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QPagpeeBJLII. ..........c0ciiiaennn 8
XYPHAJIbI HABOIAT MOCThI MEXIY COEOI
Ilpeducnosue pedaxmopa «ITpupodei» K cneyuansHomy
8bINYCKY, NOCEAUEHHOMY HCypHany «Nature».
Moagmoke k. « v« v oot e e e vennoonanns 12
2KYPHAJIBI HABOJAT MOCTEI B HAYKE

Cno6o x wumamensm «IIpupodsi» pedaxmopa «Nature».

BEST OF NATURE

XVI. COOEPXXAHHE
PAHHMUE rojibl

HeusBecTHRIHABTOD .« . v vvevnnnnn.. 19
«NATURE»; EXXEHEIEJILHBIA .
WJITIOCTPUPOBAHHBIM HAYUHBIN )KYPHAJ
(T. 1, C. 66; 1869)

Mexnapayus o yensx u 3adauax ¥cypHana.

Mommoke K. « o o o et et e vt e ecnnaeans 20
)lg&)/PHAJI bl HABOIOAT MOCTbI B HAYKE (cm. c.

1

TexkenmuT.L. o v ittt ittt it iteaaeans 24

TJAPBUHW3M M XKU3Hb HALIUI
(T. 1, C. 183; 1869)

ITo mrenuro aemopa, meopus Japeuna umeem aaxcrbid,
HO ewje He oyeneritbll npakmuyeckull acnekm — 6aazoda-
pA ecntecmeeHHOMY ombOopy Ha HALUOHANLHOM XapaKmepe
€KA36(8a10MCA KAK YCNOBUA Cpedbl, MAaK U COYUanbHble 06-
cmosmenscmea. 3

Jerome L. X, .. ... i ittt i i e 2§
IMTPOCTPAHCTBO BITOHVUMAHHUHU KAHTA
(T. 1, C. 386; 1870)

Kanmy npuradnescum noitamue npocmpaiicmea u epeme-
Hu Kax gop,u Motunenus. ITonams sxce mouunerie, npo-
CMPpPAHCME0 U 8PEMA MONCHO, MONLKO YCBOUB €20
KOHYENYUIO «KPUMUKU HUCMO20 PA3YMA».

TopnT.E. ........... c et 28
MEHIEJEEBCKUE IMTPUHLUNBI BXUMWH
(T.45,C.529; 1892)

Knuze JT. H. Mendeneega «OcHo8bt xumuu», nepesedeHHOM
Ha aHzAudcKuil A36IK, npedpexaemca ycnex y Humamenei.
Henssecruniliasrop .. ........cc000u.. 29
MOJIY4YEHHUE TUOHUIIAMHUHOB

(T. 48, C. 14; 1893)

ITTpumep cunmenu«eckoz0 n00X00a 8 OP2aHU4ECKON Xumuu
90-x 20006 XIX 6.

P®U3NYECKHUE HAYKH

DitnwreiinA. . . ... ... T e e e e e e .. 30
KPATKUW OB30P PA3BUTUA TEOPUUN
OTHOCHUTEJIBHOCTHU

(T. 106, C. 782; 1921)

Pazeumue meopuu 31eKmpomazHemusMa ecmecingeHno
gedem Kk co30anuio CTO u Ho80d GpusuKu.

MwumkenP.C. . .. ... .. ... . e 32
HN3O0TOINMUYECKHUHU 3PPEKT B CIIEKTPE
HUTPUJA KPEMHUA

(T. 116, C. 14; 1925)

Odna u3 panrux pabom P. Muniukena, ydocmoenrozo 6
1923 2. Hobenesckod npemuu no gusuxe 3a pewarouguii
6KN1a0 8 NOHUMAHUE NPUPOObL XUMUYECKOT CBAU.

‘{ennuk,[bx.........v .............. 33
CYUWIECTBYET JIU HEUTPOH?
(T. 129, C. 312; 1932)

ITepeoe dokazamenscmeo cywjecmeosanua Hedmpona. 3a
3mo omkpbimue aémop 6 1935 z. nonywun Hobenesckyro
npemuto no gusuxe.

Kioppu U, Konso®. .. ............... 33
HOBOE NOATBEPXXIEHUWE
CYLLECTBOBAHWA HENTPOHA

(T. 130,C.57; 1932)

Jarnete 3namenumoix pparyy3sckux pusukos (naypeainos
HoGenesckoit npemuu 1935 2. 3a omkpoimue uc-
KyCCM8eHHOH paduoaKxmueHocmu ), nodmeepounu pe3yno-
mamet [Ixc. Yedsuxa.

Bmokerr II. M, Ounamsme . I1. . . . ... ... 34
OOTOIPAPUA NTPOHUNKAIOLLLETO
KOPMMYCKYJIAPHOI'O U3JIVUEHUA

(T. 130, C. 363, 1932)

Onucana IkcnepumeHmanbHas Memoouxka, UCnONb308aHue
KOMOpod npueeno K omKpsimuio no3umpoHa. 3a uccaedo-
8ANUA KOCMUHECKUX NyHell C HOMOWbIO YCOBEPULEHCMBO-
gannod Kamepot Bunvcona baskemm ommeuen
Ho6eneeckod npemueti 6 1948 2.

Kokpodr Ax. 4., Yonton 3. T. ........... 3s
PACLHIEIUVIEHUE JIETKNX 3JIEMEHTOB
BbICTPBIMHW NTPOTOHAMH

(T. 131, C. 23; 1933)

ITepaoe coobuyenue o pacujenneHuu amoma, 3an0xcusuiee
0CHOBY HOB020 HANPABNEHUA — pu3uKU A0epHbLY peaKyud.
3a pabom 8 amorm Hanpaaneruu asmopst yoocmoerst Ho-
Genesckoil npemuu 6 1951 2.

Hodde A. ,Hodpe A.d. .. ............ 35
OOTOIDPDPEKT B KPUCTAIIJIAX
(T. 131, C. 168; 1933)

B 3amemee coobujaemca 06 uccaedosariusx 6 Jlenunzpad-
ckom pusuKo-mexHu ecKom UHCMuUmMyme.

Yensuk I, bnokerr II. M., Ounanmums Q. II. . 36
HOBBIE CBUJETEJIbLCTBA CYLLIECTBOBAHW A
AJIEKTPOHA C MTOJIOXKHUTEJIbBHBIM 3APAIOM
(T. 131,C. 473; 1933)

TTpusedeitvt 3KcnepumeHnansioie 0aittbie, hOOMeepHcoa-
rowque aunomesy I1. lupaxa o nozumpore.

Acrepmanit U., Gpiiu P, Wrepn 0. . . ... ... 36

MATHUTHDBIA MOMEHT MPOTOHA
(T. 131, C. 169; 1933)

Hemeyxute yuensie, npodonncasiuie compyonu4ecmeo c
«Nature» u nocae npuxoda naijucmos K éracmu, coobuya-
1011 HIN0 Y INeMelmapHbLX 4achiliy ecmb 0ONOHUMENbHAR
Xapakmepucmuka — Maznumisil momenm.

Kavsma ILJL. ... .... et e e e e e 37
TEKYYECTDL XKNUKOI'O T'EJIUsI
(T. 141, C. 74; 1938)

Iepsas ny6auxayus o6 om;pumuu, npuHecuiem Hawemy
3nanenumomy y«erosy Hobeneackyio npemuro 1978 2. 3a
OMKpbUNUA 8 (husuUKe HUIKILX memnepamyp.



Heuanemluii ABTOP e v oo voeeeonnanns 37

glgEBPAluEHMESJlEMEHTOB NCTOYHHK
T'MU

(T. 143, C. 328; 1939)

Uenerue ypana mozao 66t cmame uCmMOHHUKOM SHEPIUU U
npueecmU K 80NNOUEHUIO MEHMbI QXUMUKOS O NONYHEHUU
00HuWx Beujecms u3 Opyzux.

JangayJLL . .« e v ittt nneeennns 38

MCTOY VK 9HEPTHY 3BE3]]
(T. 141, C. 333; 1938)

Dmod nybaukayuei Haw 8vidaroiuiics gusuk-meopemux
(HoGenesckasn npemusn 1962 z. 3a paspabomky meopuu
HCUOKOZ0 2eNUA ) BKAIOHUACK 8 HCAPKYIO OUCKYCCUIO, KOMO-
pas eenace 6 mo pemMa Mexcdy acmpogusuxamu, obeyxc-
0asuumu npoucxoxcderue 36e30H0U IHepzUU.

BecrnmamaC. K. « . e v e v eevennenas . 38

MPEJICKA3AHUE 3ATMEHW: MU®bI Vl
PEAJILHOCTb
(T. 143, C. 280; 1939)

OGpasey, wacmecx 8 «Nature» upoHUHECKILY 3aMeMOK.

Maiituep JI, ®pums O.P. . .. ... ...

PACLLEMJIEIIME YPAHA HEATPOHAMMU
(T. 143, C. 239; 1939)

Hepeax unmepnpemayua sxcnepumerinos O. Iana u .
mpaccmana no denetio adep ypaua.

CPpuwO.P. .. ... e 40

NMOATBEPXXNEHUE NEJIEHUSA TAXENLIX
SINEP HENTPOHAMMU
(T. 143, C. 330; 1939)

ITepaoe ceudemenscmao o cyujecinéoéaliuu 0CKONKOE6 Oene-
HUSR.

BopH. ... ..t iiiiiieieeann . 40
PACHIEIVIEHUE TAXKEJILIX ANEP

(T. 143, C. 330; 1939)

Odna u3 nepsoLx pabom 5 'no Ocnenuro) evidaroiyezocs chu-
3uxa, nony4uewezo 6 1933 2. Hobenesckyio npemuto 3a
co30arie K8aHMOBOI meopuu anoma.

XanuGau X. M., )Kolylo ¢, KosapckuJI. ..... 41
BbIOEJIEHWUE HEUTPOHOB NP ANEPHOM

B3PbIBE
(T. 143, C. 472; 1939)

Bngpaue ommexeHo, ¥mo deneHue ypana npedcmaensemn
€0060i1 camonodoepiHcusaOwyoca KENHYIO peaKyuio.
Maitriep JI, ®pum O.P. . .. ... ..... cee. 42

NMPOOYKTBI NEJIEHUA ANPA YPAHA
(T.143,C. 472; 1939)

B cmamve paseusaemcs mouxa 3perus asmopos Ha npo-
GneMy denenus, u3NONHCEHHAR 6 npedvldyued ix nybau-
Kayuu

ByiB.M. ....onen.... ceeee.. 43
JUIJEKTPUYECKHUE l'lOCTOleH bIE
TUTAHATOB

(T. 156, C. 480; 1945)

BynB.M. ............ Cetieeee.. 43
TUTAHAT BAPUSAL: Honbm
CETHETOJJIEKTPUK

(T. 157, C. 808; 1946)

Ceznemosnexmpuueckue ceolicmea mumarnamos 6apus,
no360AuNU CO30aMb HOBbIIL KAACC OUINEKMPUKOE, UPOKO
UCRONb3yeMblldl 6 COBPEMEHHOL MexHUKe.

KeiiT A.
ABCI‘PAJIOI]MTEKH WU JAPTUAHLBI
(T. 159, C. 377; 1947)

3amemxa nampuapxa naneoanmpononozuu nOCEAUEHA
00HOd U3 akmyansHedwux npobrem 3moid HayKu, HCU6o
o6cyxncdacueiics 6 30 — 40-x z00ax.

