rita (who died ol 20 ol
il not aolve tho problem ho tried to attack), prepured tho nnw concoplion, -
. genoralised anel formulated by Hinatizin, * ‘Pho dikcovery of Xernys anitd to
"bo purely lmuxpncu-:l woulil marely bo fowmul by Linvann or by F. J. Tirounson
somu timo Intor. T physics, which © overlonk, I do it see any fack or jdea
. which 1litl not hinve n history.

Tt ia woll known that the tlmvnvm,\' of IFarapavy tnul to (lynmnon. Max.
~wenr's idons nnd e oxperiments’ (o radin, . Tt ju loud nmwcuﬂml whint
niluonee tho mclu:gj riddioteslmiqup Bl on tho pure seivneo of plu HicH: |
Pt I tho WhY Wi know tho meahanisnt of t apuek, both Ui finest dotnils
nid tho gonneal nntura of ansfien i of oleanlne sieoetairo,  We lonb jntorest

din olnrtrimhdu. l:v friotion as koon ns galvanio cells wero dincovertd,  No now

tin wore nwnntn«l rincn dynnmos havo apponred.  Both olectrimtion by
Mntinn nrul gnlvumu eriln aro novertheloss fundnmental for our itlona on the

anture of the hound botwoon olectricity ‘aml mnttor,  Phywics' ond echomistry,
,-; “boing noxt to induatry, fool ite, inﬂucncn monat olenyly. It -would, however
s bho uito nllortmghlo«l to nogleot tho’ nblmnlntlnn Ml I.llo guir.lmg port of t.ho-‘

lifo on mlnuno In goneral. .
. ’
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T 1 APER by N. BU](IIARN Moakva.

\Vu. tlm rupmuontnti\rcﬁ of tho ‘mvmb Umun. wmking in \m'imm aplicres’

* ol intollsetunl labour, aro adlicronts to tho ‘\'IO“' that alt scienco should Lo

__historieal. Consoguently wo have heen u*th-nur;luumly intorested in this
anlnn Congross,  In tho Hoviot Unjon n swift rapprochomont is prococding
bot.\mn theory and prnctivo, ond ‘consuquontly o rpprochetnent Lobwoen -

pum nml npplio:l noioneo,  In t.lm Suviot Union o nimultmmous Procass in’
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verirving of ropprochement behiween varins disciplines, growingly united by

s winglo mothl, the metherl of dindestiond aunteeinlisne,  This metlod vegiree

alt (oen of existencs ax historieally  chonging quantitirs.  Bversvihing

pmsaee, JFxisle i L granimnr atd_ifx tnws wuumi hovo exeeptiouy

{:;'ﬂ.\r‘[;:ﬁ Bt just. nw allt existonmm i@ Kisoviend, so wfl wefvive wlio shod Do

- Tilstorferd, an o rofleation of this existence.  Tlhis vory geneend postulato s

novertheless the' closest retationship th (e question of the conneetion befween
theary nidd prenetico, :

no nf the defecty of nlmaest all (he seientifie {enuleneios of Hm preeent.

ny"ix the immovable formatizm af their categoriea, in athev words, {heir and i

ltislnrlrnl mibaron,  That is }_VEEY Frinn w]l;;,nwrlcm ucwnvo in Jmmsing

throngh o orivia. Tia formally logical defigtione cannot cmbmes Gn eonten-

mﬂmm mqunlity of real pxistendo,  In tho soeinl seicneon hintory

* custamnrily s recognired only a8 a mntter; of thw post. T3t hisfory crusen

to rxist ng a mnttor of the futitre, for the capitalist syatem is deebueld o * ot -

vent ' one the anly <aormat » ong, sl i o inenatable (v erinsting) entegory,

- «Conmguenty, i0w now socinl and reondinin syntem (uocinllonn enwerges. 1he

ul%ud.u_mlnp Ltownrids i in not, That, of &  seiendifin, bt it of w wimgicion’s
vihw, mml. M. in wd Prired To Dinggne v anel he sooner Lho bl o Moy eonnot and
nmy nnt. liow 1o explain it. zln the wntural acivneea {ho formnlimn of the
*entogorion in Immmmg o tremnefilons obistaelo (o nn unlerntmuling of Lo hasic
- prhenkses of the movamnnt of matfor ; the contedietory chiimetor of movenwnt
arul Lhe eniworuont ¢ antinmnios (itn continuitien ml diveontinuitios, ovolu;
“ee . Hon nael sovefifiion etc) eonsiclered P Lheagpeet. of  formil  logie, am
' nnaxplninablo.{ he ides of u%gmwzt [rosupposes Lhe fornion
. af now and Loondinmlly snoro complox qnnlu!nlwvly dhistingtinhed rorien of
plmnnmmm. "with specinl, more eomplox governing Inwy,  Objeetive renlity
Cim umity . nuditi-vaviety, i dovalnping hmmrrml mnﬂrr. l'mm Lho anpect of
l‘nrmul login thin B impessibls,  Formafl Jopin ||l-|| {henen
nr{m-:g mrrhum.vhc miaterinlism, fod which thero o 116 clively m’:-rmg.

quilibips, al overy qunlity ia only tho suhjeetivo anpeal of qunntity)

Firdd, (honeo nrisen ddealiatic pluvalizm, which denies tho undly of the wo
“oand enmos (o mi nstonivhed TiRib before amwions variotyd? JICheso problenw, -

wlnrh worn ab tho bosin of tho;disenssionn which have taken plaeo nt Lhis

v, ennnot bo oIyl il \vn movn on the plans of formal logical definit-

‘Thoy enn bu uulvc:l nnly on tho boais of o [lighcr Jorm of logie, inmely

stin-dindf@ling, which embraces the omjcettve contrn.

their unity, tho inferpenctration of antitheses, the

e mwnthor, mul ao one Unforlunntely all theso questions

“omnnot bo divowsscd in Avoe minatos, andd T gan only longh en them. I will

" olto only ono oxampla from phymcn-olmmml,ry mel biology. I'hu organie

Ll warkl omargorl. Mnforicrdiy from the wnorganie.  Consorjuontly tho govomm

Jnwy of tho bintagionl sovies ol phoniimena inchido in thonwelves I.Iu:fovcmmg
" Tinwn of tho Physicochomical wsorier,  EHoro Lhoy liove tnken on & con '4.//

pnrl.innlnr form.- HMofo wns Tormod a ngw, ohjoctivo quality, for g uow%mm

" e, lﬂe.ﬂ!grm of the organisafion of sitztter hnd omorgoed. Wlmt.ﬁlﬁinmb in

+" -tlicto horo of tho surprising, tho mimculunn, Aho aapernatural T Abuclutely

: .e, nnl.ltlng. All utl.umptn to return ta Arwlvlulonn tolcology mwst bo resolutoly

&
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emubnned,  *hesg nhempts, nid nll vitwlpam repandly iuu\'ilnh}l.\'_‘lnml in
Lhn Inst pesort o thenlmgzionl eaneeplions al mnst by rejecled ns inti-ngiont jtic, ™
Pho question of hn telntionships hotwoeen purn i n!:'ﬁm!}l Heieeen
must wlsa bo nppeoneluy| 3 storicatly. Plhe fabionnbiy viewpnint whinh spvem
the intelleetunt lifo of Hoeicly fram the oty nepeets of ity lifo will ot wigly.
+ stunl eritieiam, "Phin history of knowlodgo st by n companent park of saejn]
history, WU in abuoliiely ineorroel to rogard Hystom nl'_'\t_hnnrnf._iga_ﬂ Sl

- o molCeomplntn nnd perfopt \\'hnl?s'“hrrfxﬁfr'flninf::r_\' nud ontside ifo 0
R lngim%ﬁﬁrﬁ'mul kovorning Jaws immnnsat (o this esthnt dliseipling
d{ 3y e ho Leen iy Lheir Togieal breonosy anly mmlilimwh;\’-."ﬂk‘m- Lhonry 4w n ¢
t - reflection™nf the fll!crarﬂl"l‘h'm&!]i!'&_b}‘l ween mithjeel aned alifect s ib in feuo (o
'?plp the_extont that it correetly vefleets the ohjeclive onneetions of dnm! h‘\’
p w A, [ Oi thio ot lior Imur_q it in tho produnt of engnitivo activilife™ And
I * fina y.l{c/h_:g B_generalisnLim of- practice, it in verified by penctico, Consoquent. W

3 \
1¥ if W& do not wish'to Iuvn n or{b'-'ﬂﬂﬁil_iliiﬁiitx1ro__fn7-'-iTlﬁi)'uin, then l'or& Wa
the cognition of ¢ i p of kg ) wo must annlyso ita connection
. with practice,.  Wo postulnto tlmg theary grows ontol practice; that in transform.’ ) )
a ing tho warld, materinl practien snrvua ns the hassg of theory ; thub theary

g\‘{g]c( for ita pnrt in l»url\“‘.uﬂm-ucm//prncl.inn.
' \ . the un-cﬁllv:[ ‘pure’ and the ao.enllml foppliod disgiplines, 13y f pero !

From thin nsupnet it i onsy to understond the Intar-relationslips betwoen
© Pho can vory eonditionally signily tho formulap ¢ jecti M_W
By tapplied! . the formubvo of the m Novortheless 1% in \

neocrsnry hiers also to obsorvo that the ong, passos info (ho other, for the I
aclection of tho objoct of invostigation i dutsFmined as a whole by tho necoss. :
- ' itiow of tho porind 3 el an tho athoe b, sy fyata_of o '
operiton on the eognisu objoctivo govarning Inwe.  iTonen Fho conditionnhity
L of tho divivion is obvions, — L
. Tn exscnies thoro nro 1o and enn ho ne sual thirg na ¢ e ? Heinneed,
elonees bylng ontsidn thi fitnl aveinels of socioly sl ite aliasos, Junt nn there
antt b ! faring of eognition oituitdo the cognising Aithjoets, miel just o8 Lhorg
emmot b n woninly whin) only aognivon niul dovy g proiuco,  he conedi,
tonal division {ntn- Lhsoretiont siul appliod hinniplines pofloots somolhing of
oxtrnordinary intorest from this yery nupect of history, o
In history we havs753 pag Of nocinl nidl cconomia sboneturos, Corros
spendingly wo havo(various fyies of intor-tolntionship hetweon intollectunl
.. ned phyaical Inbour, Tho roainl FE botwoon theso forms of Tabpue ovakes in
T the represnntativos of intollectunl Inhotie the Hinsjon of & sugur-aocinl exintonng
..ol aticueo, in which sciontifio abstraotions nro Iiypostasivod and Romnotimes nro
* tronslormed into the solp Athslnngo & ruch for oxamplo in .l’_rﬂlmgorcaniam, atich (
in thQﬁf}o}ﬁﬁﬁ?/jﬂegcl, fuch ig tho fetiahinh of pure scicnces, / :
Triin this- historical faspoct {6 s undomtandnble that the radienl {ranusfor.
nationa oceurring in Soviat Russin in tho apliore of the matorinl lifo of soeicty,
o in tho smbde of production s, woro bound (o ovake correspomcling trinsforma.
~ Hona In its eintolleotimd » lifo, -{o.,_in tho emodo of couception v, In the U, 8.
"/ 8. R. tho(@roirth of lanuetl ocotonty and thoe onormous awing of tho conatrue- -
.. tion hny I-nilmcfili({EiEfg.[EiEﬁiﬁE}liubry-nml Dractico-This finds tho cloaront -
 bxprussion in thyFlamning ‘of acientific workiy; o., it tiho vonseidun vo-aubord.
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fpntton of the direelion of thix work 1o the enarmens neceds of (rehnien] al

feunninia devalopment. PTaancd ceonmmy is entionnl veonomy, Befeneo ds thoe

il Tho formuln of the law (given A, T follinwn) in tennsformed

n riln of conduet (in order {o gel N gou mnat produee A) on o aocial

genlo, the ponaibility of n swifl trnnsformnding of 1he one into the ether heting
an Miatorical quantity given by tho delinite histovieataronvinl kroeture.

Thnt In \\‘ll)"f\vi'cmt_un,\' What i tho U, B. # 1 tho problem of theory

Gy

ol practico is’resolved lot. only ns o thesoretical problem, but aw o pross -

_ blom of proctipt—ancii activity, . .

A7)~ C
2 i,
T pAYER by PROTFLESSOR I3, JIGSSLIN.
{Phyaical Institute of Mescaw Universily}

Thoe division of seionen into pure and applicd seienco is primarily a con.
- yontienal ono.

Tn renlity, if wo daro going to necept 8 complete demurention Detween
puro sl nymplied acitnes, we should ugo the trem aparo » peienes ko long
an b in without practical applieation mul the torn cnppliml seience» when
it ina been so applied in proetice.

. Thiw Maxwall's arpuntions, sl tio abndy of theiv selution wid puro
. goicnco wntil the worle of MARCONT, and  hecame  applind  Acienco alter wis
relora tolegraphy hind dovoloped from them.

Tt i of intorost tn ask: «\What ia tho renson for thin division of seienco ¥s
We- Marxiaty aco tho awuso fi. Sho cicoumatanco that !l bonrgeois philesophy
rogardad tho problom of engnition of #ho warkl s purely  contemplnbives .

. Howovar, tho task of eognition ‘donsists in tho very fact thnt it vrga-
niison nrul dithels our activity, In renlity theru in no ahsolntely contomplntive
sognition. . y ) : '

Wo onn hinva cognitian of Lho worlit only by elmnging Ity and s we nl- .
ways procelud, whobhor wo wro working on s given physienl oxparinenl or on

" the mnst éommplox of all politiend and neonomio nelivity, Tho very conlivinn.
tiol aml pront of onr sogition inovitably prowupposes aelivily. Nuwron iles
=yl the puhllr.i;{inn of his « L'rincipin 2 for twority years beenuso ho tlid not
.. pomsesd agournly dite on tho radiun of tho earth. And theso <dnatn wero only -
" abtainord by ron voyages. Thus, oven tho Inw of geavitation, whioh would appenr
. to bo puro ahstenet thought, could not o completoly onuncinted eo long s
rpracticnl human notivity had failed t,o aupply lis material. - - . .
. Tn distinction from other viows wo rpecinlly emphinsiso this netivo napoeek
' aa n component prrt of knowledgo and scivnee. T'hua the sepuration ad ool
. triposing of puro anid applicel moionco hns o ity bsis £ho. dismemberment
anid sovoring of o ningle process of contomplntion and netivity, ‘.

_ In onpitnlist rocioly this sovoranco lears Lo tho tdsk ol pure reience buing

-1 roganded.ns o « highor and more oxaltod ono s Aclivity and prnctico'nr'u -’

E _'_'gnrtlml a1 pomnothing lowor and seionco ia juatificd ‘only by puro cognition. Thia ~
" view was ‘ropresented in tho pnpsr of Profussor WWIETIAM. .

~ 4 W stark frons the concoplion of tho unity of knowludge and actioir, con-
. moquontly. wo rocogniso only o singlo reioned. With us,- for {nstanco, tliéro ‘aro

. nob pure snd applicd plyrics, hut only tho ono roionco of physics. .

s
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THe Lonse

SCIENCE

Iy GRESS
OPENED

USE OF INVENTIONS
The Internateonal,Cungress of the His.
tuy of Seience mnd Tochnohiy  wua
u;!‘lml‘?‘i'ﬂﬂlh_\' in the Groat Hall of the
Ruyal Greographzes! Soctely by the P,
wationy, M. Le

o omAga

[
nate of 1l

r@}m‘nm 18

- The grvaipst) eventa_imn the_histoey of the
hwm Al tdkee Mr. Im-%liu‘l‘il “sanl,
1 the rmalii @ nd: woe wers now realin-
1%3 u-w':‘f.lg‘s:r‘ tat inlewa whtch'emvr o
aml e n the dntnds ol pwieof geionce
and t mrakdind the hnrﬂoFﬁun-
hind.” himtory of thrwe g ]
thould be stidied slde By 2id6 with nthee
aspecta of history, which we wers bexinning to
et 39 jeom unpoctant Uian tlkme hutherto
s

The achievenmente of wience st techaology
wrre DOW prugtvesing with sach cumn

| that the mind berame atnl
Alnust hat the capmeily for surpeise.  Durlng
the I8 tha which Be had hinwel! speot
recently as hwinmster-tience), he had g
mte & littke room in the et OfMen ard
mangurstel the firt public aeevico hy whirh
rhotographe, plans, and shetchire hnd beer
st abeoad by tolegrmph ; he had excliangml
thlnmnnhu with the trrman Mmmter of
mla in 20 minites ; he had signed 8 pager by
wiich for the fist time witnloes telopiuny
war ostahlhed " betwevn thin coustey and
shije that traversed the weas ; atd he had
takea part In the opening from 10, Downing.
ool of a svlee with Auelialla,

JESTRUCTION?

