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I nulln WIWt•t4 flllccl t.hu whnlu nl.lnn~"~l·h•••·o lwf.m·••n I h1! ~~~•·fnpt• uf I ht• t'lll'l h nntl 
: = ~ Um Ht•Rvi!ddn IRyrr, 1 niHft lwlil!\'cl tin• nhuo111n (if l'•"•ll"l'l.v UHf:d) will with•lv 

G\S !_ ~ 1m~() in t.lm fl•lnr.nlhin nC our I inw. 'l'ltt'rn ho uo •.u·c•cl tn r.lnhn fnt• t.lll'.'~r. it;. 
~ . ~ • vt~t\f.iottA " plncn h\ hiKI.nry fm· t.hri1• infinrn••n i!' niJ\'inm~. 
~lT '1::!. Q nut it. iH niMn l·l'llfl, t.hnt. MClit•nl.ifin clil~l'll\'f~l'imt RrCl'thr•nvwl\'1)!-1 III'Hthlc'lol 

• ~-1::>: ~ of hhtl.ory. Wo 11till flttrlt.hn •lit•( 1-hnf. t.hf• c!hirt lilw~ nf t.h,, hil'llni'V nf kr.i•·nc•c•M 
WOnl lnicl tlnWI\ hy (.1 ~1!!!1\fimr.r;;i llJIJU'Iti'IU\rl' o£ ~Tt•ltt• mhltbc- ,;( 1\ I :,o,r,n,t:n, 
N'Bwrott, f4A\'UIMIIm, VtN', I·~INWri~IN. llnwt•\'1'1', i£ wn nnnl\'sn lluo n.•nl 

!
' ' j tfovofopmont. 0~~ idon", whic1h 111'0 l<nllWit OH ( ht' iflcm~ o£ t.J;f'IIO 111~11 1 wn 
~ · · finrl h~~ticlf'<tiilnmrcl.u~~UmnJl(H in tho Hnmu clil-.•r.l ion, Rnme1 nl tlwtn \\'1•1~1 

, ~f\ ovon Rllr.r.cAA~.:..-rtlrncmhcw lnt.('r n1u• nnmo nnly, whn Mltrnmnri~rH intlu• 
~(]' _\.'\. mrntt. loE(irnl nrul nrton tho mo~tt r·n,lir.nl wn,\', the1 nflW r.on~('ption, nH llu' ._, t ~'\~, nohif'Vf'lnl:'nf. ~ _ . ~ 
J G\i \6) It iR unt. n ptn'O r.ninci•lrnco tlrnt. Nr-:w·rnN, HooK mul Htr\'fli~NR~) 
~ \ . ·~-_tnnr.nnRiy Jwnrltf'fl on t hu Mmn prohh•mq, tim I Bonn. nn•l ltUTIIBRJ.'OTIIJ, n1-: 

· ·m . . Jlnonr.1. r. nrul RcunOonwr.n, n;v~.~ llr.JRF.Nnr-:lur nnct 1.~mAc. hn\•o' w!UW'-'-"_ -
~ · ~ ff'~int.mclucm{ n flow ~ .,£ M(~OH l<nown M ·qun_nt.mn mrr.luluir,. •. • · 

•. ·~ ~--;, Jtmulrotlfl nr pnpont wm·O'nr.r.••K'IIlry tn m•ll<;; it pn~;Hihlr.. "l'On yrnl"l"l lnh•r ntill , 
. ' will rrmmnhor ti!O qunnturn t.hrory or llmA«: nn nn IL'41.nniHhing nchiuv••tm:nt u{ 
~ · · •~ grcnt. Hpirit-. .l~von tho fd,riking rnclir.nl hlnnR of l·~TNRTIHN' wc•T'O not. IIIU,X• 

prnturl, r~onr.Nz nrul Ji'IT7.fllmAr,o, Huvmmrpc Rl\11 lhTR (who tlir.cl nL 2fl nucl 
, cli•l nul. Hnlvo tho prohlt•m ho ~rind to nt.~r.k), pt'l"fliU'f'fl tho nnw cnntt~ption, 

f 

. gonomliHOd Rl\tl fnrmulnt.crl hy l~INHT~IN· ' 'l'hn cliHf'.O\'C'ry o£ X·lilYK flnirl to 
, bn IJIIroly 111\0X('Ioof.ml WOIIhl Kllroly lm intnul hy J~I'.NARil or by ,f: ,J, 'J'IIO)IHfJX 
AOrnu t.imo lnt.or, In phyPicfl,.which L uv~rlnnk, I clo t~•t· fi<'O nny fnct or hiM 

~ • • whloh 1lifl ttot. hnvn n hifct.ur,v. 

~ 
· ~-&. Jt iA 1\'tliJ ki\0\\'1\ thnt. thn liiHCil\'l'l',\' o( J•'J.R,\IJA\' lr..J t.o clynnmofl, i\fA:'• 

__ ~ ~.'- ~··Wf':r,r,'s hlcn111 nrul Jiv.nw.' toXJif'T'inv•nt."' ''' ,rn1!h Tt joe It•" .. 1111J11'f.'Cifltr•l whnt 
·. '~ ~· . nnunnpo fhu ~lo•l.[ltl ntdintr.flhni•rul) hntl Ill\ tthn JliiNI Hcit•nco n£ (lhyKiC$1 • 

• .;..1 .. , '11mt. IK f.ho wny·m, know t.ho Jllf'nhnnhmi·o( flu\ AJIIII'Ic, hn(.h thu fhwMt tltllnll" 
·~ ,__ ni\tl f.lm gnnnr,nl'nntnro nf 1mrrn~n nrul tiC mnlc•nulnr 111 ruct.mn. Wn lnHt intN1'Ht 

' it\ olnr:t.rhmf.i~n. hjr Crictinn M HC101\ 1\f! gnl\'nnio eel he wcro tliHcovcn:rl. No uow 
::;:; IIA wciro ii\V~n~l flincn dynllllUJR hnvu OJlfli'Ut't•tl. JJoth nlcct ••iRnthn\ by 

1 ~ frlnt.inn nml gnlvnitio cnlh~ nro novcrt.ht'lo'mt fmulnm••nt.nl Cor our hlmtA on thet 
· ~:~, nnturu ol t.hn hound hotwcun nlcot.ricit.y•neut mnttor. l'h,VHics'nndchomiHtry, 
.. ,..:~: ~ r"l bolng noxt ~ _huhtAI.ry, fool itA. Jnfhtcnl!o. tnOAt ~1cnt·ly. It; would, howovcr 

, • ·· .:.:..£: · bo quito Bhoitllight-otl to nogloot tho· Rt.ilitnl.itt.lnn nful" t.ho guiding tJRl'~ of tho· 
, ·'"-. ll[o Ot\.IClrinoq. h\ gonornl. •, ' . . 

l'API~I~ by N. UUKIIAUIN'; Mo•kva, 
" ',· . , . . . . . 

\Yo, tho rotti"CNollt.At.iv~~ of t.ho Soviof. Union, \\"OrklnJ{ in \'nl'inuH sphcrctt 
o[ lnt.oiiOct.unt· lnhour, nro Rdlicrctlt..J to tho \'iDw Lhnt. all Acionco shonltl bo 
h&.,torical. Con.Nriquont.Jy wo hnvo hcon u:~Cf·t'lln~Jiinm;ily inl.oroRtcd in thl9 

''Lonrlnn' CbniJfMII• In tho "l:kwiot Uujon 'R RwH~ nlt1IJrochomo•iL itt proct,cdhi~-t 
,.bot."'DOR thoory d.eut pr110tloo, nntl 'conAtJqunnt.ly n rntt(Troohotncnt. 6t>t.woon 
:·puro Rnd npp1io1l ..aicnco. In .th~ Soviet· Union a 11hriultnnootus )JI'OCOM ie · 
' • ," •., ' I • 

·'• 

... 

'· 

., 

·. 

-
' 17020 



' ' 

I 

• 

i-···--·-· ···-····· ----·--.... 
' 

nr.rllrl'ill~ of rtJI'IJI'nr/,rmf'lll l•rl/t.'I'CII l'tlriull.'f flillt•'pUurlf, J:l'nwinJ:l,\• 1111ill••l h~· 
'' tdru:r:lu tn!"t.IU11I, I hll mrt.hml n£ tllnlc•r.l it•nl mnll•l'inli~u1. 'I' hi!-~ nwlluul , ... g,lrcl" 
nil Cnr"'oe nC rsi14lt•m•u u.-c l•i~lnric•nll,\' c•llnltl!intt IJIIRI\Iili••H, l-:\'1'1',\'thiriJ! 
P•'~''"': ~IIIUill' ntt•l i!_:~-''·''''~_·,,mumt. lu.'Y"-!':.:"<.•:•:r!.!_int~~ 
In t 1rm. llur. ju"'f· n"' nll••xi~r.••nrm-iii"lii~f"i')j.fr.nl, ~• ,n~;;,J.ur,: nl)ju Hhnul•l IH• 
I Mlnr .1 ·; f\.11 R l'r0t•nl.int\ nf tlliH r:rcil'llt•rtct'. 'l'lliM \;1'1',\' J.tf'lll'l'l\1 )kJHIIIInln 111114 

1\0\'rrl lir•lr~ f.hr' r.ln.~·~t rrlnt inn~hip lri I lu• 'IIII'Miion nf I ht• ('nnH••diun hC'I ''""''" 
I lwnn• nntl prnr.t iC'o. · 

/(ij,nn nr thn clcoCcCI!t of nhnn ... r. nil I hn Ht•irntilic: lrwlc•nrit•fl nr I lm prt•).:f'JI(. 

:.{nyi\u Me immnt•nhlr. farm-rll.•m nf Jlldr mlr:ttnrirA, in nt-hra• wnnl:o~, I hril• nnli; 
. lllRforir.n) 111\LIIm, '~I lilt iH I lu• \'l'r\' I'I'IL>4111l ~~~~~-l.ll~~l~ltJ!<:_i!!IH~~J!-!1tit-iii.1J..: 
· ~t-hrnu~h n O~A. Tt.R (nrmrtlly lo~icnl tlr.finhmnH cnnnot. t•rnhnll:n thn r.nnf-1'11-

,Jir:hmiy ''·\'1\Rtnin qnnlil~· or rt•nl rxiHh•ui:o. In thn Mr:inl ~iC'III'fll'l hiJ.dlll',\' 
CIIHfnmruily i~t r••cogniRI'd onl,v nn n nmU.r1: nf tim JIIIHf., But. ltir-dury et•uHf•rt 
to r.xiRt lUI n m•affnr n( thn (nf.nro, fur 1-111' rnl'itnliflf, H~'Hif'ln he ch·c:lnl1'rl n. • nnt· 
uml' nno t-ho nnly 11111nrmnl • uno, nrul iH nn inunutnhlr! (nvrl'ln~>tin,:) cnh·~-:o•·,\·, 

.ConHr~rJiu~ntly, if"' now mminl nnr~ c•ruu6'1nin ~'~,\'Hfr•m (H!II'iltlfHIIlu 1'11!1'1'1-;l'!ol. t h1• _. 
ntl.it.mla !lf)np I l.n\\11t11.ot if, iH nni~!J~~~l.!!!.!.L. Hr•i••nli.!luo-!•~!1· f.fu~_l·.~.!!!~/!.rltt~_ 
vrr;;'•puinto · n. iM miJIIrrt- ulffi;:rlin unrl f.IH• fll•mu•r t.Jm ht!llf7i·: 'J'h1•y r•umnf. mul •· 
'nnw not. hnw tu r.t:jrfllil~ it. In 1-h··- ,,,,,, lfrirurrlf fht1 (nrnutliHm nr flu• 

'CI\f.ngnrinl'l iK hr:eriming n !·n•nu•r r nuM nl~t.nr.ln to nn lltllh!l'l'4(ruuling of Um hnt~ic 
'I•Mr.I\HMI~M or t.lm mnvbmnn(. n£ 11\1\tf,f'l' : Lhn r.nnfc•mliefni'Y clnu·nr.hor'o( Jllf)\'I~IIII'IIL 
nnrl Lim CllllH(11JIWnt. • nnLinnmic'H' (ihc Cnt\tinuil ic·H auul rliHc•mtt-inuil irM, twnlu; 

·. tint\ nnrl "'v: 1 l-int\ ric) cnnMirlr.rrrl (r-t;nt -i.lin· ~~~~~~·r.L nr (cmmH lngir., nr·n 
111\0lCJ!Inhu\b ''' '.l'ht' irh•n n£ imDrlr.llltlcr'l'ln}ml:fJJ' pn.•M11J1Jtclfoii'M t-ho f•H•mnlinn 
n£ umv nn'•l nm, unm y moto COIItf!ll·~ rtunlil-nl-ivnly. tli~d iu;;nitthcll :~et·h•:t n! 
1ihnnnm~•nn, twith M(~.lnl, mnro cmnplrx JCU\'r•r•ning .ll\wl:l; Ohjr.r.l-1\·o · n!nlil,v 

· h1 unif.y .In rnnff.l.vnrir.,f.y, iH thwnlnpin~-t lliNfnrirlll mnttr.r. l•~r1un tim nHpct'l. n£ 
tnrmnl·.~ngin f,hfH IH iml)flwdlrln, Ji'm·rnnl hlnio •lr•tnnrulH uitlarr· ;, r.utrl! (lmncu 

o nrfMI!~~ tl_rr.r/11U1iJtfic tllrrfr.ritr(itmt, (c ' W 1111 I 1-ill'l'fl 11111 110 C 1\'1! )' I lfTm·iu~, 
_.·.. qnRiif.l,., nl\11 0\'ory qnnlit.y iA only 1-Jm Huhjc!r.f.h•o llHJIC(I(. or fjllnnf,jf.y) ~ 
· ~·(lmnr.n RriHOM itt rlu .. ur. fJiumlilflll, whit!h clonir.H t.hn ~!:~ n£ t.hn \\'O'Mtf 

.. 

.·: · • .. · nnd (!Rtn')M ~u nn MlnniHhnrl mit. hr.fiii'O 'fCt'IIHUOIIK \'nrini-Y'T· _J.l!::}lr.Hn Jlrnhlrll1'4, 
;:.·:· :-.'· whir:h wom n(. tho hn.•d11 n£ t.hn: lli~-tnnmtimlA whi(lh luwo tnlmn plnc:o nL thiH . 
. ·i . .l:! onng , r.nnnnt ho o "h•mt i£ wo,mn\'O on tho plnno n£ rorriml Jo~lc:nl •lt'linil. ~ _ S ~ • 

lon.11, 'l'ho,v cnn bo uulvccl only on Lho ht~iH or n uo u:r nfl;r., tnnu•ly .:11 r 1.-~l~; 
· • ~ 011 U · r. IOM, wh o 1 mn JrllrC'H u coni I'll• r, p ~ 

I. ·~. · · 'diotlnnfl nml _..Jn(i l.nnoo• H t-hcil• unit.,v, tho fulr.rJir.ur.lnttirm nf Rl\t.it hci'CM, thu ~ 
tmnwUfol& or" llllfl~hor, RI\C( AO 01\o Un(ortllrll\tuly nJI tiii'HO fJUOMtiUUII 

·-.=-1~ 1 

CRI\hnt. bo CliHOIIFIIK'd in n\'0 minntoM, 111\11 I (1111\ only tnuoh on ~hem. I will ·~ 

I : ··- · oit-o Rilly nno oxnUl!•ln £rom ph,YHicn-ohnmhMy nml hinlng)'• ."'l'hu ol'gnnin J!$ 
:·-~. /:;~_-: . .-_.:· . \vnrlcl om•Jrgorl hilflorknlly £rum t.ho unorgl\tdc. CnnHnrjU(IIlf.l,y t)1o gov.ondng ~\ 

' -~ Qf tho binJnglcn( fiOrioR n£ phnniJmunB hich11fo hi thontHOh•cH tfiD,MU~nliUJ.(// 
f.. .' friWM ot .Lho }1h)'Mioo-chornicn.l f4orlcfl, Jforo Limy hovo tnltcn on ({ corn_uloY/ · . .. 

I ·: .. ,;~:;: ·.·; pnrLioulnr lorm. }(ofo \VnH formOd n. ~· objor.tivo ftnnlitf, torn nowfJ!!!'Td 
:. '·.. . .Mna~or"' o/ the oranuHnlimLoL.!~ hncl omnrgct). \Vhnt 'tiroiucont. i~t 

I
• ·: ··:;- 'horo horo of tho AIII'J.Jrbling, tho ntlrnoulon~, ·uiOHn~~Lun•l f AbHolut.rly . .· +,1' noLbing. A11attcrnptR to ,rotun\ t(l AriHL--otolol\11 (cleo_:, nutHt. bo roHOlut.uly 

l
i ·.~b~J.. ~·-~~~~·· ,,~--·--:~_.:.. . 