JIsrrec C. M., Mayaun C. @, Ounanunu D I1. .
HABJIIOOEHHUE CIIENOB MEJUIEHHBIX
ME30I10B

(T. 160, C. 453; 1947)

C nomougelo adeproix pomosmyascuti, aémopst o6Hapy-
HCUNU peLlaIouiee PasAUHUE MENCOY MIO- U NU-MEIOHAMU
6 KOCMUHeECKIX AyHax (3a pazéumue 3mozo Memoda Ilaysnn
ydocmoen Hobenesckod npemuu 6 19502.)

Baiin®. ., Mooz .. ... ..........
MATHUTHbIE AHOMAJIUY B PAIOHE
OKEAHWYECKHUX XPEBTOB

(T. 199, C. 947; 1963)

Pasdeusceiiue dna oKeana u UHEEPCUU MAZHUMHOZO NONR
06BACHAIOM KAPMUHY MAZHUMHbBIX AHOMANUE.

Agpaxamc C. K., CroxGpimmx K. JI. . ..... ... 80
POCT HUTEBUJHbIX KPUCTAJLJIOB KBAPLIA
(T. 193, C. 670; 1962)

O0un u3 nepesLY ONbIMOE ynpaeneHul KpUCManaAU4ecKoil
cmpykmypod.

XploMmA HIOP. « oot e v venenecens cee. 81
HABJIOJAEHUE BblCI‘PO TMYJIbLCUPYIOLLEIO
PAJMONCTOUYHUKA

(T. 218, C. 709; 1968)

Coobuyaemcs 06 om 5Nmuu nepeozo paduonynscapa (Ho-
Geneackas npemus 1974 2.)

Cunatypr B. JI., XKenesnsaxos B. B., aiiues B. B. 13

MATHUTHBIE MOJEJIU NYJIbCAPOB
(T. 220, C. 365; 1968)

Bnepsste 6bicka3ano ymeepxucoenie, 4mo U3ny4enue neii-
mponnod 36e30b1 6b136aHO MAZHUMHBILM NONEM KOZEPEHM~
no.

BiuneSuncku P, Bon A.E,, JlTappoxk M. . ..... 56
CKOIIJIEHUE IYJILCAPOB B IIJIOCKOCTHU
TAJIAKTUKHA

(T. 221, C. 47; 1969)

Omkpoimue ceMu HOGbLX NyA6CAPO8 NO3E0NUNO 3AKAIO-
Hinb: 6Ce U3BECIHbIE NYABCAPSI CZPYNRUPOSarsl 66au3u
2anaKmuecKodl n1ocKocmu, ¥mo 00Ka3bliéaem ux 2anaK-
nuivecKoe npoucxoncoenue.

3envnosuy A. B., CrapoBunckuii A.A. ...... §7
KBAHTOBBIE 3®®EKThI B KOCMOJIOTUU
(T.331,C. 671; 1988)

O630p xoHeperuil no Keanmoaoii KocMono2usu u
mayuu, cocmogeuuxca 6 1987 2. ¢ bamaeuu (C,
“Mockse, 6 xomopom asmope: usnazarom ceoe éuderue npo-
Gneam kocmonozauu.

BHUOJIOTMYECKHUE HAYKH

AcrGeropuB.T. ........cv%veeea.. 89
PEHTTEHOBCKUE UCCJIEQOBAHUA
CTPYKTYPhI BEJIKOB ia

(T. 137, C. 803; 1936)

O630p uccnedosanuii gubpurrsprowx 6eaxos.

Yorcon I I, Kpuk ®.X. ............. 62
MOIJIEKVJIAPHASA CTPYKTYPA
HYKJIEWHOBBIX KNCJIOT

(T. 171, C. 737; 1953)
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ITpednoxcena modenv cmpykmypoi morexyrss JHK —
d6oiinas cnupans (Hobenesckas npemus 1962 2.).

wluE . ... ... o iiiiiiLL, ... 63
JIBICEHKO B ITEPCITEKTUBE

(T. 174, C. 148; 1954)

H3zeecmublid anenuidckuid gpumogpusuonoz nopd dwbu 6o

6PEMR B0IHBI COBEMHUK NO HayKe noconscmea Benuxo6pu-
maruu 8 Mockae, peyensupyent knuzy T. J. Jloiceriko «Az-

pobuonozus», a maxxce pad ezo pabom no zer e,
CeAeKLUL U CeMeHOB00CMEY. i
Kpuk ®. X Map. .. ccoveceneennnannnn 64
OBILUME INPUHUUNBI FEHETUYECKOIO

KOJA BEJIKOB

A
(T. 192, C. 1227; 1961)

ChopMynuposarvt HeKOMopbie XapaKmepucmuKy npedno-
J2a2aeM020 26HEMUYECKO20 K0Oa.

Onneliopr B, ....ictieeecnnnnnnas 69
TPAHCOOPMALIUA PONOKEN:
MOKA3ATEJILCTBO TEHETUYECKOIO
WU3MEHEHMUWA NMOA NENCTBUEM IHK

(T. 193, C. 706; 1962)

OnucaK sKcnepumenm, JoKa3blEaIOMuA MAKYI0 MpPalc-
gopmayuio.

JukuJLC,Jluku M. L. .............. . 170
HOBEWIUME OTKPbITUA OCTATKOB

HNCKOIMAEMbBIX TOMWUHWI B TAHTAHBUKE
(T. 202, C. 5; 1984)

JIuxu JI. C., ToGuac I1. B, Heiinup Ix. P. . .. .. 72
HOBBIM BUJ1 HOMO U3 OJINYBAIICKOIoO

YHIENDbA

(T. 202,¢.7; 1964)

Dmu cmamou uMenu 0POMHOE 3HAYERUE ONR peUieHUR
npoGAEM NPOUCKONHCOEHUR U 360104uU HenoseKa. ITo onu-
CAHUIO HOBbLX HAXO00K OCMAIMKOE UCKONAEMbLX 20MUNHUO
8bidenern Ho6bild 6ud 2omurud — Homo habilis («4enoeex
yMenviiin») — OpesnHediuui npedcmasumens poda Homo.

Bammumop I, . ......c00000e e e 75
PHK-3ABUCUMAA IHK — [TOJIUMEPA3A B
BUPHUOHAX PHK-COOEPXALINUX
OIMYXOJIEPOAHLIX BUPYCOB

(T. 226, C. 1209; 1970)

Temunu L. M, MusyrauuC. .......... ee. 177
PHK-3ABUCUMASA NHK-ITOJINMEPA3A B
BUPHUOHAX BUPYCA CAPKOMbGI PAYCA

(T. 226, C. 1211; 1970)

Jee zpynnei uccaedosameneil He3aaucCUMO ROAYHUAL OaH-
Hble 0 pepmenme, 6 supuonax PHK-codeprcawux onyxo-
nepodrbLx upycos, komopotd cunmesupyem JHK c
Mampuyst PHK. 9mo omkpsimue umeno eaxcrioe snave-
Hue He MONbKO ONR NOHUMAHUA KAHKEPO2eHE3A, HO U OAR
00614€20 OCMbICAEHUR 26HEMUHECKOH MPAHCKPUNYUL.

Kenep I, MunswreiinC. . ............. . 80
KIIETKH CEKPETUPYIOT AHTUTEJIA

3ADAHHOM CITIEUUO®HUYHOCTU

(T. 256, C. 495; 1975)

Knioueaoe ummynonozueckoe uccnedosaue, 6 Komopom
€030ana Memodiixa nony4eHus 2u6pudoM, esipabaneléaro-
WX anmumena k 3a0aHHOMy aHmuzeny (MEmoo MOHOKNO-
HaAbHbLX aHmumen).

Makrsunuuc B.ugp. . ... ...
KOHCEPBATHUBHBLIE
NOCJNENOBATEJILHOCTHY IHK B
TOMEO3HUCHBIX TEHAX I1PO30®WNJIbI
(T. 308, C. 428; 1984)

ceereeene .. 83

Ycmaroenena cneyuduirocme 10KarUIAYUL NOSMOPRIO-
wjuxca nocaedosamensHocmeilt 8 2eHome Opo3ogunsi 6 ze-
Hax birthorax- u Antennapedia- komniexkcos, omee4arouux
3a npaeuneHoe pa3sumue cezmMeHmos, U npednoxcero 06v-
ACHEHUe MeXaHu3Ma 6030edCMEUR IMUX 2eH08 HA Pa36u-
mue cezmenmos.

OnunepC.Compp. . .. ... t e e e e e aaeenn 88
MOJIHAA MOCNENOBATEJIBHOCTbD JHK III
XPOMOCOMBI JPOXKE

(T.357.C. 38; 1992)

Pesynsmamot kpynnomacwuima6roid uccaedoeamensckosd
pabome: 35 esponesickux nabopamopuii 8 pamxax Buomex-
Honozuxeckodl npozpamms: Eeponeiickozo Coobuecmaa.
Dmo nepebui cayuad pacuiugpoeku nocnedosamensHocmu
Yen0u XPOMOCOMbL HCUBOZO OPAHUIMA.

JIIOAU U NMOJINTUKA

Hewnssectuniii astop

HAYKA B POCCUH
(T. 115, C. 397; 1925)

Coobuierius 0 dgyx onpadribix cobbumusx 8 HAYHHON HCU3-
Hu Poccuu 1924-1925 z2. Anznuvanun, noboléasuusi 6
Jenurizpade, y6edunca 8 mom, ymo compyoHuxam 30010-
2uyeckozo myses AH ydanoce cnacmu my3eiiHote Konnek-
yuu. Bmopas, eecmv — o0 Ho80M HCypHane, usdasaemom
Cenvckoxo3zaiicmeenHold axademueil. B noomexcme: Hayxa
6 Poccuu xcuea!

Henzsectuniit asTop . ..... e U
APXEOJIOTMYECKNE HAXOJIKU HA PYCCKOM

AJITAE
(T. 116, C. 656; 1925)

Paboma poccuiickux apxeonozoe npodonxcaemca. Co-
mpyodiux Mockosckozo ucmopuyseckozo my3es A. 3axapos
ONUCAR HOBble HAXOOKU 8 KypZaHAaX, OOHAPYNCEHHbLX 6
1865 2. B. Padnogewm.

Menseaen 2K.A. ... .....cccec.n P, 98
3AMKHYTbI KPYT
(T.227,C. 1197: 1970)

B 60-x z00ax, pabomas 6 Mockee u O6Hurcke, asmop 6oun
ussecmen cneyuanucmam no 6uoxumuu cmapenus. Ilpe-
KpacHblid nORYAAPU3IAMOp, OH 4ACMO hevamancs 6 «IIpu-
pode». A nocae mozo, KAk OH HANUCAN KHuzy 06
aszycmoeckod ceccuu BACXHHIT u Gown 3a 3mo nocaxcer
8 «NCUXYUIKY», O HEeM YIHAN 8ECo MUP. Dnom o4epK npo mo,
Kxak 8 1966 2. cosemckue eracmu He nycmunu Medsedesa
8 Lllechdpund, 20e 6oin 3anener ezo doxnad « MonekynapHote
acnexme: cmapeHus».