“Hewuce and techoiffogy were, be naj
wiahly benefleent, hut _?n tuly(meres
n The: st sciction Wi T ]
l which blew the features Off &-Inaive ace
produced the plastic surgeon who did his
vl lo it logether mune sotl of new [aee
is pare. Relnee and bchiology fumishied
us day by day with fearful infinuienta sed
WILit to un whether mian rome Chniigh them
v heiglits as vt impeneteable or (el with n
tanh muee sudden and comnpilete than any yet
oy W eivilisativa, W

" Lo i inight vonise Lo the
oonclitaion that the Iiventivns of our tinmo were
Lv: etng wilth greater rapidity than ever

forry bt was the o) progresa of mankin
Levping up with nien's matorial sdvaneement
;l"h-.‘_l_llm yuoesthwe which row owted e
neeq;,

L3

Uiy “wus whother theno grenl coune
Balure schieved by reisicn were W o
sl for - ide endargeinent aml entichment of
e, .ne for the ction ol our [nllow men,
they wers wlilined on & large serlo
¢ ol ruction Weatern civiliea-
0 would dime) r—ntul rightly disppear—
beraune it mﬂ.‘ have failel to anawer the
gral morsl testa by which In the Last rowort

m{ clvilization pwet be judgnl.
2o B, in  his preskdontiast  addeoes,
turned 1o the pomitle efsels of the Congrem in
anl eoprcially the
teachimg of history, st pefecnt luoTl‘llJo oo
purd with Uhe affaim of the mind, The riso of
swirnen was, b mid, the most Important event
in hiuinan history sirice the fall of the Ronan
Empire, and & teal-buok of history which did
ety mo did ol teach the Lruth,  Noae of
[ | glanced throu his-
Yory-bouk of His own little the
naiun of Nowion alwent, Years
which saw the futndution of tha Rayat Mociely,
the puhll ol Robert Jooke's * Miero.
.7 Wemion's wark “on prisnis, sl hin

Princlpin * were

er bl l‘ b
He summarizsd an adieas he had prepamd
" The Heginnings of Reirner,” in which hie

-~ pontel vut that the beliel of Uin Greeks that

Uy hail leamnil scwenee (nnn EEypL seciiied,
oitrr all, well-fowded, dewplle & comusn

ey that svwenen camwe Inin Moesupmitasing,
Wb the past lew tnontha two papsrt bl
" bern published whitch throw light on Egyptian

tun “war the " Filwin  Bawh"”

L il
pepr o e sixtoonlh fzpary S

cal

"

-

: who weleonsd the deligtates in the

reative forees ™

T

oty pecupind,
INGR-OF-BUIENCE — -

I
THE ARTICLES AND
THE CREEDN
R
BlSl{Ol’ OF BIRMINGHAM'S
’ WARNING

The progueal sppenning in the reeent
Report on the Htafling of Pardaa tha
nasenl to the Thirty-nine Atticles slemli
e longer b requiged of ordinateds wos
; abimetame] yesterndny by 1l lhp-hnp ol
llnrminglmm {13, Rarnes) o Jis IELEE
Incdrons mt the Birmingluin  Theeswan
s Conferches,

[ Mo said that we were wilhessing the le g
Sng uf thal moveusent for doctonst resd st
fmwnl within the Clatreh shadi Anhibshop
[ 1mvidaon foremuw, MHe (U, Hansger spenedd

|

with much concenn the present proemals to -

r|lln|ll‘"' refradinte onr Artiden of eelgion,
| Thotugh such change ne wan advoeatet wight
bﬂ_lwuu with the o<tenabie olyect uf wiving
relicl 10 Lemuder conewene,
(that they would fing at the end  that
prAcmenial  truth  had  been ahamdoned,
’4“""')‘ theee hadd heen a virtual pepisdntnom
of the doctranal gesition of e Artobes

&

ULa - Argotistwnn with the (hrthudos Chatelr and
b defense of such acton

Phe 014 tmtholies,
1 was urgei that we ooght 1o make allmnees
with those lndirs that theer might e, w jailis

Aleal Janguage, & bloc to oppome (he Rotean

i Chureh, In  detrusted  thowe

jeeclemastical negutiationa,  When coclemantieal

Pnlitea entersd by (e doar reliaon flew out
of the windm, He was more concernied o

S peeservo coliginm truldy amd Chriatian nusahty

Ithan to construct orclasiastiral alliance,  The

i sacramental doctrine alike of the Ortholng

vChureh Al of the O Cathulus man e

sscripturs] atd untroe, aid, moesoves, the ioral

| wittewn of the Orthodox Church in e sl
ha Mamern Modsterrancan had 1005, aid sl

{1, much to be desired,

Commenting en the arguinent that alie wmen

»were Lo-day e Articles, the
+ Hishng said o w
Ttor wid b learned that W most ien e
Creeds wers the stambling:blaeh 1o onbinution,
v The Articlia barely entoeml into e fleld of
Cvision,  Tosduy  that fnet petvaned  trae,
Perwopally e roganded they tresds nol an
» verhally inlallible i both ofion sl seicade,
Phut ws witneawes Ao spingual ralh,

INDIAN MEMORIAL ON
SUSSEX DOWNs
S

petiml By the

1

QUESTIPN OF PRESERVATION

FROM OUR CORHEBIONUENT
BRIGHTOUN, Juse 24

Complufptas are being inade heee regard-
ing the ocondition of the Chatte, or
temple, the impressive Tndiun e ia
which stands on o lonely site un the
t Sussex Dpwns about o milo wd o hall
L north of the villuge of Patelunn, The
L menwrinl waa oreeted af the expense of
i the India_Olicoyand the Brgluon Core
. poration 4o the fmetiury of the Tndinn
! soldivrs who t
jvice of the King-Emperor dusing the
}ﬂmnt. War, and the untelling cereinony
"wab performed by tho l“rmcu of Wules
. in February, 1921,

The vondition of the . white Binlinn nmebibe
of the Chaliei proper asesne an Jerleet us on
the day it was unveiled. but the atone kil

nite work bepcath  Jimn beeinn Jirey
,_! rough the ravagre of roigh woather, while

the groumds surruunding the e, slespne
revent work camied out, sre sotiewhel ut-
tdy, Much of the wnberupt apprarsove of
*the  wirefenead  groouda  surnnnnling
Li'haties bn, howeser, dun ot 1o Iack ol effiet
Pon the part of those respoisailile hut Lo e
| pwrsintent alepresdationa of mbbils,

i Hpoghton  Corporstion liave  tecently
Vemved  teprementalions sk Ui bivnnet sl
f.unl the combition o e site, Wl » oo
Pintten han dweis examming  the
i wiach s Lo entiw- birfoee- e Cominerd_al an
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BIG CROWEBS O0F BUYERS
The erowde a1 the sabes yetendey wors
Sreater than aby seen bor sone years,
From dnrly woante: untl eloang tioe
the s of shopwrs peattet] anter the
Weat Eml oatd e aenehbewmithonnd ol
Enightshrulge, )
The et tuaee e ol coonps o the ev Yo
Sve Bres e iy apaecatel by owell
drrssd weonan wha base Liad 1o done theen
ehes msant Mk dating e il seqoon, In
RLLTIEN Y TYR TEN TN Y TV baager bk el o qund
Yol gEtang i i h watl n tietritaer of o gatoitniere
whishad | kesd, bt Ladd not heen ab’e o aflo i
certan mdilss They wore veey gladd tao base
Weear gt v b Lan e Ul ot Wi 1o 4
L T N e T L [T R T oY e
S at the Jove Loat fromhas as glir 1 Ihve granad.
danzliters, .
Thetr were diens rode i o jactupnts in
whiolh onuting Bk wete bl thitl werne
cotin v eligrsd by gl Iy, el saninkers o
culuct akite and Bloees
Chen banked g voam, re ety at Jineh
Grie, This = the Biest Tare sinee Dlogss sl
harta have tetuztes) fee Lavenr that thies by
o vade el e faet that they  nre
Renesally  wers, wan o by 1ne
aaalanghl g the
bangerae i e e fale,
Booan the L slnge at beast, it wan the
vhonper g 1hit paned grs ksl 0w halls
A Bhile wliere aatan, mibh, and oot ton nndee-
Went wan hewteal at an eatraardinanly s atid
rame of prnes, Do sabin W he hiewser
i mthe, ehumigh busdl grare, =till remamed in the
allenwmin, whibe eversthmg that was s heap
o lul bewn clenzial nway
Rargmina i mtetiale met the sare fate,
Ayt taat was gt aied moa gl solour
LITCLIN T W {1 ] ol e larthee e adie
Papprated] very guivkly,  Matenals 1hat wirw
Fwhat s eullinb “ g nunders, with &°
shilhog o twn off, wen®™lott,  The ginst i
Tthe right cobour wis argent all day. .
iy tnu waa hrisk, Tt gt wan aldo mrthodi
CPrice” waia omat the elaed fuctor, A an
TANI WORen el eneeHent  basgi
berause thie ol wae it night, -
Glnvien ape very shean, amdd thonsads
atre wepe o Wl veatenhay, wormern hiving
Lny as thes conld atfand s tht they g
elivigwr thon ey Dase Teen loe 3eas,
Hlewhings, hamdly the oedidinests b -
nechwear to b ol e bice sdepurtimenta
achiveal oty sale among thowe who makn
a peing of Topving sl thmgs on the thest day |
befape they have heen tambled aboat by eager
1 Ml s,
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W e bisdory since the full wf 1he Homan

Erpares aimd A teat-oak of Lintory which bl

ot ey s dud ol fench L lﬂllfl. None of

them dnly  Ho bad glanced thoowigh the Ins
oty -buaed of s owocdintbe gin, sod fouwd the

e of Newtun alment, e eritieal yeurs

s bl sw the foundatum of the Royal Moaciely,

1w pabhication of Hobert Hlisoke's  Myeris.

flaphia,” Newlot's wark o prismm, alnl hia
st * Papeipin ' were apparently occupiod

e lusively by baltles,

: 5(; o
h He summarired an mdidresa e had peepared
on “The Bepunings of Neienee,” (3 which he
pennbesd out that the belefl of the tiekn that

ey _hgd Jeasnt sacience from Egypl-seenied,
alier “slTwell kvt~ dedite &~ coniman
theors that soeate—canie frun Mesaputaanis,
Wihus the past few months two papyri had
bewns priblibied which threw light on !’-:uwthq
h'

sowner,  Unn was  Lhe W Snat

wnrgicnl papyrus of the axteeiith-renlury no.,

denling with injuries.  Home of the oheerva-
Vs, for tnstanee the asociation heiween
Ut 1o ote gide of tha brain sl pmralysis

ot 1he oppmite sde of Uy body, could.reason- | damaye by rabbita ani
il be callnd sciennitic, yThe | Moscawlinathe)

i i
alais ,

preua_of abuoul the "Sills
i1s BF Protadsor Slruy
i 0 [ i i it dia.
meter, and guwve tha constant x sv 3,18, &
Y fatt approxims -
trucsts wore alterwanls receivad for tes al
the SNewnce Moseun: by the Pryident of the
Huard of Educatwn and Mes, Lesn-Seith, e
Ihrector of the Museum (Hir Henry Lyons), and
lady Lyons, Ju Lbe evening the President of
the {'ongress and Mra, Nioger gave s reception
st the Ioyal Bociety of Medicine, Wimpole-

ool
Mr. G. H. Gabb displayed hin unique ool-
Jecion of relies, Instruments, poﬂrliﬂn. atil
mualals mhﬁnﬁ_lo Joseph Pricstley, amd i,
\ 8. Clay exHibited, part of his ool
‘it of  bistarical  optical  jcstrumients,
. Pmleemor E. N. da C. Andmade, Gosning
rightrenth-century drems, gave s Incture, under
..~ Yhe impersonation Francia EHaukabee, &
Frllow af the Royal Bociety, who died about.
1713, nnd wua onn of the pioneem of the atwly
o elevtricity, The title of the lecture wan
A Decourse with Experimenta oo various
Buhjecls, " giving ‘an’ scrviint of several Bur.
wining  Phenomenn, . louching  Light  and
- Ewctracity,  with - tnany : other Remarkahle
Apprarances not: hefore - Observed”  The
" expeimenta shown: were all known o have
“heeneartind cut by Hauksbes, who was the
firt to build an_eloctrien] anachine and 10
.obtain electrical discharois in evacuatsl Lubes,
on the study of which the physien of 10-day
founded, " An air-pump usst wan ona nctually
mstructed by Hauksheo aboul the year 17035,
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MUSEUM
ACCUSED MAN NENT 1O GOAL

Jown Laewarn Wysar Hosruk, 33, of Fawn-
“beakeeavenor, Henwe Wl HE., waa charged
. vn pmand b Bowsinet Police Coorl yeelers

day, teforn Bir Chartrew Mipon, with atesling !
mana Inchens manuseripts, Iettere, aml bawiks |

1y the Yabus of £1,500 from the Thchena Trmt
-Mrvian u-mrni‘ Eheriaggdy y stapet, WL,

S He wns i further eliargod winly baving, ot

¢ the same place, eommitted willul damags o

Abw axtent of K10 by traring laves from eight

volunwa of John Forster's Jlusteated Lite of

harien SHekoow 3 sl further with wiraling o

Dichenailnttor,” valiel al £t froan & 13)we

wnbing offior in Thurlow Park-eoaid, Dulwich,

0 thee 33 hat ol o America, 13 of
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BEGINNINGS-OP-SCIENCE ... ..

“when Hir Inssc Newton was Prenident of the
Y .
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silihers who guvo thewr Jives oy the s
vier of the King-Fapperor dumg the
Girent War, aand thee smverling veresiony
was perfornsd by the Ponee of Wales
w Febroney, 1921,
" The comnhitin of Hos white Seoban marbh
of U ChalE proper seens an jortboct s an
the alay ik was unveded, but the stone sl
antte week Lepeath  han beconas diety
thrigth the tavapue of pugh woatlr, whaie
the grranmbs yurrsamding 1he memegol, doegate
Crevet work  earrind
1 lly,
Tthe  wiredened  grmtuds  stirmmanding the
P Uhatiei s, however, due oot e lack o eTurt
Son the part of those peaganisibie bal b the
| preremtent depredations of mbbata
T Brighten Corporation have tecently  1e-
Perverdd  sepresentalions abust. the nstiorin]
t and the comdition of the alte, and & conn-
tusttes han been emamiming  the
gwlm'h ia W come befure the Counell At an
s early date. I w o experied that sone iensom
Pwill be taken to safeguand the site trom
thut ceclams ather
changes will bo e, Inereanst publie
lereat in the memorial, which s & heautifal
and aiciking Iandmark on the Downn, wamld
D dnutitless have & greal offect i leading te
' such tnprovementa an are necenRsry.,
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£11,000. FOR PRESERVATION
SENT FROM AMERICA

A gift of $33.000 (ubowt £1L000) from
Buoston, Mussachusetts, to Boston, Lin.

Inat night. .
The monny has been raised by desceadanta
of rome of the Puritan Fathem win )
fromn Boston, Lincolmsliite, tir 1eron
temer of Kb Botolph's,  Jhet
l_pupuhrly knowh as " Loslin
Pawvhiling s sepreaenting o
American Hosten which |
P of Massachuretis and the Mupor am
furiier Mayors of Huton,

thiree

WOOL TEXTILE INDUSTRY

et g it

FOR COUNCHL, MEETING
FHUM UUH CORIESNINIIRN |
BRADEORL, Jese 20
It wia sbatidd by Me, Artlir Shaw, the secge-
tary of the Nutional Assocdtum ol Unions
the Testils Trade, after & meeting of  the
b pxerntive enmmiitee of that iudy ledav, thit
thee rieeting consndencd the reply given iy the
D pmployer’ puie of the Wer Textiin ! 1
Connest o8l prpuest of e operatives’ sude
Cihat & medtong of the Industead Councid
held. A depln iotter had tven |=u-|m.ru'-l. whix
woubl Dee rgeived by the emplg ers’ seereat v,
Me. Hrnogk J. Mertin, toemorrow, wnd  1he
exrentive gommitter lud decaled that of Mr,
Murtin had oo abjection e the pulibestom of

willing that it shoukl be prblested.

Ar, Hheaw alss siatinl in peply to gtes.
Listin 2 =" There is no udiestom i 1he Jetter
we have recmpved from the employers that
they wra pot preparsd le n TP T}
evident fran Mr, Bhaw’s histement thae e
in unalie to say that the employem huve eon-
penstand to the |:m‘nm_nl nui g,
of the apembiven’ side it Pkum for n et
R is omlonsiby e dliseust Ouedmvng ap ot
n geiiers] agrecuient. 1o ower the tmlnsiry,
in view of e fact that for two yeam tHem
han bren no goneral sgrosnient the prequii.
thin of u new une would fake 0 consulerabe
tirne, owing to the nuny dtleultes presented
hy the divemity of mise opemting thregthout
the ama voverd by the Northeen Countien
Pistrivt Connedl of the National Wool {nnd
Alllnd) Testile Snduntrial Connel,

Many rmployem undoubtedly feel that an
immedinte rebicton o mbes is wananted by
Vs iftorenee betwoen the et of biving e
shwn in the Minbstry of Labinie titzette 10-
dny, amd the Buee of 4 per ceut. wlopled by
the employers Top the pant L anonidu, foflon .
ing the report of Land Macustlan on the
pomition of the industry.

| i)

AWARD OF SCHOLARSHIPN Ful
MODERY LA .\I'l.'l "AOAN
*wwmpbrrer i - '

boen Lraaee

out, wee momienhat une
Murh of the vokempt mppeurence ol |

aeadion, |

calushiry, was hrought to Eogland by Mr,
Whalter . Whiting, who areived i Liver. -
pool in the White Star liner Baltwe

EMPLOYERS REPLY 'TO REQUEST:

thee correnpomdence thy operstives’ side wos !