·:r. ~~-. v~, \ . (\Y,:' 
r . '~\~'.. .11 W'~ ·.>- ,, . ·. 
L_ .. ~'"0' .... :· . . wr 
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rn111h•nmr•l. 'l'lu·~o nll•••upl!-4, "'''' nil \'ilnliHut Pfllmll,,• in••,·ilul~r _lmttl in 
Uan lnst. I'C'KUI'f.f.o t.lwulnJ!i••nl ronm•plilll\~ multuw•L hnt•t!}f~L·Ir•l n!ll~~-~i:~~!tmlitic, j' 

• 

'l'lm qnrMf,inn nf 1-hr> lfi'ild.,.,.Jntinn-.hipM lml.\\'1!1'11 JUII'n@ nt'ij'i111••1 Hr.ii!Jif'CK 

IIIIIHt nlsn ho npprnnr.h•••l Vit:inrimii!J. :l'hf' (n .. hinnnhlo \'icwpnint. whir1h !-11\\'I'I'M 

t.hr intdlf'r.Lnnllifu of Hnr.jpf~· ft·nm IIIII nf.lu~,. ""ll''f!ll'l nf iiM lirn will nut. with· 
Hlntul critir.iRm. Tlan hiHf.nr,,·oC lu\flwJ,,cl.v;o IIUtMI. hn n cnmpnru•nt. JHU't. nf litll'inl 
h!Htor,\•, ~in nhMolntrh· il\r.OIT••r.l. lP t't'~lll'l( n_J:IJ);!Inm ur.~tlwnl'c!l._i!:l~l _ _tt:ntJio~...-;rll.~~ 
we n HOJr •I!Uif1Jtlrt.n mhl Jl''~'r''':t whuli! tnrt.vMr.-hiHinr.\' I\ lUI oul.iMc Jirn 10 w 

, l · Junirii~AIU) ~0\'0I'IIitl~ JnwK iiiUI1111111/II. (u t.hi!-1 a_~~t.hnt fliSfliJIJino 
o{. ~ cnn ho Ll,llcnn h\ t.lwil· lu~:ir.nl hnrnnPI-4'i nul,\• rnnditim~J.Lt'm• l.hnory lj,.. n 0 
, \I 'n•Ooctim\'ol tho io~<r·rdolim~!l~i~J!ii)re.!'!l •11hjrr.L 111ul nhjrrl._; it. iH . oo to {lf:/f: 

0 
,( I hr extont \Jont it CO'!'!;ri_IJ!. !rOrriH tho ohjrdh•u ""llllr<!l.ionH o! hing• noul ~ (4' 

'(,Sif ~. ~hn ·olh!!_lo~~ il. iH tho (1/'llohtrl ul cn~nilh•o ncJit•o !I· Aud ~ 
l- ' ~~~og A go~rnfi!!!l.liDU-o!-p~(l~ir.o,, i.'._iR f'!riJia!_!>,V .!.'l'llcl_0o, '('OII""C(IIOIIt• ~ 

J,\'o If 11'0 oJo 1101· WIAh lo Jnn·o A 0/IO..T.Thol Rllh<lituto (or OllnfyHOA
0 

lhc11 {or'}.. 
. tho cognition of tltMrv thjstnn• of Jutnwlccl#fe} wo tnttRt nnni,VRO itA connrction 

. . with 11rnclicc. ,v;, i}olltn1nto f·IIBI throry (JTOWIJ ottl of prnctic€!; thnt in I fflll~fiJI'II\• I r 
· t\ ing tho world, mntcl'inl JJrnct.icn AOJ'\'I!H n.~ tho hAAi~ o£ thoory: Umt t.hrmy 

.. t.,
1
· for lt~o~ pnrt in (·llfl\\~nnnl•ncrJIJm•r.t.irC', 

~· t.ltr Hn-ctlllrll. 'p1rn:' nn1l tim RO·cnllr1l '''llJllin•l' di~o~ iplit\f'H. JJy 'pnro' ·,... 

· i1y·• RJI)Ilicd' lfi. lho loronulno o! lho 11lr.< o otrlioo No1'orM10lc"" 11 iH 
1

. · 

1

: 
. · nno cnn \'nr,\' conditiotmll.v tdgnify tho Cormuln ob "c('.lit~n nt~l!fiU . nw ~, 

I. · t .· . · JlCOCMRry hCI'U nfMO to ob'ion·u ,thnt. thn on€!. prut.~M mto ihu ot.hnr, for t.Jm 
j : lft'l('clirm. ur tho objnct or it\Vo~f.igntion iR floi.Or"tnim•d ntJ a ftl/m/1! IJy tho J1CC01i'l• I I 

I ·' llio• nllloo purlnd; mul nn tho nthnr luuul, nny y.,/m" o 1 "-' (I<Jo uonlng,v ()./ 3"-"i 
I. OtJcnalon fll\ tho cognbillrl objrJct.ivo govcl'fdng Jnw~. Hnnr.o .tho cnuditionn 1 y /""n,/)Q_/ -· 
: ~-: ; . · . · nf tho rU\'IKioit if! olJvion~. . · . I f ~ 
I' ~-•. In c~nco fhoro nru no mul r.nn ho no Hllnh thing ltM' pttro' Hcinncc", f. n, 
f • , ' r.lnttCOfJ JyJng Ullf-HilfO t.IIU \oifnl 1\l'llflfl of Hooinf.,V Rill( iiH flfiiHMUfl

1 
jUHt 1\R tfu•ro 

j · m\tl he'. nn! lnrtn!4 nr oogtdl ion nttlflillo t.lu1 r.ngniMing Hldtjt,clK, ntul jttHI. me t.lmn1 
f . ~ _ _ ·:}.) Cl\llllnt I~ B Mnninf.y whinh ~lllf,Y flfl,'{l\iHON .nntl dn~H 1111~ JII'IJIIIIUOo 1'hfl nOIUif•. 
1 · · f;)lY"" .' tlunnl clh•IHinn fnlo~t · f.h"nt-c!f.m~&f mul "J'I'htlfl cUHmpllnuH l'uOooi-H Hf)fllo~hlng uC ~ 
j UXtl'ftnrtlltuwy fnfurcst fi'Utn thiH very R!!prnt n( hiNIOry, . 

. , In hi•hoo·y we hn"~ "'l-'l.'l!IH £ Rocinl mul cccnomio Mto:oor.turos, Corro' , l 
. .--· OJKonolingly wo hM """""" 1. • I int.or-rolntion,hip hrt.n·co/1 illlollr.ctunl 

11
1,<). iJ, 

nnd ph,\'l'iC'nl Jnbuur. Tho AOclnl ,:tnlf botwoon f.hNIO formN nf 1nhour ovnkua in \V ./ 

"~ lho "'J"~•ontnti""" o! int.cllcc.t.nnl lnhoior t.loo illuHion o( n Hllpnr·Rocinl cxiHtonr.o ~~ -' · 
. , , o[ BCit!llCo, in whfoh Hciot\tiRo nh.~trnnt.inllR 1\m hypo!il-mdJ!atl. nne I RomntimoH. nro ' 

. . 

· t.mm~ro~,,~~o ROio Alll1~o~lnu~o: R.n_c!l .. ~or.t?~'-~'l'lo iR l'.V!lmgorcar&itJm, Bllch ~~·q . i 
JtJ fh~"~~fim o]·/{r:gcl, Hllch 18 tho·fclr..fiM'Ih 9/tlllfC l'CICIICC'It, 1 · 

Itmm· thiB 1ri .. t0i-ical n~~:~Jtoct lb J" umtOrH'riiiurnhlc thnt Ute mtlicnl l·ti111Hfot· _ Vj; 
Jontt occu.rring h'. Soviob U1wdn in l·ho Hphoro oC thr nmt.or!nl lito oC t>or.iut.y, ,fLIVIf' : 
ho • tltbdo oj produrliol& •, woro .bound to ovol'o cora'ONJIOnding trntutformn• • .:. ? ? ona In i"! cintoJICciuo.l i lito, -io •• in tho • mode of rouccption •· Jn tho U. H. •. · • . : 

· .· B. R. tho<&rii\!t~~~!nn•.~~I2:~no1Ttl; ~ltd t.ho onormoua awing of tho cotUttruo• · . J tioh. hn., tni11od thcs.:t.n.ltk .al!.unit.Jiiiftf1cory nnd prnctico.··.fhia find11 tho clcnro11b 
' . b~."ro .. lon In ~h~io~g 'o/.8CicoiijliW~, o., Ito tlio consclduo ~·anbord· 

:··-... ·. ·: . ·.: -~· . ~.- r.~~ . .--· . .-r:-- ... 
' •;' I o ,J ., 

' . ;· . . ·. , . , . . 
"~'' ~/ ... ·., .... : . 
/' ,. 
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f!RC!O:.IO INTI".UNA'l'IONAfo C.'fiNiliU .. R!J or Till~. lllf'TUIW 01~ Ht~mNf 1 1': ii:!li 

· .. / llnUm\ nf t.ho ctit't•t•liun n( thiM wnl'l< In t.hr t•nnc•nuniH twc•tlH n( lt•r.hnirnl nncl 
~ ;_tJ.!m"' a t U\'C opntt'n , Jii'iiii'(;'jf t..•r.nnnm~· iM t•nt.incml t'l'IIIUtm~··. Hnil'llf!t1 Itt tht' 
~ . .1 · lftttt., 'J'ho Cormuln. n( t-hn lnw (p:i\'t'l\ 1\, 1l Cnll•tWl-1) iM t.t·nnMCuJ·nwcl 
/ I v; "ruin ur conchu:t. (in na·llrl' tn JI••I· n ,('uu 111111-11· Jll'mhll'l' o\) on 1\ ~flcittf. 

u, t.ho poM~ihilil.~· u£ t\ MWifl. t.t'IIU!-Iruc·mntinn nC tht' ono h•tn t.ht' nllwt· hdnJ.t 
· ~Ji~tlnrirnl qunl\1 it.y ~i\'('1\ hy I hn ch•llnilc• hiHt.nl'irnl•t'n\·inl Hlc·tml.ttt't'• . 

· 'J'hnt. l~ why_rt'Q..·cnn. Mn)' t.hnt. in t.ho U. H. H. ]t, tim 11111hlrm o( thccn·y 

,; .. 
' ,• 

·~ .... 
. : 

I 
I. 

nncl prnr.tir.o i!"'"".h:""J. lnt. only OM n. t.lwnrctirnl prbhlmn, but nM n Jll'fJ•• 

blonl of prnot. t-lJIJC!"r"il nrlirliltl· 

. ;) 'i ·~ 
r_v\....~-'V,_ 

J l'Al'l~lt hy 1'H.0VgSKOJl. lJ, HESSl·~N. 
{I'II!Jsic'll liMlilulr. IJ/ .. l{o,,Cillfl Uuit•r.r8ily) 

Tho dlviHion o£ scirnco inf.o puro nrul npplir.cl fiCil•nco is "primnrily n con· 

· vontlnnnl'nno. 
Jn renJit.y, if wo nro gninp; to nrc:l'pt n. cnmp1cto clrnun·r.lltion hctwrrn 

pnro owl npplinfl ~tcir~u·r, \\'C! Hhnnltt 111-'n thn h•·m •plll'i1 • t~cicm•tt ~o lni\J.( 
M it, itt wit.11011L JH'Rc~ticnl npJJlirntion nne I l-l1o tor1n •npJdiccl acicnr.o 11 ,,·Jrcl\ 

it hnA llf'('ll ttn U(lpliccl in. prnclic•('. 
. '.rhntt 1\tc\X\\',ltl'tt nrJ.IIIlt.lnn"'• nrul tho fll,mly n£ thnit• fl(thrtion wcttt pttl'O 

soicncn unt.il tho wnrlc: o£ i\[Atu~ONI, nncl hccnrno npplincl Rcicnco nHrrwi­
rclcM tolrA:rnphy hnd rlo,•olopr.d from t.lccm. 

. Jt, ht n( intorottt to mile:: "'Vhnt iR tho l'C~\HOI\ (or thitcllh·iHion o( fiCit'!nco f • 
"'c<\!nrxitti.M AC..'O tho MIINU i;. :,hn drcunud.nnco t.hnt, nlt )JOIIrGl'UiM philosophy 
rognr:-lml t.lto tJI'ohlom o£ ('.n~nit.iOI\ .or t.ho wor1cl ntt 1tm-cl~· conlr.mplnth·C' •. 

Jtmvovar, tho tMk o£ cngnit.icm ·dol\f:iJJtK ht 1-llo wry £net t.hnt it m•g•i"· 
fttf~CA Rl\11 cih~r.t.R our nr.UviLy. ln t'Cnlif.y t-hct'U itt _no nhHnlnlrly cnnl.c:~~nplnt-h·u 

.. : ·engnition. ' ,· 
.Wo cnn hrwn r.np:nil.inr\ n£ tho wcll'ill only by oh•m"ing Jt., nml r:n we n1- . 

",'-Y" )tn1C~ll1, whot.hor wn III'Ci- wcwldng on " JtiVI'I\ ph~·~ir.nl oxpnriull'nl. or em 
· tho mmd:. 1\mnplnx: o[ nil pnlit-h•nl nncl· 1\l'UI\nmio nc:t.h·ity. 'J'hu ,.,,ry confh•JIU\• 

tlnh mul pn10£ n( our nngnll-hm ino\'il!'bly Jll'l.'~"l'tHn~tl" nct.i\'ity. Nr~WTOH ,to·· 
-ln)•ml.tlu~ pnhllro~\t-int\ o£ hl,t4 cl'rin.r.iJJil~~ fm• twc1ity ;\'c~1lrH bccnuM hn tlhl nut 

(JOHKf'.l4f'l nr.C'urnlo tln,tn. on tho l'RihUA o( Urn cm·th. And f.hcml .dnt.n. WC'l'O only • 
oht.n.inccl by RCR \'o,l•.RgoR. 'J~InrR, o\'cn thP ln.w of g&'lWil41t.ion, which woultl nppcnr 

· _to bo p\11'0 nhttt.rnct. t.hought., coulcl not ho complc~oly omrncinlctl eo long liM 

."lJmat.icnl fmnwm n.otivity hntl fnilccl 0 fiU}lJilY hiR mnlC!rinl. · · · . 
lit diRtinction (1'011\ other viowfl wo Rpccin11y ompluuti~o thitJ nr.th·c RRpcrt 

1111 n eomiKJI\cnt pn.rt _o( knowlcc.lgo O:ml Rciunco. 'fhnsthosoptnntior\ nnd con· 
trt\tloAing o£ tntro nml n.pplit.'tl Mcionco 'hM RA .ihf lm .. 'li9 t.hn cliJtmctnhc.rmCnt. 
aric:\ B0Vorh1g rif n Kinglo tn-oCcfltt of contomplnl-ion nmt netivity. 

. In on.p~t.nliB~ Mpcioty·thiB mwcrnnco lcndM .to tho triBk o£ pnro Rclonco boin~e · 
rogdidod • M 1\ • ~lighnr cmd moro oxnltcc.l ono "· Aotivif.y nml prnctico·nrO rtla' 

. gnnlcd M nosnathing lower n~uFMionco iR junt.iliccl'only by inn'tJ cognition. 'lhiB "', 
· vloW ,t'RA 'nilll'CHt'll.t.Cct h\ tho fiRtlrir of ProfuMOr 'Ym~Tn.ui. 

·'' \'/o' ntnd (ron\ thn 'cont.optidn o£ tho \lnit.y ol knowldtlgo .nntl iu:t.ioil, cOn a 

·. : .MKi\•onU)'. 'vo rricogttif!O only o. Hinglo flcicncd. 'Vith nH,· tnt inst.mico, 'tliOl'O ·oro 
nob _rc.1~· ~net npplicd phyrd~, htlt only tho ono Rcionco o( phyRics. 
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{He- ~r;z;J;;~~k_~~,!J}}_THI~ ~~~~~'!, __ T~-E 
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DISIIOI' OF IIIIUII:o\UII,\~1':-< 
WAII:-11S<; 

urn ('JI0\1' 11,; OF lll'Y Ell,; 
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~,,.,.,,, """,/11' "'11•/,t/.., ll<lll!lf 1111/~f•rl"'il/1'\o'IJL j"lllllhlll 1<1 IIIII llll'llhtl\ ''• ''" ''"'"''' 
11_1 lmn ... ll tn~lllr) 1'111\'1' ,..., r ... u uf ""' Hnmlltl suhil••r;i uhu j.l'IH'IJ lhl'lf .,1\"1'11 IJI lh•· ;-il'). ,,,., "' ., ' "

1 
,q -·· " lo,•owi .. ",, lol "' • "1/\1 ~-ltolltl .... ' 

1'-1111''"'' Ami" ll•:u-t,."'"' nf hilotury \lhlrh oll•l · 1 tl K' l' 1 "''11
" ''· 

1
' ·· :r '1 '·· :,,, 1:-oiH 1 ~ ,;,.; ·• ''"'hi~· uo ''"' IIIIi ''"""~ 

'"'' •) ... , ohd nul h'J•o·h Uu• ltulh, ~••II<' 11! \'Jt•t• 11\\' IU Ill.:· 'oliiJI1'lilr 1 IIIII II.: I ill' "••tid, uu/ 11 ''1' "' I•· 11 ' '' lo ·~·~~~ llm1~- ll•t111111UO'I4 .11111 11 
th•tu •lr·l• lit~ baol 1 ta1u-1,J tll-••r• 11,, 1,,,., tiu•"t tu-, nutl tho• ""'''1l11w '' "'""~~' n .•.. ,., h•·· .,. "' 11 .•. 11 .... .:· 1 •. , 11,, I••" • 

I 
" 1 " • In jlhll"hlo• fur thl 

lo'f)· ""'._ CJIIII•II"'-'I·IIUI~jfirl,auo fmmol the• \I"U.'' 11t'lllfllll"11 hy thu l'tUU•• ul \\ulc•l'l ~ut,iorl Ill ••I ''""'' ·'' h.oll l•lh•• u11ol h.u;.:oo '"' ,,..,.h•ll:l/1 tnl 
to•ll"• dl !'\..-·tun ~~oi-nt. Thr rtitlnl ):""',.. 111 1-'l'llr!UU\', IU:!I. '"!''" ... '111

.:·.: '""' .:1" 1
''· ·'"'' ·h•oo·.~. ,, I 1''''1""'1\" 111 tlr" 

" 1•••h..,."·Ullo•fuunol"hunufUu•ltc•)"al"""'"'''. ~ Tt t' r 1 1 . , 1 ·• 1 ••mw: ''' 111•1
"' "' ''"'r 11"11•1·') u·opu ·· t••IIHhl,h·o~t· 111 ~: 1 t 

,,,., 1'1iloiU'AUtM1 ''' ltubcrt Jl,,.,.,, .. , ".\hrri,; 1'' •:"'' 11 "'"" 1 ,,. 11 ulf• ~"''' 1 ·Ln 11
''''

1'1' 111 I'• ·1' tl .. -~ ,.,,.,! .. ·•' lqoo..:ooll t••·••. TIII'V "' llo" ..:•·•10,1.11. ! 