PuuB. ... ...ttt ecsnceass. 104
APECT CAXAPOBA ITPO3UT NPUOCTAHOBHUTDb

HAYYHBIE OEMEHbI BOCTOKA U 3AMTAIIA
(T. 283,C. 112; 1980)

Peaxyus nayuroii o6ujecmeenrocmu 3anada na apecm Ca-
Xaposa u ezo 8bicbLIKy 6 I'opbkuidl 00H03HAYHA: IMA AKKUR
noepedum paszeumiiio MexcoynapooHbLx Hay4HbIX caf3ed.

Hukcon . . ...... .... 108
CILLA COKPAILIIAIOT HAYYHbBIE CBA3U C CCCP
(T. 283,C.513; 1980)

Admunucmpayus Kapmepa 0ana noname cosemcxomy
npasumenscmey, YMo ceA3u He MOZym npoOOANCAMECA 6
npexctiem ob6veme.

PuuB. .... ceeee.. 108

gA’I'lr(lJ'll/lK COBETCKOI'O COIO3A HA PEAKLIUIO

AlIA
(T. 283, C.513; 1980)
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>KYPHAJIBI HABOJAT MOCTEI MEXIY COBOM

HeTt nHoro Buaa yenoBeyeckoit neATesIbHOCTH,
CTOJIb MHTEPHALIMOHAJNIbHOTO, KaK HayKa. 3aKolbl
NMpUpPOabl OJMHAKOBO MpOsABAfIOT ce6s B N06oii
TOYKE Hauleid MyiaHeTbl — BHe 3aBUCHMOCTH OT
reorpau4ecKoii LUIUPOTbI MK OJITOTLI K YK TEeM
6onee oT rocyilapcTBEeHHOW NpUHAANENKHO-
CTH NAHHOI TEPPUTOPUM, YPOBIHS HCTOPUYECKOTO
Pa3BUTHA HaceJAloLLero ee Hapofa unu BbIGpaH-
HOW UM monuTHYeckoii cuctembl. [TosTomy yye-
Hble — JIIOAM, MOCBATHBLIME cebsa MmocTikelnio
3THX 3aKOHOB, ecTecTBeHHbLIM 06pasoM obbennHe-
Hbl B TJJaBHOM — B CBoeM npodeccHoliaibHOM
noaxofie K noctikeHuto Mupa. «HaunonanbHoii
HayKH HET, Kak HeT HaUMOHaNbHOI1 Tabnuubl yMHO-
)KeHus», — nucan A. I1. Yexos, kotopblii 6bi1 He
TOJILKO MHCaTesieM, HO U BPaioM, T. €. YeJIOBCKOM
Hay4yHoro MupoBo3s3petiis. Octapasch Ha MO3HLH-
AX pasyma, C HUM HEBO3MOXHO He COrNIacCHTbCS.

Pa3symeercs, B u3BecTHOI cTeneHy ulTepHaLn-
OHaJIbHbl U UCKYCCTBO, Y- 9KOHOMHKA, W MOJINTHKA,
M Bce MHble cdepbl JI0OACKUX UHTEPECOB, Tpyla U
B3aumopeiictBus. Ho ecni Bo3moxio npexcra-
BUTb ceBe XyNoXKHHKa, TBOPALLIErO HOBOE UCKYCCT-
BO Ha HeOGHMTaeMOM OCTpOBeE, MJIM KOMIO3UTOPA,
COYMHAIOLLEro Ceroflis OoQHOMY €My MoliATHbIe
npousBenieHUs B «bawe U3 cNoIOBOI1 KOCTU», KO-
TOpbie 3aBTpa 3aBOIOIOT BECb MUP, TO Y4eHblii B
OTpbIBE OT CBOMX KOJIJICT B APYrUX cTpanax obpe-
YeH Ha 6e3HayexxHoe MOBTOpeliMe CHAENaHHoro
paHee ApYrMMH.

Mie yxe cryyanoch nicath O TOM, YTO IS yue-
HOro JIyylunii cnoco6 onpaeaaTh fAoBepiie obuie-
CTBa — 3TO NMpPeNOCTaBHTL pe3yabTaTbl CBOeM
pabotsl 6ecrnatho B ero pacnopsxeliie. denaercs
3TO C MOMOLLBIO XXYPHAJIOB — UMEHIIO TaM my6iu-
KylOTCS HayyHble OTKPbITHA, CTaHOBACH O6UIUM
L0CTOSHUEM, KOTOPbIM N1060i1 BripaBe BOCMONL30-
BaTbCs, B OTJIIMUKME, CKaX€EM, OT H3o6peTennii, na-
TEHTYEMBIX WX TBOpUaMH, MK NMpoH3BeaeHITii
MUCKYCCTBA M JIMTEPATYpLi, OXpaHAEMLIX aBTOP-
ckum npasom. XKypHanul, Takum ob6pasom, ciy-
XKaTt aeny eAMHeHWs YUCHbLIX, NMO3BONAS UM
y3HaBaTh O CeJIaHHOM KoJlleramit B cBoeit o6na-
CTH, U B 3TOM CMbICJie Hayka 6€3 11X HEBO3MOX-
Ha — BO BCAAIKOM cJlyyae, HayKa HbllielLHss.

Ho xypHanel cnyxat U Mioii, 6bITb MOXeT,
eule 6onee BaxHoIt Lenu. Onim — B nNepBylo ove-
peab HayyHo-ronynspHvie — MO3BOJISIOT BOC-
CTaHOBUTb Ty €lHHYI0O KapTUHY MIipa, KOTOpYIio
KaXAblii cneunanucT BocnpHiiHMaeT Mo3aMy-
HO, CKBO3b NMpH3My cBoeii npodeccuir. Hacamom
Ke fesie NpUpoaa e 3HaeT Hi XUMI, i1 GH3H-
KH, H1 MaTeMaTHKH — 3TO Mbl B BbicHIeii cTenenn
YCJIOBHO pa3fieniuiil nyTH ce noctinkenns, Takum

06pa3oM, xypHaJibl — 3TO CBA3YylOLIME HUTH He
TOJILKO MEXAY YYEHBIMU, HO U MEXIY HayKaMu.

IpuMmepoB nofo6HOI1 «coeauHUTENbHOI» fes-
TENIbHOCTH XKYpHanoB Hemasno. ONHaKoO MeXIy HHU-
MU CaMUMM, KaK NpaBWIo, CBA3W BecbMa ciabblie —
B CWJTY KOHKypEeHLMH, pa3HOCTH NOAXONOB, Freorpa-
¢$uyeckoii M counanbHOI pa3o6LLUEHHOCTH M MHBIX
npuurH. TeM LeHHee OMbIT COBMECTHOI paboThl
penakuum «[Tpuponbi», cTapeiiuero poccuiickoro
Hay4YHO-TMOMYJIAPHOrO XKypHaJa LUMPOKOro Npopu-
Jis, v xypHana «Nature» — Buaumo, Booblie cra-
peiiwiero o6LieHayYHOro XypHala B MUpe.

BmecTe ¢ HawMMu GpUTAHCKMMM KOJUJIEFraMu
Mbl BBLICTYMNaNU U MHXEHEpaMH, U apXUTEKTOpa-
MH, U CTPOMUTEJIAMU 3TOTO MEXKYPHANIbLHOTO MOC-
Ta. BHauane nns Hero Gbuin 3a6UTbI «GbIKM» — B
wect Homepax «[Tpuponbi» mogpap my6nukosa-
JIOCb 10 HECKOJIbKY CTPAHHLL, B3ATbIX U3 NOCTENHUX
HomepoB «Nature». I BoT Tenepb — cpasy HeCKoJb-
Ko «nponietoB»: nog6opka BEST OF NATURE. A He
cobupaiocb €ée KOMMEHTUPOBaTh — YUTaTENH
«[Tpuponsi» camu, naxe 6e3 cneunansHO noaro-
TOBJIEHHbIX HaMU aHHOTauui, cymeloT oue-
HHTb W BpeMeHHOl OXBaT, U pa3HooGpa3ue
TE€MaTHKH, U 3HAYUMOCTb NYy6GNIUKyeMbIX MaTepHa-
510B. 3€chb y Hac ABHOE NPeHMYLLECTBO: ecsiv 6pu-
TaHCKUE KoJulern Korpa-Hubyab HagyMalor
omy6nnkosath y cebs nogbopky JIVHLIEE U3
«TPUPObl», UM npugercs TpaTUTb MECTO U
BpeMs Ha NepeBOj, Hall XK€ yuTaTesJb B Macce
cBoeil BjlafjeeT COBPEMEHHOW J1aTblHbIO HayKU —
aHINUIICKUM A3bIKOM.

Ho 06 ontioM He Mory He cka3atb. [TpuaTHo BU-
neTb cTapbix aBTopoB «[Ipuponbi», BepHyBLUMXCA Ha
ee cTpaHuubl B HOBOM, HO BCE PaBHO JIEFKO Y3HaBa-
emom obnnybe — B. M. Byna, f. B. 3enbnoBuua,
A. ®. Uooepe, TN, J1. Kanuury, JI. . Jlannay, A. 1.
Caxaponsa u npyrux. EctecTBeHHO, HM OIMH cepbe3-
HBIA XKypHan Mupa He MoxeT oboliTuch 6e3 3THx
umet. XKanb nuuiib, YTO MOYTH BCE 3TH aBTOPLI YKe
HUKOTAa HE HaNHULIYT HaM CBOMX HOBbIX CTaTeil...

A Tenepb NO3BOJIbTE MPENCTaBUTL BaM, 1Oporue
uHTaTeNu, NoA6opKy MaTepHasioB APY>KECTBEHHOIO
HaM ypHaJa, KOTOpYio OTKpbiBaeT oGpauleHue (B
niepeBofe Ha PyCCKHit) k BaM ero penaktopa JxoHa
Mb>sanokca.

Jliodeuz Paddees,
2nagiwit pedakmop xcypraaa «Ilpupoda»



JOURNALS MAKE BRIDGES BETWEEN EACH OTHER

No other field of human endeavour is as truly inter-
national as Science. The laws of Nature, blithely
indifferent by and large to matters of latitude and
longitude, could care even less about national bor-
ders, the extent of population’s historical maturity,
or the political system that such a population may
have chosen, or had thrust upon it. The bond, there-
fore, between scientists, whose life’s work it is
responsibly to lay bare and illuminate these laws, is
a naturally international one. «There is no national
science as there is no national multiplication table»
wrote Anton P. Chekhov, a physician as well as an
author — and common sense makes it hard to dis-
agree.

Of course, there is no.sphere of human interest
or interaction — art, economics, politics, etc. —
which is not, to an extent, international. But while
artists and composers can operate perfectly well
from their lonely garrets and ivory conservatories —
indeed can launch something truly New upon the
world — a scientistisolated from his peers is doomed
forever to repeat the discoveries and advances of
others.

I have written before that the best way for a scien-
tist to serve society is to submit the fruits of his labour
to that society free of charge. This is what scientific
journals are all about. Upon publication, a scicntific
discovery becomes public property; anyone who
wishes may use it or build upon it as they see fit,
unlike a patented invention, or a work of literature
protected by copyright laws. In this way, the journals
further the cause of the writing scientist, familiariz-
ing him with developments in his field, and the work
of his colleagues. Without this service, Science as we
know it today simply could not exist.