The purpume |
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Fhoonis yas well s e der Dae e
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yorenbllar Wit g
Tt Jast e kera palyes o
rowes ok oaMias Tuweemls
were testes]l wath tn and al e ar theat
Dew antnngiiees, ated s Thee seomten’s s of
chlbies i ooy e the altnuaste factor,
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COPENING OF NEW NRSES 1OME

The mew Nurses” Hote of Muhilbesex
Hivptal - wns openedd yestenday hy
S Primeesa A, Conntess of Mhlone,  The

CRANROON, Thes Bosmadation-stone was land
ua iy 1029, by Lo Queen,
Parse e Ano i h
of 1he hamjutal, »
bt anny from
IO TOTIR T YO 1T
Erwsb to oy ol 11 gnnt
Cto plan w peal peend
fete an it faeilines for ansin
-l
Nur<ing and the Gieperal Narsing $'ouncil, the
work  of mumang bad onow been pol oun oA
Cdetunie proferssonel brait, nd e genereaty
of thear anonyineas benefactor hal et abled
, o L Uritg all ~itles oF the puras’ e am
, bwieng up Sty ety standanl, T hosptals
Cprovithed werammeeiation of (hat chacter amt
pimesd at that high stadasd they would atleet

Lettism abieee aned
tinl college for pures,
futn il

w Iypm of nursiog winlergraduate egnal -

Cenbtaee wind i educabion te thoss entering uny
ather proteason i the conntry,

Tfuscrss At g <poke ol (e pliasure i gave
here we wife of o Tupger cladrtoan,  tae b
Dnssaciated anee bume with one ol the gheat
orcaaions in the hetory ol the Mulibeses
Thepital.  The Mulidlesex Thosgitad hud wlwnys
Cheets o the san of progoese, b tae boasing
' aw Dt by e wime forethonglst.
special attenbon te the conetorl, lwdih,

1)
Dol Dinaspuinnes of ate cnireinyg sinfl, abtoactod

Pihe haghy standand of spphicints which e !

st bowpital =o prend ol s Domes. .
faun ATose said that they sw o
Tildengg o monled v of puees® b ‘|
e 1liey improvd Lhe bves of the mimes

Dl tier woubt bwe tho numing wineh
coblained, . [
. wits then sapde of e Wgilbing, wis
in adidition bt a prelitminnry tainmg seh
Al clisa e, b reereation amd stk
renms,  duedimogon aud  tennms courts, am
wnunnung hath,
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S5CHOOL FOR THE BLIND
————— '
PREZE IMSTRIBUTION BY THE
DUCIHESS OF YR
The Hncheas of York disteibuted the prices
at Ginthillsll ye=tepday 1o the pupls af the
sSehool for the Blonl, Swis Cotfage, which i
Caasociated  with the Liwubin Soviely  for
Clvactung amt Troonage the ind, The Lot
S Mayor attembed gu ptabe acenmpumied by e
Sheriffes T papils gave a delighiting and n
renzee poepecie tennn hahle ertnentoent. ‘Fhe
A mweetly e et songs, ad seuwr s
Fplayed guanofurte hwts pad ~iddos, The o
Juf e progranmee which perhapm nat
il ok wenoe et wan that : todancing
ey rovupe of e Tweyn ol et
UThe moweinenta wore perfutid geneelolly wnld
Cwalh stepw perectly measanal W othe thitlon
ol e s,
The Tamsn Mavon sl the society was
Cfunded 0 years ago, and althitgh s hewsd-
quarters had  tor oeatly B0 yedra heen i
t Humgetenl e vonneson wath the ity had
lwwn cliwe,  In 1006 the nomteer of Ll
ilnllpurp- for whian il vaned wne sk ] teedlay
Sabowans 803 The provsnt bane was nne of par-
L liealae apswty 1o those who ol charge of 1he
Caluirs of the socioty, Ve Tease of the prsswnt
Cuchumd wonld e aut in o lew yeats, and o

om0y ber poaiser B $or new Do,

YA rn L ion was pespaieend, nend o Swhall
pal the apetadntian be appestead Jor eaneisl
enistabiee i wnder thal ol meght contunue s
racellont u}rl.
I, J. ML Rt it
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srctione  wletpentary edoratoom,
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pringresa bl beey oeade duning the year, but

Lot Hoanrwl geritom wan aegent.  IF their
work was el ta conee o nte cind 4l U expird-
I ot tune leases they nigst bave The whnles
[ hearted sprort ot Lhe charstable gutbe,
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HEN did sciencé begin! Can anﬁ question

be more fundamental for the history of

rational thought ? An adequate answer would
doubtless demand the formulation of an exaet and
erally acceptable definition of science. No
one, perhaps, has yet succeeded in accomplishing
this seemingly simple task. But without insisting
on & precise delimitation of the term ' seience’,
we may got some way, at lenat, by taking its current
if inexact sense, Thus we may treat science as
simply the systematic process of recoptihy natural
enings with .the b discerning  spme
would emphasise the word process. Science

* iy often discussed as though it "Could be pre-
i gented a8 & body of knowledge or doctrine, but
reflection will scon reveal that this point of view
cannot be maintained. For is it not the case that

! science that has ceased to develop soon ceases to
be science at all 1 The science of one age is often
the nonsense of the next. Think, for example, of

] judicial astrology, or of the dootrine of lucky snd
! anlucky numbers. Who, if he did not know their

history, would recognise these as the debris of

finely conceived and far-reaching scientific hypo-

theses, which once attracted clear-thinking minds

seeking for rational explanations of the world in

which they lived 1 We may smile, if we will, at
| such an explanation of the face of the earth as
‘the dootrine of successive disasters followed by
succesgive oreations, Tho view that fossila are the
j - early ond - clumsier attempts of an omnipotent
Creator may even move us to theologieal wrath,
Yet such conceptions were but stages in the de-
velopment of geological ideas, just as the scientific
viéws of our own time are but a stage in a great
secular process which will continue when we are
no more. .

It thersfore behovea the historian of science
to be very charitable, very forbearing, in all his
judgments and presentations. He must- not ask
too much of previous ages, nor must, he judge them
by the standards of his own. He needs constantly
to recall that he is dealing with work of errin(f
and imperfect human beings, each of whom had,
like himself, only a very partial view of truth.
Thers is an unquenchable and irresistible tendenoy
innate in the human mind to erect general laws or
. rulea in explanation of the happenings of the world,
That tendenay is no less present in the historian of
science than in the great minds whose work he
records, and if he is to be judged at all by posterity,
he can but echo the epitaph :

Reader, thou that passest by,

As thou art 8o once was I ;
Aa I am, so shalt thou be,

b

‘Wherefore, reader, pray for me,
still, likke an §¥er-rolliny stream; bears all its

By Dr. Citarres SivgGER,

oyl e to e Sk Ilens e
redident, on June 2
. &t the Royal Geographical Bocisty, ' )
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sons away. It is the stream itself and the spirit
that dwells therein that the historian of acierce
has to study.

Science, then, is a process that ean he followed
through the ages; it is not o mere passive body of
knowledge. ’%ha sheer validity an success of the
scientific process, as applied in our own time in
western Europe and America, has given rise to
popular misunderstanding as to the nature of
science, and some misapplication of such terms
as ‘ycience ' and ‘scientifio’. We hear of the
science of some prize-fighter, and & book has been
published on the '‘ Science of the Sacraments .
There is nothing in the lawa of this or any other
country which forbida its citizens from giving the
words of their langunge such significance as they
may choose, but t%e word science as employed in
these connotations has no clear link with the great
progressive method of acquiring knowledge with
which the historian of science has to deal. The

very form of the adjective from science ‘might
itself give pause to those who would force the word
to cover such topics as the skill of the prize-fighter
of the theory and practice of

he word acieniific means*— o 1
.
o

or & knowled
religjiays rite

Ty

e making,

uring the last two %’e o evolutj

concoption of Nature has hecome so Zeneral that
it now pervades our thoughts on every aspect of .
living activity, nor can we understand an organio

roduct until we know how it came to be what it is.

ow, the efforts of the human mind are essentially
such products. It has thus become generally
recognised that to comprehend, for example, the
constitution of a State or the teaching of a rali%ilr:lr;
it is absolutely necessary to know its past.
is the true reaction of evolutionary dootrine on the
study of histo?'.

On the study of science itself, however, this
reaction of evolutionary dootrine has been less
Eenerally recognised, y this should be is per-

aps not altogether clear. One reason may be
that the triumphant and absorbing successes of
the application of the seientific method have de.
flected attention from the process itself. Another
reeson, which is 1!l)etha.l.\s but a restatement of the
former, js that the very rapid growth of the pro-
ducts of the scientific process in quite modern
timea hes turned men's thouiyta away from its
more ancient achievements. Yet it is clear that
if we would underatand the process itself, we must
examine its application in the past and watch ita
action under conditions different from those in
which we ourselves live. Only thus can we ho,
to attain any real insight into the nature of the
process and of the effect it has had on man’s eatate
throughout the ages.

Among the oritiolsme that can be made of any
attempt to trace the history of sclence, there is one

and no body of doct
rhich hinohgﬂn&pgpm' Iymage can for long
retain soientifio attributes,” ~,

Ol
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that should be met at the cutset, It has beon said
that the history of scientific activity presonts a
field so vast that it cannot be compassed at first
hand by any single mind. The criticism is without
validity. If pressed, it would not only prevent the

writing of the history of science, but would also }medicine and mathematics.

revent the writing both of history and of science,

ho, of his own knowledge, can compass the history
of even a single country 7 Who, of his own know-
ledge, can deal with the animal kingdom, with the
science of geometry, or with the structure of the
earth ? Yet this has not prevented, and should
not Erevent, the writing of histories of England and
of Europe, of works on zoology, of treatises on
mathematics, or of text.books of geology. The
scope of such books in reference to the first-hand
knowledd®) of their writers must be effectively

r_in_writing _them—as_i
Hculty igsgg@w

i involved. In

asp, first- hand knowledge is of

n

writer must be judged in

is grasp of thq principles
he sets fo by thelrwtual number of
experiments he has made or experiences that he
has undergone.

- But to return to our question as to when science

such a field, is but a means to an end, an

" began. .The question can as little be answered as

i Anthropologi

?uestion. hen doer a man begin to grow old ?
rethat]to be begun, I did begin to beundone.”
have detected germs of thercientific

the

L3

~process in the Jowest and rudest races of mankind.

s sooh as a child beginedo_observe;-he begins_to

a
water. ng generalises from his imperfect observa-
tion that movement means life. The baby calls
every male * daddy " ; his, too, is an elementar
generalisation based on imperfect experience. Bot
ascriptions are imperfect attempts at deducing

sations. The savage sees the Action |

ing in the wind and the flow of the

. lawa.

Here, however, we encounter & real gap in the
historical narrative. We can see the scientific

-element in the baby’s generalisation or in the
" savage’s belief. Yet we cannot, with any con-
- fidence, trace them forward in a continuous stream

to anything that we should call science in the

= current use of thet term. How far, then, can we
trace the matter the other way, ascending the

streani ‘of time ! In this attempt the last decade
has been-particularly fruitful, and I shall venture

o Vm_zdevote_ the remainder of my remarks to the

W@mmw rical achievement.
is too oftén the case on the scientific front, the

pioneers are more concerried with their own pro-

-."gress than with the relation of their advances to
~: thowe of others. The onlooker truly sees most of

. that the

the game, and perhaps it is not going too far to say
ame cannot be clearly seen except by

the onlooker. Thia is the justification of the pro-

. . feased historian of science, Without him research

in one daPutment would rapidly lose touch with
research .in other departments, This is so with
recent scientific history. Let us seck in the same
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spirit among the records of a far earlier scientific
history.

As we trace the records of science back into the .
mista that shroud the dawn of history, we see ita |

varied disciplines dwindling to two, namely, to
icine and ma 5. So far as complete
works are concerned, the earliest of all scientific
treatises that have come down to us are in the
medical class. They are contained in the mis.
ceilaneous group of tracts known as the ** Hippo-
cratic Collection ",

The ** Hippocratic Collection ** takes its name
from the allgged * father of medicine’. In a less
critical age this maes of writings was all ascribed

to Hippocrates, and there are some who still find .

it difficult to abandon the old paths. Nevertheless,
there is no evidence, worthy of the name, that any
part of any of these works was written by Hippo-

crates, nor indeed is there any real evidence

>

that Hippocrates wrote anything. It is, however, -

certain that some works in the ** Hippoeratic Col-
lection ”’ were composed in the fifth century B.C,
at which period their eponymous author was born,
Sections of some of them may well date back to
the sixth, and portions of them even to the seventh
century. Moreover, it has long been recognised

that these medical writings were an integral part |
of a far wider and more deeply based contemporary :

rational movement in philosophy.!

It has indeed been argued that the relations .

between the medical and historical writings of
ancient Greece are closely paralleled by the rels.

tions between the evolutionary and historical |

writings of a }ieneration or two agﬁ. We might
ut it that Hippocrates was to Thucydides ss
arwin was to Buckle or Lecky. A good case for
the comparison has been made recently by Prof.
Cochrane of Toronto.?

However this may be, it is evident that behind
these earliest surviving scientific monuments of
the fifth, sixth, and seventh pre-Christian centuries
there must be a scientific tradition that was already
ancient when the Greek world waas still young, Of
this more ancient rational tradition the mathe-
matical fragments have been more successfully

jeced together than the medical.® Thus we have
etails of the achievements of the followers of
P{thagorae, and perhaps of Pythagorag himself,
whose life occupied the greater part of ‘the sixth
century. Moreover, Thales, the sage of Miletus, of
whose scientific achievements there can be no
doubt, takes us ﬁt further back and into the
seventh century. He takes us, too, beyond Greece,
for hia mother was a Pheenician, He himself had
travelled in Egypt. Pheenicia suggests contact
with Mesopotamia and the ancient Sumerian
civilisation, Recent discoveries in that region,
notably those that deal with the treatment of
metals, suggest & command of natural forces which
demanded tgheoreticnl sojentific knowledge. Yet it
ia to Egypt that the Greeks commonly ascribed the
origin ofmeir medical and mathematical knowledge.
mong the Greeks before Thales and the seventh
century, our view of the rational spirit growa very
dim. Inthe* Works and Days’ of Hesiod, writtenin

l

t
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ighth century p.c., we got some nstronomical
th:,mgSuc:h know{edge, however, must have been
Ium'mon proi)erty in the Near East, and indeed
c0 every carly agricultural community. In the
rll”em,e of an adequate calendar, some natronomical
znowledgo ia necessary for the elementary opera-
tions in the field, Hesiod, it is true, has something
ather beyond farmers’ astronomy, but in him we
;ave the independont scientific element at & well-
nigh irreducible minimum,

Can we, then, trace the rational tradition among
{he Grreeks behind Hesiod and the eighth century ?
[ think we can. In the Iliad of Homer we obtain

limpses, distant, it is true, of an independent
?,tional medical syatem. The lliad tells of a great
deal of fighting, in the course of which no less than
147 wounds are well described, and in many cases
their treatment detailed. Now this treatment is
siways on entirely rational grounds, and ma%'cu.l
elements are conspicuous by their absence. This
end many other hints in the Ilind imply the prac.
tice of scientific medicine by recognised practi-
tfonars, without relation to folk-medicine. Thus,
with the aid of the Iliad, we may trace the scientific
teadition among the Greeks as far back as the ninth
or tenth cent It is noteworthy that in the
Odyssey the origin of medicines is ascribed to Egypt.
n view of the consensus among the Greeks as to
their debt to Egypt, all traces of the scientific spirit
revealed in theg? tien papyri are of peouliar
interest. Yet the finda have been, till recently,
extraordinarily disappointing, and the contrast
betweonn Gresk science and Egyptian science is
tly to the disadvantage of Egypt. For the in-
g:i:;rit.y of the Egyptian position as ageinst the
Greek, dus weight has not always been given to
differences in the records of the two civilisations,

First, we have to remember that the picture that
we form of Greek thought is derived from the
literary remains of the Greek le. That there
have been irreparable losses to that literature is
true, but the surviving part has come down to our
time because it was read by the generations that
came between the Greeks and ourselves, and it was
resd because, by each succeeding age, it was thought
to be worth reading. Greek literature, as we have
it, is thus, in essence, & selection. It is far other-
wise with the Egyptian records. We have here
merely what time hans spared, and that old reaper
has no more discretion with books than he has
with the lives of men. He spares what he will
and aa he will. What kind of literature should we
hope to recover from the wreck of our own civilisa.
tion? Daily journalism and trade advertisements
ocoupy many times more bulk, and therefore would
have & better chance of survival, than the works
of the philosophers and men of sofence.

Becondly, the remnants that have come down
to va from ancient Egypt have mostly been re-
covered from tomba. ey were the kind of things
that the men of their day thought auitable to bury
with their dead. The commonest of all are, in fast,
rolls of the * Book of the Dead”. Tf we had to
tompare them with something in our own civilise.
tion, they would perhaps correspond to the in.
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l bear on scient

scriptions on tombstones, to hymn-books, and to
rayers for special occasions, It is true that we
ave an admixture of other documents, hut the
proportional distribution of surviving Egyptian
writings bears no relation to the proportional dis.
tribution of Egyptian interests,

Thirdly, it must be remembered that much sur-
viving Greek literature is from the most vital period
of Greek history. On the other hand, the over-
whelming mass of Egyptian papyri are from the
New or Middle Kingdom, whereas the Old Kingdom
wag the day of Egyptian power. The later scribes
were content with copying earlier material. These
later scribes were, moreover, commonly careless
and not uncommonly incompetent, and, as it falls
out, this was el:;ipecia{ly the case for the papyri that
ific topies.