Jltlljolua, .. S.,.rtou'a W••k nn Jlf"i-1'11111, 1111•1 h111 " 1 tho• 1 1!aU~l l""t>rr -·n• .,. t••llt ' 1 "·' "" ''I'Jot·,u•·•l 1'' 1 ' J·•·l ·1-" ~. ,.,, J•••l.:o·· ••I '"'"''' · Th•• ro•;111n11 lur: 
.,, ... 1 .. t'nnl'IIU" '"'to •rlio.nontly tM.'l'll&-lio.'\1 lhr •I")' 1~ "&"' 1111\"t'ilo'\J, hut. 1 11' •1"11" IUI•I ·'" 1l11'1r '''''" ,111.1 .,~ 1 , 1,., ')" 111,,.,1 4 aoul 11,.,. 111 ~o•lwll' 1111' ..,1 
t~ 1 fu,.l\·rly h)' bolt'- Kf•UHit• ll"flfl l11'110oalh hill' ,,.., ... uu• ohr1r ,,,.,,. h"•l•••l "''''' ''" ,1.,J ,1( 111,11 ,,1• 1"' ll••·oo . I I 1 e - I IJU"ntt"'' lh r .• I f I I '''''""'II I '·''· Ill• 

( , · IlL' '!Nul ••• "t•\"aJ\}rl u ntuau "''"'' H·r, "''' ,, ,..,,,,lltll.t••·"··· ,,,,,,,,, 111 11,.. ""111,. 11 •• '''"'''·' ,,1 1 1 . '(fl·• II"A• .~ ",'*"~ .... ~-~l'''NCE ...... llo•"-'"''''1· oum•un•l•••" llo•• ,,,,,,,,,,,,, 1, ·1·-l••••· 1 11 . rrur. I lf••nr.·mu · " II • .,.,...,, ,., .. 1111\tw &OMo: - -- ... , ... j-• •
1 1 

~ 1 '' 1'""• I'''"''''' lu•l tho• •1111111.11" J,u·tt•r. ,.,.,.,,. 11 ,.,, 1111,1 •lt•l 
•' Jlllmh\ai'Ut'ol an a•loiR'M IH• hn.d ltft'JI&f't() . "''""~' Wtlr r.aiiT"" IIU, ant ,..,1111"1\ 1at 1111· lo:"'""' uf 1111 111111 ~ 

OI"IM1'hl" Hrwummw:•llfHc'tl"n"'"ln•·hH.'hhco'"'ty. )llurh nf the unki"'IIJit. aJ.IJ'"II"Wollfl' .,,· ~([(l)l['·' ')''" J)tl-,'J'J'(',\(, '''""''''.,.''flhrol•" 
p••nl.,.,l uut INL 'h:c .. .!.~!!~Lil!Jh~.H.'"'),11 ~_hal:'!'" "!"i~r·ff'lll.,'tl. """'III'Le llllm'lm•lmw: llu• · • .r.~ '•·"- .-. • olll"'"" ,,1 1,..,t,1) 
U~o.cl..Jw•l 11-t~tnt lll'IC'IU..., trnm fo:«n•L-W<"nK-ol 1 I hattr1 L~, ho•"'"'"• oluro unt. lu l:u-k ul ••ITurl - .. -~ •. -- 1111 ,. 1111, 114 011 llu· 
&TI"t;r-'•ii:::::tr.f'J!i~lla..l~ll:--&J"Ji"iUo-a·· '""'IUCI~ · «•n llu• loqfL uf tlu_..- N'lllf•liL•Ihlco hut lu tho• · l'l·''-'l'-' , · 10., """'"'h'' ,,1 ~. 1 • 
'~"''~ that. """.,.n,'T!'"r:.amr fnun )lt'lllljlulauua. ! Jll.'t~o•h•ut •II"Jin'ilt~hOI\& uf ,..blutA. j () •• ~ ,.,.c, OF ::\ 1-:\\" :'\I If~ I·:'\' 1111~1 E 111,. ,11111 ••• ·'"'' l 
,\,lhtn 11M' r•ul frw mon1h11 tt~~·u J•a11~·ri had j UriKIII••n l'o•rJ••~ttnn lutVt! U!('•·n\17 I•·· 'l'lu· Ju·w :-\tt1"4" .. • ll,•ttll' ''.f ~luhlh•....t•X llr.1111 "i·ll n .• ,th." 
btrol•n J>>lbllflh(.d •h~f'b Ulrt-W lia!'J-on ~o:,opt.~: f"l'l\"rol "'l'f""'IIIMIIIIH"' Ahuut. thr IIII'IIIIIIU.I Jl""llllnl IIIIi uJ·t·Jwd \"f•~klll:t\' lov !'01r l.\110lo•11, ,,,.,,, 
kW!ll'r, Ulltl """ IM "t}~fl\m Xnulh'llllld th10 t'UI".htmu ul till' lllh•, lloii•IA 1"01111· Pruu•1.,.fl.\ht'<',(.'111 tllll'''"''r'\111 ; Tt' nf oh:1r11•1hlo• tr 
•••ra•~·atJ .. I•)·ru.t ••f tho "'xtnhlh-"'ulur)' &r.,·! 111111''"' h~U~ t-n rllammm~ thK 'l'l•"<tiun, ~ , 11 ,f . •. 

1 
"

111
• "' 1,,.,,1,""'""· 

do·othn.,- ••l.b Injun~. l'kmtf' of thr~ ••'-f\'ll•! whn·h 1 .. W romr lwfllrT llu• C'alll!ll"li At. lUI L:~ '
111 :'~ 1 '' 11 ) 11 '" 11 " ''" 11 " 1

· II '"'" 1 ""~' · tJ 1u· .,., ,f 111 , 
t ... ,~ •• fnr in-Wn·co t.hco atiO<""iallun hri~'C't'll • ,..,I)' .t .. tf!. It"' t'ltl""'"li'il thAI N>llw 11\l'll'lllf"l'' t.IINI,(ICKI. J lu• 111\llldult"lh•llllll' \lll:t l:uol •u•lhlll!.: """t•·l• 

IIIJ"'""' to"!""' ._.t!" ••{ u, .. brain •n•lr111 ral)'lliJI ~ •ill t.... takt'tt In IWfrlftJar'\l thu "''" ftmu Ill ~11111 1 1•11.\", 1!1~!1, II,\" tl11• {JIII"I'II, IIII•L ,lt.,•ol ul '"~ 
t>l th.- '"'l)t.•tutco aidco uf liM• bot1f• orould.N'a.'IUII• l 1lnm..p hr rnhbtl" anti Utllt rrrl.alll utlwr '"'~' 1-t \11 ru• 11 "' , . .,,~ \1 Ioiii, tlw o·h.wmnn '"' nlt1•1•·•l. !.•1t 11 
a.hh t ... ~-.JW k'~nt'11k, 1.~Ttll'lll'*"''l¥~~1ht-\ duUJI['"' ll"tll hto 1UM-~I". llltTf'fti'C"I l''lhl,.. uf flu· h•,..l•ttul. •oliol tlutl lh•· h"""" !mol '""'II f;•r o·llull.o.::h. · 

~
,, __ .'!'J!l~l- ,f'"!'tua....olat .. tut . ."!ll~ ililile-:-'" (:::J~. u•l••rNit. i.n thro mrm!'ll'ial, t~~hn·h "a hf'.ullllful hmlt •'""~· frum Uor '"'~i•llnl ""'' ''" .IIIIIU• l.unu lh:IITIY..: 

111 ~::_, ·•h~ho Bl:tbu-b--"'Pn~u...or·Hll'ln"f! calc.ii•, and 11lf'il.lng lantlrn..rk on f.M J)o"""-· "''"'''' •pho•ro·,l"'tlt ~""' ~~~~~•·•·ut••lllh·lwll.l". Tlwl ""'' ""l.o•ol ilc_l,•u"r"ll 
.. \ \ ·• """ • a ~-frolii ~~ dut· · ltouhtlrM~ ha\'P a ¥"tl'at.. .. nP.<'t Ill lt•<~dm; to loo··llu """'ltlw tu~lllollh•IHII rllfll••t•h•·to· '""' •11th flu• s.nhe'itlli 
•• · lt\ol"'tlf, and A'Jt\0 tt. rOAIIt.aol. w •...,. ~.It,. a 1 ~~ uuprnWt1r1f•nla all are '"'"'-r)'• ~ '" Jobuo " n·al l•~lllo·llti.-1 tullo•~o;o• l••f tlllr..,.,., -~~··•···.,,..or, ur th' : : ..,, ... ,r larr •l'&•rt~ximaup... · I .s _. _1 •.• ·- .. • umph·h· m 11" l.tt"tht ..... '"' "''1r11• ''"'' '""' "111'1 , ... .,,, nr,.J, if' 
· ,,It'"'-- wrre ahf'.rwanb I'H'f'IVI'd for (ra •l rt·•·t•·aluou. 11• llll'lll•lillllll•ll••fllll•l'o•lk;:o• ••I ,.,,., lll~'llf•ol.' 

t.b .. Srll'nn~ l11Jfll'UIU b)' Uuo l".mfldf"nt of thr JJOS11()!'J" ST(."~Il' :\lir•llllol a111llho• j;,.,,..,,, !\.n .. llll( l'n•lllt"ll, th~ "'" l.\·n·lo·n 
Huud ol F...tltu••twm anll Y,.,.. lAifii·Hmith, Lb.• j u..rk ul nn""111~ htul nom '"''"" J•ul "'' " ''·'"' -ud1 an "" 
lt!rrrtnt 11f I he ~IU¥11DJ tHir Jlfonry L)'OOIIJ and · ol••hu•l•• J•N•I~"'-~IIIuul INllll~. 1111ol tlw l."<'llo'toHII )' HttUII"'-1'11 llt,.•lh 1 
lAof, l,yuM. Ju l.be C'FttniDK I be Phaid.:at. of £ ]J,ClO() }"( lR J'JU•:SJ-:Il\' ,\'I'IO:\ I ••f I ill' It IUil_lfl)"lll"'l.~ '"'lll'l111 l11r h,ul o•r .alolo•ol '""""'In flw ""t'l 
tbr l'omtzi'IW' anoJ ll""- !'li•r PV"l' a t~Vf'plion t.Ju 111 Lu llrml( .dl '"'''"' 11! Ill" nur.... ... • hf•• •wl •·xt•w ... ly l•tu\ 11 
Ill UH!< llo)&l. Hodetr or lledlcbM, WimPolo· .SBST Jo'ROM .\M.t:ntc.\. : '""'~'"'" lljl lu '"'"'''"'"' ~t .. uolurol. It IH"'I''''''" !1111\l'ollnr IIII"Ub 
llln:ocC.. . •• • Jttu\'fllr•olott·o·"'""''"l••lotlll n( tlmt dunnrto•r a1ul · """'il"'"''( fur ••t: 

lofr. G. u. Oabb diolrlaJMl hill unique Ml· ,\ g~rt of 8,,.,.000 (uhout £11,00Ct) fr·~rn nJm..,J at thAt tuo:h .. tn 11ot111 ,Jth••l ""'"''' u.tlrth"l. tlo•dnl)"•" """l"'i 
}to(-Oofl of ,..lim, h»trunwnt ... portraihl an1t Uc111H1h. M»A'VlChlll'lf'tt.R. 111 1~•1111111, J.m• " h"l"' ul lltlf'<llll( lllll)o·l.,:tlloluoll•• '"l'Hll 111. "'" (,~ndi'IJ ~1 1 
'"''laloo. reiALinr ~o J~rth l"ri~ti"Y ar~lllr lj ct~lmlun" Wllft hrou.;l1t ht 1-:uJ(IHncll•y_ll.r •. o·ultuto· .. uut 111 •·•I"'"''"" '"lh•"'4'•'1lt••ru.lgan)'. th1• nrhcm.••f .. l"i 
IU1t'lr.akl !I. lila)' ediiblttd JNU"t. oi hi'! nll: Walter R. \Vhilint.c. whu nrti\'l'tl Ill 1.1\'l'f'•. uth:•r l'luh• ..... , .. u Ill II"' l""'lnlr)". i rml!'whrd "·' ""'! 
)o..·hon ot bMclaric:AI opt(«"al i~tru 1 I • II I\' I -1 Nt I" , H II , Jtu~•·t:ttli Al.lt It: ~r••lot• uiiiii•Jolo•a.oun• 11 J:l'lr, IV:!o fn•m ( 1111111 .. 
l"rfll..:...O, •• "S d C ;\ I 

1
• ""'n ~., JlOO &n 10 t1 t1 •· ur uu r 11 II. lwr a~ w1h• nf " f.,ruwt d111runu tn hr uf lhro Mclll>lttluu 1 

. l'fCht,..nth·dmt~ • d:. • • ... :· ,..., ... • ... rm,IC IMt night. ; 11_ ..... ,., •• ,) 111)('1' IIIIIN• Wllh .. ,.;. u(. ,,;,. lo:l"t'llt; ht•f lorullwr '" UfJ! 

·
1
hf, ·imPf',....l~ ol ;..~: IHture, Undt'r The mann)' I)NI lw.,.n raW..I hy do·~•·••nolaulll OO't!V'iull• 111 1lu• ho~l.,r)" ul lht• )luloll1"1'1'J. I nm~titutiunal' ... ,. 