The journals have an even more important goal,
however. They aim to assemble necessarily special-
ized glimpses of scientific truth into a panoramic
mosaic of the greater scientific world. Nature herself
is ignorant of chemistry, physics, and mathematics:
these distinctions are ours, deliberate constructions
of the human mind. It is the purpose of scientific
journals, then, to bridge the gaps not only between
individual scientists but between the often remote
fields of enquiry that scicnlists have created for
themsclves.

Despite the scientific journal's primarily «con-
nective» function, though, the connections between
journals themselves tend to be rather weak,
sundered as they are by professional rivalry as well
as by geographical, and often intellectual, differen-
ces. This only makes the collaboration more reward-
ingbetween PRIRODA — the oldest popular science

journal in Russia — and NATURE — the oldest jour-
nal of this kind in the world.

Along with our British colleagues, we have acted
as the engineers, as well as the architects, of this
«inter-journal» bridge. We started by sinking a few
piles — up-to-date extracts from NATURE publish-
ed in six successive issues of PRIRODA — and
now — with this BEST OF NATURE collection we
are ready to drop several spans into place at once.
The collection needs little introduction from me.
Even without our specially prepared annotations,
PRIRODA readers would have little trouble ap-
preciating this collection’s historical range, the
variety and significance of its material. In this we
have a clear advantage over our British colleagues. If
they, someday, decide to publish a BEST OF
PRIRODA collection, they will have to devote much
time, and many pages, to the business of translation.
Most of our readers, on the other hand, have a good
command of English — Latin’s successor as the lan-
guage of modern Science. '

I must just mention, though, what a joy it is to see
many familiar names on the pages of PRIRODA,
somewhat altered in appearance, but ultimately
unmistakeable: Joffe, Kapitsa, Landau, Sakharov,
Wul, Zeldovich etc.; no journal could do without
them. The only pity is that they won’t be writing us
any new articles...

And now, dear readers, without further ado, may
I introduce this collection of materials from a
kindred journal, prefaced (in translation) by a few
words from its editor: John Maddox.

Ludwig FADDEEYV,
Editor-in-chief, «Priroda» journal
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KYPHAJIBI HABOJAT MOCTBI B HAYKE

Bea Hayky He 6bL10 Gb1 Hay4HBIX XKYPHATOB, HO BEPHO JIH
o6paTtHoe yTBepxaeHue? BoamoxHa nu Hayka 6ex Hayy-
HbIX XypHanoB? O4YEBU/IHO, XYPHalbl HE €CTh HEYTO
ob6s3aresibHoe. Bo BpeMeHa 3apoXAeHMA CoO3peMerYoi
HayKH UX He O6bUIO, TOr[d CYILIECTBOBANM JIMUIE KHYTH.
Konepuuk u Fanunein, HoioTon u [lekapt nyGrukosanu
CBOM HOBbI€E B3IVIA/bl HA YCTPOMCTRC MUPa B BH/1e Pa3-
BEPHYTbIX TE3NCOB, HAaNNCAHHbIX Ha NAaT-THH. ITH MaTe-
pHanbl, Nepexoas W3 PyK B DYKH. MeNJRHHO
pacnpocTpaHaauch 1o EBpone U naMeHANM ceaHezvue
nopent. Urak, Hayka Moria 6bl cylllecTBOBRaTh Ged Hayy-
HBIX XypHAaJI0B, HO 3TO Gblia 6bI COBCEM OApyras Hayka.

XKypHanbl He TOJBKO YCKOPHJIM PacnpocTpaHeHue
3HaHUI O HayYHbIX OTKPLITHAX, HO M CAEJIANH ¥TCT Npo-
LiecC AEMOKPaTHYHbIM B CAMOM CTPOTrOM CMbICJIE CN03a.
XKypHansb! oTkpblIM AOCTYN K MHGOPMaLHK O BCEX 10~
CTHXEHMAX HAYKH [UTA Bcex. YacTHyHO 3TO 06bACHAETCA
NMOYTH MEXaHMYECKMU: XKYPHA BBIXOIUT PErYIAPHO, €Xe-
MECAYHO MJIM AaXE €XEHEAEJIbHO, TaK YTO 4YMTaTeNU
3HAIOT, KOrfla ero >Jarb. Uutatequ MoryT Takke 3as-
BHUTb, YTO OHW HE MOJIyYWIH TOT MM MHOW HOMEpP MIN
Jaxe BbIPa3uTh HECOI/IAaCHUE C BLIBOJAMHU TOH WJIM MHOA
ony6JMKOBaHHOM CTaTbH.

KypHan — 3To eule ¥ yupex/aeHHe ¢ NOYTOBLIM af-
PecoM, No KOTOpPOMY YMTaTeJlM MOFYT HanpaBUTb CBOU
3aMeuanus, a aBTopbl — Noc/aTh cBOM cTaThy. Ceitvacd
BCE Yallle KOPPECNOHAEH UMM B XypHa/I TPUXOAAT C TOH
WA MHOM 13 2000 KOMNBIOTCPHbIX CETEM, ONOACABLIMNX
BeCb MHD, 110 3J'leK'l‘p0HMOﬁ noyure. Ho TexHu4eckune ne-
TaNM HE MEHAIOT IPUHLMNUATBHOI'O NOOXKEHHUA: 60Nb-
LIKHCTBO YWTaTeJled — 3TO NOTeHUMalblble aBTOPbI.
Taknm oGpa3oM, )KypHasl — 3TO CBOEro poaa kry6, coo6-
LLIECTBO JII0ei, MMetoiLmnX obuine nHTepechl, KOTOpble
B KauyecTBe YuTaTesieil Noay4aloT 3HaHus U MHdopma-
LMI0, @ B KAYECTBE aBTOPOB — BO3MOXHOCTL PacnpocT-
paHaTb cobcTBenHble Maen. Pefaktopam xypHanos
MPHATHO lyMaTb, OYATO OHU PELLIAIOT, YTO CJAEAYET ny6-
nukoBaTh. Ha caMoM e fene Ux xKypHaibl NpUHaLIE-
XKaT noTpebUTeNdIM — aBTOPaM M YUTATENAM:
pefakTopbl MOTYT Harne4aTarh IMLWbL TO, YTO UM NpUC/a-
JIX aBTOPbI, a PeAaKTOpcKan cBo6oaa orpaHUYEHa TEM,
,UTO XKeNaloT NPOYECTh UNTaTENH. )

KypHan «Nature» Hayal BbIXOAMTbL B cBeT B 1869 T,
no4th 125 ner nasan v 4epes 10 ner nocne nybankaumu
«[Tponcxoxaenns snaos» Yapasa [lapsuHa. Anrius
XIX B. Wb HayMHala OCO3HABaThb CMbIC/ Hay4HOro
YTBEPXKAEHUS, KOTOPOE JAPBHHUCTDI CAETATN OT UMEHH
HaykH. [To coBpeMeHHbIM MepKaM, 3TO yTBEpXAeHHe
6L1J10, KOHEYHO, HECJIOKHLIM: BCE XXHBbIE€ CyLIECTBa
(TouHee, BUAbI) cnocoblibl M3MEHATLCA, Npucnocabnu-
Baficb K MIMeHsAIOLEeMYyCA OKpyxeHuio. CaMbiM
CHJbHBLIM apryMeHToM JlapBrHa B nosib3y Npucnoco6-
nsemMocTH 66110 NPORENIEHHOE UM IETATLHOE U3yYeHUE
¢opMbI KWIIOBA MHOTMX BUAOB 3A0JMKOB, XHUBYLLIUX Ha
ocTpoBax BoctTouHoit yactu Tuxoro okeana. OH y6eann
cebs M ApYTHX, YTO EAMHCTBEHHBIM OObACHEHNEM Ha-
6.11012€MOT0 MOXET ObLiTh NWllIb 3BOJOUNS NTULL Ha
NMPOTHKEHNH MHOTUX NOKOJIEHNH, KOTOpas NaBana UM
BO3MOXHOCTb MPUCNIOCOGUTLCS K OKpPYXKalollei cpene,
B KOTOPOi1 OHH OKa3bIBATUCH.

IMepexon JlapsrHa oT 3Toro HabAOAEHHA K 3aKII0-
4eHUI0 O TOM, YTO JIIOAN TOXe SABJAIOT cOGO# pe3ynbTaT

NpUCTIOCOGMTENBHOI JBOJNIOUMH M YTO OHHM, BO3MOXHO,
umMeloT obuero npeaka ¢ o6eabsiHaMu, 6bLT ML AOraA-
KOM, CPABHMMOI MO CMENOCTH C BbiBoaamu lanuses,
Habmonasuiero BpauleHHMe CNyTHMKOB BOKpyr lOnmre-

' pa, uTO BCE IUIAHETbhl TOYHO TAK XK€ BpAWAKOTCH BOKpPYyr

Connua. Touxa 3peHus laannes Obina npu3HaHa
€pecbio; HEMPHUSTHE €€ KATOJMYECKOH LIEPKOBbIO 3aCTa-
BUJIO €r0 MOYECTh 32 61ar0 OTPeubCs OT CBOMX B3MISJIOB.
IMporusuuku JlapeuHa He GbUIM CTOJMB MOTyIIECTBEH-
HBIMH, H, K CYACTBIO, Y HEr0 HAULIMCh APYy3bs. OnuH M3
nux, Tomac Tenpu I'excnu, CTanm €ro CTOPOHHMKOM H
y6eaun Mononoro 6puraHckoro mapatens Maxmmwuiana
HAuaTh BBIMYCK €)XEHEEJbHOr0 HAYYHOIO XypHana.

Mbl HMYEro He 3HAaeM O HaLLMX YUTATEIAX TeX PAH-
HHX JIET, KPOME TOro, YTO B GOJIbIIMHCTBE CBOEM 3TO
6b11m xurtenn BeankoGpurannu. B To Bpems auwb He-
MHoOrue, kak, HanpuMmep, JDxkeiimc Knepk Makcsesur,
npenofasaiu B yHuBepcHuTteTax Jlongona u KeM6pumxka,
Inasro n 3annbypra, ¥ X MOXHO GbLlo Ha3BaTh NMpo-
¢eccnoHanbibiMK yyeHbiMH. IToMuMo Toro, 6bL1a He-
MHOro4ucieHHas rpynna ¢ npocgeccMoHalbHbIMHU
HayYHbIMH MHTEpecamMH: MeJikne NMPOMBILLICHHUKH,
MPUXOACKHUE CBALLECHHUKH U T.M.

JIuub no cury4aiiHOCTH XXypHaJ «Nature» cTan Hayq-
HbIM B CTPOrOM CMbicJie 3Toro cioBa. B nocaenxue ne-
catnaetna XIX B. ero xoppecnoHaeHTbl NOCTOAHHO
CTPEMMJIMCH NPUBJIEYb BHHMAHNWE K UHTEPECHBIM SiBJIE-
HUAM NPUPOALI, KOTOPbie OHU HaGloRaNn: NafeHHe Me-
TEOPUTa MJIM HeoOGbIYHOE MOHMIKEHHE NaBJICHHA,
OTMeucHHOEe PTYyTHbiM GapomeTpoM. Ho Ha pyGexe Be-
KOB B XypPHaJl y’k€ NUCAIN B OCHOBHOM C TE€M, YTOGbI
WTOXKNTL CBOU B3MIAbl HAa CBOWCTBA PaJMOAKTHBHO-
CTH, IEKTPOHA MJIH )K€ aTOMHOFO Aapa.