Bearing in mind thess contrasts in the oircum-
stances of Egyptian and Greek documents, let us
turn to the surviving papyri of scientific content.
These, like the earliest Greek scientific material,
divide naturally into the medical and the mathe-
matical. A number of documenta fall into each
of the two categories, but most of them are so
debased or so trivial that we miss little if we take
only the principal specimens, Of these there are
two in each class that are of primary importance.
In the medical class there is the long known Ebers
Papyrus and the recently described Edwin Smith
Papyrus. In the mathematical class there is the
Rhind Papyrus and the very recently described
Moscow Papyrus. These four contain practically
all that is mwn of Egyptian medicine—other
than that of o purely magical character--and most-
that is known of Egyptian mathematics, ‘

The Papyrus Ebers, known for seventy years, is
still not completely intelligible, It presents many
linguistie difficulties, chief among them being the
names of drugs. It is of the New Kingdom, and
is generally dated as of the sixteenth century B.c.
It is in the main a collection of remedies for various
named conditions which are sometimes briefly
described. Its general intellectual level is about
comparable to an English family receipt book of
the seventeenth century, of which several have
been published. There ia no definite physiological,

athological, or pharmaceutical theory, but there
is nlso little that one can call superstition. The
book is taken up with a list of traditional treat-
ments of & more or less disgusting character. That
sections are taken from a much older work is evident

from a few jsolated paragraphain it that aredevoted ‘

to anatomy. These are so confused &8 to be un-
intelligible, but it is obvious that the scribe is trying
to abstract an older and more scientific doountent.
During the last few months Prof. Breasted, of
Chiengo, has presented us with his edition of an
Egyptian medical document of a somewhat
different order.* The Edwin Smith Papyrus has
had & romantic history, having been originally
discovered about the same time, and perhaps in.
the same tomb, as the Ebers. A series of remark-
able circumstances left it in private libraries and
unknown to scholars until a few years ago, '
In general form the Edwin Smith Papyrus is not
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unlike the Ebers, in date somewhat similar or a
little earlier, and its scribe no less careless and
incompetent. He was, however, engaged in copy-
ing a document of greater scientific value, and prob-
ably of greater antiguity than that  which was
occupying the scribe of the Ebers Papyrus, for
there can be little doubt that the original source
of the Edwin Smith Papyrus was of the Old-J
Empire. Moreover, the ]iildwin Smith Papyrus"
deals with surgical conditions, and especially in.
juries, while the Ebers is occupied with diseases.
njuries and their treatment lend themselves to
clearer deseriptions than do the diseases. We thus
have in the Edwin Smith Papyrus a document of
high value for comparison with certain works of
the * Hippocratic Collection ' of about twelve
centuries Iater. Without discussion of details
it may be said that through the mist of scribal
ignorance and misunderstanding we can sce in the
win Smith Papyrus an author who not only
recorded actual case histories, but was seized at
times of the spirit of science ; that is to say, he
records in order to learn something of the workings
of the body as distinct from any attempt to treat
his patient. Some of his observations, such as that
injuries to the brain on one side result in paralysis
of the other side of the body, are repeated in the
** Hippoeratic Collection ”, and do, in fact, throw
liiht on the nature of physiclogical mechanism.
The ¥dwin Smith Papyrus—or at least that part
_-of it which survives—is devoted to injuries about
. .the head, It gives us & glimpse—alas! that it
‘-should ~be' 80 dim—of a lost and more ancient
ificent
. .treatises ag the “ Wounds of the Head " and
“* Fractures and Dislocations * of the * Hippocratic
“Colleotion " may well have been related,
" '. For Egyptian mathematics the most important
- document is the Rhind Papyrus, which was finely
edited a few years ago by Prof. T. E. Peet, of
‘Liverpool.® Its ageai'% about that of the Edwin
8mith Papyrus, though it is copied from an
original of the nineteenth century B.c. It professes
to be & ‘ guide for caloulation . Apart from simple
.rules for giving the areas of figures enclosed by
-right lines, we have the measure of a circle from
which an estimate of » as 3:16 can be deduced,
- and a calculation with reference to the proportions
“ofp ide. In this last a certain relation which,

figure ", is deduced from the side of the square
bage and vertical height or per-em.us as the
Papyrus calls it. The word per-em-us is doubtless
the source of the Greek word pyramis and ow
pyramid. The problem clearly links up with the
mathematical triumph of Thales in deducing the
height of & pyramid from its shadow.
F‘ he last scientific document of Egyptian origin
to be considered is the Moscow Papyrus, which was
only published in full by Prof. Struve a few months
ago.t Tt is of the Middle Kingdom and thus older
than the others. It contains the determination
of the volume of a truncated pyramid and the
area of a hemisphere.” Both are correct, the latter
on the basis of the Egyptian value for = as 3:16. It
yet remains to be seen whether these determinations
are based on general formulm—as is believed to be
the case by Prof. Struve—or whether they are
empirically obtained. If the former, it will be
necessary to rewrite the history of ancient science !
and with it much of ancient philesophy.
The rationalisation of the Greek intellect within
a very few centuries has always ap some-
thing of a miracle-—an epiphany. On the other
hand, an ancient and slowly disintegmting scientific
tradition in Egypt or in the Near Enst would fit in
well with what we know of the early history of
Greek science, Whether such traditions existed is
& question of fact which can only be solved by the
Egyptologists or Assyriologists. In the meantime,
the Rhind, the Edwin Smith, and the Moscow
Papyri have made such a view less fantastic than
would have appeared to be the case ten years ago.

3Theimore important \rnrksortllr"B!ppocrntlcCollucllon"nrebtlIg
edited by Mr, W, H, 5, Jones and Dr. £, T, Withington for tho Lotl
Library. Yoracomplete critical version we still depend on Emit LIttt
“ Euvres compites I"Hippocrate " In 10 valumes {Parls, 1830-81).
3°C, N. Cochrane, " Thtcydides and the Sclence of History ** {(0xford
Unlversity Preas, 1020),
" An excellent sumtary of Greek muthematlcs has recently been
reparecd hr’ Nir T, L. Heath, " A Manusl of Ureek Mathenintlcs
Oxfordl : The Clarendon Presa ID:IIJ.
4 J. H. Bresatedl, ** The Edwin dmith Hurglca) Papyrus*, 2 vols
(Unlvenui; of Chlengo Press, 1081),

T, E, Pect, *The Rhind Siathematical Plﬁ}'l’l‘ll" ¢ Liverpoot, 1923
Another editidn was produced for the Mathematical Asscclution of
Amerlca, 19%7-20, by A. B, Chace, L, 8. Bull, and H, P, Manning, with
& biblography of Egyptian and Babylonlan Mathematics by R. C-

Il ).

VW, W, Struve, " Mathematlscher Papyrus des Stastllchen Museurd
ter schinen Kinaten In Moskau " (Quelien und Studien aur Geschlehte
der Mathenntik ; Abt. A, Quellenband 1), Berlin, 1830,

t The Moscow Papyrus Is diocussed by Battiscombe {iunn and T. 31'“;
Peet, “Four tieomefrical Problems from the M Mathematics
PapyTus ', Journal of Egpptian Adrehwology, 1%, P
‘.IICurt \;ons'rrelb";f;e 'l;‘nlr;'cau.«l P{;uulllﬂg ﬁ?;ph

olrna; guption Arencviogy, . v
Struve I8 critleally reviewed by T, f:p Pest In the J

8s the Papyrus says, © mekes the nature of the

Population

_ ,THE second general assembly of the Inter-
. national Union for the Scientifio Investigation
of Population Problems met in the rooms of the
Royal Bociety of Arts on Monday, June 15, the
chair begﬁ taken by the president, Prof. Raymond
Pearl, egates of ten nationalities were present,
DunnE the :gaenjng session the president reviewed
the work of the Union during the three years of
its existence, and claimed, with reason, that the
n :g‘rogreaa meade could be re%;arded as gratifying,
ourteen countries already have National Com-
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Archeology, 17, p. 134, May 1631,

Problems.

mittees, which function with varying degrees of
intensity, whilst in still other countries (Czechor
slovakin, Greece, Poland) National Committees are
in process of organisation. There are three Inter-
national Research Commissions receivin§ funds
from the Union and dealing respectively with

population and food supply, differential fertility» '

and the vital statistics of primitive races. B .
addition, grants have been meade to many it |
dividuals f%:' inveatigations which fall outside the |
scope of these Commissions, Bixty-four per ced |
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The Beginnings of Science.*
By Dr. CHARLES SINGER.

HEN did science begin 1
be more fundamental for the history of
rationnl thought ? An adequate answer would
doubtless demand the formulation of an exact and
penerally acceptable definition of scienee,

thin seemingly simple task. But without insisting

on a precice delimitation of the term ‘science’,

we may get some way, at least, by taking its eurrent
{f inexact sense. Thus we may treat science as

simply the systematic process of recording natural ;
happenings with the object of discerning some !

relation between them.

1 would emphasise the word process. Science

= often discussed as though it could be pre. |

sented ns a body of knowledge or doctrine, but
reflection will soon reveal that this point of view
cannot be maintained. For is it not the case that
science that has ceased to develop soon censes to
be science at all I The science of one age is often
the nonsense of the next. Think, for example, of
judicial astrology, or of the doctrine of lucky and
unlucky numbers. Who, if ke did not know their
history, would recognise these as the debris of
finely conceived and far-reaching scientific hypo-
theses, which once attracted clear-thinking minda
seeking' for rational explanations of the world in
which they lived 7 We may smile, if we will, at
such an explanation of the face of the earth as
the “dostritie- of -successive disasters followed by
successive creations. The view that fossils are the
" early and clumsier attempts of an omnipotent
Creator may even move us to theological wrath,

Yet such conceptions were but stages in the de-.-

“velopment of geological ideas, just as the scientific
-views of our own time are but a stage in a great

- secular process which will continue when we are
ne more. : :

It therefore behoves the historian of science
to be very charitable, very forbearing, in all his
judgments and presentations, He must not ask
“to0 much of previous ages, nor must he judge them
by the standards of his own. He needs constantly
10 recall that he is dealing with work of erring
sl jmperfeet human beings, each of whom had,
like himself, only a very partial view of truth.
There is an unquenchable and irresistible tendency
innate in the human mind to erect general laws or

&z Miles in explanation of the happenings of the world.
. That tendenoy is no less present in the historian of
¢ mience than in the great minds whose work he
¢ 7 feordy, and if he is to be judged at all by posterity,
he eun but echo the epitaph :

Reader, thou that passost by,

As thou art so once was 1;

As T am, #o shalt thou be,
L Wherefolw, reader, pray for me.
-+ Time, stil, like an ever-rolling stream, bears all its

T vEthe llistory of Sclenve agl T sy e
Nele wl Teehnology, by the preshlent, ut June 23,
™ the Royal Geoaraphiteal Soclety. : )
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Can any question !

No |
one, periaps, has yet succeeded in accomplishing -

biinzanzal niibrens dellveped to the Secomt Dnternatlona) Congterr |

sons away. It i the stream itself and the spirit
that dwells thérein that the historinn of science
f has to study,

Science, then, is a process that can be followed
through the ages ; it is not a mere passive hody of
knowledge. The shecr validity and success of the
scientific process, as applied in our own time in
: western Europe and Amerien, has given rise to
popular misunderstanding as to the .nature of
| science, and some misapplieation of such terms
as ‘science’ and ‘scientific’. We hear of the
science of some prize-fighter, and a book has been

ublished on the * Science of the Sacraments .

here i nothing in the laws of this or any other
country which forbids ity citizens from giving the
. words of their language such significance as they
| may choose, but the word science as employed in
! these connotations has no clear link with the great
| progressive method of acquiring knowledge with
| which the historian of secience has to deal. The
i very form of the adjective from science might
 itself give pause to those who would force the word
‘ to cover such topies as the skill of the prize.fighter
j or & knowledge of the theory and practice of
| religious rites. The word acientific means, deriva-
! tionally, knowledge making, and no body of doetrine

which is not being progressively made can for long
retain scientific attributes,

During the last two generations the evolutionary
conception of Nature has become =o goneral that
it now pervades our thoughts on every aspect of
living activity, nor can we understand an organic

roduet until we know how it came to be what it is,
Now, the efforts of the human mind are essentially
such products. It has thus become generally
recognised that to comprehend, for example, the
constitution of n State or the teaching of & religion
it is absolutely necessary to know its past, This
is the true reaction of evolutionary doctrine on the
study of historg'. ‘

On the study of science itself, however, this
reaction of evolutionary doctrine has been less

enerally recognised, Why this should be is per.
haps not altogether clear. One reason may be
that the triumphant and absorbing successes of
the application of the scientific method have de-
flected attention from the process itself. Another
reason, which is perhaps but & restatement of the
former, is that the very rupid growth of the pro-
ducts of the scientific process in quite modern
times has turned men’s thoughts away from its
more ancient achievements. Yet it is clear that
if we would understand the i:rocess itself, we must
examine its application in the past and watch its
rction under conditions different from those in
which we ourselves live, Only thus can we ho
to attain any renl insight into the nature of the
process and of the effect it hus had on man’'s estate
\ throughout the ages,
i Among the criticisms that can be mucle of any
! attempt to trace the history of science, there is one
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that should be mot at the outset, bt haa been said

that the history of scientific netivity presents a
tield so vast that it eannut be compassed nt tirst
hand by any single mind.  The criticism is withont
validity. [f pressed, it would not only prevent the
writing of the history of science, hut would also
Vrevent the writing both of history and of science.

Vho, of his own knowledge, enn compass the history
of even a single comtry I Whao, of his own know.
ledge, can deal with the animal kingdom, with the

science of geometry, or with the structure of the '
Yet this has not prevented, and should

eurth 7
not prevent, the writing of histories of England and
of FEurope, of works on zoology. of treatises on

muthematics, or of text-books of geology. The !

scope of yuch buooks in reference to the first-hand °
i there iy no evidence, worthy of the name, that any

knowledge of their writers must be effectively
infinite. The difficulty in writing them—as in
reading’ them—is the difficuity in getting a philo-
sophical grasp of the principles involved. In
obtnining such grasp, first-hand knowledge is of
primary importance. Yet this knowledge, applied
in such a field, ia but a means to an end, and the
writer must be judged by his grasp of the principles
he sets forth, rather than by the actual number of
experiments he has made or experiences that he
has undergone.

But to return to our question as to when science
began. The question can as little be znswered as
the question, When does 2 man begin to grow old !
“ Before that I to be begun, I did begin tobe undone.”

ave detected germs of thescientific

\/process In the lowest and rudest races of mankind.

oon as a child begins to observe, he begins to

nke genernlisations,  The savage sees the action

of a living thing in the wind and the flow of the

water. I:ﬁs generalises from his imperfect observa-

tion that movement means life. The baby calls
every male “ daddy " ; his, too, is an elementar
generalisation based on imperfect experience. Bot

ascriptions are imperfect attempts at deducing

laws.
Here, however, we encounter a real inthe
-(hiatgFical{ parrative. We can see the scientific
element in the baby's generalisation or in the
savage's belief. Yet we cannot, with any con:
fidence, trace them forward in o continuous stream
to anything that we should call seience in the
current use of that term. How far, then, can we
trace the matter the other way, ascending the
stream of time 1 In this attempt the last decade
has been particularly fruitful, and I shall venture
to devote the remainder of my remarks to &
special nature of this réeelit historical achi ent.
is too 1 the case on the scientifie front, the
pioneers are more concerned with their own pro-
gress than with the relation of their advances to
those of others. The onlooker truly sees most of
the game, and perhaps it is not going too far tosay
jthut the game cannot be olearly seen except by

the onlooker, This is the justification of the_prag,

historian of science. Without him research
in one department would rapidly lose touch with
research in other departments. This is so with
recent soientific history. Let us seek in the same
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spirit nmong the records of n far earlier scientig,
history,
As we tenee the reconds of scienve back into thy

" mists that shroud the dawn of history, we see it

©ovarg iscipligescdy
}}@’m un%aﬂﬁ?mugi_gg
(d

“works are vonl
© treatises that have come down to us ace in thy

a>two, namely, tq |
i S0 far n4 complets
sthed, the carliest of all scientify

medical cluss. They are contained in the mis,
cellaneous group of tracts known as the * Hippe
cratic Collection ™.

The ** Hippooratic Collection ™' takes its name
from the alleged ° father of medicine’. In a Jey
critical age this mass of writings was all ascribed
to Hippocrates, and there are some who still find
it difficult to abandon the old paths, Nevertheles,

part of any of thess works was written by Hippe
crates, nor indeed is there any real evidencs
that Hippocrates wrote anything. It is, however,

certain that some works in the ** Hippocratic Col.
lection " were composed in th )
at which period their eponymous author was born,

Scetions of some of them may well date back to
the sixth, and portions of them even to the seventh
century. Moreover, it has long been recoqnised
that these medical writings were an integra

of a far wider and more deeply based contemporary
rational movement in philosophy.!