. F."rllnw nr LbP. nor-. I AorH·tr ., 11•f"ibt'f'bo. ~ uf I'OnN'I nf ""' l'uritan fo'•lht•MI """ I~<Uif'll llor•J)Ill\1. 1'ho• )loololh ..... ·~ u .... ,,, ... ,,ulll!tl\o\"Y• rt'IIIIII"NIII'Ill.llt .. ·.'. 
Jill, nnct ..1 otlf! ut lfw Jlif..;.....: of~ at j' · froiU IJmltDn, J.iln•nlnoillir"• I•• r•·•·•m•lll!•m tho•; '"'I'll '·" tin• '·'" nf r•r·•J.O••-· 111111 Ill•• luut•iu.i 1>11f'1Mift. ·' ·· ... ; 
ul eMitit'k)' Th" hllto nl lh Wt"w" 11 tlo 7 I IUMrl' flf Kt.. Uolullth ... Jl., .. ,on,, l·.n~~:hunl t'ullllmllo'i' h.ul. hy 1111 .,..j,.,. furo•thnmchl- in l'lu• lwarm~ .'1 
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8 NATURE 

~~~~~~~~~~1Y~e~t~thm~~~~~~~~ 
is but a means to an 
· is grasp of 

a by the 
experimen:•ts::·\i:eS:'=aa:-.;m;:a;;r.:e or he 
has undergone. 

But to return to our question as to when science 
· · beg~~ The question C!n.n M little be answered as 

the _question, When does a man be~n to grow old 1 
"Beforethat~to be begun, I did begm to be undone." 
.Anthropolpgiats have detected germs of theeoientific 
· ~C?C~ )I{ tlie lowest and rudest races of mankind. 

s soon as a child b ~ll~-he_ begi!JB-to 
e sat1ons. The savage sees tb61i.ction 

!---'-~..-a _ J)g mg m the wind and the flow of the 
water. He generalises from his imperfect observa. 
tion that movement meana Hie. The baby calls 
every male "daddy " ; his, too, is an elementary 
generaUaation baaed on imperfect experience. Both 
aaeriptlona are imperfect attempts at deducing 
laws. 

Here, however, we encouriter a 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 soience in the 
current use of that term. How far, then, can we 

·trace the matter the othsr way, ascending the 
.. stream· of time 1 In this attempt the laat decade 

·_ . has been particularly fruitful, and I aball venture 
. )o _,devote. the remainder of my remarks to the 
V ~ture oLt_hl_am:e_nt h!Moric1iifhlevement.-

spirit among the records of a far earlier scientific 
history. 

As we trace the records of science back into the , 
mists that shroud the dawn of history, we see ita ' 
varied disciplines d'\\indling to two, namely, to 
m.~i.C?~ne .. -~-l_l:d .. ~a: thematic~. 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· 
ceUaneous group of tracts known as the " Hippo. 
era tic Collection ". 

The " Hippocratic Collection " takes its name 
from the alleged 'father of medicine'. In a Jess 
critical age this mass of writings was all ascribed 
to Hippocrates, nnd 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 .. Hippocratic Col. 
lection " were composed in the fifth century n.o., 
at which period their eponymous author was born. 
Sections of some of them may well date back to I 
the sixth, and portions of them even to the seventh 
century. 1-loreover, it has long been recognised I 
that these medical writings were an integral part I 
of a far wider and more deeply based contemporary .

1 rntiono.l mol"ement in pbilo&ophy,l 
It has indeed been argued that the relations 

between the medical and historical writings of I 
ancient Greece are closely paralleled by the reJa. ' 
tiona between the evolutmnary and historical 
writings of a generation or two ago. We might 
put it that Hippocrates was to Thucydides as 
Darwin waa to Buckle or Lecky. .A good case fer 
the comparison haa been made recently by Prof. 
Cochrane of Toronto.2 

However this may be, it is evident that behind 
these earliest surviving scientific monuments of 
the fifth, sixth, and seventh pre-Chrjstian centuries 
there must be a scientific tradition that was already 
ancient when the Greek world was still young. Of 
this more ancient rational tradition the mathe· 
matical fragments have been more successfully 
pieced together than the medics!.• Thus we have 
details of the achievements of the followers of 
Pythagoras, and perhaps of Pythagoras himself, 
whose Ufe occupied the greater part of 'the sixth 
century. Moreover, Thales, the ~ of Miletus, of 
whose scientific achievements there can be no 
doubt, takes us yet further back and into the 
seventh century. He takes us, too, beyond Greece, 
for his mother was a Phamloian. He himsell bad 
travelled in Egypt. Phmllicia suggests contact 
with Mesopotamia and the ancient Sumerian 
civilisation. Recent discoveries in that region, f 
notably those that deal with the treatment cf 
metals, suggest a command of natUral forces which 
demanded theoretical soientlfio knowledge. Yet it 
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the eighth century B.C., . 
Jore. - Such knowledge, I 
common property in tht 
in every· early agrioultt 
absence of an adequat-e cr 
knowledge iR necessary ~ 
tions in the field. Hesioc 
rather beyond farmer;a' ,. 
have the inder.ndent B<' 
nigh irreducib e minimu1 

Can we, then, trace th . 
the Greeks behind Hesi<> 
I think we can. In the • 
glim~, distant, it is 
rational medical system. 
deal of fighting, in the c< . 
147 wounds are well de8 
their treatment detailed; 
always on entirely ratio 
clements are conspicuou~ 
and many other hints it11 
tice of scientific medic i 
tionera, without relatio1 ! 
with the aid of the Iliad, i 
tradition among the_ a .... i 
or tenth cent~; It i ' 
OdySBey tho origm of me< I . 

In view of the consen: J 
their debt to Eg)'pt, all' ' . 
revealed in the ·Egyptf, . 
interest. Yet the find• · 
extraordinarilY disapjK · 
between Greek science 
greatly to the diesdyan• j_· • 
feriority of the Egyptl ; 
Greek, due weight baa I 
differences in the'ieco~ 1 

First, we ha.ve to rem ! · 
we form of · Greek the) 
literary_ remaina of the! 
have been irreparable·.: 
true, but the surviving .. : 
time becauae it · 

between 
'----··'-

· Xi. hi toQ~ thecase Olillie soien c front, the 
pioneers are more concerned with their own pro­

. graas than with the relation of their advances to 
those of othsrs. The onlooker truly sees most of 
the game, and parhapa it is not going too far to aay 
that the game cannot he clearly eeen except by 
the onlooker. This Is the justification of the pro­
feued historian of science, Without him reaearch 
In one department would rapidly Jose touch with 
.--arch fn other department•. This Is so with 
recent solentific history. Let us seek In the same 
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Is to Egypt that the Greeks commonly aaeribed the 
origin of their medical and mathematical knowledge. 

Among the Greeks before Thales and the seventh 
century, our view of the rational _!Jpirit grows very 
dim. In the 11 Works and Days, ofHeaiod, written in I 

l_ 
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-;cishth century o.c., we get Rome nHtronomicnl 
f re Such knowledge, however, mu~tt have been 
0 rn'rnon property in the Near East, nnd indeed 
~0 every early agricultural community. In the 
''i,sent:e of an n.dcquate calendar, some astronomical 
a nowledge is necessary for the elementary opera­
~·ons in the field. Hesiod, it is true, has Homething 
~ther beyond farmers' astronomy, but in him we 

have the in~epen~c':lt scientific element at fl. well­
nlah irreducible muumum. 

>oCan we, then, trace the rational tradition among 
the Greeks behind Hcsiod and the eighth century I 
1 think we can. In the Iliad of Homer we obtain 
lilllpsl!!• distant, it. is true, of an independent 
~tiona! medical system. The Iliad tells of a great 
deal of fighting, in the course of which no less tha.n 
147 wounds a.re well described, and in many cases 
their treatment detailed. Now this treatment is 
ahrays on entirely rational grounds, and magical 
elements are conspicuous by their absence. This 
and many other hmts in the Iliad imply the prac. 
tice of scientific medicine by recognh~ed . practi-

j 
tioners, without relation to folk-medicine. Thus, 

i 

with tho aid of the Iliad, we may trace tho scientific 
tradition among the Greeks as far back as the ninth 
or tenth cent~. It is noteworthy that in tho 
()dyaeoy the origm of medicinos is ascribed to Egypt. 

fn view of the consensus among the Greeks as to 

I 
their debt to Egypt, all traces of tho ecientific spirit 
revealed in the Egyptian papyri are of peculiar 
interest. Yet tho -flllds have been, till recently, 
extraordlnarilv disappointing, and tho contrast 
between Greek science and Egyptian science is 
greatly to the diead vantage of Egypt. For tho in· 
feriority of tho Egyptian position ns against the 
Greek, duo weight bas not always been given to 
differences in tho reoorde of the two civillsatione. 

First, we have to remember thn.t the picture that 
we form of Greek thought Ia derived from tho 
literary remains of the Greek people. That there 
have boon irreparable losees to that literature is 
true, but tho surviving part has como down to our 
time because it was read by tho generations that 
came between the Greeks and ourselves, and it was 
read because, by eaoh succeeding ago, it waa thought 
to be worth reading. Greek literature, ae we have 
it, ia thus, in essence, a selection. It is far other­
wise with tho Egyptian records. We have hero 
merely what time tiae spared, and that old reaper 
bas no more discretion with booke than he has 
with tho lives of men. He spares what he will 
and as he will. What kind of literature should we 
hope to recover from tho wreck of our own civiiJea. 
tlon 1 Dally journalism and trade advertisements 
occupy many times more bulk, and therefore would 
have a better chance of survival, than tho worke 
of tho pbiloaophore and men of eclonco. 

Secondly, tho remnanta that have come down 
to us from ancient Egypt have mostly been ro· 
covered from tombs. They wore the kind of things 
that tho men of their day thought suitable to bury 
with their dead. Tho commonest of all are, in fact, 
rolla of tho "Book of the Dead". If we had to 
compare them with something in our own civillea. 
lion, they \Vould parhaps correepond to tho in· 
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scriptions on \ombRtoncH, to hymn-books, and to 
prayers for special occnHionH. It is tnu~ that we 
have an admixture of other documents, but the 
proportional distribution of surviving Egyrtian 
.writings bears no relation to the proportiona dis­
tribution of Egyptian interests. 

Thirdly, it mu•t be remembered that much sur­
viving Greek literature is from the most vital period 
of Greek history. On the other hn.nd, the over­
whelming mass of Egyptian pn.pyri are from the 
Now or Middle Kingdom, whereas tho Old Kingdom 
was tho day of Egyptian power. The later scribes 
were content with copying earlier material. These 
later scribes were, moreover, commonly careless 
and not uncommonlv incompetent, and, as it falls 
out, this wae especially the ca8e for the papyri that 
bear on scientific topics. 

Bearing in mind these contrasts in the circum­
stances of Egyptian and Greek documents, let us 
tum to the surviving papyri of scientific content. 
These, like the earliest Greek scientific material, 
divide naturally into tho medical and the mathe. 
matical. A number of documents fall into each 
of the two categories, but most of them are so 
debseed or so trivial that we mlas little if we take 
only the principal specimens. Of these thoro are 
two in each class that are of primary importance. 
In tho medical class there ia tho long known Ebere 
Papyrus and tho recently described Edwin Smith 
Papyrus. In the mathematical claae thoro is tho 
Rhind Papyrus and tho very recently described 
Moscow Papyrus. These four contain practically 
all that is known of Egyptian medicmo-otbor 
than that of a purely magical character-and moat 
that is known of Egyptian mathematics. 

The Papyrus Ebers, known for seventy yeare, ia 
still not comFletely inte!Ugible. It preaonta many 
lingcistic difficulties, chief among them being tho 
names of drugs. It is of tho Now Kingdom, and 
is generally dated as of tho sixteenth century D.o. 
It is in the main n. 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 also little that one can call superstition. The 
book is taken up with a Jist of traditional treat. 
menta of o. more or less disgusting character. That 
sections are taken from a much older work is evident 
from a few isolated paragraphs in it that are devoted 
to anatomy. Theeo are so confused as to be un· 
intelligible, but it is obvious that tho ecribe Ia trying 
to abstract an older and more scientific dooument. 

During the Jaat few months Prof. Bieaatod, of 
Chicago, hae presented us with his edition of an 
Egyptian medical document of a somewhat 
different order.• The Edwin Smith Papyrus baa 
had a romantic hlatory, having boon originally 
discovered about tho eame time, and perhaps fu 
the same tomb, ae the Ebers. A aeries of remark­
able circumstances left It In private llbraries and 
unknown to scholars until a few years ago. 

In general form tho Edwin Snilth Papyrue Ia not 
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unlike the Ebers, in date somewhat similar or a, 
little earlier, and ita scribe no less care!CSB and 
incompetent. He was, however, engaged in copv­
ing a document of greater scientific value, and pro h. 
ably of greater antiquity than that ·which was 
occupying the scribe of the Ebers Papyru•, for 
there can be little doubt that the original source 
of the Edwin Smith Papyrus was of the Old· 
Empire. Moreover, the .Edwin Smith Papyrus 
deals with surgical conditions, and especially in­
juries, while the Ebers iJ:J occupied '\\ith diseases. 
Injuries and their treatment lend themselves to 
clearer descriptions than do the diseaseR. We thus 
have in the Edwin Smith Papyrm; a document of 
high value for comparison ·with certain works of 
the "Hippocratic Collection " of about twelve 
centuries later. 'Without discussion of details 
it may be said that through the mist of scribal 
ignorance and misunderstanding we can sec in the 
Edwin 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 
" Hippocratic Collection ", and do, in fact, throw 
light on the nature of physiological ~echanism. 
The .Edwin Smith Papyrus-or at least that part 
of it .which survives-is devoted to injuries about 
th~. head, . It gives us a glimpse-alas I that it 

·shoUld· ·be· so dim-of o. lost and more ancient 
scientific literature to which such ma~cent 
: treat·ises as the " Wounds of the HeaU " and 
·.".FrBctures and Dislocations 11 of the 11 Hippocratic 
Collootion " may well have been related. 
· . For Egyptian mathematics the most important 
document is. the Rhind Papyrus, which was llnely 
edited a few years ago by Prof. T. E. Poet, of 
LivllrJ>O!>l.' Its age is about that of the Edwin 
Smitli Papyrus, though it is copied from an 
original of the nineteenth century B.C. It profesaes 
to be a ' guide for calculation •. Apart from simple 
rules for giving the &real! 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 
of pyranlids. In this last a certain relation which, 
as the Papyrus says, " makes the nature of the 

figure 11
1 is deduced from the side of the square 

base and ''erticnl height or 11er~em~U8 as the 
Papyrus calls it. The word p<r-em-IUI is doubt!.., 
the source of the Greek ·word pyramia and ow 
pyramid. The problem clearly links up with the 
mathematical triumph of Thales in deducing the 
height of a pyramid from its shadow. 

The last scientific document of Egyptian origin 
to be considered is the Moscow Papyrus, which waa 
only published in full by Prof. Struve a few months 
ago.• It is of the Middle Kingdom and thus older 
than the others. It contains the determination I 
of the volume of a truncated pyramid and the 
area of a hemisphere.7 Both are correct, the latter 
on the basis of the Egyptian value for r. as 3•16. It I 
yet remains. to be seen whether these determinatioru 
are based on general formulre-as is beHeved. to be 
the case by Prof. Struve-or whethe.- they are 
empirically obtained. If the former, it will be • 
necessary to rewrite the history of ancient science 1 

and with it much of ancient philosophy. 
The rationalisation of the Greek intellect within 

a very few centuries has always appeared some· 
thing of a miracle-an epiphany. On the other 
hand, an ancient and slowly disintegrating scientific 
tradition in Egypt or in the Near East would fit in 1 
well with what we know of the early history ol I 
Greek science. Whether such traditions existed is 
a question of fact which can only be solved by the 1 
Egyptologists or ABByriologists. In the meantime, I 
the Rhind, the Edwin Smith, and the Mosco.w 

1 
Papyri have made such a view less fantastic than 
would have appeared to be the case ten years age. , 

11Th€'{more hUJIOTI nul \\"Orka oft hr "lllp~rat lc Collection " are bt1U 
edited li)' Mr. \\,H. !'!,Jone-s and Dr. E. T. Wlthlnaton tor the tofb 
Library. !'om roln)dl!te crlllcal venlon we ttlll dcJlf!:nd on Emil Littd'• 
"€Eu\'fte romt•I!IN tl'lJ\ppocrate" In 10 volumfl (Part•, 1839-61) •. _ _. 

1 0, N. t'oclln.nr, ''Thucydldeaand the Sclenco of Hlarol")'" (Osfuu• 
Unh·enlty l'rru, 1020), 

1 An ucellent aummrU)' ot O~k m•themntlce baa recently bttp, 
prepared b)' tllr T, L. Heath, "A Manual of Greek l!athematl~'~ 
(OJ:tortl: The Charendon Pnou 1031), 

• J, H. Breut~d, "Tire Edwin Smith 81Ulflral Pap)TUI ", 2 wiJ. 
(Unh·enlt)' of Clrlenll'o Prm 1031), 

1 T. E. Petl, "Tho Rhlnd Mau.emlltleal Papyma" (l.lverpool, 11123..'; 
Another edition wa• produffil for Ule Mathematical AIIOClatlon.,. 
America, Ul27-20( b>• A. B. Chace, L, s, Bull, atrd B. P.ls:az:mlngR-.1~ 
"r~~l~fr.PhY o Eg)'ptlan and BabyiGnlan Hathematlu b)' , • 

1 w. W, Stru\·e," llalhematllcher Pap)'fUI del Stutllehen HuRCUrDI 
der tci!Dnen KUnaten In llt~~~kau" CQuellen und 8tudlen aut Oetehlcbte 
der Mothemntlk: Alit. A, Quellenblmll), lletlln, 1930, .., .... _ 

' The Moloo\1" Pap1·ru• 111 tll~~eUIIetl by &tllleombe Ounn and T. ~ .. . 
Peel, "l-'our UeomrtrJc;tl Problem11 from tho 1t01e0w Mathemai~:'J 
PaJl)TUII", Journal Q/ l:.'gvptian Anlurolog11, 11. p. 1117, Nov. 1m.~ alf.' 
Kurt Voll't'l 1. "The Tnmc:atl'll Pyraml•l In F'.ll')'ptlan lhthemaul'lk 1 
Journal fJ/ l:.'riiiP!fm• .Arrhff'filUfiV If p, :u2 Nov, 1930. Tho wor o 
Struve Ia rtillct~ll)· te\·Jcowrd II)' \1, .k. Peet ~n tho Journal oJ Btwdlfl 
Arrllcrolouv, n, p, 1~-1. )Ia)' IU31, 

Population Problems. 

·THE eecond 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 nationalitiea were present. 
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the work of the Union durin~ the three years of 
its existence, and elaimed, Wlth reason, that the 
progreas made could be regarded as gratifying. 
Fourteen countries already have National Com-

No. 3218, VoL, 128] 

mittees, which function with varying degrees of 
intensity, whilst in still other countries (Czeobo· 
slovakia, Greece, Poland) National Committeea are 
in proceBB of organisation. There arc three Inter· 
national Research Commieaions receiving fundah 
frcm the Union and dealing respectively wit 
population and food supplf• differential fertilitY• 
and the vital statistics o primitive races. !" 
addition, grants havo been made to many ••· 
divlduals for investigations whloh fall outaide th~ 

. scope of these Comml88ions. Sixty-four per coD 

Dr. K&rl·Edb . 
on his .tudy';ol ' · ·. 
Bocia.1 olilseOI. , I · 
fertilit tendo tc I N~.a21siv 

_L7o~~~ 
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The Beginnings of Science.• 
By Dr. CHARLES SINGER. 

7 

WHEN did science begin 1 Cnn nny question : sons Rl\'R)'· It iA the strcnm itself and the spirit 
he more fundnmentnl for the historv of ' t.hat dwells th~rein that the historian of science 

rational thought 'l An adequate nnl'wer ,,:auld 
1
: has to fltudy. 

doubtless demand the formulation uf nn exnt.•t and Science, then, is a process that can be followed 
~ncrnlh· n<.·c:eptt1hlt> definition of science. No 1 through the ages ; it is not n mere pn~"ive hody of 
on"' pefhnJ»l, ha!'i yet ~uccet-<1<-d in accomplishing · knowledge. The sheer \·alidit~· and succesR of the 
thh.' Aeemingly simple tnsk. But without inttist.ing ; Rcientific procm~s, as upplied in our own time in 
on 8 preci~e delimitation of the term 4 science', ' western Europe and America, has gh·en rise to 
we mny get some wa~·. at least, b~· taking it~ t·urrent 1 popular misunderstanding as to the .nature of 
11 inexact senJ:le. Thus' we may trent science n~ science, nnd some misnppliC'ntion of such terms 
.imply t}u.• s~·stematic proreall of recording natural ; as 'science ' and 'scientific'. \Ve hear of the 
happenings "-'ith the object of di!o!cerning soruc : ~dencc of some prize.figh'Wr, and n. book has been 
relation between them. 1· published on the "Science of the Sacraments". 

1 "·ould emphasise the word proce.ss. Sricm·e There il' nothing in the Jaws of thi~ or any other 
ill oftl'n discussed as thongh it could be' prt·· ~ country which forbids its citizens from giving the 
II('Oted as a body of knowledge or doctrine, but words of .their lnngua~e such significance as they 
reflection "·ill soon re\"eal that this point of ,;ew i' may choose, but the word acience as employed in 
cannot he maintained. For is it not the case that . these connotations has no clear link 'With the great 
.:iencc that. has ceased to develop soon ceases to 1 progrcgsive method of acquiring knowledge with 
be science at all ? The science of one age is often 1 which the historian of science has to deal. The 
thr nonsense of the next. Think, for example, of 1 very form of the adjecti\'e from science mip;ht 
judicial astrology, or of the" doctrine of lucky und ! itself gh·e pause to those who would force the word 
unlucky numbers. 'W'ho, if he did not know their : to cover such topics as the skill of the prize. fighter 
hifttory, would recognise these as the debris of J or a knowledge of the theory and practice of 
finely conceh·ed and for-reaching scientific h~-po. I religious rites. The word adenlijic means, deriva­
theses, which once attracted clear-thinking min& ~ tionnlly, kno1rledge making, and no body of doctrine 
~eeking· for rational explanations of the world in I which is not being progressh·ely made can for long 
which they lived I We may smile, if we "ill, at retain scientific attributes. 
IUch an ~~p~anation of. the ~ace of t~e earth as Duri~g the last two generations the evolutionary 
tbe: doctr:m.e.-o! ttUcc~n·e d1sasters toHowcd by conceptiOn of Nature has become so general thnt 
IIUc~cs.~ive _cre8tions. The \"iew that fossils are the it non· pervades our thoughts on every aspect of 
early. ·and clumsier attempts of an omnipotent living activity, nor can we understand an organic 

. Creator may even move us to theological "-Tath. product until we know how it came to be what it is. 
""'i-:~·11:.·,'· .. : .. Yet such conceptions wero but stages in the de.- Non·, the efforts of the human mind are essentiall~' 

:velopment of geological ideas, just as the scientific such products. It has thus become generally 
.\"ie~s of our Ol\'11 time are but a stnge in a great recognised that to comprehend, for example, the 
aecular process which will continue "''hen we are constitution· of a State or the teaching of a religion 
no more. it is absolutely necessary to know it.~ past. This 

lt therefore beholes the historian of science is the true reaction of e\·olutionnry doctrine on the 
!<' be \'ery charitable, very forbearing, in all his study of history. 
JUdgments and presentations. He must not ask On the study of science itseU, however, this 
too mnch of previous ages, nor must he judge them reaction of e\'olutionarv doctrine has been less 
hy tile •tnndards of his own. He needs constant!~· generally recognised. \\'by this should be is per· 
to l't'<'nll that he is. deaJing with work of erring haps not altogether clear. One reason may be 
~rul hnJX>rfect human beings, each of "-'hom had, that the triumphant and absorbing successes of 
hk• himself, only a. very partial view of truth. the application of the scientific method have de­
~~~l'~ is an unquenchable and irresistible tendenC)' fleeted attention from the process itself. Another 
tnn~te_in the human mind to erect general Jaws or reason, which is perhaps but a restatement of the 

Tl
rul .. in explanation of the happenings of the world. former, is that the \'ery rapid growth of the pro· 

.•nt.tendency is no less present in the historian of ducts of the scientific process in quite modern 
.~.·1rn_cc ,than in the great minds whose work he time.'J has turned men's thoughts away from its 
"h~oids, and if he is to be judged at an by posterity, more ancient achievements. Yet it is clear t-hat 
c cnn but echo the epitaph: if we would understand the process itself, we must 

Reader, thou that paa~~eai by, examine its application in the past and watch its 
As thou art so one~ was!; action under conditions different from those in 
As I om, ao shalt thou be, which we ourHeh·es lh•e, Only thus can we hope 
Whercroa"t•, render, pray lor me. to attain nnv real insight into the nature of the 

.Timr. still, li~c an ew!r·rolling stream, bears nil its proceRs nnd Of the l.'ft'cct it hus had on man'H estate 
throughout tho ngeli. 