C camoro Havana y xypHaia «Nature» 6bL1M ABE Xa-
PaKTEpHbIE 4EPTbl, KOTOPbIE OTAMYAIN €r0 OT APYTHX
M3AaHui Toro BpeMeHu. Bo-nepBbix, oH 6b11 nociego-
BaTeIbHO MHTEPHAUNOHANbLHBIM: JaXKe caMble NepBble
€XeHeAebHbIE BbiYCKH XXypHala COAEpXaln OTYEThI
Hay4YHbIX aKajleMu# IpyTruxX cTpaH, Hanpumep, u3 [Tapu-
xa, Punagenvdum u Cankr-Ilerepbypra. Bo-BTOpPBIX, B
JKypHaJie Bcer/ia CiuTaayu HY>KHbIM 1aBaTh KPaTKHI KOM-
MEHTapHMii 0 Belllax, KOTOpble, CTPOro FOBOPA, He ABA-
IOTCA HayYHbIMM, HO MOTYT MOBJHATbL Ha COCTOAHUE
Hayky (K npuMepy, Bbicllice oGpa3oBaHHE) WK 3aBUCETb
OT ee pa3BUTHA (OT OGLLECTBEHHOTO 3{PaBOOXPAHEHUSA
110 PaiMOBELLAHNA).

HIMeHHO 3TOT XypHan (C TEM e caMbiM U3JiaTesIeM)
NPENOCTaB/IAET CBOM MaTEpHaibl BHUMAHMIO YUTaTEEH
B OKTAGpbCKOM HoMepe «[Tpupoabi» — ¢ tobesHoro co-
rnacus ee peaakumu. Mol HafieeMcH, YTO VIS YUTaTeNen
«[Tpupoabi» nociaenyouipe cTpaHnuUbl NOCTYXKar no-
JIe3HBIM NYTEBOAUTEJIEM NO BaXKHEHILIUM BEXaM B HCTO-
PvH HayKH. DTH K€ CTPaHULLbl MOTYT NPONUTD CBET Ha
TO, KaK COSpeMeHHas npogeccus yueHoro Bbipocja u3
HHTEpeca MHTC/UIMFEHTHbIX, WMPOKO 06pa3oBaHHbIX
Jofen K MUPY, B KOTOPOM Mbl )KNBEM.

Bbi6op cTareil 3 «Nature» 11 AalHOro BbiMycKa,
HaJo MPHU3HaTb, B 3HAYUTEIbHON Mepe ciayyaeH. 3a
125 ner Hamu ony6.1MKOBaH MOYTH MWLUIHOH CTPaHKLL
TeKcTa, Gosiee NOJOBHHbLI KOTOPLIX — B NOC/IEHHE NOJ-
croneTHs. Y Kaxaoro Toma ecTb roi0BO€E OIJIaBJIEHUE, HO
OHO He 1aeT NpeAcTaBlIeHusA 06 UCTOPHYECKOH 3HAYH-



MOCTH MaTepHuana, KoTopblii cogepxut. [ToaroMy 4To661
HaWTH KaKy10-1160 CTaTbio NPOLLILIX JIET, HEOOXOAMMO
3HaTb, O YEM OHa, U, XOTA 6bl OPMEHTHPOBOYHO, RATY
my6nvkauns. B npouecce noarotoeku mopbopku Mate-
pHasioB s my6amMKaumM B 3T0M HOMepe «[IpHponb» Ml
MPHLUM K MBICJIM, YTO HYXXHO CO3/]aTh MOJIHOE OrJIaBJe-
nue «Nature» ¢ camoro Hauana. Unaue Mbl He Gyaem
3HATH COGCTBEHHOI UCTOPHH.

Mbl HauMHaeM C JekJapauMd O 3anaue «Nature»
KOTOpasi KOPOTKO COCTOMT B TOM, UTO0bI CrIOCOGCTBOBATH
NMOHMMAHHUIO HAYKH, PACMpOCTPaHss 3HAHMUS O HOBBIX
OTKPBITMSIX, YTO TAK XK€ BAXKHO CErojiHs, kak v B 1869 r.
OTpBIBOK M3 CTMXOTBOpeHMs Buibama Bopacsopra Ha
TUTYJBHOM JIUCTE HE HY)KHO NMPHHMMATH 32 CEHTHMMEH-
TaJIbHOE TIOATBEPXKJAEHHE BEPbl B HEKYIO TMAHTEMCTHYE-
CKYIO CHUTY, KOTOpPast OXpaHMT Hac ot 3na. Hanpotus, ato
yTBEPXK/EHHE, YTO TOJILKO PALIMOHAJILHOE MOCTHXEHHE
mupa ofecrieunt Haumy 6e30NMacHOCTL M BBIKMBAHME.
Bonbluei 4acTM BMKTOPMAHCKOM AHrimMu Gbur uyxn
Takoit B3rsAA. I'ekcJiM ¢ OYEBMAHOCTBIO NMOKA3aJ 3TO B
CBOEM BCTYNMMTEJILHOM CTAaTh€ O COLIMAJIbHBIX MOCJIENACT-
BMSIX AapBuHM3MaA (CM. C.4).

OTa non6opka nyGankaumi «Nature» paHHero nepu-
0/1a CJIMLLIKOM CKYNIHa, YTo6bl NOJIHO OTpPa3uTb GoraTcT-
BO CO/IEPXXaH KA XypHana Toil nopel. OT6rpas Marepuan
s nepeneyatkyu B «[Tpupone», Mbl B OCHOBHOM CTpe-
MUJIKCh TPONUTIOCTPUPOBATL Bkaj «Natures B coBpe-
MeHHOoe NMoHuMaHHe Hayku. B monGopke ecTb ABe
oTAeNbHbIE JUHUHU. UnTaTenu MoryT GbiTb yauBIElbI,
0oGHapyXHB, 4TO 3a BCE BPeMS CyLLIECTBOBAHHA XKypHana
ero Biiaj B pusnueckne Haykn aaxe Tenepb Goablue,
YeM B HayKH O XKMBOM.

B nepsbie roabt XIX B. Mbl 6bUIM ONHMM M3 [JIaBHbIX
NPOBOAHNKOB 3HaHM1 06 OTKPLITHAX B 06/1aCTH ANEPHOI
¢H3UKM N KBAHTOBOW TEOPHH, KOTOPbIE TeNepb CTanu
OCHOBHbIMH B (hu3nKe. ITa NQAGOPKa AEMOHCTPUPYET
TO 3HaY€HHeE, KOTOpPoe Mbl NpuaaBain B 1939 r. paHHuM
pa6oTaM 1o [eJIEHHIO ypaHa — OCHOBHbIE MPUHLMUMbI
MOJTy4EHUA ANEPHO IHEPrun GbLIM MINIOKEHBbI MOYTH
HcKTounTeNbHO B «Natures. ITocne BTOpOiH MHpOBOIf
BO#HbBI Mbl 0COGEHHO aKTUBHO NYGAMKOBAIM MaTepHa-
Jibl 0 HaykaM o 3emJe (B YaCTHOCTH, NO TUINTOTEKTO-
HHMKe), paguoacTpoHoMHuu (B ocoGeHHOCTH, 06
OTKPbLITHH KBa3apoB), a B NOC/IefAHEE BPEMA — O CBOHWCT-
BaxX BbICOKOTEMNEPATYPHbIX CBEPXNPOBOJAHNKOB U He-
AABHO OTKPbITbIX (Py/IIEPEHOB.

Ho akueHT B «Nature» 3aMeTHO CMeCTWICA fnocJie
ny6ankauunn B 1953 r. He6onbioit crarby k. YoTcoHa
n ®. Kpuka o crpykrype IIHK (c. 40). MnTepeciio, 4To B
1930-e roabi GbIIM NPEANPUHATLI MHOTOYUCIEHHbIE
TONBITKA UCCJIENOBATh CTPYKTYPY GEJIKOB M ApYyTHX G-
0JIOTMYECKMX MOJIEKYJ; NEPBbIM 3HAYUTENbHBIM
YCNEeXOM Ha 3TOM IMyTH 6blJ10 OTKPbITHE Y. ACTObLIOPH
CTPYKTYpbl KepaTuHa — Genka, HafileHHOro B BoJocax
YeJioBEKA M APYTHX MaekonuTalowmx (c. 37). C 1953 r.
Mbl 0nyG/iMKOBANIN pe3y/ibTaThl MHOTMX BaXKHbIX UCCle~
NoBaHMit B TOH obnacTH, KoTopasi celyac nojayiuia
Ha3BaHWe MoJjieKynapHoii 6uonornu. Her ocHoBaumii
noJaraThb, YTO 3TOT NOTOK MCCAKHET B GawxaiiueM 6y-
aylwieM.

«Nature» npoosKaeT HHTEpeCOBaTbCA NMpobieMa-
Mu ¥ 6onee obliero xapaktepa. Tpetuii pasnen non6op-
KH COCTOUT B OCHOBHOM M3 cTaTel 0 Hayke B COBETCKOM
Colo3ze u B Poccun. Bcero HeckonbKo JieT Hasaj, Ao
NMpUxoaa «J1IaCHOCTU», MaTepuaibl Takoro pofa o6bI4YHO
He JOXOAM/Y 10 YMTaTesie B Balleit cTpaHe — Ux W60
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BbLIHUMAJIK U3 HOMEPOB «Nature», pacnpoCTpaHABLLIMX-
¢ B CCCP, 1160 3TH BbITyCKH NONajialiu B CNELXPaHbI,
HeJloCTyTIHbIE I TpocToro yuTtaTens. TakuM oGpa3om,
3TOT pasfie] NMOAGOPKH MOXET NpeACTaBIATL 0Cobbiit
HHTepecC.

MpbI HafteeMcs, YUTATENIH OLLEHAT, YTo «Nature» noa-
XOMMT K BOIIPOCY ynpaBieHus Haykoi B CoserckoM Co-
103¢ M E PoCCHM TOYHO TaK Xe, KAK OTHOCHTCA K JaHHO#M

xpobieme B AHranu, CLIA, SnoHnn win s apyrux mec-

rax. MBI IocvynaeM Tak, GVAy11 yBepeHsbl, YTo coobLie-
el

GIBO- HCLICIVBATEIEN IO -CAMOMY CYLUECTBY CBOEMY

AZTSPIAUMOHATBHO, YTV EFO MHTEPECHI BO MHOTOM Ofin-

' HAKOUBDLFBO BCEM MHPE UYTO «Nature» co cBouM 6oratbiM

OilbITOM MHTEPHAUMOHAIBHBIX ITyGHKaUUii HMeeT npa-
BU M paxe 06A3aHHOCTb CTOATb Ha CTPaXe MHTEPECOB
MCUIeoBaHMit, IPOBOANMBIX B J11060# Touke MHpa.

Haiuun MexxayHapoaHble cBA3u 6bLin OfRHOM M3 Haun-
SoJiee NpUBIEKaTEILHBIX CTOPOH Halliel AeATEALHOCTH
nocjeaHnx aecatunetuit. Ceitvyac Tonbko okono 12%
HaLLMX YMTaTeJIE XKMBYT B AHIIMK, FA€ HAXOAUTCH I/1aB-
Hb1i opUC penakumy XypHaia (Apyrue pacnoyioxeHbl B
Bawuurrone, Tokno u Mionxene). B CeBepHoit AMepu-
KE pacnpocTpPaHAETCA OKONO 45% CyMMapHOro THpaxa,
B fInoHun oH Gbictpo npubanxkaerca K 10%. Ytobui
YNpOCTUTL pacnpocTpaHeHmne «Natures, Mbl neyaraeM
sxypHan B CLLIA v AAnoxuu, a Takke B Kutae. Haneemcs,
YTO BCKOpPE 3TO CTaHET BO3MOXHbIM 1 B Poccuu.