It has indeed been argued that the relations’
between the medical and historical writings o
ancient Greece are closely paralleled by the rela
tions between the evolutionary and historical’
writings of a }%lenemtion or two ago. We might

ippocr. gpdiddes”as

ut it that
ﬁamkmtf_%_?f_kl_e.ar_mﬁ A good ‘cdsh for. g
the comparison has been made recently by Prol @

Cochrane of Toronto.? :
However this may be, it is evid

these. earliest surviving scienti

the fifth, sixth, and seventhyfe.]

agments have been Eare,su_cge’as

pieced together than the medic Thus wé'h
etahils of the (iwhie\;;ement? ]g;'t :.lba _folldg’im }
vthagoras, and perhaps of agoras  himsell,i &
wg::se life occupied the greater part of the sixthy
century. Moreover,(Thaléa)the sage of Miletus/ ol:}l
whose scientific achievementa there ocan:
doubt, takes us {ft further back and into’
seventh century. He takes ua, too, beyond G

forfhwhu&%wm He himself b
travelled in Egypt. enicia suggests con
with Mesopotamia snd the ancient Sum
civilisation. Recent discoveries .in that.
notably those that deal with the treatment
metals, suggest a command of natural forces whickig:
demanded theoretical scientific knowledge. Yot i
is to Egypt that the Greeks commonly aacribed t
origin of their medical and mathematical knowled
Among the Greeks before Thales and the seve
century, oupview of th nal spirit grows v
dim, In the VorkdandiDa
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ighth century B.C., we get some astronomical !
Such knowledge, however, must have been
non property in the Near East, and indeed
sery early agricultural community. In the
nce of an adequate calendar, some astronowmical |
vledge is necessary for the elementary opera-
.in the field. Hesiod, it is true, has something
ar beyond farmers’ astronomy, but in him we
. the independent scientific element at a well-
jrreducible minimum.
n we, then, trace the rational tradition among
reeks behind Hesiod and the eighth century ?
ink we can. In the Iliad of Homer we obtain
paes, distant, it is true, of an independent
snal medical system. The Llind telis of a great
‘of fighting, in the course of which no less than
iwounds are well described, and in many cases
¢ trestment detailed. Now this treatment is
ivs on entirely rational grounds, and magicnl
jents are conspicuous by their absence. This
many other hints in the Iliad imply the prac.
of scientific medicine by recognised practi-
ers, without relation to folk-medicine. Thus,
h the aid of the Iliad, we may trace the scientific
lition among the Greeks as far back as the ninth
fenth century. It is noteworthy that in the

" basey the origin of medicines is ascribed to Egypt.

. | view of the consensus among the Greeks as to

- ir debt to Egypt, all traces of the scientific spirit

led in the Egyptian papyri are of peculiar
rest. Yet the finds have been, till recently,
wordinarily disappointing, and the contrast

« twoon Greek science and Egyptian science is

tly to the disadvantage of Egypt. For the in-
ority of the Egyptian position as against the
k, due weight has not always bren given to

: é_rebbes in the records of the two civilisations.

t, we have to remember that the picture that
form of Greek thought is deriv from the
rarge:emnins of the Greek people. That there
¢ been ‘irreparable losses to that literature is
, ‘but the surviving part has come down to our
e because it was read by the generations that

“:Jne between the Greeks and ourselves, and it was
- ad hecause, by each succeeding age, it was thought
be warth reading.  Greek literature, as we have

ey

ix thus, in essence, a selection, It is far other.
» with the Egyptian records. We have here
rely what time has spared, and that old reaper
no more discretion with books than he has
th the Jives of men. He spares what he will
il as he will. What kind of literature should we

s'hpe to recover from the wreck of our own civilisa-
ont Daily journalism and trade advertisements

1y many times more bulk, and therefore wonld
ve o better chance of survival, thun the works.
",}“‘ philosophers and men of science, d
Seeomdly, the remnants that have come down
» us from ancient Egypt have mostly been re-
wered from tombs,  They were the kind of things

il the men of their day thought suitable to bury

) llllll their dead.  The commonest of all are, in fuet,
< of the( Boo # Dead ' If we had to
wnpiire thein with sometEin our own civilisa-

~don.-they would perhiaps correspond to the in-
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scriptions on {omhstones, to hymmn-books, amd to
rmyers for spevinl occasions. It is true that we
\tve an admixture of other documents, but the
proportional distribution of surviving Egyptian
writings bears no relation to the proportional dis-
tribution of Egyptian interests,

Thirdly, it must be remembered that much sur-
viving Greck literature is from the most vital period
of Greck history. On the other hand, the over-
whelming mass of Egyptian papyri are from tho
New ot Middle Kingdom, wheres the Old Kingdor
was the day of Egyptian power. The later seribes
were content with copying earlier material. These
later scribes were, moreover, commonly carcless
and not uncommonly incompetent, and, as it falls
out, this was e?eciafly the case for the papyri that
bear on scientific topics.

Bearing in mind these contrasts in the circum-
stances of Egyptian and Greek documents, let us
turn to the surviving papyri of scientific content.
These, like the earliest Greek scientific material,
divide naturally into the medical and the mathe-
matical. A number of documents fall into each
of the two categories, but most of them are so
debased or so trivial that we miss little if we take
only the principai specimens. Of these there are
two in each class that are of primary importance.
In the medical class there is the long known Ebers
Papyrus and the recently described Edwin Smith
Papyrus. In the mathematical class there is the
Rhind Papyrus and the very recently deseribed
Moscow Papyrus. These four contain ractically
all that is known of Egyptian medicine—other
than that of o purely magical character—and most
that is known of Egyptian mathematies.

The Papyrus Ebers, known for seventy years, is
still not completely intelligible. It presents many
linguistic difficulties, chief among them being the
pames of drugs. It is of the New Kingdom, and
iz generally dated as of the sixteenth century B.C.
1t is in the main a collection of remedies for various
named conditions which are sometimes briefly
described. Its general intellectual level is about
comparable to an English family receipt book of
the seventeenth century, of which several have
been published, There is no definite physiological,
pathological, or pharmaceutical theory, but there
is nlso little that one can call superstition. The
book is taken up with a list of traditional treat-
ments of a more or less disgusting character. That
sections are taken from a much older work is evident
from n few isolated paragraphsin it that are devoted
to anatomy. These are so confused as to be un-
intelligible, but it is obvious that the seribe is trying
to.abstract an older and more scientific document.

g rof. Breasted, of
Chicago, has presented us his edition of an
Egyptian  medicnl document of a somewhat
different order The Edwin Smith Papyrus has
had n romantic history, having heen originally
discovered ahout the same time, and perhaps in
the same tomb, as the Ebers, A series of remark.
able cirenmstances left it in private lihraries and
unknown to seholars il o few yvears ago.

In general form the Edwin Smit h Papyrus is not
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unlike the Ehers, in dute somewhnt similur or
little earlier, .and its seribe ne less cnreless and
incompetent.  He was however, engaged in copy.
ing a docnment of greater seientitic value, aed prols-
ably of grenter antiquity than that which was

oceupyving the =cribe of the Ebers Papyrux, for

there can be little doubt that the original source
of the Edwin Smith Papyrus was of the Old
Empire,  Moreover, the Edwin Smith Papyras
deals with =urgical conditions, and especially in-

juries, while the Ebers is oceupied with isenses, :

Injuries and their treatment lend themselves to

clenrer descriptions than do the diseases, We thus :

have in the Edwin Smith Papyros n duewment of

high value for comparison with certain works of .

about twelve

the * Hippocratic Collection ™ of
of details

centuries later.  Without diseussion

it may be said that through the mist of seribal
ignorance and misunderstancing we can see in the

Edwin Smith Papyrus an author who not anly

recorded actual case histories, but was seized at .

times of the apirit of science; that is to say, he
records in order to learn something of the workings
of the body as distinet from any attempt to treat
hia patient. Some of his observations. such as that
injuries to the bruin on one side result in parnlysis
of the other side of the body, are repeated in the
** Hippoeratic Collection ", and do, in fact, throw
li%ht- on the nature of physiological mechanism.
The Edwin Smith Papyrus—or at least that part
of it which survives—is devoted t~ injuries about
the head. It gives us a glimpse-—alaa! that it
should be so dim—of a lost and more ancient
scientific literature to which such magnificent
treatises as the “ Wounds of the Head " and
* Fractures and Dislocations ™ of the ** Hippocratic
Collection " may well have been related.
For Egyptian mathematics the most important
- document is the Rhind Papyrus, which was finely
ited a few years ago by Prof. T. E. Peet, of
Liverpool® Its age is about that of the Edwin
Smith Papyrus, though it is copied from an
original of the nineteenth century s.c. It professes
to be a ' guide for caloulation ’. Apart from simple
rules for giving the areas of figures enclosed by
riﬁbt lines, we have the mensure of a circle from
which an estimate of = as 3-18 can be deduced,
and a caloulation with reference to the proportions
of pyramids. In this last a certain relation which,
as the Papyrus says, * makes the nature of the

’J,__m

T,
figare ', is dedieeld from the side of the St lnpy
" base and vertienl height or pereen-ns ns th,
Papyras calls jt. The word gororm-na i doulily, §
the sonree of the Greek word pyramis and o,
pramid, Fhe problem clenrly links up with g,
mathemutical trivmph of Thales in dedueing th,
. height of w pyramid from its shadow., ) ’
The last seientific document of Egyptian origy §
¢ to be consilered is the Moscow Papsruz, whicli wy, ¢
+ only published in full by Prof, Struve a few monthy §
agot It is of the Middle Kingillom and thus olde
i than the others. It contains the determinatioy
of the volume of a truncated pyramid nnd the ¥
area of o hemisphere.” Both nre correct, the latte
on the basis of the Egyptian value for = a8 3-16, Lt
yet remains to be seen whether these determination
are hused on general formulie—as is believed to by |
the case by Prof. Stenve—or whether they an §
empiricully nbtuined.l I}f the former, it wi
pegessary to rewrite the history of-agglen
nfifEdtion of the : .
a very few centuries has always appeared some.
thing of & miracle—an epiphany. On the othe |
hand, an ancient and slowly gisinte ating scientifie
tradition in Egypt or in the Near ]%rast would fitis:
well with what we know of the early history of.
Greek science. Whether such traditions existad fs:
& question of fact which can only be solved. by the:
Egyptologists or Assyriologists. Inthe meantime,
the Rhind, the Edwin Smith, @Gng) the: '
Papyri have made such a view legs fantle

timare inportant works of the ** Hippocratle Collest }m i
d by Mr, W, H, 5. Jones and Dr. E, T, Withington for the N
v. Foracmnplete critlcal version we still depend oo Enll Litméy'
completes d"Hippocrate ** In 10 voltimes (Parls, 1830-d1
1, N, Cochrene, ** Thueydides a btz -Hlsfon"' [{1
University Press, 1020), s
3 An rxeellent summary nf Greek has recently beet
tepatedd by Sle T, L. Henth, ™ A Mamurr=or Uréek Mathematics™ '
{'ernrsl: The Clarendon Prews, 1031}, i et U
v J, H. Brensted, = The Edwin smith Sutgical Papyrus”
(T-'nl\‘er!I!i; of Chicaga Preas, 1031). . L
VT, E, Peet,  The Rhind Ma 1 ;
Anoth o 2 or The
by A, B. Chace, L. 8. Dultand H.
F ot Egyptlan and Babylonian Math

Stfuve) * Mathenatlscher Papyrus des Staatlichen Muae
U nrten in Moskau ' (Quelien nod Studlen zur Geschk
der Mat| + Abt, A, Quellenband 1), Berlln, 1930, . .

1 Th pyrus o dissuseed by Battiscombe Ginn and T, Erit 1]
Peut, “F Sometrical Problems from the Moacow Mathematios <
Papyrus'', Journal of Egyption Areheoloyy, 07, Nov, IH20:

Y incated Py enintics

E2Y B
uplinn .1 I} P, 242, Nov. 1030, - The .work o
iﬂciflr reviewed by T. E. Peet In the Journal of Egyiis;

%&wkvay. 17, p. 134, May 1031,

Papyrus**

Population Problems. .

THE second general assembly of the Inter-
national Union for the Scientific Investigation
of Population Problems met in the rooms of the
Royal Society of Arts on Monday, June 15, the
chair being taken by the president, Prof. Raymond
. Pearl. Delegates of ten nationalities were present.

During the opening session the president reviewed
the work of the Union during the three years of
its existence, and claimed, with reason, that the
Ero'gresa muade could be regarded as gratifying,

ourteen countries already have National Com-
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mittees, which function with varying degrees of
intensity, whilst in atill other countriés: (Czecho-:3
slovakia, Greece, Poland) National Committees am
in process of organisation. There are three-Inter::
national Research Commissions receiving:

from the Union and dealing respectively r
population and food supply, differential fertility,i]
and the wvital statistica of primitive..

addition, grants have been made to-
dividuals for investigations which -fall.o

scope of these Commissions, Sixty.four per. cent
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) ro on the propertivs of the insulating | modulation free from harmonies.  Any harmonics

wratil ) oL,
” w“‘l".i-‘]‘w object of the investigation is to deter-

h & b
:::: i‘lle current carrying capacity of standawd cables
e bt types and sizes under different conditions
"'f vario! both for alternating and dirpct current.
“‘Iﬂ"“ ek in connexion with the testing of fuses, the
) Foru'B:_ tacilities have been extended to cover the
[aborst e geation of the British Engincering Stan-

later) ‘asociation for domestic fuses up to 250 volts

[ eres. I
and IUS"::I; at 200 volta and at suitab

w3 O Tp to & maximum of 05U0 amperes.

erelid quipment, the short circuit is made from o
e m-“‘ by means of a solenoid controlled awitch, the
.lid""?béing observed through a wired glass panel
cut-ot 1oor of the test enclosure. An auxiliary eircuit
inther ting 8 neon lamp indjcates whether iron-
in"""pu‘,omg show any tendency to are to their cases.
ol c;;lg Wireless Division n new type of dynatron

I"I‘Iulor has been developed by the useof the negative
est! {ance characteristic of the sereen gricl valve. By
sling the anode to the control griil through a small
“mpcitv and including a resistence of the crder of o
""uoh,'u in the Alament.contro! grid cireuir. higher
mﬂuencies than are possible with normal cdynatron
{'."'"u;;g hoave been obtained. The exhibit shown can
f'mnsetl for the generation of oscillations of wave-
!:mh as small as 8 metres. .

The same principle can be applied to the problem of
Jlective amplification. With the usual triode valve
the presence of the positive shunt resistance of the
vilve decreases the selectivity of the tuning cireuit
(irough damping. If the negative resistance char-
acteristic of the screen grid valve he utilised, the
celectivity of the amplifying stage can be made greater
(han that of the tuned circuit afone, A demonstra-
rion of this was given by means of a ciretiit incorporat-
jng a valve of this type. .

The investigation on behalf of the Radio Research
Board in connexion with the development of trans-
mitting and receiving apparatus for very short wave-
lengths hes been continued, and eyuipment capable
of transmitting and receiving oscillations of wave-
as 1'5 metres was shown, The
apperatus has been used for the atudy of the pro-
pagation characteristica of very short waves.

he apparatus for testing the performance char-
acteristics of wireless receivers hns now been extended
to cover the shortest wave-lengths in commercial use.
Improved apparatus haa been installed capable of
carrying out comprehensive tests at wave-lengths
from 7 metrea to 2000 metres. The testa comprise

The specification reclluilies that the
e shogt circuit
With

‘over-all sensitivity, radio.frequency, selectivity, and

fidelity in the reproduction of radio-frequencies, The
lut-named test is carried out by the wse of an input

present in the output constitute a measure of the
distortion produceil.

In the High Voltage Building, eyuipment for tho
measurement of the dielectric loss of high voltagoe
porcelain insulators was exhibited. Demonstrations
were given of flashover teats to determine the maxi-
mum voltage withstood by a 132-kilovolt porcelain
insulator string.

In the Photometry Division an investigation was in
progress in connexion with the light-diffusing pro-
perties of diffusing glassware. These properties are
governed hy the size and concentration of the par.
ticles, and apparatus hus been developed in the division
for the measurement of these two quantities by the
use of a powerful microscope. Half-silvered inter-
{erometer Ylntea are fitted to the fixed and movable
stages of this instrument, enabling the movement of
the latter to be obtained directly in terms of light
wave-lengths., The diameter of a particle can he
determined by observation of the interference fringe
systemn, as the particle is mude to traverse a fixed eross
wire, or alternatively by attaching the cross wire to a
teavelling microseope, the scale of which can be cali.
brated by means of the interferometer, To determine
the concentration, the field is limited by sn aperture
of known dismeter. The microscope is focused
through the particles by a slow-motion deviee, the
distance traversed being measured by a second inter-
ferometer.

The fundamental work on glare has been extendetl
to cover the glare effect of coloured light sources with
white and ccﬁoured backgrounds. Practical applica-
tion has alio heen made of the reaults alreacly obtained
with normal light sources by the design of an instru.
ment for the determination of the glare effect due to

an actual lighting syatem. Two measurements of the - 7.~ §

brightness difference threshold, one with the glare

sources expoacd to the observer's eves, and the other - -

with the glare sources screened, give a ratio which isa
measure of the glare effect. .

I'n the William Froude Laboratory a model of a
single-screw vessel was being tested to compare ita
hehaviour in shoal and deep water. There ave reasons
for supposing that there is a scale effect leadin
to differences between the model amd the full-siz
ship. The model under test was equipped with its
own inhoard motor and propeller and apparatus for
determining its resistance through the water, A
motlel twin-serew vessel fitted with its own propelling
andl recorcing gear and utilised for research work on
the backing qualities of propellers was exhibited.’
The tests are designed to show the thrust capacities
of propellers of various shapes and ciameters to destroy
and reverse the motion of the model.