1 r ;I h~;~u::ur11l rulol!'nll> tlt•ll\'rn•tl tn thr ~t·rotul lntrrna!lnn;tl C"tolll!'t."~• 
~~ u"'I•IIJhtr)" nt ~rlem'C 111111 :l"t•rlmolugy, hytlot• ''""'lolt·lll, Uti Jlllll' :!11, 

11• O)'zll Utoaraphleaii:IOC'Iety. · 
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Among th" criticiMntK that cnn he nuulc of nny 
attempt to trace the hiHtory of 8Ciencc, there iH 011e 
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tlll\t shouhl be nwt at the mttl'lt•t. It hnl'l la•cn snitl 
t,lutt the histOI'_\" of rtcil'ntifif' 1\cti\·it.y fll'l~Sl'lltl'i a 
held :oo \'nst thnt it cannut hl• <'UIIlfll\~"~~'~l!cl c\t tir:ot 
hand Uy nny single mind. 'l'hc critici:o~m i!i wit hunt 
\'nlidity. H pre~ .. ed, it wouhl not only pt·cvent the 
writing of the hiiitory of ~cicncc, hut would nlso 
prevent the writing both of hi!itory and of scicttc('. 
Who, of his own knowlcdp:c, cnn cc.Hntmss the history 
of c\'CII n. 1-1inglc conntr,v l Who, of his own know­
ledge, cnn deal with tho unimnl kingdom, with the 
:iCicnce of geometry, or with the structure of the 
tmrth ? Yet this has not prevented, nnd should 
not ~revent, the writin,~.; of hi:-~toric~ of Englund and 
of hnropc_. of works on zoology. of treatises on 
runthematlcs, or of text-books of geology. The 
scope of :mch hooks in rcft.•rence to the 6fst-hnnd 
knowledge of tht'h' writers must ho effectively 
infinite. The diflieulty in \\Titing them-as in 
rending~ them-is the difficulty in getting a philo­
sophical grasp of the principles im·olved. In 
ohtnining such grn:~p, first- hand knowledge is of 
primary importnn<'e. Yet this knowledge, applied 
in :mch a. field, i:~ but n. means to an end, and the ~· 
writer must be judged by his grMp of the principle.• 
he sets forth, rather thun by the nctunl number of 
experiments he hns made or experiences thnt he 
has undergone. 

But to return to our question as to when science 
began. The question can as little be answered as 

~~h~e~;~~W~h~en~;does a man be,pn to grow old! begun, I did begm to be undone." 
detected germs of the scientific 
and rudest races of mankind. 

Aa-sc10n as a child begins to observe, he begins to 
generalisations. The sR.vnge sees the action 

the records of n far cnrJier l!Cicntifie 

•• 
curliest of nil <Cii>Uti8c 

iuwe come down to us nre in the 
medical class. They nrc contained in the rnis. 
ccllaneous group of trncb! known us the "Hippo. 
ern tic Collection ''. 

The ·• Hippocratic Collcctlon " takes its nnr:ue 
from the nllcgcd · ftlther o£ medicine'. In a 11!31 
criticnl age thi:-J muss of ?.'ritings was nil n~ribed 
to Hippocrates, and t·here are some who still find 
it difficult to abandon the old paths. Ne,·crtheleao, 
there is no C\'idence, worthy of the name, that any 
part of any of these works was written by Hip~ 
crates, nor indeed is there any real evidence 
that Hippocrates wrote anything. It is, however, 
certain that some works in the '' Hi erotic • 
lection " were composed in th ., 
at which period their eponym us author was born. 
Sections of some of them may well date back to 
the sixth, and portions of them even to the seventb 
century. lloreover, it has long been recognised 
that these medical writings were an integral pan 
of a far wider and more deeply based r.ontemporary 
rational movement in philosophy.1 

It ha.s indeed been argued that the 
between the medical and hi•toricai writtinas 
ancient Greece are closely paralleled by 
tiona between the evoluhonary and ~~·~?.~11 
writings of a or two Uti 

it that ~. ~; 
a living thing in the wind and the flow of the 

water. He generalises from his im~rfect observa­
tion that movement means life. The baby calls 

every male " daddy u ; his, too, is an elementary !~~~~~~~~~~~~~~~~~~~~~ generalisation based on imperfect experience. Both 
ascriptions are imperfect attempts at deducing 
laW!!. ~·-

Here, however, we encounter a eal i the 
-ED~ narrative. We can see e scientific 

eielllelltlii the baby's generalisation or in the"*""'!'O" 
savage's belief. Yet we cannot, with any coo. 
fidence, tro.ce them forward in a continuous stream 
to anything that we should call science 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 remain®r of :ny remarks to t 
s ial nature of this rilCOiit · torical · ent. 

is too n e case on t e sctentific front, t e 
pioneers are more concerned \\ith their own pro~ 
gnli!B 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 to say 

}
that the game cannot be olearly seen except by 
the onlooker. This is the justification of the~ 

riesoed historian of science. Without him research 
in one department would rapidly lose touch with 
research m other departments. This Is so with 
recent soientifio history. Let us seek in the same 
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.jghth Century B.c., we get some ru;tronomicnl : scriptionH on tomh:-~toncs, to h;vmn-books, and to 
Such knowledge, howc\'Ct, mu~t hn\'e been I hmyen.; for spet•inl OC<'UNions. It i~ true thnt we 

non property in the.~ Near EnRt, and indeed Ul\'C nn udmixtur(' of other document.H, hut the 
:cry early ngriculturnl communit.y. In the 1 proportional dh~trihution of toun·h·ing Egyrtinn 
nee of an adequate cnlcndnr, sonu• nstronomicnl ' writings b('ars no rdntion to the proportionn dis­
rleclge i~ necessary for th<' elementary opera- trihution of Egyptian intcrel:lt.~. 
; in the field. Heeiod. it iN true, hns something Thirdh·, it must h(' t('membcrcd that much sur-
~r beyond farmers' o.stronom~·, hut in him we ,·iving Gi-eck litcrahlrt' is from the most vital period 
: the inder.ndent scientific element at n well- I of Gret•k history. On the other hand, the ovcr­
irreducib e minimum. whelming muss of E~~-ptiun pup)Ti are from tho J 1/ 

m l\'e, t.hen, trace the rational trndit.ion n~ong 

1 

Xew or Middle Kingdom, when·a·: the Old KingdotiiY"' 
3reeks behind Hesiod and the eighth century 1 was the day of Egn>tinn pol\'er. The later scribes 
ink we can. In the Iliad of Homer we obtain were content with cop~·ing earlier material. These 
.pses, distant, it is true, of an indeptmdent I later .!lcribes were, moreover, commonly careless 
>nnl medical system. The llind tells of a great 

1 

and not uncommonly incompetent, and, ·as it fnl1s 
:of fighting, in the coun;e of which no !eRR than out., this wn~ especiahy the case for the papyri that 
:wounds are well described, and in many cases bear on scientific topics. 
' treatment detailed. Now this trentWent iR Bearing in mincl these contrasts in the circum­
' on entirely rational grounds, and magical stnnc(•S of Egyptian and Greek documents, let us 

are conspicuous by their absence. Thil'l turn to the sur,·iving pap)Ti of scientific content. 
many other hints in the Iliad imply the prac- These, like the earliest Greek scientific material, 
of scientific medicine by recogniRCd practi· divide naturally into the medical and the mathe~ 

relation to folk-medicine. Thus, matical. A number of documents fall into each 
of the Iliad, we may trace the flcientific of the two categories, but most of them are so 

among the Greeks as far back as the ninth · debased or so trh·inl that we miss little if we take 
century. It is noteworthy that in the 1 only the principal specimens. Of these there are 

••••vthe origin of medicines is ascribed to Egypt. two in each clasF~ that are of primary importance. 
of the consensus among the Greeks as to In the medical class there is the long knovtn Ebers 
to Egypt, illl traces of the scientific spirit Papyrus and the recently described Edwin Smith 

in the Egyptian papyri arc of peculiar Papyrus. In (11e mathematical class there is the 
r·;;,;~iiny;,.;e1tlvthe finds have been, till recently, Rbind Papyrus and the very recently described 
11'1 disappointing, and the contrast Moscow Pap.}TUS. These four contain :practicolly 

science and Eoyptia.n l-icience is all that is known of Egyptian medicme-otber 
disadvantage of E'gypt. For the in· than that o! a purely magical character-and most 

I!YPtian position as against the that is known of Eg,yptian mathematics. 
not always bren given to The Papyrus Ebers, known for seventy years, is 

rec1or<ls of the two civilisations. still not completely intelligible. It pre•ents many 
haYe to remember that the picture that linguistic difficulties, chief among them being the 

thought is derived from the names of drugs. It is of the New Kingdom, and 
Greek people. That there is ~eneraUy dated ao of the sixteenth century B.C. 
losses to that literature is It JS in the main n collection of remedies for various 

but the pt.rt has come down to our named conditions which are sometimes briefly 
. becaU!:je it was read by the generations that described. Its general intellectual level is about 

bet\\'een the Greeks and ourselves, and it wa~ comparable to an English family receipt book of 
""''""'sc.byeachsucceedingage,itwasthought the seventeenth century, of \\'hich se,•eral have 

rending. Greek literature, as l\'e have been published. There is no definite physiological, 
in essence, a selection. It is far other· pathologicnl1 or pharmaceutical theor)o', but there 

wit-h the Egyptian records. \Ve have here 1 is nlso little that one can call superstition. The 
\\'hnt time lias spared, and that·old reaper book is taken up with a list of traditional treat~ 
more discretion "ith books than he has ments of n. more or less disgusting character. That 

lives of men. He spares \\'hat he '\\'ill section~ nrc taken from a much older work is evident 
\\ill. \Vhat kind of literature should we from n few isolated paragraphs in it that are de\·oted 