YT0 Gbl HM MPOU3OLLLIO, MbI BEPUM, YTO J1py*K6a, yc-
TaHoBuBLIasAcA Mexay «Natures u «[Ipupogoii» B no-
c/iefHUEe HECKOJbKO JeT (3HaK KOTOpPoil — 3ToT
cneynalbHbif BbIMYCK), GyAeT yrmyGnaThcs M nNpouse-
TaTb. TH ABA KypHa/la 3HaYUTEILHO OTMYAIOTCA APYT
OT fipyra no nyGiAMKyeMbIM MaTepuanaM, HO ob6a OHM
npeaHasHaYeHbl i NPodecCUOHAIBHBIX YUeHbIX, KO-
TOpblE€ NHTEPECYIOTCA AOCTHXKEHUAMMU CBOMX KOJUler BO
BceM MHupe. M bl paccMaTpuBaeM aTy ApyxGy Kak BaxkKHoe
CPEACTBO VI Aa/IbHENLLIETrO YNIPOYeHNA HalLleEro HHTEp-
HalMOHANbHOrO [AyXa. )

IToyeMy 3to Tak BakHo? [loTomy 4TO Hayka aeHCT-
BUTEJbLHO MHTEpPHAllMOHaNbHA. ¥ Hac ecTh Tenepb
JOCTaTOYHO CBMACTENBLCTB TOro, Kak NyGIMKalUuA pe-
3y/IbTaTOB BOXKHOTO HCCJ/IEIOBaHUA CTUMYIHPYET APYTHX
Jofeil Ha HOBble BnevaTasmoume paborsl. Mbl Takke
OCTPO OLLYLLIAEM, CKOJIb 4aCTO NPo6/ieMbl, BO3HUKLINE B
OfHOW cTpaHe, BcKope nossisAtorca u B apyrux. M 6eu10
HeMaJ1o cJyyaeB (CJIMLIKOM MHOrO — B MOCJEAHHE IO~
nbl), Koraa paboTa y4eHbIX HAMEPEHHO OCJIOXKHAIACh NX
co6CTBEHHBIMM ITPAaBUTENbCTBAMU M KOF/]a POTECTbI M3
APYTHX CTPaH OKa3bIBAINCH MONE3IHLIMHU.

TakoBbI MOCTbI, KOTOpPbIE HABOAAT B HayKe KypHaIbl.
EcTb MOCT M ApYTrOro copTa, NpuMep KOTOPOro Bbl Hail-
ZieTe B CTaTbAX 3TOM NOAGOPKU: 3TO MOCT MEXY HacTo-
ALKUM N TIpouuibIM. Mbl cAMILIKOM vYacTo 3aGbiBaeM,
CKOJIb MHOTMM Halla CErOAHALLHAA Hayka o6a3aHa pa-
60oTaM siofiei, 1aBHO YMePILIUX; Mbl CJIMLLIKOM Mo Lie-
HUM nx. 1 Mbl He Bcerna oco3HaeM, Kak CHJIbLHO CO
BpeMeHeM M3MEHWICA XapaKTep Hay4yHbIX NyGaukaumii:
OHU CTaIU Tenepb Kyaa Gonee npodecCHOHATLHBIMM M
Kyna MeHee NoHATHbIMM. OaHa M3 3ajay xypHana
«Nature», B&XXHOCTb KOTOpPOM MOCTOAHHO BO3pacTaer,
COCTOMT B TOM, 4TOGbl NepeGpOCUTb MOCT Yepe3 3Ty
nponacTb HEMOHWMaHHA.

Jowcon MBJITIOKC,
2nasHblil pedakmop xcyprana «Nature»
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JOURNALS MAKE BRIDGES IN SCIENCE

Without science, there would be no scientific journals, but
is the opposite true? Could there be science without the
scientific journals? Evidently, the journals are not indis-
pensible. At the birth of modern science, there were no
journals, only books. Copernicus and Galileo, Newton and
Decartes, published their new views of what the world is
like in the form of substantial written theses, in Latin as
it happens. These documents circulated slowly through
Europe, changing men’s minds as they found their way
into one pair of hands and then another. So there could
be science without the scientific journals, but it would be
avery different kind of science.

What the journals have done for science is not just to
speed the communication of discovery, but to make the
process democratic in the strict sense. Journals have
made it possible for all people to have access to informa-
tion about all discoveries of importance. Part of the ex-
planation for that is almost mechanical: a journal appears
regularly, once a month or even once a week, so that its
readers know when to expect it. Readers can also write
to say that they have not received this month’s or this
week’s copy, or even to say that they disagree with the
conclusions of some article that has been published.

A journal is also an institution, with a postal address,
towhich readers can complain and contributors can send
their articles. Now, and increasingly, the addresses are
e-mail designations on one or other of the 2,000 com-
puter networks that span the world, but technology
does not change the principle that most readers are also
potentially contributors. Thus a journal is a kind of club,
a community of people with a common interest who as
readers, are instructed and informed and who, as con-
tributors, put their own ideas into circulation. Journals’
editors like to think they are in charge, deciding what is
published and so on. In reality, their journals are the
property of their users, contributors and readers alike:
they can publish only what their contributors send them,
their freedom is simply that of deciding what theirreaders
wish to read.

That is how NATURE began in 1869, almost 125
years ago and just a decade after the publication of Char-
les Darwin’s «The Origin of Species». Nineteenth century
England was still then coming to terms with the claims
the Darwinists had made on behalf of science. The claim
was simple-minded by modern standards, of course; living
things, species to be exact, are all capable of change or
of adaptation to a changing environment. Darwin’s best
evidence that adaptation happens was the careful study
he had made of the shapes of the beaks of the many
species of finches living on the islands of the eastern
Pacific. He convinced himself, and others, that the only
explanation must be that the characteristics of the birds
had evolved, over the course of many generations, so ds
to fit them better to the environment in which they found
themselves. ) :

Darwin’s leap from that observation to the conclusion
that people are also the result of adaptive evolution, and
that they probably share a common ancestor with the

apes, was an act of the imagination comparable in daring
to Galileo’s inference, from his observation that the
moons of Jupiter revolve around that planet, that all the
planets also revolve about the Sun. Galileo’s opinion was
considered heresy; the opposition of the Catholic Church
made him think it politic to recant. Darwin’s opponents
were not nearly as powerful, and luckily there were
friends as well. One of those, Thomas Henry Huxley,
became Darwin’s champion. He was the chief among
those who persuaded the then-young British publisher,
Macmillan, to bring out a weekly journal of science.

We do not know who our readers were in those early
years, except that they were mostly people who lived in
Britain. There were then a few people, J. Clerk Maxwell
for example, with teaching posts at universities in London
and Cambridge, Glasgow and Edinburgh, who might have
been called professional scientists. There was also a small
army of professional people with an interest in science:
small manufacturers, country parsons and the like.

NATURE became a scientific journal in the formal
sense only by accident. In the decades of the nineteenth
century correspondents were constantly writing to draw
attention to interesting phenomena they had witnessed,
i.e. the fall of a meteor, or an unusual depression of the
mercury in a barometer. But, at the turn of the century,
correspondents were writing to remark on the properties
of radioactivity, or the discovery of the electron and the
atomic nucleus.

From the outset, NATURE had two features that set
it apart from other publications of the time. First, it was
consistently international in character; even earliest
weekly issues carried reports from scientific academies
elsewhere, in Paris, Philadelphia and St Petersburg, for
example. Second, NATURE has always taken it to be part
of its brief to comment on matters which are not strictly
scientific, but which may affect the health and wellbeing
of science (higher education, for example) or which may
be affected by developments in science (from public
health to public broadcasting).

That is the same journal (with the same publisher)
which the editors of PRIRODA have generously agreed
should provide much of the text of this October issue. It
ishoped that readers of PRIRODA will find the pages that
follow to be a helpful guide to some important landmarks
in the history of science. The same pages throw light on
how the modern profession of science has grown out of
the interest of intelligent broadly educated people in the
world in which we live.

The selection of the articles from NATURE that fol-
lows is, it must be confessed, haphazazd, In 125 years, we
have published almost a million pages of text, more than
halfofthemin the past half century. To eachvolume there
is an index, but one necessarily compiled in ignorance of
the historical importance of the material it contains. So,
to find a particular article from the past, one has to know
what it is and, roughly, when it appeared. The experience
of making this selection of articles for PRIRODA has
persuaded NATURE to make a comprehensive index of



the journal from the beginning. Otherwise, we shall not
know our own history.

To begin with, this is a declaration of NATURE's
objective as a journal, briefly: to advance the cause of
scientific understanding by spreading word of new dis-
covery, that is as relevant now as in 1869. The snatch of
poetry above the masthead, from William Wordsworth,
should not be mistaken for a sentimental affirmation of
faith in some pantheistic force that will keep us from
harm. Rather, it is a declaration that only a rational un-
derstanding of the world can ensure our safety and sur-
vival. Much of mid-Victorian Britain was hostile to that
view. Huxley makes that clear in his leading article on the
social consequences of Darwinism (see page 4).

This selection of writings from NATURE's early years
is too skimpy to do justice to the richness of the journal
in those days. Instead, the bulk of what is reprinted in this
issue of PRIRODA is chosen to illustrate NATURE’s
contribution to the modern understanding of science.
There are two separate strands in this collection.
Readers may be surprised to see that, taking all the
decadestogether, NATURE's cumulative contribution to
research in the physical sciences may, even now, be
greater than that in the biological sciences.

Throughout the early years of this century, we were
one of the chief vehicles for the discoveries in nuclear
physics and quantum theory that now dominate the
physical sciences. This collection of articles also shows
the importance attached, in 1939, to the early work on
the fission of uranium — the essential principles of
nuclear energy had been published, almost exclusively in
NATURE. Since the Second World War, we have been
especially active in the Earth sciences (and plate tec-
tonics in particular), radioastronomy (with the discovery
of quasars, in particular) and, much more recently, the
properties of high-temperature superconductors and the
newly-discovered fullerenes.

But the emphasis in NATURE was significantly
changed by the publication, in 1953, of the brief article by
J.D.Watson and F. H. Crick on the structure of DNA (see
page 40). But it is interesting that, in the 1930s, there
were many attempts to investigate the structure of
proteins and other biological molecules were made; W.
T. Astbury’s structure of keratin, the protein found in
human and other mammalian hair, was the first substan-
tial success (see page 37). Since 1953, we have published
much of the important research in what is now called
molecular biology. There is no prospect that this torrent
of research will come to an end.

NATURE continues to deal with more general ques-
tions. The third section of reprints in this issue of
PRIRODA"is more general in character, and consists
mostly of articles about science in the Soviet Union and,
now, in Russia. Until a few years ago, and the arrival of
«glasnost» , material of this kind was routinely kept from
Russia readers, either by removing articles from issues of
NATURE circulation in the Soviet Union or by keeping
the issues concerned in rooms not accessible, to the
general readership of libraries. Thus this section of
reprinted material may now be of particular interest.