: I ) : The International Congress of the

THE Second International Congtess of the History
- of Science and Technology, which assembled in

‘London on June 28-July 4, has achieved a notable

siccean, thanks to the untiring efforta of its distin-
puished “&Wf Charles Singor. gnd the execu-
tive comfnitfes, A tRANRT K185 Y0 The active interest
it has aroused among soientific workera and historians
] e world, The Congress, which was
of ita kind, originated wijth the Comité
d'Histoire

(¥mat nn

tdes--Seiencen, which was
: m at Oslo on Aug, 1% 1028) It has, however,
rtunate in eniisting a-operation of the

Comiité Internatignal tlea Sciences Historiques, of the
American Histop¥ of Science Hociety, and the New-

“"No, 8219, Voz. 128}

_gﬂ'rﬂ_@.k‘arrﬂhﬂg}hﬁh.Amm
eAr witnesy'to thia act.

History of Science and Tech/r_gp,logy._.______‘

comen Society for the Study of the{History of Engineer)-

ting and Techinology. of Lundon.\.Jt has thus.

possible-to sliow, in it widest extent, the important
part played by the sviences in historical and technical
vesearch. The papers and discussions of the Congress, -
and the large attendance of official representatives,
who came not only from most of the universities of
Cireat Britain and the Empire, but also from the
Asla, and Africa,

At the inavgural session of the Congress, which was
opened by the President of the Boerd of Education,
the Right Hon, H. B. Lees-Smith, M.P., in the Cireat.
Hail of the Royal ticographical Society, Dr, C. Singer
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read some paragraphs of his inspiring presidentinl
addreas on “ The Beginnings of Science ", which waw
published in full in NaTURe of July 4. He emphasisedd
the dynamic rdle of science, which is best illustrated,
by its history, and
into school-tenching of the broad lines of seientific
history.

The work of the Congress itseli was divided into

(\ four main sections, which met most fittingly in the

¥ /lecture hall of the Science Museum.
x."with Prof. G. Loria (Genoa) es chairman. dealt with

The first section,

/>f"'1‘hg civnces as an' Integral Part) of General His-}

) that even the develo
J‘"Na spaper € F
J

v

" marks were made in this connexjap, by-Brof. A. V.
Hill (London}, who submittesd tha) is i
yTrich ¥a

‘relieved him of suﬁemtition. ignorance, il -he@; and

‘of_a letter written by

rical Btudy . In his opening paper, Prof. G. N.-
Cleric{Oxford) showed the complexity of the relations
between the history of science and general history,
and claimed that science has more truly a history than
have other human ectivities. owing to the fact that
the history of science is distinguished by more definite
achievements and a more ordérly development. This
{boinb was further emphasised by Sir Willilam Dampier-

Vhetham (Cambridge), who proposed that the teach-

ing of history should follow the natural order of its(-

development, moving onward figm primitive'emotion
aw, economics, and sciencé, In support of these
vibws, Dr. T, Greenwood {Londop). maintained in his
n minthematics

butH pHilosophy and

is & necessary constituent o 5
t ‘that_a’critical

1 %}' illustrated th
hiétgiy ol fathenatics should hehy'in getting e deeper
lmg&lned e'Qf-the various philogophical systems which,
in , provide the fundamental causes of the periodi-
cal and progreasive changes in the menta) and material

outloock of the human race. Some stimulating re-

with human greatness, with thin Vo given
man control of himself and his surroundings, that have

incompetence in the face of natural forces, the
great figures of ‘scienco and their discoveries™déserve
a more worthy place even in children’s history-books,
For after all, the forces that move us are forces of our
own making, which cannot be of less importence than
the results

co.
* To this ifdivia tio interpretation of history and
: ; olin ol istory of science, the
1 8,B. took exception, am}
po: a communistic explanation of-

ientifie development, i

of omassasmgxnlted 3

tion of genius. Prof, I-ZaWE

example, doss not concejve hist
i gther as th

the glorifica-
y{Moscow), for
he history of

§ development

_ 5, 88 n socinl
B m ormity of its class structure.

From thia angle, the history of science begins only
from the moment when we discorn the particular

conditions of material culture and ths economicire-
quirements of production which detefifine the
& the interests of the snientifi€ workers t6hicemied,

the readiness of society to utilise their discoveries.
In seconding this opinion, Prof, E. 5
waa able ta_illustrate the i
]
the great naturalist to Karl
Marx, in which Darwin admits having refrained from
writing on religion in order to avoid surprising his
contemporaries and his relatives, aithough he waa

. all thesame an advooate of free thought on all subjects,

Prof. M. Rubenstein (Moscow) shared the views of
his colleagues, suggesting that history has not beén'
made by great men, but by the 1

\ nomic and social /
forces of which they have been 'H" gp:wionut'
might he said here that the attithds of the Soviet
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sleaded for the intraduction |

delegaten can searcely exploin any history, howeve
stimulating their message and their endeavours o
put it into nmr.liw_m their own educational instity.
tions.- R —

The second- section of the Congress, with Prof,

the impertant problem of * The Teaching of the
History of Secience ".rgi.\!. Aldo Xlieli, the active
permarent secretary the - Comité International
d'Histoire des Sciences and dditor of Archeion), told
the Congress how this body in-directilig an idnuiry

completed in time for the Congress of History to be
held ot Warsaw~in. 1033. , Going into the heart of the
debate, Prof. A--E:~Heath (8wansoa) tried 1o show
that our social and cultural disharmonies are largely
due to our failure to nce]imati;u- ourselves to modern
cosmologies ; and proposed, as a solution of this
diftlculty, the ereation of & scientific history e in
accord with the facts of the modern world., On the
other hand, in advocating the development of special
courses in the history of science in secondary schook
and colleges, Prof. F..8, Marvin (University of Cairol

introducing tha-historica! gilds into scientific work:
such a method \wolild, prefeht science as a growing
thing ; it would show.ths'iink with the other aspects

of our knowledge; it would present the mass o
scientific facts in a more human form; and finally
it would illustrate thie collective work of the human

of the universe.

load to'une::‘yectecl discoveries,

Prof, A. Woll {Lendon) outlined the teaching of the
history of science in the University of London, which
owes 50 much to his own efforts, pointing out as on¢
of the difficulties of the organisation of such courses
the existing hostility towards new gubjects. which are
wrongly imagined by many to beside lines to something
else. Prof, P. Diepgen (Berlin), Prof. H. Dannemant
{Bonn), Prof, Q. Vetter (Prague}, Prof. M. Stephanides
(Athens), and Prof, D, E. Smith {United States) gave
some interesting details about the teaching of the
history of science in their respective countries ; while
Prof. Laignel-Lavastine, the new holder of the chair
of the History of Medicine in the University of Parit:
expressed the feeling of the whole Congress when
he urged the neceasity of university chairs of the
history of science in the principal universities of the

world,

The third section of the Congrogs was devoted t0
the * Historical and C fempora Inter-relationship
of the Physical and ! iolagteal Sciences ™, and was
Preaided over by Prof,-W, Ritter ({Inited .State
t developed into p lively-debate between

represented byCProf. J. 8. Haldane,"Blof-—IrA
Thompaon, Dr. E-8, Russeh, &ad Mz, L. L, Whyte:

ed B

Dr. J. H'Waadger, Prof. L, Hoghen;and-

Beacking (Holland). The case for oTanicism wad
put forward foreibly by Prof, J. 8. Haldane (QOxford)
who claimed the independence of biology from physics
while admitting that the advances of physica during

realise the true relations botween theas sciences,
in not mere inert el;

-agtivity, and that on this internal &otivity ther
physical and chemieal properties depend, has upwet

the physical conceptions which we inherited from
Ualileo and Newton. Atoms scem now as if they hat

Bmpenien Almilar to those which the vitalista attri:
uted to living organisns,  Yet, on the other hands

1W. H. Weleh (United States) in the chair, discussej

mind, building up an increasingly coherent framework
One may add, too, that the history
of science can suggest new lines of rescarch, and thus

the present century have made it much easier to

into the teaching of seientific history, which will be ¢

outlined, in his pajer, the advantages to be gained by '

and the O mec]:aniatsl‘; ,m‘prescntod by Dr.J, Ncaedhm’llB
Prof-Bias

L]

Aafitont, internth B!
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¢ deala with parts and events which are muni-
"i‘uuu of the co-ordinared whole which we call the
he vrganism.  Hencee, it looks as if, while we
tain the old physical and mathematienl eon-
for practical purposes, the wmore funda-
tal phvaicul mldlm_nthvmutlcnl conceptions nre

e ing characters vimilar to those of bivlogy. This
amuntal attitude was further explained by Mr.

L. Whyte, who showed how the study of the
L cture of material bodies and of radintion is
’l‘;_;";nning to influence biology. Tho aderuate do-

i )tiul! o
M. L]mw& v
conditiﬂns' which refer to

ing in it definite posit nd motions- Thua
par';:l;:;;cg ven the i inothivds of classieal
ﬂ;le.s,sﬂﬁcﬁmw oncepts of bivlogy is thinned
'; 1)7.11 to such a point that it may be huped to see the
‘loudy of biology lending ultimately to the discovery
2{ exact biologigal laws defining the structural char-
acteristics of living systems, ) .
Dr. Needham’s crﬁ_for an increase in the use of the
vle of physics in biology, and Dr. Russell's slogan,
gek o Aristotle”; Alike strengthened the resistance
3 anists-who,like Prof. L. Hogben { London),
hasise that there was never a time when biologists
entertained more confidence in the usefulness of
classical physicn-chemical methods as instruments for
b acriving st predictable conclusionsabont how organisms
behave. The ecclema.atlcnl'orlgnm of modern culture
ﬂgd the ‘contemporary sncial unrest.wete quated as,

]|ill’ﬂ
o
life of ¢
shall €
wgntiond

st

emp!

or the public distruat of the mechanist_con-
s O oAt o time wher the matenalistio frad.
B8 to be entrenched in the laboratory more
strangly than ever before. Dr. J. H. Woodger (Lon-
«Jon) went a step further by proposing to apply to
the study of biological fuestions. noet only physical
methods, but also an approprinte notation of mathe-
matical logic derived from the method-ofRussell and
\\‘hitehea;f.l He was thus ledd 10 predidt a gradual
Jizplacement of the notion of ‘atu

' by that of
*; so that the notion of ' protoplasm ' or

*livin, tter’ would have to gn the way of * heredit-
m-"‘—."s'lzlﬁt:'l%—n'éb’, when the scientific worker will learn
1o think of cells more in term of systems, and less in
terms of atuff.

eption’o

£ %ﬁlmmg;umk; whieh was impogsible,
I Asthodts, I Mo expressed by Lfuantum..

Tmp.- as 0 wholé, each .

p!

seemned to linger also in thie mind_of Pro

{ Morcow), tholijgh ﬁE‘“f‘\i!initteﬂ1 that physicists have
{0 086 biclogical methods for the tinest measurements,
He quoted the experiments of Prof. Guitwitach, who
claims to have discovered * biological rays ', in support
of the closor remtionnhi[}:‘ between physics and biology.
which will lead in time, he hoped, to the disappearance
of the * mysterious * vitalistic conceptions,

The fourth section of the Congross, presided over
by Sir Henry Lyons, Director of the Science Museum,
dealt with “* The Interdependence of Pure and Applied
Science ", Sir Napier Shaw, Prof. C. H, Deach, Prof.
LF, G, Donnan, Dr, G. Windred, Mr. R. V. Vernon,
.Dr. Marie Stopes, and Prof, W, Mitkewich illustrated
the wvarious anspects of the problem, end geemed to
agree that a study of scientific history makes it
evident that there can be no independence between
pure research amd experiment on one hand, and the
practical application of scientific principles on the
other hand, Further, it appears that the present
tendency of intense specialisation makea the progress
of seience more than ever dependent upon the co-
ordination of pure and applied science. )

At n mecting of the Committee on July 5, ths fol.
lowing were elected members of the International
Council for the period 1831-34: Prof. Karl Sudhoff,
of Leipzig (President); Prof. Gino Loria (Genoa), Dr.
Charles Singer (London}), Prof. Paul Diepgen (Berlin),
Prof. Julian Ribera (Madrid), Prof. George Sarton
(Harvard) ; Mme. Héléne Matzger, of Paris (Treasurer),
and M. Aldo Mieli, of Paria (Secretary), The next
Congress will be held in Berlin in 1934,

Such was the general trend of the labours of the
Secont International Congress of the History of
Science and Technology. As Dr. Singer has long
been cleiming, the history of science can take ita
place not only among the departments of high scholar-
ship, but also as an integral part of training and
discipline in the general study of history. Secience.

the educater himself reco
ment in which we iive. If the scientific process come

to be recagmised as & great part of our great inherit~ .
ance, the Congress will have gone a good way towards. .

A mechanist conception of biology
EEL o oL .

achieving its objective. Titoyas GREENWOOD,

The British Australian New Zealand Antarctic Research Expedition.

THE second cruise of the Discovery, under the titlo

. of the British Australian New Zesland Antarctic
Research Expedition, ended on March 27 with the
arrival of the ship and party at Melbourne, The
health of Sir Douglas Mawson and his men has been
excellent, and they have added greatly to our scientific
knowledge of the Antarctic continent,

,. Ithasbeen definitely established that the coast.line
in continuous through a great are from Cape Adare to
Enderby Land, which is nowhere far removed from the
Antarctie Circle, New land totalling 18° of longitude
has been discovered, and further detailed charting has
been carried out of the 13° discovered on the first cruise
last year, The field work extended through one-
third of the eirouit of the Antarctic region, beginning
at the new 180th meridian and ranging west to long.
10° E, Additional features have been added to the
coast lines of Adelie Land amd Wilkes Land. It has
heen shown that there ia no land in the latitudes
Andigned for North's Highland, Totten's Highland, or
Budd's Land, The namo Banzare Land (from the
initials of the Expedition’s title) has heen given to
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cape near the juncture of the 86th parallel and the .
127th meridian. It is propesed to maintain the title
Sabrina Land for an area observed from the aeroplane
between the 115th and 116th meridians at about the
@6th parallel, At the end of Wilkes Land is an ice
land about 1300 ft. high, which has besn charted
aa Bowman Iceland, in honour of the Director of
the American (leological Society.
Land is a newly discovered region commencing at the-
80th meridian on the 78th parallel and extendi
south and west in a great sweep to Cape Amery.. ~All;
the salient features of the MacRobertson Land coast
have been charted and named, It is a moat interest..
ing :'iegion, diversified with mountaina, peaks, and
istands. .

mauogs of scientific data hos been accumulated by the -
Expedition. Considerable lelineation of the ses. -
floor has been possible with an echo sounder, and -
many examinations of vertical marine stations wers.:
\ enrried out. Daily nettings for marine life anil:

cannot assume her just position in education until . -
gnises the part that science -
has taken inshaping the social and inteilectual environ- -

a stretch of territory running from a well-defined .- - -

Princess Elizabeth . -

Apart from the geographical work, an immense. . .
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_ There is also a chapter on the modern functional-analytic
way of looking at Fourier Analysis and its applications to prime
- mumber theory.. e also uses Stieltje's integrals on occasion te
-analyze what is happening. The book is not an exhaustive survey
on the thousands of papers that have been written on -the zeta :

function and prime number theory but rather follows several lines -

of papers directly flowing from Riemann's work.

KARL MARX. MATHEMATISCHE MANUSKRIPTE. Edited, with on introduc-
tion and commentary, by Wolf Endeman¥. Kronberg Taunus,
BRD (Spriptor Verlag). (1 178 p.

KARL MANOSCRITTI MATEMATICI. Translated and edited by
Francesco Matarrese and Augusto Ponzio. Bari, Italy
edalo Lib¥T)T % 184 p.” 3,000 lire,
Reviewed-by-H. (. Kennedy.
Providence College, Rhode Island

At the burial of Karl Marx, @arch@, Friedrich Engels
noted that Marx had worked in many Ffields Yin each, even in

that of mathematics, he made independent discoveries™ (Marx/Engels,
Werke, vol. 18, p. 336). That,Engels singiled out mathematics

for special mention was no accident; Marx was often occupied with
mathematics in his later years, although he never published his

maithematical writinpgs, Nor was I abl out the i
toRti

he cxpressed i ‘ot dojng so. ‘Then interest ip this
aspect of Marx' studies seems to have lapguished uptils193 when,
on the occasion of the 50thy anniversary of Mar ath, two brief
articles, dating fronMpt of the de-
) rwed'function" and % along with some additicnal
i in Russian translation. After
outside the Soviet thnion to call atte
rx! ideas in mathematics wy
(*Marx and Mathematics"  Séiénce and Soc ety {1948, 1
truik had access to the oFiginal Germam TEXT' of the Russian pub-
}p,lication and gave English translations of several pertinent
‘passages.  But Marx' mathematical manuscripts were-not\published
m il the complete--some ages of
| are _ of Marxism-Leninisw—~Mbscow edition
‘This also i es a preface and other meterial by
the tor, S. 'A. Yanovskaya) along with a Russian translation
of all the mamiiScripts. The book is divided into two sections:
the first contains the essentially original.writings of Marx,
-dncluding the two articles mentioned. above, . (Only these
. ~Mere left by Marx in a complote. stato,. am
*'such ;intended for: e (se

l.—:

e ”7?0“3"7"
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ere includes @P(wﬂw
scow edition; the W
the same German text', )
When Marx left the Gymmasium in Trier in J835 his graduation
ertificate included the statement: "lj_g.has_LMowledge of

athematics!--presumably a comment of his mathematics teacher,”
ohgnn_Steininger (1792-1874). Nevertheless the l-!.l evidence of

urther occupation with mathematics came only in In a lettex
o Engels of 11 Jamuary, he wrote (Marx/Engels, Werke, vol. 29,
- 256): "In working out cconomic principles [ have been so
med delayed by mistakes in computation that out of despair [
e begur-apeim—a quick review of algebra. Ari i
i , By the algebraic detour I am shooting
d again,"
e was well into his study of calculus, writing
6 July (Marx/Engels, Werke, vol. 30, p. 362): "In my
ee time I do differential and integral calculus. Apropos! I
ave a surplus of books on it and will send you one, if you want
o get hold of this subject." ' .