from the \\Teck of our own civilisa- to nnntomv. These are so confused as to be un-
~~~il)'!~'lrn.alism and trade advertisements 

1 

intelligibl£'<: but it is obvious that the scribe is trying 
bulk, and therefore would ~nbstrnct an older nnd more scientific document. 

of snrvh·al, thun the works__ _ .. ring +he ln~t few ~rof. Breasted, of 
l'hilo•<onh~,.,; and mt'n of flcience. ~· C'hicngo, ha!' JWc.>~eni<>d¥\ml(his edition of nn 

remnants that hll\'e come down I Egyptian medirnl document of n Romewhnt 
nn<otent EJt~-pt hn"e mm~tly been rl'· different order . .a Tlw Edwin Smith Pnpyru!\ has 
tomln~. Th£>\' were the kincl of thin~!! hnd n romunti<• hh•tory, hn,·in~ hccn originally 

,111(>11 of their dnj· ihought tmitnhlc to hur~· di~<·o\·crccl about tlw !-IRIJH' tinw, m.ul pcrhnp!l in 
tlwll' dt•n , Tho Nnumm ~;: •f nil nrr, in fuN, thr ~arne tom h. nl' the F.hf•rJot. A H(>J'I(•Jot of rt'IIIAJ'k· 
uf tlw "Roo l' end • If we hnd to I ahlr Nn•unudanrt·~ lt•fl it in Jll'i\'nh• Jilll'nrh.·~ nnd 

)•IIIIIN>I'P tht•m WI 1 tmmet u 111 om· own ch'ili!olu· ! unknown tu ~t·hulnr~ until n ft•\\' ,\'rnc·,.;. ngn. 
woultl pcrhap~ correspond to the in· ; In gem•rnl form tht• Edwin Smith Papyrus is not 
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unlikl• tilt' I•:JJ~a'"• in clutt• ... otncwhnt ... imihu· or n 
littiL• t•nrlicr, .nncl it:-~ :o~t·l·illt' nn It·~~ c·ul'('lt•:i:o~ 1111d 
incom/'L'tent. lit• wn:~. ho\\'l'\'l'l', t'IIJ.!II!-(t'd in t•npy-
in,IZ a f m·utut•nt of l!l"l'Hll'l' ~dt>ntitit• ,·nlm•. nnd· pl'llh· 
nllly nf J:ft'('Utt·a· untitplit,\' tlmn tlutt whit·h wn:o~ 
nt·c·upyin,l£ tlu.• l'l:l'ihc of till' Ehl'l':o~ Pnp,nu~. for 
there cun ht• little douht thnt the miginul source 
of the ~~dwin Kmith Papyrus wu:-> ilf the Old 
Empire, :\lon•u\·cr, the E•lwin Smith Pnpyms 
clcnls with :-ourgicnl t•owlitinn~, nnd t•:>pt•t·ially in­
jurie:;, while the Eht.•a·s is •wt·upietl wirh di:-:enses. 
Injnl'iC>s nnd tht·ir treatmt•nt lt•ml thern:->t•lvet-~ to 
rlel\rer d<•scriptions thun do the cli:;t•n:-ot·~. We thn~ 
luwe in the Edwin Smith p,,P~TIIl-1 u dnt•unHmt of 
high \'llltte for cumpnl'iJoOun with t•ertain Wol'ks of 
the •· Hippocmtk• Collection" of nlwut twelve 
t:enturies Inter. \Vithnut diseus:-;ion of details 
it nun- he :mitl thut thl'ntl!..dt the mh.;t of :-~erilml 

[·f!!r.Y 4, l!l:Jl 

i~norn'nee nnd mi:mnder .... tnliding- w1• t•nn ~t·c in the 
Edwin Smith Pnpyru:i un nutlwr who llllt only 
recorded actual case historie-5, but was ;;eized nt 
times of the :-tpirit of science ; that jg to :my, he 

records in order to learn something of the workings a \'erv ~~:~~~::~i~i;~~:f~i~;:~:~; of the body ns distinct from any ll.Ltt.·rupt to treat thing· of a 
his patient. Some of his observations, such as that hand, an ancient and "'=I~~I:ifie 
injuries to the brain on one side tesult in paralysis tradition in Egypt or in Near 
of the other side of the body, nrc repented in the well with what we know of the 
" Hippocratic Collection'', and do, in fact, throw Greek science. \\'hether such tradit:Ioi>"-·;-;--c·., 
light on the nature of physiological mechanism. a que~tion of fact which can 
The Edwin Smith Papyrus-or at least that part Egyptologists or A.ssydologists. 
of it "'hich survives-is de,·oted t0 injuries aliout the Rhind, the Edwin Smith, ·~~iaii~~ 
the head. It gives us a glimpse-nina! that it J....!:.!:'".t:l.l.,have made such a :view u 
should be so clim-of a lost and more ancient appeared to be the t>ase ye~~·~~!~;LJ 
sc·iontifiu literature to which such magnificent ~-
treatises ns the "\Vonnds of the Head" and 
u Fractures and Dislocations '' of the " Hippocratic 
Collection " may wellluu-c been related. 

For Egyptian mathematics the most important 
document is the Rhind Pap\Tus, which was finely 
edited a few years ago by Prof. T. E. Peet, of 
Liverpool.' Its age Is about that of the Edwin 
Smith .Pap~Tus, though It U. copied from an 
original of the nineteenth century s.c. It professes 
to be a 'guide for calculation '. Apart from simple 
rules for giving the areas of figures enclosed by 
right lines, we have the measure of a circle from 
't\-'hich an estimate of ;:- as 3·16 can be deduced, 
and a. calculation wit~ reference to the proportions 
of pyramids. In this last a certain relation which, 
as the Papyrus says, " makes the nature of the 

Population Problems .. 



• 

.. 

-~\' Jl. l93l_J. __ 
,J.t---

X.-iTURB 77 

. .---- -ratUn:l url the l'''npel·tit•:o~ of till' iwmlnting 

1-:~h tt'1tpt:fhe objt•ct oft lt.> in\'t':>~li.~:tntiun i~ to detcr-
11·ctfiil • urrcnt currving capacity of Mtnndnrd cablcl'l 
'~"'till~ c n·pes and "RizeH under •lifft>rcnt conditions 
11
1 , .• riotlllbOth for altcrnatinJl and ditr<'t current. 

::tl•)·inll•rk in connexion witli the tcst'iug of fuse::~, tho 
t•or«0 .,. {s.cilities have been cxtcntll•tl to cover the 

1,b0rator.cification of the Brithd1 Engin(•cring Stan· 
t1t~ ~ociation for dome!itic fuses up to 250 volts 
11.u'\l:J • amr,erea. The specification re•/uircl'l that the 
.u••' ~~~ nuu eat 200 Vc;>lta and at ~uitab e t~ho;·t. circ~lit 
1 co:~t:l 18 up to a maxamunl of 0;.~00 nmp(>rcs. \V1th 
rurrt' 11 • equipment, the short circuit is madco from u. 
1h'' nt•\\• bv meo.Illl of a solenoid controlletl switch, the 
,!i~lllf1 ~c btinK obsen-cd through a wir~l .'Clnss panel 
~·ul~ 11 !oor of the tegt. enciD!mre. An auxiliary c1rcuit 
ill I e 1 rating a ncou lump imlicatt>s whl•tlll'r h·on· 
illljrP~1 .0utH ~thaw any tendem:\' to m·c to thl'ir cases. 
,·I-" c:he WircleSM Division n. zi.l•W t~'l"~ of dynut~on 

1.j11110r has been devt'lopNI by t lw tt~l· uf the lll'l,!'atJVe 
tc'l'! tanCe charact.erh1tic of tlu.• ~o~Crl•t•n -"rid \'nh·t•. Bv 
f'l'!ll~lin{t' the anode to the control .'tl'icl throu~h a small 
"11~dt\' and including a rcsil'lhlllCI! of the order of a. 
rd~ohPt in tht~ filament-contrn! 1-!'l'id circuit. higher 
' 11 uencies than are po!!SiLie with normnl 'lynntron 
(~~ie11 have been obtained. The exhibit Khown can 
j'~ used (or the generation of oscillations of wave· 
)-nlllh as small as 6 metres. 

modulntion fl'l'O irum hurmonic!'4. 1\ny hnrmonlcH 
lli'CHI!nt. in thl• output conHtitutu a ml·n~ur·o of tit., 
distortion pr·01lucc•l. 

In the High \'oltn~:te Building, e•1uipmcnt for tho 
measurement of the dielectric loH~t of hi~h voltage 
porcelain in11Uintor~t was exhibitctl. Demonstl·ntionll 
were sriven of flnshon1· te~tts to d('tennine thl' maxi­
mum voltage witluttood b\· a 132-kilovolt porcelain 
htsulator stl·iug. ~ 

In the Photomctr'\' Division an investi~ation waH in 
progres.•t in connt>xfon with the light-daffusin!( pro­
perties of diffuHing glai'!Sware. These properties are 
gov('rned by the sizt.• and concentration of the par· 
ticlcs, and apparatus has beendevelopedin the Uivhdon 
for the measurement of these two c1uantitie~J b>• the 
usl' of a powerful microscope. Half-silvered mter­
fcrometer \'lates are fitted to the fixed and movable 
stages of t 1is htstrument, enabling the movement of 
the latter to be obtained directly in tenns of light 
wave-lengths. Thc diameter of a particle can bl' 
determined by observation of the interference fringe 
lJ.)'Rtem, as the particle is made to traverse a fixed cro:J:t 
'"~re, or alternath·ely by attaching the cross wire ton 
tl'flV('IIing mi,•ro::wopf'. the scale of which can be caJi. 
bra ted by rm•ans of the interferometer. To determine 
the concentration, the field is limited by an aperture 
of known diameter. The microscope is focused 
through the particles by a slow-motion device, the 
di~ttance tra\•ersed being measured by a second inter­
ferometer. 

1 the same principle can be applied to the problem of 
. •ltctive amplification. With the u:ntal triode \'alve J

1
t' presence of the J>C!Sitive shunt resistance of the 

1•11(\·e decreases the selecth•ity of the tuning circuit 
:hruogh damping. If the negath·e ret~hltauce char· 
gderia~tic of the ~creen grid vah·e he utilised, the 
r:elt'Ctivity of the ampliryirig stage can be made greater 

~~;~~~~~~~;~~~~i~ !lutn that of the tuned circuit alone. .-\ demonstra· cion of this was given by means of a circuit incorpol·at· 
. r·· itlll a ,•alve of this type. 

The investigation on behalf of th(' Radio Research 
ooard in connexion with the de\'elopmcnt of tran~t· 

~,(>••im:~n,,_in mittin!;l' and receiving apparatus f'.ll' \'ery short wave· 

The fundamental work on glare has been extended 
to cover the glare effect of coloured light sources with 
white and coloured backgrounds. Practical applica­
tion has also been made of the results already obtained 
with normal light KOUrces by the design of an instru­
ment for the determination of the glare effect due to 
an actualliR"htiml svstem. Two meR~~lrements of the· 
brightness C:lifferenCe threshold, one \vith the glare 
source~ l':C/)O!ll'd to the observer's eyes, and the other 
with the~ are sources screened, give a ratio which is a 
mt•a.<mre oi the glare effect. 

lengths has been continued, nn1l equiP.mcnt capable 
0 ( transmitting and receiving o11cillntions of wave· 
ltngth as muill aa 1-15 metrcH was shown. The 
apparatus has been used for the study of the pro· 
1141[ation characteristics of very ghort waves. 

The apparatus for testing the performance char­
\ aeteristics or wireless receivers has now been extended 

I 
ro cover the shortest wave-lengths in commercial tme. 
Impro\'ed apparatus has been installed capable of 
rarrying out comprehensive tests at wave-lengths 
from 7 metres to 2000 metres. The tet~ts comprise 1 o\'er-all sensitivity, radio-frequency, selectivity, and 

l iUlelity in the reproduction of radio-frequencil'S. The 
lut-named test is carried out by the llfle of an input 

Jn the William Froude Laboratory a model of a 
Ringle-Kcrew \'essel was being tested to compare its 
behaviour in shoal and deep w·ater. There are reasons 
for supposing that there is a scale effect leading 
to diffei'E'nces between the model aml the full-sized 
ahip. The model under test was equipped with its 
own inboard motor and propeller and apparatus for 
determining its resistance through the water. A 
model twin-scJ't'\\' \'ellsel fitted with its own proJ>elling 
and t'l'cording gear lllltl utilised for researcli work on 
the backing ttitalitie~ of propellers was exhibited. 
The te~ts at·e desiR"n£'fl to show the thrust capacities 
of propellers of \'at·iOus shapes and diametet'S to cte8troy 
and t·c,·erse the motion of the model. 

' ~The International Congress of tbe History of Science and 

I T
HE Second International Cong"l"P~ of the History 
of· Science and Technolo)lv, which aBSembled in 

'London on June 29-Julv 4, h~aa~ achieved a notable 
I lltlCCeM, thanka to the Untirin$( efforts or its distin-

f 
JtUiahed preMirhm.h Dr.__charles~Sing~nd the execu· 
tl\·e conitrritfie, li'ild''lhliiiRI'll'liO"he acti,·e interest 

. it haa arou I among scientific worke"' and historians ·m· e world. The Conr.rreu. which wM 
~ th n of ita kind, orip:inattod with the ComitO 

I · mat ona d'Hittoire r~es-·-Sc · ence.t. which was 
·lotWdeclat Oalo on Aug. 1 1028 It hu, howe\·er, 
~ 'riirtunate in f'nliating O•O(Ieration of tho 

f 9omttTiil1iMlAtiqnal dew Sciences HiHtoriqut'lt, of the 

.
I American Hlato)IY of Science Soeiet)', and the New· 
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address on ' Tho Be~inninp-R of ScaeiU'<' ", which wnt~ nlC'!'!MaJ;w and thmr ('1lt1envoutH to 

published in fuJI in NATURE of .lui)· 4. ~~~~~;:;:~~1~~~~\l:.:!•-P:~~~;; ~rartiet~ ,in tlu•ir own E'tlucntional institu. tht> dynamic rOle of Mcicncc, which h::c · ·- · __.. 
by its history, and !llead<>d for the second· HN'tion of tht• C'onga'f'ss, with Prof. 
into school-teaching o tht> broad lin<>!i . Welch (Unitt•1l Statc1-1) in tlw chair. discul8et.l 
history. tho important probleM of "The Teaching of the 1 

The History of Science". :u. Aldo )ilicli, tho actin I 
permanent ~ecrotary tht.• · Comitk IntArnational 
d'His~oire defl Scit>nc~s and ~lito~ of ,4.!.~('12.,1.1~ toltl 
the Congrefl8 hon• tlu11 bod~· 1"-d'rectilij!.: .rm_irii-lnir..- 1 

into tho t('achinJt or Hl'icntific history, whidl wi I b(. # 

completed in time for tJw Congress of History to bto 
held...!'.t~V~r_tm\\"'"irl. 1033. , GoinJt into the hrart. of till' 
debate, Pror.-A:-·B:-HNtth (Swansoa) tried to Mhow 
that our social and cultural diMhannonics are JarJZt'l\' 
due to our failure to occlimati~l' ourselveK to mociN·il 
coAmolofZies : and proposed, as a solution of thi~ 
diftlcuhy, diP creation oi a AciNrtific hil;tont ruur"t" in 
accord with the facts of the modem world· •. On th, 
other hnnd, in advocatin~ the development of sp(>{'illl 
courses in the history or science in secondary schoob 
and colleges, Prof._F .. S.llan·in (University of Cairol 
outlined, in his p8J~er. the advantages to be ,Rained by 
introducing th htstorical-sJ intO scientific work: 
such a method , ou _re; science as a growin¥ 
t.hing; it would Show_ - fll.k with the other ·aspe('t~ 
or our knowledge; it would present the mass of 
scientific facts in a more human fonn ; and finally 
it would illustrate the collective work of the }nunan 
mind, building: up an incrensinJrlv coherent framework 
of the universe. One mn\' ndd; too, that the histo.,· 
of science can suggest nr,\· lines of research, and th\l:i 
lend to unexpected discoveries. 

Prof. A. \Volf (London) outlined the teaching of thr 
history of science in the Univ(>rsitv of London, which 
owl'S so much to hiR own (>ffort~. ~ointing out as onr I 
of the difficultieR of the OfllaniRatJon of auch courstS I 
the existing hostility towards new subjects, which orr I 
wrong I}: imaJrined by manv to be side lines to something 
else. rrof. P. Diepgen {:BerJin), Prof. H. Dannemann 
(Bonn), Prof. Q, Voller (Pr&[<Ue), Prof. M. Stephanid" 
(Athens), and Prof. D. E. Smith (United States) gave 
some interesting details about the teaching of thr 
history of science in their respecti\'e countries; whilt 
Prof. LaigneJ.Lavastine. tho now holder of the chair 
of the Hisklry or 1\fOOicine in the Uni\'ersitv of Pari.t~, \ 
expressed the feelinJr of the whole Cong"ress '\\'hen I 

~;;,n.:;pJ he Ul'({efl tho necessity of uni\•ersity chairs of the 
of science in the principal universities of tlltt 

Atom111R'Cm 
tu tho~t' which 

OfJllllliMJIIII, YPt, on tho 
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hiolog\' dents with par 
'''"tnlt'ons of the ~o-onl 
lil't• of the orgamsm. 
... hnll retain tho old pl. 
(•rpt ions for practice 
uwntHI phyAical and. 
11~11ming characters 111 
fundamPntal attitude 
J.. L. Whyte, who ,. 
14trm•turt- of materia 
b('JZinning to influent 
JOCription of ordered st 
)l\' classical methoda, 
('(mditions' which ref. 
pa11. having in it deflni' 
the conflict between tl 
physics and the. O!l&l· : 
flown to such a pomt 
l'lttul..- ur bioiOe)' lend· 
u£ eXact biotoe:acal Ia '. 
ncteristics of hving: s~! 

Dr. Needham.•s cry i 
Ktvle of physics in hi; 
• Back to Aristotle', • , 
of the mechanists, wh 
emphasise that.there 
entertained more 01 
<>lassical phvsico-cher 
arrh·ing at P'rediatabl• , 
b('have. The eoaleai1 'i 
nnd the contempofa 
causes for the publh.j 
'-'t•ption of life, at a.f . 
liun·appeara to b!'.e1

1
. ·: 

Mtl-ongly than ever b. 
don) went a atep:'ft·, 
the study of blologll 
method•, but also .a• · 
m,aticallogio deriv~l 
1\ hltehesd; He . wo 
dlapJacement of th• 
' s,.·stem ' ; so that 
'living matter • woul1 
ary substance', whf I 
to think of cells moH 
lonna of stuff. A' I 

! 
! 

The sj 
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, 1 ony history, howcvl•t 
,{ their t'ncloavom'H t 11 
wn OO.ucotlonal institu. 

· Congrcaa, with Pror 
Jn the chair, diaousaeti 

:·The Teaching of tho 
· \ldo Mlell, the active 

ComiU International 
ditor of Archlion, told 
is direoting an inquiry 
. history, which will be 
1greea of History to he 

: ng into the heart of the 
; :waneea)'tried to show 
iaharmonles are largely 

1 ise ourselves to modern 
'I aa a solution of thi~ 
ientifio history more ih 
nodern worJd., On the 

, development of special 
1 ce in secondary sohool11 I in (University of Cairo) 
antages to be ,'tained hy 

; e into scientific work . 
! t science as a growin~ 
1 with the other nsptoch 
1 l present the mass ol 
nan fonn ; and finally 

work of the hmnan 
coherent framework 

too, that the history 
!8 of research, and thu11 

,JrL\' II, l!l:ll I XATUHB iO 
r---:. tlt•nlt4 with purtPinntiL•\'1'11114 whic~h nl't• muni· 1WNnml t~liztJtl.'l' !~~~~~•.•_t~!t.t•.Jlli!ttLpJ_P~f·," ·lDffu. 
hit1loJI .. IIIK of the co-ortlinntt••l wholt• which \\'l' cnll tlw (:\loKcoW), thofijlh he ndnuttetl that prlytUCIKtH have ? 
(t·~lll 1rthe urgnnhnn. Ht•ncc, it lookr~ ntt if. whilu wt• Wii~liiolo~icnl method"' Cor the tlnm1t mewmremcntM, 

.,. lift• 
1
J wtnin thu ohl. phyr~icnl nml mntht•mnticnl con· He IJUOted tho experimt~nttt of Prof. Gurtwitsch, who 

~~~~~ 1 1111 (or prntttlt>nl llii11JOS£114, tho Cumin· claims to have diHCO\'ert.•d • biological rnys ',in BUpport ]' 
'"111 1~ 1 phvtticnl and mntht•mRticnl of the clofKlr relntiontthip between physicK and biology, 
flll'il nln~ t>harnctt!t'8 Kimilnr to tl.•or~o which will lend in time, he hoped, to the disappearance 
Rll6111tUfiu"ntnl attitude wns further ~Xi.>latn~!' .by :'tlr. of tht.J • myHtorious' \.'italiHtio conceptions, 

I (un'L, Whyte, who t!laowed how of tl!t' Tho fourth section of the Congrctl8, presided aver 
L. of •~ Sir Henry Lvona, Director of tho Science lluseum, 