It is hoped that Russian readers of this issue will
appreciate that NATURE deals with issues of the
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management of science in the Soviet Union and in Russia
in exactly the same spirit as it deals with the same issues
in Britain, the United States, Japan or anywhere else. We
do so in the belief that the research community is
genuinely international, that its interests are much the
same throughout the world and that NATURE, with its
long history of operating internationally, has a right and
even a duty, to safeguard the interests of research
everywhere.

Our development internationally has been one of the
most pleasing features of the past few decades. Now, only
12 per cent or so of our readers are in Britain, where our
chief editorial office is located. (There are others in
Washington, Tokyo and Munich.) Our circulation in
North America is roughly 45 per cent of the total; that in
Japan is quickly growing towards 10 per cent. To simplify
the distribution of NATURE, we print the journal in the
United States and Japan as well as in China. It is our hope
that we shall soon be able to do the same in Russia
somewhere.

Whatever happens, we hope that the friendship estab-
lished between NATURE and PRIRODA in the past few
years (of which this special issue is a sign) willdeepen and
prosper. The two journals differ considerably in the
material which they publish, but each is aimed at profes-
sional scientists with an interest in what their colleagues
elsewhere have discovered. We regard this friendship as
an important means of further strengthening our inter-
national character.

Andwhy does that matter? Because science isindeed
international. We now have ample experience of how the
publication of an important research article can stimulate
people other than its authors to new and imagina-
tive research. We are also keenly aware of how often
problems arising in one country are soon followed by the
same problems elsewhere. And there are many oc-
casions, all too many of them in the past few years, when
the work of professional scientists is deliberatelyimpeded
by their own governments — and when protests from
elsewhere can do much to help. )

Those are the bridges that journals can make in
science. There is another kind of bridge well illustrated
by the articles reprinted in this issue: the bridge between
the present and the past. We too often forget how much
our present science owes to the work of people long since
dead; we honour them too little. And we forget how the
character of published science has changed with the pas-
sage of time; it is now much more professional, and much
less easily undérstood. One of NATURE's functions, in-
creasingly important, is to help bridge that gap of under-
s:anding.

John MADDOX
Editor-in-chief, «Nature» journal
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DARWINISM AND NAT. IONAL LIFE

HE Darwinian theory has a practical side of infinite
importance, which has not, I think, been sufficiently
considered. The process of natural selection among wild
animals is of necessity extremely slow. Starting with the
assumption (now no longer a merc assumption) that the
creature best adapted to its local conditions must pre-
vail over others in the strugglé for existence, the
final establishment of the superior type is dependent
at each step upon three accidents—first, the accident of
an individual sort or variety better adapted to the
surrounding conditions than the then prevailing type ;
secondly, the accident that this superior animal escapes
destruction before it has had time to transmit its qualities ;
and, thirdly, the accident that it breeds with another
specimen good enough not to neutralise the superior
qualities of its mate. In the case of domesticated animals
the progress is incomparably more rapid, because it is
practicable, first, to modify the conditions of life, so as to
encourage the appearance of an improved specimen; next,
to cherish and protect it against disaster ; and, lastly, to
give it a consort not altogether unworthy of the honour of
reproducing its qualities. The case of man is intermediate
in rapidity of progress to the other two. The develop-
ment of improved qualities cannot be insured by judicious
mating, because as a rule human beings are capricious
enough to marry without first laying a case for opinion before
Mr. Darwin. Neither would it be easy, nor, perhaps,
even allowable, to extend any special protection by law or
custom to those who may be physically and intellectually
the finest examples of our race. Still, two things may be
done : we may vary the circumstance of life by judicious
legislation, and still more easily by judicious non-legisla-
tion, so as to multiply the conditions favourable to the
development of a higher type ; and by the same means we
may also encourage,or at least abstain from discouraging,
the perpetuation of the species by the most exalted indivi-
duals for the time being to be found. Parliament, being
an assembly about as devoid of any scientific insight as a
body of educated men could possibly be, has not as yet
consciously legislated with a view to the improvement of
the English type of character. Without knowing it, how-
ever, the Legislature has sometimes stumbled on the right
course, though it has more often blundered into the wrong.
Our free trade policy has furnished special scope and
special advantages to the energetic enterprising character,
and so far has tended to perpetuate and intensify the type
which has given to little England her wonderful pro-
minence in the world. On the other hand, the steady
refusal to make a career for scientific men has drained
away most of our highest intellect from its proper field,
and has subjected the rest to an amount of discourage-
ment by no means favourable to increase and improve-
ment. Our laws and customs practically check the growth
of the scientific mind as much as they tend to develop
the speculative and energetic commercial character.

e do not expect for a long time to hear an orator in the
House of Commons commence his speech by announcing,
(as a distinguished member of the Austrian Reichsrath
recently did, in a debate on the rclation of the different

nationalities in the empire), that the whole question is
whether we are prepared to accept and act upon the
Darwinian theory. But even an average English M.P.
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may be brought to see that it may be possible, indirectly,
to influence the character and prosperity of our descen-
dants by present legislation, and none will deny that, if
this is practicable, a higher duty could not be cast
upon those who guide the destinies of a nation.

A glance at-the operation of Darwinism in the past,
will best show how potent it may be made in the future.
Look at English progress and English character, and
consider from this point of view to what we owe it.
There were originally some natural conditions favourable
to the growth of our commercial and manufacturing
energy. We had an extensive coast and numerous har-
bours. We had also abundance of iron-stone in convenient
proximity to-workable coal. Other nations either wanted
these advantages or were ignorant that they possessed
them, These favourable conditions developed in many
individuals a special adaptability to commercial pursuits.
The type was rapidly reproduced and continually im-
proved until England stood, in the field of commerce,
almost alone among the nations of the world. And what
is there now to sustain our pre-eminence? Nothing, or
next to nothing, except the type of national character,
which has been thus produced. Steam, by land and sea,
has largely diminished the superiority which we derived
from the nature of our coast; and coal and iron are now
found and worked in a multitude of countries other than our
own. Our strength in commerce, like our weakness in
art, now rests almost exclusively on the national character
which our history has evolved.

Take another example of the character of a people
produced partly by natural conditions of existence, but
far more by the artificial conditions to which evil legis-
lation has exposed it. What has made the typical Irish-
man what he now is? The Darwinian theory supplies
the answer. Ireland is mainly an agricultural country,
with supplies of mineral wealth altogether inferior to those
of England, though by no means contemptible if they
were but developed. This is her one natural disadvan-
tage, and it is trifling compared with those which we in
our perversity created. For a long period we ruled
Ireland on the principles of persecution and bigotry, and
left only two great forces at work to form the character of
the people. All that there was of meanness and selfishness
and falsehood was tempted to servility and apostacy, and
flourished and perpetuated itself accordingly. All that there
was of nobleness and heroic determination was drawn into
a separate circle, where the only qualities that throve and
grew were irreconcileable hatred of the oppressor and
resolute but not contented endurance. The two types
rapidly reproduced themselves, and as long as the external
conditions remained unaltered, they absorbed year by
year more and more of the people’s life ; as, if Darwinism
is true, they could nof but do. And what is the result now?
A great part of a century has elapsed since we abandoned
the wretched penal laws, and yet none can fail to see in
Ireland the two prevailing types of character which our
ancestors artificially produced, the only change being that
the two types have become, to a certain extent, amalga-
mated in a cross which reflects the peculiarities of each.
Whether future legislation may so far modify the conditions
of Irish existence as to work a gradual change in the
national character, is a question of much interest, but
too large to be discussed just now. In any case we can
scarcely expect the results of centuries upon a national type
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to be reversed in less than a succession of generations.

Still confining myself to the past, let e point again to the
very marked qualities which the conditions of their existence
have produced in the people of the United States. They
started with a large element of English cnergy already in-
grained into them ; they have been reinforced by millions
of emigrants presumably of more than the average energy
of the various races which have contributed to swell the tide.
Added to this, the Americans have enjoyed the natural
stimulus of a practically unlimited field for colonisation.
Only the resolute, self-reliant settler could hope to
prosper in the carly days of their national existence ; and
self-reliance approaching to audacity is the special type
of character which on the Darwinian hypothesis we should
cxpect to sec developed, transmitted, and increased.
How far this accords with actual experience, no one can
be at a loss to say. There is probably not a nation in the
world whose peculiarities might not be traced with equal
casc to the operation of the same universal principle.
And the moral of the investigation is this : Whenever a
law is sufficiently ascertained to supply a full explanation
of all past phenomena falling within its scope, it may be
safely used to forecast the future; and if so, then to guide
our present action with a view to the interest and well-
heing of our immediate and remote descendants. Read by
the light of Darwinism, our past history ought to solve
a multitude of perplexing questions as to the probable
supremacy of this or that nation in times to come in the
field of commerce, as to the effects of emigration and im-
migration on the ultimate type likely to be developed in
the country that loses and in that which gains the new
clement of national life, and many another problem of no
less interest to ourselves and to humanity.

‘The subject I have thus slightly indicated seems to me
to deserve a closer investigation than it has yet received :
and, strange as it will sound to the cars of politicians, I
cannot doubt that, in this and other ways, statesmen, if
they could open their eyes, might derive abundant aid
from the investigations of science, which they almost
uniformly neglect and despise. H.
1, 183; 1869

) Kant’s View of Space
- I AM quite willing to leave the readers of NATURE and the
students of Kant to decide on the propriety, in English philo-
sophical discourse, of calling Space and Time *‘forms of
Thought,” the more so as Sir W. Hamilton—a great stickler for
E:ilosophic precision—uses the term in that sense and would
ve been surprised to hear that he had misrepresented Kant in
so doing. My opponents persist in limitjng the term Thought to
the restricted meaning given to it in Kant’s terminology, which,
in English, is restricting it to Conception or Judgment : on this
ground they might deny that Imagination or Recollection could be
roperly spoken of as Thought. Throughout I have accepted
hought as equivalent to mental activity in gereral and the
‘“forms of Thought” as the conditions of such activity. The
‘‘forms of Thought” are the forms which the thinking principle
(Kant's pure Reason) brings with it, antecedent to all experience.
The thinking principle acts through three distinct faculties: Sensi-
bility (Intuition), Understanding (Conception), and Reason
(Ratiocination) : to suppose Thought absent from Intuition, is to
reduce Intuition to mere sensuous impression. _Therefore, what-
ever is a form of Intuition must be a form of Thought.
. The following passage from Mr. Mahafly’s valuable transla-
tion of Kuno Fischer's work on®Kant, may here be useful :
** Sensibility and understanding are cognitive faculties differing
not in degree but in kind, and form the two original faculties of
the human mind” . . . . The general problem of a” Critick of
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the Reason *‘is subdivided into two particular objects, as human
Reason is into two particular faculties of knowledge. The first
object is the investigation of the sensibility ; the second, that of
the understandinf. The first question is, How is rational
knewledge possible through sensibility? The second question,
Hm;:”is( the same) knowledge possible through the understand-
in, . 4 5.

hosep\l:fho maintain that it is improper to speak of Space and
‘Time as forms of Thought, must either maintain that Kant held
Sensibility 7ot to be a faculty of the Mind (thinking principle) ;
or that the term Thought is not, in English discourse, a correct
expression for the activity of the thinking principle. I be-
lieve that the student will agree with me in saying that,
although Kant restricted the term Thought to what we call
Conception or Judgment, he understood by the activity of the
mental faculties (Pure Reason) what we understand by Thought.