The books Marx had were English and French textbooks of the
period and were based on the work of‘gth and lg;b century mathe-
maticians. He early worked his way through Sauri's Cours complet
de mathématiques (Paris 1778) and then the 1827 English translatio
{An elementary treatise on the différentia{féﬁgijntegral calculus)

f the wid ‘eiad wo k‘hy_Jcnn*Loninguucharla;;ziZISEISHSJf
; ibrary and usced by him were texts by
John flind (1796-1806) and S. 1. Lacroix (1765-1843). Marx was
ot-current with the latest developments in mathematics on the
ontinent and seems to have b of Cauchy’s foundational
‘work in the calculus. Hi i i in mathematics was,,
icatio political ecopomy,-butzhe was soon.drawnj?\
i ti e_calculds, since “here, asy |
verwhere, it is important to tear from sci i i ig(;"
Seercy” (p. 130 of the German edition under review).

In the first article "On the concept of the derived ction"
Marx develops his concept of thwﬁ
way. He begins with the differentiation of the simple fumction
y = ax, If x incresses to x3, then y increases to y;, so that

Yy =y = afxy - Now let x, go to x. Then the last equation
becomes 0 =0. ("Ej making tl’ie change and then removing it

leads literally to ing. The entire-difficulty in under-, ,r'[l
standing the differentiation operation [as in that of n ’

R
# gation of the negation whate lies precisely in Seeing how \
iffers a simple procedure and therefore leads to

true results" (p. 51). In this example the ratio of the differ-

ences is such that (yy - y}/(x, ~ x} = a or Ay/Ax = a. Now

letting x; go to x we have 0/0 = a. llere, since 21l trace of the
- origin and significance of this expression has been erased, we

- substitute dy/dx, so that dy/dx = a. "The closely held consolatio
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order to pave the way for something new" (p. 119). . .
In the "rational" period, D'Alembert is able to correct the
procedure of the "mystics" so that, for example, "they are there-
fore now removed without sleipght of hand" (p. 121), and thus:
“D'Alembert had, by stripping off the mystical garb from the =
- differential calculus, made an enormous progress” (p. 122). - \Buy/
Marx still found much that was superfluous in D‘Alemhers'ls) pr;:l-
always replaceable by the latter" (p. 68). Further, the differ- cr.:dum;, since the dlfﬁgrcntinl coefflcmnt was pres;:tzf tzet ¢
greial hat swose from an slgebruic cperation may b taken 35 g, SORIL ISR IR T T W Sivies oo mohrow vt
/\hﬁgm—m%%ﬁ 2 frioax ':2 a 'M/@the uscless baggage” (p. 123) was followed W“
symbolic operational equation” (p. 69). y Lagrange, who represents the “purely,algcbraic” period. The

) A. N. Xolmogorov co (in “Matematika", Bolshaya Sovetskaya ~ manuseripts in the volumes under review also include a considera-
_A,‘ Entsiklopediyz, 2nd ed.,y vol. 26, p. 478): "In an especially tion of Taylor's and Maclaurin's thecorems.

detailed way K. Marx workef through the questien of the content ) Thenew German cdition, while not quite the 1y che
of the concept of differcntial. The concept proposed by him, hrstvéruffcnthchur_ig'.' u;::*. cover clafms, smcc
of the differenti® an 'operational symbol', amtici n the 1968 Hoscow edition is not reudily available, but the
Mﬁprc- %%MM%&E%‘M-B . The main part of the book,
i ] part of an the manuscripts of Marx, 1% photocopied from the Moscow edition,
completely corresponds to what is stated in modern although this is not stated, and the German footnotes of the

I"-Vtextbdoks and was absent from the texts studied by K. Marx (the Soviet editor are simply left as i.f_h_}%‘t cy_were by the present
\ fks of mathematicians on the foundations of analysis, beginning editor. On the_ other hand he has erased allobut three of the
Mh the work of t

ici 3 8_refer €5 1in Wussians. Of coursc the three remzining
nown to K. Ha,.,g%@h pathematician A. Cauchy, remained W lte has added
K- A. Rybnikov further notes {im "Matematicheskie Rukopisi several notes of his owff] but these are not nearly as helpful o
Marksa*; a Sovetskaya Entsiklopediya, 2nd ed., 1954, vol. thg Feader. In fact, tl:le content of the notes in the Moscow
26, p. 497):'The concept of the differential as an operational edition seems Fo be entirely 1gnore(.l. Is this tpcrely because
_symbol, first distovered by K. Marx, along with the distinction the present editor cannot 1"ead Russmn‘:’ There is nlso‘ndded a
of the two concepts of the differential acquires, as the Soviet sequence of numerals and right ‘angles in the left margins of
mathematician V. I. Glivenko has shown, a particular significuance several pages. They have no obvious connection with the text

in Fhe contemporary generalizations of the concept of- differ- R s es
ential in functional analysis." = - : " :

of some rationalizing mathematicians, that dy and dx are in fact
only infinitely small and [their ratio] only approaches’ 0/0; is

chimera, as will more closely be shown in:article II" (p, §3),

. In the second article "On the differential™, after discussing -
several examples, Marx concludes: "Wherever dx stands, its chanpe
of position leaves the ratio of dy to it untouched. Thus -
dy = £'(x)dx appears to be another form of dy/dx = £'(x) and is

ntroducticn' and fcommentary’;
_inde is_advised to-do_so.
ey contain much that ™15 superfluous, irrelevant, and/or

Marx was, of course, also interested in the\histori
developeent of the calculus, and he distinguished three periods:

/ /

/4
.
i
b

the "mystical differential calculus™ of Newton and Leibniz,
tratd ial calculus" of Euler and D'Alembert,
! e “purely algebraic differential calculus" of Laprange.
n the first period he found no mathematical foundation for the
operations of the calculus, referring to the suppression of
higher order differentia for example, as "sleight of hand",
but he valued the l@ ignificance of the new discoveries.
He sumwed up the perTod:\ : theéy themselves believed in the
mysterious character of the newly discovered calculus, that

yielded true (and moreover, particularly in the geometrical ap-
plication, astonishing) resy. by —a-pe :

kprocedpgf-._ - TRéy were thu:
covery. all the higher, grnirag
maticians.all-the more, and-

tion, :that even in the lay world has ‘an echo and is niecessery in

%}f'{sowjetwissenschat’t.
i wgsg. Heft 1, pages 20-35).
in his intreduction, although he does not make clear that this
is a German translation of the preface to the Moscow edition.
Those who read Russian, but do not have access to the Moscow

4fie cry of opposi~

nonsense, For example (p. 158): "This rough form of argument,
that Marx rather vaguely understands as a dialectical procedure,
i.e. the transition of f({x} through F(x;,x) to F(x,x), has an
amazing similarity to the diagonal process of Cantor, that is
applied in set theory and logic in connection with the general
foundational problems of mathematics."

T A good introduction for the German reader would be the
Earticle “Karl Marx' 'Mathematische Manuskripte'™ by 5. A. Yanovsk:
Gesellschaftswissenschaftliche Beitrige,

This article is cited by our cditor

edition, could read the article by X. A. Rybnikov. (Rybnikev

- wrote his doctoral ﬁsserWWts .
. P e Jistastig
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lnst,‘as;qun:;s=:thc:.i:';atdldg-1_is_:ing, was published. . "~ . -
~Translation’is a difficult job, and t

that was not 'intended for publication is ult,
Italian translation is very readable and the printing is good,
1 noted only a few mistakes: 'descrescenti’ (p. 161) instead of
the correct 'crescenti', ‘contraibile' (p, 172), presumably a },
typographical .error for ‘contrattile’, a reference (on. p. 84)°
to a blank page, and the somewhat garbled sentence (p. 138):
"si credéva nel carattere misterioso del tipo di calcolo
recentemente scoperto, che forniva risultati veri (¢ in tal modo
specialmente anche risuyltati sorprendenti) nella applicazione
geometrica con un procedimento matematico effettivamente errato.”
This should read: si credeva nel carattere misterioso del tipo
di calcolo Tecentemente scoperto, che forniva risultati veri
(¢ in ta1 modo specialmente nella applicazione geometrica anche
risultati sorprendenti) con un procedimento matematico

effcttivamente errato. The proofreade ta np_ghen;itician i
however: fifteen equatio ave mistakes in them, and we scc
once again the danget of Newton's ‘dot? notation. Already in

the German text at least one dot has disappeared, In the Italian
edition six more dots have disappeared, although two of these
1" departed quantities come back in Leibnizian form (du, dz) to )
s-haunt page 114, where they have no connection with the text.
“ue . Each of the translator-editors wrote an introduction. The
-+ . one by Matarrese is marked by vague gencralities and inexact
i particuiars. For example, after mentioning the calculation of
-the position and orbit of pluncts and comets, Matarrese continues
{p. 13): "D. Marley (1656-1742) sulla base di questo tipo di
calceli stabill che le comete apparse nel 1531, 1607 e 1628
facevano parte della stessa cometa e che nel 1679 sarebbe
Tiapparsa: 1= previsione trovo una conferma nella realta,”
Now, the date '1628' for the correct *1682° can be explained as
2 typesetter's error; ‘D, Harley! for 'E. Harley' is a bit more
difficult to explain; '1679' for '1758' is inexplicable. Ponzio's
introduction, on t.h er hand, is much better and should help
afiding the point of the mathematical
@t point was stated by Friedrich Engels
(3rd. ed., Foreign Languages Publishing House,
P..185): “Elementary mathematics, tl'_m-

| Ll ()

v of aploitation, the price was raised

. | - L - the iqle;- the matRemat c of \{ariqles.!
“Tehe ",,:Ip'sffi‘l,pg,t_fgqt,?pirg:i‘,sj;hb_‘infinitcsimal calculus, is in
ing other. than the. spm .

sence:

application of dialectics to
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KARL MARX AND THE
FOUNDATIONS OF DIFFERENTIAL CALCULUS

BY HUBERT C. KENNEDY
PROVIDENCE COLLEGE; RHODE ISLAND 02918

SUMMARIES

The publication of the mathematical manuscripts
of Kar] Marx, suggested by :m-g‘ s in a.nnounoec :
in and completed iﬁ;m gt _ne o
awarencss of his many-sided-talent. A sketch of the'!
history is followed by discussion of Marx's concept
of the derivative and the differential, and assess- :

ment of the originality and value of his achievement’
in this field.

bie von Engels im Jahre 1885 vorgeschlagene,
In 1932 angeklindigte und in 1968 vollendete
Verdffentlichung der mathematischen MHanuskripte
von Karl Marx brachte ein tleferes Verstindnis
Liir seine vielseltigen Talente. Einer Skizze
deren Geschichte folgt eine Erklarung seiner
Ideen uber den Begriff der Ableitung und des
Differentials, sowie eine Wirdigung der Originalitit
und des Wertes seiner Leistungen auf diesem Geblet.

OydnuxanKa MaTeMaTHYECKHX DYKONMHCef
K. Mapxca, npemnoxestan DHCenscoM ene
B 1885 r., oOGnABARMHAK K nevaTH B 1932 r.
H 3aKoHueHHas B 1968 r., Bn3Ipana HOBOe
OCO3IHaHHe MHOTOCTOROHHOCTH TANAHTA
Mapkca. B aQokmane, XpoMe Hadpocxa
HCTOPHE 3THX pYKOnUucef, nNpemjaraerca
H3INOXeHHEe MOHATHA NPOHIBOHHOR QYHKIHK
H anddepennrana paspatoTaHHEWe MapxcoM
H OLeHXKA OPHIHHANLHOCTH 50 MHRCAH H
AOCTHXEHHR B 3TOR OGNACTH.
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. In his preface to the 2nd edition (1885) of hi
. 1 ‘nis Anti-
Friedrich Engels expressed the desire to publish “the extreﬁg?;jng

important mathematical mgy ipts left by Marxv
B3 y Marx" [MEW 20, 13:
5 Fyrkngels 1939, 17] [1] the results of his own
R\ybgﬁgzsarchd;n sc*ence. ) ET;as ot done, however, and'sguzhe
O ependent discoveries" of Hfl%? mentioned by Engels in the
X ol

336}, remzined

-The Stence of some 1000 pages of ma i i
of Marx in the Marx-Engels Institﬁtg in uoscoue::;I::iezzgggfiIPES
ﬁ\ ?y E. Xolman at the Internatiopal Congress of the Historynj
] /,o Science and Technology, London [Kolman 1931]. An extensive
S excerpt fknn-unrx' mathematical manuscripts was published in
;33? 1: Russian translation [Marx 1933} along with an analysis
of 1: { S. A Yanovskaya [1933]. This publication was announced
the International Congress of Mathematicians, ZUrich 1932, b
E. uolnan,_one of the editors of the journal in which it ap ;aer
although his sanguine prediction that "the complete mathemagical'
:rztzngs of Marx, under the editorial direction of Professor
“:novskaya, will short}y [demnfchst] appear in the works of the
rx-Eng?ls-Lenln Institute (Moscow)" [Kolman 1932] did not come
true until 1968 [ﬁarx 1968]). That edition was, in fact pre-
pared under the dircction of S, A. Yanovskaya, although,she died
™o ye;:s_befb;e its final appearance. i
ring this period, interest in the mathemati iti
of Marx was na1nly'confined to-the Soviet Union, wh::; w::ilngs
example, sn cxtensive monograph-onw the subjeetwas pubiishcd by
;.; P. Gokieli (Gol_ucli. 1947]. \Perh th outside the
Ha;'ﬂlkgﬂlgg_tQ ¥ analysis of "'Marx' matRematical writings
v = J. Struik {{1948 . ne.had access to the original German
tol't ussian publication of 1953 and gave English trans-
latlong o:ksgveral pertinent passages [2].

. 0 the 1950's work on the manuscripts continued under
S;:e;txon ?f S. A. Yanovskaya! especialls by X. A. Rybnikov,the
s :vest:gqtgd_the mathematical sources at Marx! disposal, In

ddition to writing his doctoral dissertation on Marx' mathema-
tics, Rybnikov also contributed an article on this subject to

the 2nd edition of the Great Saviet En
i d cyclo, i
{This article has been omjtted eYSrdngi:igﬁqulkov 12%4?7’

But the manuscripts were iy ’
i !;f::ffg: N their ori
language--mainly German--until/1968- hen the original

\ long awgited
(nearly) complete text i
into Russian [Marx 19633?Pe“ ong with a complete translation

i i X 8]. .This edition contained a preface tha
was :!qedxasely;translateq;into German [Yanovskaya'1569] as,wgli
A5 numerous notes-and commentaries. For the few articles that

_ ::zg in,[ﬂarg 1933]  a:new trinslation into Russian was made and

~ Fhe translation on the whole i$, as far as'I can tell, excellent,

!

L
b

o pm——
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although one egregious error should be pointed out,
point Marx remarks that Boucharlat "wants some hocus pocus",
which has been translated as "nuzhdaetsya v kakom-nibud- fokus

Karl Marx

At one

2

[wants some kind of focus]" [Marx 1968, 263]. To this the cditor
can only plaintively note: "The question of precisely what focus
in Boucharlat Marx has in view here presents a certain diffi-
culty" [Marx 1968, 617] ([3].

ith the publication of [Marx 1968] interest in Marx'
ematical writings spread more rapidly outside the Soviet
nion. Already inf an article on Marx' foundation of differ-
ential calculus appéared in the German Democratic Republic
[Miller 1969]. (This article probably covers some of the same
ground as mine. I have not seen it.) An Italian translation of
the first article in [Marx 1968] appeared along with a commen-
tary [Marx 1972 and Lombardo Radice 1972], and in 1974 the
original German of the first part of [ 68] was published
in the Federal Republic of Germany [Ma%%iiiii?. This part,
headed "Differential calculus, its nat d history", contains
the original and self-contained articles of Marx on the subject.
The second, and longer, part is headed '"Description of the mathe-
matical manuscripts', a rather giglﬁgggng’;i;lgﬁbsince it con-
sists mainly of actual writings of Marx and not a mere descrip-
tion of them. An Italian translation of 'Part Onc' appeared the
following year {Marx 1975], prompting further discussion of
Marx' mathematical writings (for cxample, [Bottazzini 1975].)