with "Th(. Interdependence of Pure and Applied 
~~~::j.:>~::·I~·~~",;·,"E~S~i,r;,Nnpier Shaw, Prof. C. H. Desch, Prof . ' ,~ Dr. U. \Vimlred, llr. R. V. Vernon, 

f ~~~~~~,i~~~~r~!:i~~~;l~~ llarie Stopes. nnd Prof. \V, l\litkcwich Hlustrnted 

• I 

~ 
'' 

• I 

various nHpects of the problem, and seemed to 
11gree that a Htudy of scientific hi11tory makeR it 
evifient thnt there can be no independence between 
pure reHearch and experiment on one hand, and the 
prndical application of scientific principles on the 
other hand. Further, it appear~~ that the present. 
tendency of intcnHe Hp£<cialisation makes the progress 
of science more than ever dependent upon the co­
ordination of pure and applied science. 

At t\ meet inS{ of tho Committee an July lS, the fal· 
lowing wea'e elected member~~ of the International 
Council for tho ~riod 1931-34: Prof. Karl Sudhoff, 
of Leipzi$' (Pre.ondtnt); Prof. Gino Loria (Genoa), Dr. 
Charles Smger (London), Prof. Paul Diepgen (Berlin}, 
Prof. Julian Ribera (Madrid), Prof. George Sarton 
(Harvard); .Mme. HelimeMetzger, of Paris (Trt.:a8Urer), 
and }1. Aida Mieli, of Paris (St.:crdary). The next 
Con~as will be held in Berlin in 1934. 

Such WM the general trend of the labours of th& 
Seconcl InternatiOnal Congress of the History at 
Science and Technology. As Dr. Singer has long 
been claiming, the history of science can take ita 
place nat only among the dopartment11 of high scholar­
ship, but also as an integral part of training and 
discipline in the general stud~· of history. Science. 
cannot ussume her just positton in education until 
the educator himself recognises the part that science 
has taken in BhapinJt the social and Intellectual environ_ .. 
ment in which we live. Ir the scientific process com& 
to be reco~isod as a great part of our great inherit .. 
once, the Congress will have ~one a good way toward&; 
achieving its objective. TUOltAS GREENWOOD:· .' 

The British Australian New Zealand Antarctic Research Expedition. 

THE Becand cruise- of the Diacot·ery, under the title 
a( the British Australian Xew Zealand Antarctic 

Research Expedition, ended on :\larch 27 with the 
nrri\•al of the ship and partv at llelboume, The 
health of Sir Douglas ~lawson' and his men has been 
t-:tcellent, and they have added ~reatly to our scientific 
knowledge of the Antarctic continent. 

It has been definitely established. that the coast-line 
'i" eontinuoua through a great arc from Cape Adare to 
Enderby Land, which is nowhere far removed from tho 
.-\ntarctio Circle. New land totalling l6°of longitude 
has been diacovered, and further detAiled charting has 
been cilrried out of the 13° dh1covered on the first cruise 
last ·year, The fleld work extended through one­
third of the circuit of the Antarctic region, beginning 
at the new !80th meridian and ranging west to long. 
uoo E. Additional features have Deen added to the 
l:'oast lines of Adelie Land and \\'ilkes Land. It ha~ 
been shown that there is no laml in tho latitudes 
RMhmed for North's Highland, Totten'H Highland, or 
!J~u!1l's Land. The name Banzare Land. {from the 
uuuaht of the Expedition's title) haR been given to 

:llo. 3219, VoL. 128] 

a stretch of territory running from a well-defined' 
cape near the juncture of the 66th parallel and ·the-
12'1th meridian. It is proposed to maintain the titl& 
Sabrina Land for an area observed from the aeroplane­
between the 111Sth and !16th nieridians at· about the 
06th parallel. At the end of "~ilkes Land is an ice­
land about 1300 it. high, which has bean charted 
as Bowman Iceland, in honour of the Director ot 
the American Geological Society. Princess Elizabeth . 
Land is a newly discovered region commencing at .the· 
80th meridian on the 76th parallel and extending 
south and west in a great sweep to Cape Amery •. ::AU: 
the salient featun>s of the MacRobertson Land coast 
ha\•e been charted and named. It is a most intefeete. 
ing region, c.Jivcrsifted with mountains, peaks,: and 
islimds. . · 

Apart from the fteographlcal work, an immense· 
ma~JS of scientific data has been accumulated by the· 
Expedition. Considerable delineation of the sea. 
floor hn~ been po88ible with an echo sounder, and 
manv examinations of vertical marine 11t.1tlons were;··· 
L'Rrried out. Daily nettinflfl for marine life ani.k: · 
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' 
There is ·.also a chapter: on· the IIOdern ftmctional-analytic 

way of looking at Fourier Analysis and its apPlications to prime 
nu•"·r th<·ory. lie 3lso uses Stieltje's integr3ls on occ:~sion to 
303l)':c what is happening. The book is not an exhaustive survey 
on the thousands of papers that have been written on ·the zeta 
ftmction and prime number theory but rather follows several lines 
of papers directly flowing from Ri.emann' s work. 

I , 
.KARl MARX. with nn intro~uc- · 

Kronberg Taunus, 

.- nt'Ulu~"•" 11.1 1'11'\ICI'It\J ted and edited by 
Francesco ~btarrese and Au Bari, Italy 

--•··•- •-L- .......... _ lire. 

~ed!I-
Prov1dence College, Rhode Island 

into his study of calCulus, writing 
.y (Marx/Engels, Werke, vol. 30, p. 362): ~'In my 
differential and integral calculus. Apropos! I 

a surplus of books on it and will send you one, if you want 
get hold of this subject." 

The books Marx had were English and French textbooks of the 
period and were based on the work of _p.th and l,l!>h century mathe­
maticians. He early worked his \o~ay through Sallri • s Cours complet 

mathematiques (Paris 1778) and then the 182~ English translatiot 
elementary treatise on the differential-:;i,lf' integral calculus) 

the wid -reii·- ·· k:b)r-Je::tn-Lout~::JJoucffiii'I3tlJ)75;;:rs;rs.}:? 
other hoo ·s in f.t:u·x 1 Jr:•ry ant..l usct.l by him were texts by 

~ 
•. linu (1790-18<>6) :mu s. 1' •. l.:~cruix (1765-1843). ~l:11·x ""' 
current with the latcstdcvelopmcnts in mathematics on the 

1 tinent and seems to have b of Cauchy's foundational 
k in the calculus. H" · "na · in mathematics was 
it ·catio political ec_o~he was 3oon.drawn,f~ 
the ti ~s, since "here, asi(_·) 
rwhere, it is important to tear from sc · · · 
Rcy" (p. 130 of the German e ition un cr review). 

In the first article "On the onccpt of the $lerivcd ctiQn" 
Marx develops his concept of th derivative-in- lee~~ 
way. He begins with the differentiation of the simple function 
y : ax. If x increases to x1 , then y increases to y1 , so that 
!11 - !I • a(xl /"H Now let x go to x. Then the last equation 
becomes 0 =0. ~making tfi.e change and then removing it . r· 
lea s 1 terall to in • The e'IJ_t;re-difficul ty in under-. r· . 
stan ng the differentiation operation Cas in t:ha't of anv n~ L~ 
gat1on o£ the negation ~ateve:r.) lies p~w , 
1:t dtffers fzom suelnsimple procedure and therefore leads to 
true results" (p. 51). In this example the ratio of the differ­
ences is such that (y1 - y}/(r1 - x} =a or Ay/Ar =a. Now 
letting r1 go to x we have 0/0 • a. Jlere, since all trace of the 
origin and significance of this expression has been erased, we 
substitute dy/dr, so that dy/dr • a. ·~e closely held consolatio· 
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of soae ~a~ionalizing ~~atheuticians, that d!i and "dr are in fact l order to pave th~ way for ~omething new" (~. 119). , 

~
1 . inf>n>tely. small and [their ratio) only ajlproaches' 0/0; is In the "ratlonal".pcnod, D'Alembcrt lS able, to correct the 

111era, as 11111 110re closely be shown in :article II" (p 53) procedure of the "myst•cs" so that, for example, 'they arc there-
In the second article "On the differential" after di~cu. : , : fore now removed without sleight of hand" (p. 121). and thus: 

_·v. ral examples. Marx concludes: "Wherever dx s~nds its ch~:~~~~. "D'Alcmbcrt had. by stripping off the mystical garb from th~ ,. ;~ 
~- of position leaves the ratio of dg i:o it untouched. Thus ' g<~ differential calculus, made an enormous progress" (p. 122). ~ 

d!i • £' (><)d>t appears to be another fol"ll of dg/d>< • £' (x) and is Marx still found much that was superfluous in D'Alembert 's pro-
alw~ys replaceable by the latte~' (p. 68). further, the diffc~- · c~dur?• since the diff~rcntial coefficient was presented by the 
entul that arose from an algebraic: operation may be taken as th b>nomal theorem and "1s found alrendy as second term of the 
inde dent startin int for further operations. Thus: nwe '1 ·.

1
Ah development in a series" (p. 123). Marx' :advice to "throw out 

ve ad t to trea e dif erontial dg = £'(x)d1t as a ' r~the useless baggage" (p. 123) was followed (or ra~-
s)'llbolic operational equation" (p. 69). (;:Jzl-_tbr Lagrange, who represents the "purely. algellraiC'• period. The 

. A. l~. Xolmogorov co~ (in 11Matematika" Bolshaya sovetskol ?manuscripts in the volumes under review also include a considera-

f)
J\,~ Bnts~klopediy~, 2nd ed., S , vol. 26, p. 478); n1n an especialh-!1~ tion of Taylor's and Maclaurin's theorems. 
I det;nled way K. ~tarx war through the question of the content · T,he new German c~hile not qui e che 
of the concept of differential. The concept proposed by him Erstvd:rt:Jffcntlichungu its cover claims, ust c welcome since 

~
f the differentia an •operational symbol', alltici~~n ' the 1968 Moscow edition.is not readily available, ut the 
ea tba;-- __ onl in the 20th cent a~int'Crprc- .u cholarly.editjng is T rettable. _The main part of the ~o~k. t!.f tation of t ifferentl8 as e mncipal ['illoa;J part of an tie manuscnpts of flarx~otocopled from the floscow edltlon, 

ncreme completely corresponds to wfiit is stated in modern although this is not stated, and the German footnotes of the 
x oks and was absent from the texts studied by K. Marx (the Soviet editor are simply left as i0hey were by the present 

t;l
ks of mathematicians on the foundations of analysis, beginninl' editor. On the other hand he has _i:.rase~.tl!.r_e.<Lof__!_he . 
h the work of t~ench mathematician A. C~y, remained ' ~~ rcferCfil'iiS to notes 1n Ru!si:tfh- Of cOurse the three remaining 
nown to K. Marx)' 1 > on pages 5 9 and 137 s lead to Nowhere. He has added 

K. A. Rybnikov further notes (in ''Matematicheskie Rukopisi several no~ o~is o~bu~~~se are not ne:1rly as helpful to 
Marksa , a ovetskaga Entsiklopedlga, 2nd ed., 1954 vol. the reader. In fact, the content of the notes in the ~loscow 
~6, P· 497): 'The concept of the differential as an operational edition seems to _be entirely ignored. Is this merely because 

9
symbol, first iscovered by K. Marx, along with the distinction the present editor cannot read ltussian? There is also added 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. significance several pages. They have no obvious connection with the text 
in ~he ~ontemporary generalizations of the concep~o differ.-. an a e nowhere explained. 
ent1al 1n functional analysis." ~ ~ _ ; is edition · ''ntroduction' and 'commentary'; 

·~Marx was, of course, also interested in the is i ~ r ader m --i.Jl.dg_ed he is advised _..:t.O-da_so.;--· 

(J developll!ent of the calculus, and he distinguished three periods: I ey contain much at 1s superfluous, irrelevant,and/or 
,_ the "DI)"stical differential calculus" of Newton and· Leibniz 1 nonsense. For example (p. 158): "This rough form of argument, 

''ARcual differential· calculus" of Euler and D'Alembe;t 1 that Marx rather vaguely understands as a dialectical procedure. 

rl Yt 

a~'the ''purely algebraic differential calculus" of Lagrange: j i.e. the transition of f(r) through F(xl,xl to F(x,xJ, has an 
n the first period he found no mathematical foundation for the • amazing similarity to the diagonal process of Cantor, that is 

o~erations of the calculus, referring to the suppression of I applied in set theory and logic in connection with the general 
higher order differen a for example, as "sleight of hand" . foundational problems of mathematics." 
but he valued the stori ignificance of the new discoverles. i f1~ A good introduction for the German reader would be the 
He s~ up the per , : ' : they themselves believed in the I ~ article "Karl Marx' 'Mathematische ~fanuskripte' " by S. A. Yanovsk: 
-rster1ous character of the newly discovered calculus, that .P,Jrsowjetwissenschaft. Gesellscha£tswissenschaftliche Deitrage. 
yielded true (and moreover, particularly in the geometrical ap- ! t'l-!~969, Heft 1, pages 20-35). This article is cited by our editor 
plication, asto shing) vel se mathemati I}U in his introduction, although he does not make clear that this 

~
p~ce.dl!rit. . y were th ~ • , the new is- I is a German translation of the preface to the Moscow edition. · 

c. OVilry .. · . &r: ... • l·.th· e.·.h .. .i.&h··.er .. •.···. . . ·. . . e.·. c. f old thodox aathe- Those who read Russian, but do not have access to the ~loscow 
,•tii:i...s .... ·,&U;th .... e 110.· ... rei: .. , :th.us. . e cry. ·o·f· opposi• I edition, could read the arti~le by K. A. Rybnik?v· (Rybnik?v 

, . t_lon, that:~e~ i~ the,;l~ voz:ld has an echo and is necessary .in ~te ]!!.;> doct~al_j!sser on th e ~~~-· 
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.tCon~~.:-the·.p~i-cc was_: rnts-·1 

as soon as•tlie.eat:ilCig~l~i-=s'='t'>'ing~~it vas published,~·• ·. · 
Trauslation is .. difficult .. job; 'and'transl:ltion of':i work: 

that vas not intended for pUblication is doubly difficiul t> ·The 
Julian trauslation iS very readable and the printing. is good, 
J noted only a fev_.tstates: 'descrescenti • (p. 161) instead of 
the correct 'crescenti', •contraibile' (p. 172), presuiaably a 1, 
typOgraphical.ermr' for •contrattile', a reference (on. p. 84) , 
to a blank page, and the so.ewhat garbled sentence (p. 138): 
"si credeva nel carattere misterioso ~el tipo di calco1o 
rcccntcaentc_scopcrto, che forniva risultati veri (c in tal modo 
special-ante anche risultati sorprendenti) nella applicazionc 
gro~~etri.::~ .:on un procedimento lll:ltCID3tico cffcttiva~>cntc crratu." 
This should read: si credeva·ncl carattcre mistcrioso del tipo 
di c:~lcolo rccentementc scopcrto, che forniv:~ risul tati veri 
(c in t:tl .ado speciahoentc nella applicazionc geometrica anchc 
risultati sorprendenti) con un procedimento matematico 
effettivamente errato. The roofreade t: a mathematician" 

. however: f fteen ~uatio ave mis es in the~~~, and we sec 
once ag&ln e danger of Newton's 'dot• notation. Already in 
the Ger.an text at least one dot has disappeared, In the Italian 

· :·• edition six more dots have disappeared, although two of these 
,.-.:!:"departed quantities co-a back in Leibnizian form (du, dz) to 
:.·: !:'-baunt page 114, where they have no connection with the text. 

··:•.:::. ·. Each of the translator-editors wrote an introduction. The 
• • . Oil<! by N:ltarrese is marked by vague gcncrali tics and incx.~ct 

particul~rs. Fo~ ex.~le, ~fter mentioning the calculation of 
.tin: JMJSition and orbit or planets .and cumcts. Mato1rrcsc continues 
(p. 13): "D. lbrlcy (1656-1742) sull:t base di qucsto tipo di 
calcoli stabi1l che le comete apparse nel 1531, 1607 e 1628 
facevano parte della stessa eometa e che nel 1679 sarebbe 
riapp&rsa:- 1::. previsione trovo una conferma nella realtl." 
Now, the date '1628' for the correct '1682' can be explained as 
a typesetter's error; 'D. Harley.' for 'E. Harley' is a bit more 
difficult to explain; 1 1679' for '1758' is inexplicable. Ponzio's 
intzoduction, on the er hand, is much better and should help 

~
reader in· unde iling the point of the lllathematical 
cripts of t point was stated by Friedrich Engels 

.
s- . •. (lrd. ed •• Foreign Languages Publishing House, 

COli. . 2~ p •. 1 .. 85·)·: '~'El. . ta!:l,_mathematics,th~cs 
of tant· uantities · ~@in the confi~~ 

1 : .1111 J• _any·,nte:-OJi. e whole;~the aatllemaiics of variables,· 
.· ···. ·'ioclst'~nt part is the "infinitesimal calculus,· is in 

c55.;;:_ilotldal'other. than :the·.application of dialectics to · 
iiatbtiililtica!f.relation$." • -- · · · .. -c:-- .. -· . ' r:·. :..-.,-:::·- . 

"-;" 
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,,. 
KARL MARX AND THE 

FOUNDATIONS OF DIFFERENTIAL CALCULUS 

BY HUBERT C, KENNEDY 
PROVIDENCE COLLEGE, RHODE ISLAND 02918 

SUHHIIRiliS 

1'he publicatJ.on of t.'le mathematJ.Bmanuscr1pt.< 
of~r Harx, suggested b~ in 885, announcec 
i.n 3 and completed 1 1968 . bro t 
aw: rencss of his man9-si &~lent. A sketch of tht.: 
hJ.story ls followed bg discussion of Harx•S ·concept 
of the derivative and the d1f£erentJ.a1·, ·and assess­
ment of the originality and VllJUe Of his i.chievement 
in this field. 

Die von Engels 1m Jahre. 1885 · vorgeschlagene, 
in 1932 angekUndigte und in 1968 vo11endete 
Ver~ffentlichung der mathemetischen Hanuskripte 
von Karl Harx brachte ein tieferes Verstandnis 
fUr seine vlelseitigen ~alente. Einer Skizze 
deren Geschichte folgt eine Erklirung seiner 
Ideen uber den Begri.ff der .Ablei.tung und des . 
Differentials, sowie ~ine~HUrdigung der Originalit~t 
und des Hertes seiner Leistungen au£ diesem Cebiet. 

Uy6nuxa~HR MaTeMaTHqecKHX PYKonuceR 
K. MapKca, npe~o•enHaR 3uren&COM e~e 
B 1885 r., OO~RBnRHHaR K neqaTH B 1932 r. 
H 3aKOHqeHHaR B 1968 r., BY3Bana HOBOe 
OC03HaHHe MHOroCTOPQHHOCTH Tan8HTa 
Mapxca. B ~oxn~e. xpoMe Ha~pocxa 
HCTOPHH 3THX pyKOnHceA, np~araeTCR 
H3nozeHHe OOHRTHR npoH3BO~HOR ~YHKUHH 
H ~uttepeuquana paspaOoTaH~e MapKcoM 
H oqeuKa opuruuanLNOCTH ero MHcnH H 
~OCTHaeHHR D 3TOR oGnacTH. 

/\.. 
Conrirht\D 1977 67 
All ri•llrr nf "nrttlrlt'llmi 
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-3~. H. c. : ICennedy 

I 

In his preface to the 2nd edition (1885) of ·his Anti-DUhring 

~ Friedrich Engels expressed the desire to publish "the extremely 
illjlOrtant llathemtical ~~§:;;~left by Marx" [MEW 20, 13; 

~ ngels 1939, 17) [1) g 1 the results of his own ~~~searCh in science. ~ wa~ done, however., and so the t'\tY "independent discoveries" of , mentioned by Engels in the 
I)~ ravesicl<: cer....,n at IIi hgate Cemcte 336), remained 

, un ubh_ or ift cars x' death. 1 
/, e stence of some 1000 pages of ma ematical manuscripts 

~Marx in the ~larx-Engels Institute in Moscow was aJlllouncoa i11_.," 
! • by E. JColun at the International Congress of the History 
J l Science and Technology, London [Kolman 1931). An extensive 
//excerpt froa Marx' mthematical 113nuscripts was published in 

1933 in Russian translation [Marx 1933) along with an analysis 
of it by S. A. Yanovskaya [1933). This publication was announced 
at the International Congress of Mathematicians, ZUrich 1932, by 
E. ICoh•m, one of the editors of the journal in which it appeared, 
although his sanguine prediction that "the complete mathematical 
writings of Marx, under the editorial direction of Professor 
Yanovskaya, will shortly [delliJlllchst) appear in the works of the 
Marx-Engels-Lenin Institute (Moscow)" [Kolman 1932) did not come 
true until 1968 [~brx 1968). That edition was, in fact, pre­
p;lred under the direction of s. A. Yanovskaya, although she died 
two years before its final appearance. 

During this period. interest in the mathematical writings 
of Marx was mainly confined to·the Soviet Union, where, for 
'"''"•ple, <>n extensive monograpl~ su~· was published by 
L. r. Gokieli (Gokieli 1947). crh th · ir outside the 
Sovi~_t_o ·_ analysis · arx 1 ematical writings 
was • J. Struik 1948 • lie had access to the original German 
text o t uss1an ublication of 1933 and gave English trans­
lations of several pertinent passages [2). 

In the 1950's work on the manuscripts continued under the 
direction of S. A. Yanovskaya, especially by K. A. Rybnikov, 
vho investig~ted the mathematical sources at Marx• disposal. In 
addition to writing his doctoral dissertation on Marx• mathema­
tics, Rybnikov also contributed an article on this subject to 
the 2nd edition of the Great Soviet Encyclopedia [Rybnikov 1~ 
(This article has been~tted fmm t~rd edition.)_:_ · 

But the aaauscripts wer~11 bed in their original 
language--uinly Geman--unti 1968 ' hen the long awaited 
(nearly) co.plete text appea ong with a complete translation 
into Russian [Marx 1968]. ,This edition contained a preface that 
was i-diately translated' into Geman [Yanovskaya 1969) as well 
as m.erous'notes and coaaentaries. For the few articles that 
liere iil [Marx 1933) a:nev.translation into Russian was aaile and 
the traDslation on the .whole is0 .·as ·.far as I can tell, excellent, . . . .... ··:· ·., .... ·-.,.·:- .. ·", ' ' . .. .. 

Karl Marx 305 

although one egregious error should be pointed out. At one ·~~ 
point Marx remarks that Boucharlat "wants some hocus pocus". 
which has been translated as "nuzhdaetsya v kakom-nibud· fokus ~ 
[wants some kind of focus]" [Marx 1968, 263). To this the cdi tor 
can only plaintively note: ''The question of precisely what focus 

~ I in Boucharlat Marx has in view here presents a certain diffi-

. • ith the publication of (Marx 1968] interest in Marx• ~ 
culty" (Marx 1968, 617) [3]. 

. ematical writi s read more rapidly outside the Soviet 
II nion. Already in~an article on Marx• foundation of differ-
. ~ ential calculus appeared in the German Democratic Republic 

I 
[ltiller 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 

I 

I 

original German of the first part of [~8] was published 
in the Federal Republic of Germany [Mar 74 • This part, 
headed 11Differential calculus, its nat a history",· contains 
the original and self-contained articles of Marx on the subject. 
'fhe second, and longer, part is headed uoescription of the mathe­
matical manuscripts", a rather mi~~g_tit~. since it con­
sists mainly of actual writings of~ and not-a mere descrip­
tion of them. An Italian translation of 'Part One' appeared the 
following year [~tarx 1975], prompting further discussion of 
llarx' mathematical writings (for example, [Bottazzini 1975].) 
An English translation of the mathematical writings of f.tarx is 
expected to be included in the Collected Works of Marx and Engels 
the publication of which hcgan in 1!!75. anc..l will include some 
fifty volumes. _ ~ ~ ·, . · ~ . .i ···.? ..-"'7 

i/zl(f".N/1 0 ,,.y/t"'7. "'/ J-;;' ~d· \~ i~ 1 . 
'r 1 v o . ~ / II. . ,.-___ , 

Although Marx' Gymnasium cei-tificate said that he had "a 
good knowledge of mathematics, 11 'there is no evidence of further 
oc~ation wit hematics for 23 years. Then Marx wrote Engels 
on ar 185 ;· "During the elaborat.ion of the economic 
pr nciples I ave een so darned 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 quickly11 [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 
quietness of mind is mathematics" [M~W 30, 1.13]. 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. ~~nsideh~lmos~~ss~, 
for.your military studies. It is also a muc easier part or---

~:!?r~~:~~0~~~~~~~~~:~~::::~~;:~~1:·:-_::;,<:~-~--, ~:i·;~:N"_..:. ;~·, ~:~-~· .... , .. -."' . ;. . -~ •. ; -~ ... _, . ~:-=;~:.;c ·-··-··---· --· --· -.. - -- .. 
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surting point the theorem of ••• Taylor, which··in· fact is ·the 
110st general, 110st comprehensive theorem and.at the same. time 
an oper3tional foraala of differential calculus, namely that 
which expresses y1 or f(r + h) by a development in n series with 
s)'llbolic 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 
or Lagrange's aerit in two points: 

"(1) The grellt merit of Lagrange is not only the founding 1, 
of Taylor's Theorem and differential calculus in general by a 
purely algebraie analysis, but in particular to have introduced 
the concept of derived function that all those who have come 
after hia 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 
~hole positive powers of h and christens them with the names of 
differential calculus. All the case nnd short cuts that differ­
ential calculus itself allows (Taylor's Theorem etc.) are 
thereby forfeited and very often replaced by operations of a 
much more !engthy 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 
\·arious orders, the limiting value theory ot vanished quantities, 
the use of 0/0 (=dg/dx) as symbol for the differential coef­
ficient, etc. This still docs not hinder him, in the applica-
t i10n of his theory and curves, etc •• from constantly using one 
ur the other of these 'metaphysical' notions" [~larx 1968, 2021. 

IJI 

•l:ars. w:.s· lklt in the ~~:~instrcam of mathematics and to the 
cnJ he secas to have been unaware of the advances being ~de by 
c''"-' i ncnul aatheaaticians in the foundatio"bs of differential 
cal<ulus, including the vork of Cauchy. The most mathematical 
of his acquaintances was Saauel Moore, who, as· it turned·out, 
waS una e to ia originalit arx• w , although 
he vas co-translator, with a ing, of e English 
translation of the first volwae of Marx• Capital. Marx was 
self-taugh~. and for this he used textbooks ·based on the work 
of~ utheaatic:ians of the 17th and 18th centuries; 

lie began his study of differential calculus with the 
O:Jurs c:<.plet: de mt:b&atiques (Paris 1778) of the Abbl! Sauri 

.. and later vo~ his ,way through the 1828 
(lin el~ U&atior;. l>n· the· 

!~ttl 4 Karl Marx 

Lagrange. Marx also read Euler and MacLaurin, as well as 
textbooks by Lacroix, John Hind (1796-1866), George Hemming 
(1821-1905), and others. 

IV 
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Marx' article "On the concept of the derived function" 
begins with the very simple example y =ax, for which: "if r 
increases to x1 , y

1 
=- ax

1 
and y

1 
- y = atx

1 
- N). Let the 

differential operation now take place, i.e. let x1 decrease to 

x, so that x
1 

= x; x
1 

- x = 0, then atx
1 

- x) = a·O = o. Further, 

since y simply went _to y
1

, because x went to x1 , now likewise 

91 = !/1 91 - !I = o. Therefore 91 - y = a(><1 - x) becomes o = o. 
11First making the differentiation and then removing it 

leads literally to nothing. The entire difficulty 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 aud so leads to true results' 
(Marx 1968, 28]. 

He then proceeds to divide y
1 

- y = a(x
1 

- x} by ><1 - x 

to obtain (!11 - !11/(x1 - x} = a. He comments: 

"S.ince a is a. constant, no change in it can occur, a.nd so 
neither can it occur on the reduced right side of the equation. 
Under such circumstances the di ffcrcntial process takes place 
on the left side 

(y
1

- y}/(x
1

- x} or lly/llx 

and this is a characteristic of such simple functions ots clx. 
11 [f in the Ucnomlnator of this ratio x

1 
decrca~cs~ then it 

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

1 
- x = x - x = 0, and hence also y

1 
- y = y - y = o. We thus 

obtain 0/0 8 a. 
"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 "1 - x or 11 " and y 1 - !1 or 11 !1 

appear symbolized .as removed or vanished differences, or 11 !1/11 x 
is changed into dy/dx. Therefore dy/dx • a. 

'rrhe closely held consolation of some rationalizing mathe-
maticians, that the quantities d!l and dx are in fact only · 
infinitely small and [their ratio] only approaches 0/0, is a 

, chiileri., ••• " (Marx 1968, 30-32]. 
· · · · ·.;_ · Two thlngs stand. out in this presentation of Marx. One is 

r·-.;·;c,,~s ·total rejection of the concept of the derivative as a ratio 

~~?~~~~ffr_g~~(f~~,'-S' ~ ~.~::·_:·~. ": -.~:~:/::1;;;·;~~~-;~~:L·~,~-1;;( . . .· ... · . ·• --·-- __ ___ _ _ ___________ ______ !_70_4?_ 
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.without all further consequences, and r and g still are, pro 
tempore, constants in fact. Only when they really change, that 
is inside the £unction, do they become variables in fact. Only 
in that case is it possible for the relation--not of both 
quantities as such, but of their variability--which still is 
hidden in the original equation, to reveal itself. The first 
derivative Ay/ f:. x shows this relation as it occurs in the course 
of the real change, that is in every given ch;:mge; the final 
derivative dy/dx shows it in i e~ality, pure. Hence we 
can come from dy/dx to every y/ f:. x, · ile this itself (Ay/ Ax) 
only covers the special cas.. owe , to pass~ the special 
case to the general relationship the special ellS~ha~,~b 
,li uidatcd a such [als ~lchcr-auf&c:hOben-wci"dc.n[:: -!Tie~_c: aftci tJ functT"on

5

has passecr·through the process from X to x1 ith all 

the consequences, x
1 

can be quietly allowed to becom: x again, 

(i
. · o longer the old x _which was only,var4ble in name, it 
as passe ugh al c nge, and t e tesulf:of t~ange 

iema1ns, even 1 we · -again i.~sclf-J[ auch wenn wir 
sie selbst wieder aufheben]" [MEW 35, 24f. 

VI 
· EngelsY letter continues: 11We see here at last clearly, 

whailni~thematicians have claimeq for a long time, without 
being able to present rational reasons for it., that the diffcr­
cntinl quotient is the original, the differentials ar·c derived" 
L~tEW 35, 2111. This agrees with wh;~t ~to1rx wrote in his article 

110n the differential": "In 0/0 thC.J111111fltiltOr js inscparablc­
.f!:om the dcnomina!.Q.I"-.-h!.!!__,!llY? ~~-. separ.n:ted-da-Doth 
express a rcla~)._QJ4.....in this case t c rati.o-- ·_ l - --... ---~ 

(y
1 

- y}/(x
1 

- x} ~ [f(x
1

J - f(x}]/(x1 - x} 

which has been reduced to its minimum, where the numerator has 
become o, because the denominator has. Separated both are o, 
lose thereby their symbolic meaning, their sense. 

118ut as soon as x 
1 

- x = 0 has gained 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 separation of the denomin~· 
tor from the numerator becomes an entirely allowable operation. 
Wherever dx now stands, such a change of position leaves the 
relation of d!J to it untouched. Thus dy = £' (x}dx appears to u:;. 
as another form of dy/dx = f'(x} and is always replaceable by 
the latter" [Marx 1968, 62]. 

That is, the differentials dx and dy have their meaning 
from tho symbu~Dut M'2;~;; ;r!~"-!-nto :~ccount··· 
til! Wt that ract e dif£: e 1 used 1n the 

17(f- . - -- .43 
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c3lcul:n:ion of This he do -as 
.- f o r ·to o t. ''We know· from this. now 
a priori that if 9 = f(:Jt} and d9 = df(:Jt}, that if the differ­
ential ''rcration signified by-df(x) is carried oUt, -:the rcs·ult: 
d9 = f' (:Jt}d:Jt, and that out of this finally comes: d9/d:Jt = f' (:Jt). 

"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 

£nh differential ~ the derivative that have been pointed ou. t 
D. J. Struik: ~~s insistence on the operational of 
di ffcrential and on his search for th t mome w er 

~
. he calculus springs from the under! · a as a new 
doctrine" (Struik 1948, 196]. Th 1gina ,.of Marx• view of 

he differential as an operation 1 s .... pointed out shortly 
after the publication of [~larx 19 • A. Rybnikov has noted: 
"Already on the basis of the then published material V. I. 
Gl h•t.:-nko showed that t.tarx was the irst to work out the concc t 
of ~he · ffcrential as an pera ional sy o ; later r 
exte ed the fun analys1s" (Rybnikov 1955, 197]. 
(Both Struik and Rybnikov refer to "[Glivenko 1934]; I have not 
seen this article.) · 
~.. The second i Struik shows up in 
~t ~!;orx called " e r o [Umschlag der 

f.tcthodt.!) ." Consider the example: !I = x
3

.. In order to find its 
derivative we let x increase to x1 ~ so that 9 increases to y1 ~ 

and write: 9
1 

- 9 = "~ - "
3

• Then dividing by "l - x we have: 

19
1

- y}/(x
1

- :Jt} = "i + "l" + :Jt
2

• We now let "l return to its 

minimum value x~ so that on the right side we have 3x2 ~ which 
is algebraic in Marx• sense that no differential symbols appear 
there, i.e. 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 d9/d" = 3:Jt
2

: the left 
is the symbolic and the right is the algebraic. Viewing a 
mathCS3tic~lly variable magnitude as a reflection of-a varying 
natural magnitude, we may investigate it by the •algebra•~• 
differentiation process that takes place on 
t)le equation. But this . process is reflected symbolically 
the left side of the equation and may in turn-be i 

of those symli<lis;._ Thus •the 
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.. ·:in Marx• simplest example: y = x. Here the preliminary deriva­
tive is A y/ Ax = 1 and since l is constant, no further develop ... 
ment can take place on the right side of the equation. Marx 
coJDments: "From the outset, as soon as we obtain (llg/ A r = 1] 
we nrc forccc.l to operate further on the left side, bcc:msc the 
right is occupied by the constant l. 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 all 
proven, in fact the first word of the algebraic method itself" 

l' [~!arx 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 
toAc

1
, so that u increases to u

1
, z to z1 , andy to g1 , we· 

obtain, after dividing by x
1 

- x: 

69/tx = "'J.(Au/A:Jt} + u(Az/Ax}. 

ND\'1, foll01'1ing the al&cbraic method, we let x1 decrease to·x or 

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

derived function Jx2 and here the dy/dx plays the same role, but 
what of du/dx ::md dz/dx? They Uo not st~nd opposite :my derived 
function whose double [DoppelgUnger] they would be. ~larx writes: 
111'hcy have onc-sidedly come into the world, shadow figures 
without bodies to cast them, symbolic <l;iffcrcnt.ial coefficients 
without real differential coefficients, i.e. without corre-. 
sponding equivalent 'derivatives•. The symbolic differential 
coefficient 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 c~lculus 
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 

k
to this calculus and characterize · • ~d this r al of the ___ _ 
method resulted here from the to~~~~tiation_~ 

Clne a:t12ebtaic method chaues au "nto it"~ 
"the diftCrcm1al method" [l-larJr!968, 54-56].---,.nrs is what Struik 
m~ for the exact moment where the calculus 
springs from the underlying algebra as a new doctrine." 

' (I 
VII 

While Marx• analysis of the derivative and differential 
_ad no immediate effect on the historical development of mathe­
matics, Engels' claim that Marx made "independen:t discoveriesu 