An English translation of the mathematical writings of Marx is
expected to be included in the Collected Works of Marx and Engels
the publication of which bepan in 14Y75.and will inciude some

fifty volumes. e O N JO T BN
L e N o I 127 S BV Py
I/Z }({M %‘V"M/ 11 / ’ \,ti«- 4

Although Marx' Gymnasium certificate said that he had "a
good knowledge of mathematics,™ ‘there is no evidence of further

occupation wit hematics for 23 years. Then Marx wrote Engels
ongli:‘_pgggzﬁ}ss 7 "During the elaboration of the economic
principles I have been so damed delayed by computational errors

that out of despair I undertook again a quick scanning of the
algebra, Arithmetic was always alien to me. Via the algebraic
detour, however, I catch up quickly" [MEW 29, 256]. Marx' new
interest in mathematics continued and he wrote Engels on 23
November 1860: "Writing articles is almost out of the question
for me. The only activity by which I can keep the necessary
quictness of mind is mathematics" [MEW 30, 1131. By 1863 he
was well into his study of calculus, writing Engels on 6 July:
"In my spare time I do differential and integral calculus.
Apropos! I have plenty of books on it and I will send you one
if you like to tackle that field. I consider it almost necessary.
for your military studies. It is also a much easier part o
T e
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. starting pbint' the theorem of .. Taylor,. which-iﬁfa’ct-is-the
most general, most comprehensive theorem. and at the same time

an operational formula of differential calculus, namely that
which expresses 4, or £(x + h} by a development in a series with

symbolic differential coefficients" [Marx 1968, 178]. Marx :
sees Lagrange as "furnishing the truly rational basis of differ-
ential calculus" [Marx 1968, 285]. He sums up his judgement

of Lagrange's merit in two points:

"{1} The great merit of Lagrange is not only the founding }-

of Taylor's Theorem and differential calculus in genersl by a
purely algebraic analysis, but in particular to have introduced
the concept of derived function that all those who have come
after him have more or less used without mentioning it.  But he
was not content with this. He gives the purely algebraic
development of all possible functions of x + h, in ascending
whole positive powers of h and christens them with the names of
differential calculus. All the case and short cuts that differ-
ential calculps itself allows (Taylor's Theorem etc.) are
thereby forfeited and very often replaced by operations of a
much more lengthy and complicated nature.

"{2) So far as it is a question of pure analysis, Lagrange
is in fact free of everything that appears to him as metaphysical
transcendence in Newton's fluxions, Leibniz' infinitesimals of
various orders, the limiting value theory of vanished quantities,
the use of £/0 (=dy/dx) as symbol for the differential coef-
ficient, etc. This still does not hinder him, in the applica-
tion of his theory and curves, ctc., from constantly using onc
or the other of these 'metaphysical®' notions® [Marx 1968, 202].

117

Marx was not in the mainstream of mathematies and to the
end he scems to have been unaware of the advances being made by
coutinental mathematicians in the foundatichs of differential
calculus, including the work of Cauchy. The most mathematical
of his acquaintances was Samuel Moore, who, as' it turned out,
was unahle to ia originalit arx' wark; although
he was Co-translator, with a ing, of the English
translation of the first voluxe of Marx! Capital. Marx was
self-taught, and for this he used textbooks based on the work
of matheaaticians of the 17th and 18th centuries:

. -He began his study of differential calculus with the
- Cours complet de mathématigues (Paris 1778) of the AbbS Sauri
-.and later worked his way through the 1828 English translation t
(An elementary treatise on the differential and integral calculus}
) ‘ £ Jean Louis -Boucharlat (1775-1848).
d. the infinitesimal method

s

1

I . chinera, . .Il

305

Karl Marx

i.agrimge.- Marx also read Euler and MacLaurin, as well as
texthooks by Lacroix, John Hind (1796-1866)}, George Hemming
{1821-1905), and others. .

v

Marx' article "On the concept of the derived.function"
begins with the very simple example y = ax, for which: "if x

increases to Xye 91 = axl and v, - y = a(xl - x}. Let the

differential operation now take place, i.e. let x, decrease to

x, so that X; = X; X,

since y simply went to Yy because x went to X;, mow likewise

' -y = - omes 0 = 0.
Y=y Yy, -u= 0. Therefore y, - ¥ a{xl x) become

- x =0, then a{x1 -~ x} = a8 = 0. Further,

“First making the differentiation and then rclpoving it
leads literally to nothing. The entire c:lifficulty in under- )
standing the differential operation (as in that-of any negation
of the negation whatever) lies precisely in seeing how it '
differs from such a simple procedure and so leads to true results
[Marx 1968, 281,

) He then proceeds to divide ¥y, -y~ arxl - x) by X, = X%

to obtain (yl - y)/(xl - x) = a. He comments:

"Since a is a constant, no change in it can occur, am:l S0
neither can it occur on the reduced right side of the equation,
Under such circumstances the differcontial process takes place
on the left side :

(yl - y)/(xl -x) orAy/Ax

and this is a characteristic ol such simple functions as ax.

"If in the denominator of this ratio x, deerecases, then it

approaches x; the limit of its decrease is reached as socon as it
becomes x. With this the difference is such that

X, ~x=x-x=0, andhencealsoyl-y=y-y=0. We thus

obtain 0/0 = a. ) . L.
"Since in the expression 0/0 every trace of its origin and

*. _its meaning has been wiped out, we replace it by dy/dx, in

which the finite differences ¥, - x or & xand y, -~ yor Ay

appear symbolized as removed or vanished differences, or Ay/Ax
.is changed into dy/dx. Therefore dy/dx = a. .

“"The closely held consolation of some rgtionalizmg mathe-
maticians, that the quantities dy and dx are in fact onlg.r
infinitely small and [their ratio] only approaches 0/0, is a
| [Marx 1968, 30-32]. . .
" Tvo things stand out in this presentation of Marx, One is
s ‘total rejection of the concept of the derivative as a ratio

17042
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‘sumpations of indefinitely small magnitudes' which Herr Dithring
himself declares are the highest operations of mathematics, and
in ordinary lanpuage arc known as the differential and integral
calculus. llow arc these forms of calculus used? In a given
pr?blcm, for example, I have two variable magnitudes x and y,
nglthgr of which can vary without the other alse varying in a
relation determined by the conditions of the case. [ differenti-
ate x ?nd y,‘i.c. I take x and y as so infinitely small that in
comparison with any real magnitude, however small, they disappear
so that nothing is left of x and y but their reciprocal relation
?1thoyt any, so to speak, material basis, a quantitative relation
in which there is no quantity. Thercfore, dy/dx, the relation
between the differentials o 3 o 0/0 as the

20, 128; Engels 1939, 150-15171:
;?&t::%;éf‘ggg_p;gp red to accept mathematiés as
C es: "I only méntion in passing that this

10n between two magnitudes which have disappeared, caught
at the moment of their disappearance, is a contradiction; it
cannot disturb us any more than it has disturbed the whole of
mathematics for almost two hundred years. And yet what have 1
done but negate x and y, though not in such a say that I need
/gg;fbother about them any more, not in the way that metaphysics

gates,/but in the way that corresponds with the facts of the

g se? ~In ?lace of x and y, therefore, I have their negation,
;%i’dx %d dy in the formulae of equations before me. I continue
-

n to operate with these formulae, treating dx and dy as magni-
udes which are real, though subject to certain cxceptional laws,
and at a certain point I negate the negatiom, i.e., 1 integrate
the differential formula, and in place of dx and dy again get
thc_rc?I magnitudes x and y, and am not then where I was at the
bcglngxng, but by using this method I have solved the problem
on §h1ch ordinary geometry and algebra might perhaps have broken
their, teeth in_vain" {EW 20, 128; Engels 1939, 151].

i o_accen » .

.. for Marx the

e 1ate Butler's mock rom
Hudibras, f;gst published in 1663, from which (accordin:n:g
Hblfgang Breidert [private communication]) Berkeley's expression
was derived: "He could reduce all things to Acts/ And knew their
Naturcs by Abstracts,/ Where Entity and Quiddity,/ The Ghosts
of def] Bodics, flic" [Butler 1967, S]. '
frer reading Marx' exposition, Engels was immediately
= - is vicwpoint, as we have seen from his letter of’
st Engels continued in. that letter. to set forth-

the vi arx: “When we say that in g = £(x) the x and y dre

“;i351§ Ttﬁéﬁiﬁhis is, as-long-as we do not move on; a cohtention .
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" _without all further consequences, and x and y still are, pre

tempore, constants in fact. Only when they recally change, that
is inside the function, do they become variables in fact. Only
in that case is it possible for the relation--not of hoth
quantities as such, but of their variability--which still is
hidden in the original equation, to reveal itself. The first
derivative Ay/ A x shows this relation as it occurs in the course
of the real change, that is in cvery given change; the final
derivative dy/dx shows it in igs-generality, pure. Hence we

can come from dy/dx to every, I@ ile this itself (Ay/Ax)
only covers the special cas¢. ™M , to pass fpem the special
case to the general relationship the special c‘§€yﬁas,§9;b
liguidated as such [als Eglchc:*nufgcﬁﬁﬁiﬁiﬁa?aiﬁjzj‘ﬂcqu aftet
lﬁ%‘fﬁﬁzfiaﬁﬁﬁgg_ﬁi§§¥d"thrcugh the process from x to x, With all
the consequences, x; can be quietly allowed to become x again, .

o longer the old x, which was only variable in name, it
as passe gFal changsy, and the f%?ﬁlf?df‘fﬁé‘thange
remains, even 1f we it again itself-[auch wenn wir

! {sie selbst wieder aufheben] [MEW 35, 24].

VI

being able to present rational reasons for it, that the differ-
ential quotient is the original, the differentials are derived"
[MEW 35, 24], This aprees with what Marx wrote in his article
"on the differential™: “In 6/0 the nuumerator is inscparable- -
from the denominater, but why? ggﬁgﬁffffff?runsepnrnled-dc’ﬁbth

express 4 relatign, 1n thlsiEE§9455E_fatlp«,
(y, ~ v/ (x, - x) = [£x)) - £(x)1/(x, = x)

which has been reduced to its minimum, where the numerator has
become 0, because the denominator has, Separated both are 0,

lose thereby their symbolic meaning, their sense,
“But as soon as xX -x= 0 has pained in dx a form that

it unchangeably displays as a vanished difference of the inde-
pendent variable x, thus also dy as vanished difference of the
function of x or the dependent y, the scparation of the denominz-
tor from the numerator becomes an entirely allowable operation.
Wherever dx now stands, such z change of position leaves the
relation of dy to it untouched. Thus dy = f£'(x)dx appears to us
as another form of dy/dx = £'{x) and is always replaccable by
the latter" [Marx 1968, 62].

That is, the differentials dx and dy have their meaning

from the symbol But Mur;_musr_s£4%&—%ake=1u;n_annnnnb~'

grentia are_used in the




ghols of operarinn he "We know from this now
a priori that if y = £(x) and dy = df(x}, that if the differ-
ential operation signified by df(x) is carried out, the result:
dy = £*(x)dx, and that out of this finally comes: dy/dx = £'(x}.
“But also, only from the moment in which the differential
functions as starting point for the calculation is-the reversal
of the algebraic differentiation method completed, and hence
the differential calculus appears as a separate, specific way
of reckoning with variable quantities™ [Marx 1968, 64].
This last quotation shows two aspects of Marx' view of
therdifferential the derivative that have been pointed out
D. J. Struik: Sﬁgs insistence on the operational char? of
gfhe differential and on his search for the gxs :
t%(ihe calculus springs from the underlying’
d

octrine” [Struik 1948, 196]. The 6 _of Marx' view of
he differential as an operationd yH “pointed out shortly
after the publication of [Marx 19 Rybnikov has noted:

“Already on the basis of the then published material V. I.
Glivenko showed that "“55_;35~529'fi553—%%JFE31355~§3§E§§25922“~
of the Jdifferential as an Gperational symbol; later Fr
extchdEﬁlEEE‘Ebneep:,td’?ﬁﬁtttUnHT"anﬁI?EIE"'[Rybnikov 1955, 197].

{(Both Struik and Rybnikov refer to [Glivenko 1934]; I have not
seen this article.)

The sccond igeg-of Marx mentioned by Struik shows up in
ﬁ;t Marx called d [Umschiag der

1
Methode]." UConsider the example: y = xJ. In order to find its

derivative we let x increase to X;s SO that y increases to Yy»
and write: gy, -~y = xi - x3. Then dividing by x, = xwe have:
{yl - y)/(xl -x) = xf +x,x 4+ xz. We now let x, return to its
minimum value x, So that on the right side we have sz, which
is algebraic in Marx' sense that no diffcrential symbols appear
there, i.c. a real process has taken place that results in the
derivative of the original function. But on the left side we
have 0/0 or dy/dx, i.e. operational symbols. Thus Marx dis-

tinguishes the two sides of the equation dy/dx = 3:2: the left
is the symbolic and the right is the algebraic. Viewing a
mathematically variable magnitude as a reflection of a varying
natural magnitude, we may investigate it by the 'algebraic’
differentiation process that takes place on the right side of
the cquation. But this process is reflected symbolically on
the left side of the equation.and may in turn be inv
nt:of a.calculus of those symbols;. Thus the . .
asses from the right side o
“alrevkrsa)l of the-mathod.!

estigated by

1" in Marx' simplest example: y = x.
~tive is Ay/Ax = 1 and since 1 is constant, ne further develop-

}g<to this calenlus and characterize j

Karl Marx

Here the preliminary deriva-

ment can take place on the Tright side of the equation. Marx
comments: "From the outset, as soon as we obtain [Ay/dx = 1]

we are forced to operate further on the left side, because the
right is occupied by the constant I, And with this, the reversal
in the method, that throws the initiative from the right side to
the left, appears in its nature [von Haus aus] once and for ail
proven, in fact the first word of the algebraic method itself”

}: [Marx 1968, 68].

This idea is seen more clearly in Marx' investigation of
y = uz, where u and z are each functions of x. Letting x increase

thkl, so that u increases to uy, z to z,, and y to Y, we

obtain, after dividing by x,
Ay/btx = zll,'Au/Ax) +ufAz/Ax).

Now, following the algebraic method, we lct Xy decrease to'x or

-X2

Ax to zero, to obtain dy/dx = z{du/dx) + u(dz/dx). Herc the
right side is no longer algebraic, it contains symbolic differ-
ential coefficients. No 'real' functions have been operated on,
In the earlier cxample, dy/dx was the symbolic equivalent of a

derived function 3x2 and here the dy/dx plays the same role, but
what of dus/dx and dz/dx? They do not stand opposite any derived
function whose double [Doppelginger] they would be. Marx writes:
"They have onc-sidedly come into the world, shadow figures
without bodies to cast them, symbolic differential coefficients
without Teal differential coefficients, i.e. without corre-.
sponding equivalent 'derivatives'. The symbolic differential
cocfficient has become an independent starting point, whose real
equivalent has first to be found. The initiative has been moved
from the right hand pole, the algebraic, to the left hand one,
the symbolic. With this, however, the differential caleculus
appears also as a specific kind of computation, operating
already independently on its own territory. Its starting points
du/dx, dz/dx are mathematical quantities which belong exclusively
#And this r al of the .
differentiation of uz
od change into it ite,
the differential method" [Ma 68, 54-56]. is is what Struik
mEaut~h¥_Harx*’"§E§;Eﬁ'for the exact moment where the calculus
springs from the underlying algebra as a new doctrine.”

ebra

method resulted here from the

VIl

~~ While Marx' analysis of the derivative and differential
ad no immediate effect on the historical development of mathe-

" matics, Engels' claim that Marx made “independent discoveries™
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is certainly justified. It is interesting to note that Marx'
operational definition of the differential anticipated 20th
century developments in mathematics, and there is another aspect
of the differential, that seems to have been seen by Marx, that
has become a stapdard part of modern-textbooks==the—capcept of
The differential as the principal part of an ! remen:g
Yanovskaya Writeéssy 15 concept; ays an essential role’
in mathematical analysis and especially in its applications, was
introduced by Euler ..." [Marx 1968, 579] and “we have every
reason to consider that Marx had-at his disposal also a concept
cqulvalqnt to the concept of the differential as principal part

f a funckign (a5 with Eu oo )" [Marx 8
f ﬁM 3
in differential €alculus was perha

rtainly it was no mere pastime that

ifm Yquictness of mind." Indeed, Lombardo Radice has
'More gencerally, there is no doubt that Marx gave

concluded:
s0 m?ch attentfon and so much effort of thought in the
of his life to the foundations of differential calcul

e found | : i 53

frecass)

[Lombardo Radice 1972, 275},
everyvhere it is important te
scicnce" [Marx 1968, 192], - -

As we approach the 100th anniversary of Marx' death it is
still true what Yanovskaya wrote at the time of the 50th anni-
versary: "Modern mathematics also defines the derivative in fact
by means of a certain dialectical process, consisting at first
of the positing of a finite difference, and then its ‘removal’,
but which it carries 6ut not in the form of a return to the
cquating of x, to x or Ax to zero, but in the form of a ‘passage

to the limit of Ax to zero" [Yanovskaya 1933, 97]. Nor can the
recent justification of infinitesimals with the introduction of
non-standard analysis by Abraham Robinson (or even the reintro-
duction of infinitesimals into the classroom [Keisler 19761}
take away the value of Marx' critique. Yanovskaya's prediction
that "the publication by the Marx-Engels-lenin Institute of thé
mathematical works of Marx will have for our mathematician-
Marxists no less sipnificance than the blalectics of Nature for
all the natural science front generally" [Yanovskaya 1933, 110]
may have been a bit sanguine, but surely they "will ‘always
remain in the ficld of vision of mathematicians” [Gokieli 1947,
111]. -Marx did not give us just another-example of his philoso-

phical approach. - Rather, "the difficult task of the foundation -

df-dgfferqntial‘qﬁlcﬁlugrbépqqgmior.K;;Har;”thp;;qnchstong B
. [probinym Kamncm]:'of the application’ of ‘the:method of material-.
. stic diglectics to mathematics" ikov-1954;,7:496].
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Karl Marx

NOTES

1. The double reference here and later refers first to
the original and then to the translation that I have uscd here.
MEW = Marx Engels Werke.

2. I have used several of Struik's translations in this
article.
3. All translations from Russian are mine.
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