~~~:·-:·~,-~~~;,:~ :>->'- -:.;- . ·,,.::. ····<.: .. """<~:-~ . .· ~~~ ·: ' . : :-.-;_:··:~/. --.--- .. --·- ------·-~ 
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is certainly juStified. It is interesting to note that Marx• 
op~r.otional definition of the differential anticipated 20th 
,,.cntury Jc\'C lDfiDK"nts in mathematics, and there is another aspect 
uf the differ~ntial, that seems to have been seen by Marx, that 
~s -hc.·~omc a stan~ard part Of mod~-~lM:~cept of 
the differential as the principal part of an · rement. 
l":mo\·~k3)"3 wr1 c . ~s conce , lC ays an esserltial role· 
in mathematical analysis and especially in its applications, was 
introducN by Euler •• ;" (Marx 1968, 579] and "we have every 
reason to consider that Marx had· at his-disposal also a concept 
c•1uivalcnt to the concept of the differential as principal part 

of <k inc:r~Ea Eun~]!; ~~.h}~.21 • -~~. ~ 
1 \ T • interest!J.~ fi/{t:enti~J~J~s perlia· 
·i · . i lo< rtainly-·n was no mere pastime that 
• ,,ught hi ~ctncss of mind." Indeed, Lombardo Radice has 

..::oncludcd: ·~tore generally. there is no doubt that Marx gave 
<o much attcnt on and so much effort of thought in the 
of hi:> li fc to the foundations of differential calcul ec l 

~Otmd i it a decisive ar - . 
· dia ectica n 

:nbardo Radice 1972, 275]. 
cvcry"hcrc it is important 
science" [llarx 1968, 192]. 

As ~c approach the lOOth anniversary of Marx' death it is 
sti 11 true what Yanovsknya wrote at the time of the 50th anni­
\'crsa.ry: "~todcrn mathematics also defines the derivative in fact 
hy ml':ms of a certain dialectical process, consisting at first 
of the positing of a finite difference, and then its 'removal'. 
hut ~hich it c::trrics ,Out not in the form of a return to the 
equating of x

1 
to x or ll.x to zero, but in the form of a 'passage 

to th~ limit of 6 x 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 infinitcsimals into th~ classroom [Keisler 1976]) 
take a~ay the value of !larx' critique. Yanovskaya•s prediction 
that "the publication by the Marx-Engels-Lenin Institute of the 
mathematical works of t-larx will have for our mathematician­
t-t:•rxists no less significance than the ttalectics o£ Nature for 
all the natural science front generally" [Yanovskay~ 1933, 110] 
JDaY have been a bit sanguine., but surely they "will always 
remain in the field of vision of mathematicians" [Gokieli 1947, 
1111. · Narx.:did not give us just another example of his philoso­
phical approach. :Rather, "the difficult task of' the foundation 
of differential caicillus became for Ko:Marl 
(prolinrm .. lia.mncmF~~ the· application of'the· 

.:. 

I , 
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NOTES 

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

2. I hnvc used several of Struik's translations in this 
article. 

3. All translations from Russian are mine. 
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