It is not, however, to continye this discussion that I again
trespass on your space ; but to reply to the personal part of Mr.
Sylvester’s letter. He charges me with misquoting myself and
with misquoting him. I said that, in my exposition, Space and
Time were uniformly spoken of as forms of Intuition and I say
so still. Mr. Sylvester has taken the trouble of reading that
exposition without taking the trouble of understanding it; he
declares that he ‘‘has marked the word intuition as occurring
once and forms of sensibility several times ; but forms of in-
tuition never.” His carefu/ness may be estimated by the fact
that the word intuition occurs four times on the two pages : his
comprehension by the fact that it is perfectly indifferent whether
Sensibility or Intuition be the term employed, since sensibility
is the faculty and Intuition the action of that faculty. Mr.
Sylvester, not understanding this, says ‘‘ If form of sensibility is
as good to use as form of intuition, form of understanding ought
to be as good as form of thought; but Mr. Lewes owns that
the former is indefensible, whilst he avers that the latter is
correct,” Considering that this e occurs in a letter which
charges me with unfair misquotation, it is curious. So far from
owning that the former is *‘ indefensible,” it.is what I declare to
be true; and, with regard to the latter, though I do think a
form of Understanding is a form of Thought, my statement was
altogether aqway from it, namely, that Space and Time as
forms of Sensibility, would be incorrectly spoken of as forms of
the Understanding.

With res:rd to the alleged misquotation of his own words,
which he characterises as unfair and as * too much like fightin,
with poisoned weapons,” it was a charge which both astonish
and pained me. Thereare few things for which I have a bitterer
contempt than taking such unfair advantages of an adversary. I

to apologise to Professor Sylvester for any misrepresen-
tation which, unintentionally, I may have been guilty of. But, in
accepting his denial of the construction I placed upon his lan-

age, I must still say that, after re-reading his letter, I am at a

0ss to see what other construction it admits of, that has any
bearing on the dispute, and that he has not expressed his
meaning with sufficient clearness. Intuition and Thought are
there compared with Force and Energy as terms ‘‘not convert-
ible” ; Force is detached from Energy as potential from actual
and Intuition without Thought, is made to hold an analogous
position.  Here is the passage ; let the reader judge :—

¢ Can Mr. Lewes point to any passage in Kant where Space
and Time are designated forms of Zhought? 1 shall indeed be
surg;ised if he can do so—as much surprised as if Mr. Todhunter
or Mr. Routh in their Mechanical Treatises were to treat energy
and force as convertible terms. To such a misuse of the word
energy it would be little to the point to urge that force without
energy is a mere polential tendency. It is just as little to the
point, in the matter at issue, for Mr. Lewes to inform the readers
of NATURE that inluition without thought is mere sensuous
xmfrem‘on. "

s it to use ‘‘ poisoned weapons” to interpret this as assuming
that Intuition and Thought differ as potential and actual ? Irepeat
that, since Mr. Sylvester disclaims the interpretation, my only
course is to apologise for it ; but, after his own misinterpretations

. of me, he will not, I hope, persist in attributing mine to a desire

to take an unfair advantage. If-I mnake no reply to the other
points roused in the various letters it is in order not to prolong
the discussion,

GEORGE HENRY LEWES

1, 386; 1870
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MENDELEEFF’S PRINCIPLES OF
CHEMISTRY.

The Principles of Chemistry. By D. Mendeléeff.
Translated from the Russian (Fifth Edition) by George
Kamensky, and edited by A. J. Greenaway. Two Vols.
(London : Longmans, Green, and Co., 1891.)

ALL English-speaking chemists will cordially welcome

the appearance of this book, if for no other reason
than because its author in its preparation was led to the
recognition of that fundamental principle of chemistry
with which his name will always be associated—the
principle which is embodied in what is now known as
the periodic law. This fact alone would serve to stamp
the book as one of the classics of chemical science.

But, even apart from this circumstance, the work has

very remarkable, and, indeed, exceptional, merits.

Probably no scientific treatise ever more strikingly re-

flected the personality of its author. We have absolutely

nothing like it in our language. In grasp of principles,in
philosophic breadth, in copiousness of detail, in richness of
speculation and suggestion, it is altogether unique among
chemical manuals. Every true and earnest student of
chemistry is certain to be profoundly influenced by it,
even if he cannot always bring himself to subscribe to its
doctrine. Of course, the facts are, for the most part, those
which are common to all the larger treatises on systematic

chemistry, but these are set out and marshalled in a

manner wholly original. The intent and purpose of the

book is to demonstrate the broad general principles on
which chemistry as a science rests. This, it may be
urged, is the intent and purpose of every chemical treatise.

It may be so, but in many cases the philosophy is lost

sight of—obscured, indeed, by the facts, just as the houses
may obscure the view of the village.

In Mendeléeff’s work experimental and practical data
have their place, but only as means to an end, and that
end is as evident on every page as it was in Dalton’s
immortal work. Fascinating as the book is, it must
be admitted that it is by no means easy reading;
and he who wishes to master its contents and to

assimilate its teaching will need to gird up his mental -

loins. Part of the difficulty is doubtless due to
the different genius of the languages, but much more
depends upon the impossibility of entering into the
spirit of an author, or of quickly realizing his drift and
meaning, when his whole mode of thought is so very
dissimilar to that which obtains among Western people,
[t may be that herein lies part of the peculiar charm of
freshness of the work. The book of the Siberian chemist
is to the ordinary run of text-books what the novels of
Tolstoi or Turgenieff are to the common run of works of
fiction. But there are difficulties of another kind. Prob-
ably no other book in our language—certainly no other
chemical treatise—contains such an extraordinary num-
ber of footnotes. There is scarcely a page without a
footnote, and some of the pages are practically little else
than footrotes. The continuity of description or of
argument is constantly being broken, often by a footnote
extending over several pages, and frequently so diffuse
and involved that, by the time the reader has disposed of
it, the statement in the main text to which it had refer-
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ence has been lost sight of, and must needs be picked up
again. Moreover, the repeated interruption is aggra-
vated by the circumstance that these notes are printed
in “nonpareil small,” which adds enormously to the
physical fatigue of reading and studying the work. The
author, indeed, recommends that they should be read
only by the advanced student, or on a second perusal of
the work ; but we are afraid that no intelligent reader
will follow this advice when once he has begun to dip into
them. They are, in fact, like the postscripts of ladies’
letters—often more important, more instructive, more
suggestive, and more characteristic, than the main body
of the text. But,in truth, the book is not fitted for a begin-
ner: its proper readers are those for whom the footnotes
are specially intended. It requires, too, to be read with
discrimination. It was said by Davy that analogy is the
fruitful parent of error, and it must be confessed that
Mendeléeff’s love of analogy frequently leads him to
generalizations which are more ingenious and suggestive
than intrinsically sound or well grounded.

The translator and the editor have, doubtless, had
difficulties to contend with. They tell us that they
have not considered themselves at liberty to make any
alterations in the matter of the work, and they have
striven to give a literal rendering of it. They have felt
that, on the whole, it would be better to have some in.
elegance of language rather than risk the loss of the exact
shade of the author’s meaning. Unfortunately, in too
many instances the translator and his editor have not
gained in precision of meaning what they have lost in
elegance of statement. Thus, for example, on p. 12 we
read :

‘“ The means of collecting and investigating gases were
already known before Lavoisier’s time, but he first showed

the real part they [the means or the gases?] played in
the processes,” &c.

On p. 19 it is stated :

“ By heating chalk (or else copper carbonate . .
obtain lime,” &c.

. ) we

Thus, too, on p. 47 :

“In general terms water is called pure when it is clear
and free from insoluble particles held in suspension and
visible to the naked eye, from which it may be freed by
filtration through charcoal, sand, or porous (natural or
artificial) stones, and when it possesses a clean fresh
taste. It depends [what depends?] on the absence of
any tastable, decomposing organic matter, on the
quantity of air and atmospheric gases in solution,
and on the presence of mineral substances to the
amount of about 300 grams per ton (or cubic metre,
or, what is the same, 300 milligrams to a kilogram or
litre of water), and of not more than 100 grams of
organic matter.”

Again, on p. 72 we read :

“ Although in the majority of cases the solubility of
solids increases with the temperature, yet, just as there
are substances whose volume diminishes with a rise in
temperature (for example, water from o° to 4°), so there
are not a few solid substances whose solubilities fall on
heating. Glauber’s salt, or sodium sulphate, historically
forms a particularly instructive example of the case in
question, If this salt be taken in an ignited state (!) (de-
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%:ived of its water of crystallization), then its solubility,”
c.

What, too, is the meaning of the statement on p. 83?

“ Under ordinary circumstances the quantity of aqueous
vapour [in the alri is much greater [than what?], but it
varies with the moisture of the atmosphere.”

Presumably, for “ moisture” we are to read “tempera-
ture.”  On p. 164, in the description of the experiment of
burning phosphorus in oxygen, it is recommended that
“the cork closing the vessel should not fit tightly,
otherwise it may fly off with the spoon.” That the cork
should fly off with the spoon is contrary to well-established
precedent : if anything is to fly away with the spoon, it
should, of course, be the dish on which the bell-jar is

represented as resting. To say (p. 417) that common.

salt containing magnesium chloride “ partially efloresces
in a damp atmosphere ” is opposed to fact, and was surely
never so stated by Mendeléeff. Van der Waals’s equation
is written :

(P+5) @ -2 =Ra-a)
instead of
(p + 5,) (@ - 8) =R(1 + ).

And on the same page we find p» = ¢(1 4 a?), instead of
pv =c(1 + af).

Proper names are frequently wrong. Thus we have
“Van der Waal” for van der Waals, “Becker” for
Becher, “ Brown” for Braun, “ De Haen” for De Heen,
“ Frauenhofer ” for Fraunhofer, “ Personne ” for Person,
“ Prout ” for Proust, “Ray” for Rey, ‘‘ Kriitznach” for
Kreutznach, “ Wergtesgaden at Salzkammerhutte” for
Berchtesgaden (which is not in the Salzkammergut).

We have taken the pains to compare the English version
with the German translation of Jdwein and Thillot in a
number of instances where the meaning is obscure, or
where statements are made which appear to be erroneous,
and in no single instance is the fault to be traced to the
author.
the translator and editor by themselves has operated in-
juriously in another way : in cases where subsequent
research should modify or supplement particular state-
ments in the original, it was surely open to them, in the
interests of knowledge, to substitute truth for error.
Thus we know from the work of Winkler and Hempel
the conditions under which exact determinations of
oxygen by means of alkaline pyrogallol can be made ;
we know, too, that atmospheric ammonia and nitric acid
are not by any means the main sources of the supply of
nitrogen to plants; ammonium chloride is not now
usually prepared by sublimation. The statement of the
principle of Kjeldahl's method, given on p. 246, is in-
accurate : the radicle ammonium has not been obtained,
nor is the old view of the nature of the so-called “am-
monium amalgam” any longer tenable, nor is there
any direct proof of the existence of ammonium hydrate.
Flagstone, at least in this country, is not a form of car-
bonate of lime: it is usually a fine-grained micaceous
sandstone. The apparatus employed by Cavendish in
his memorable synthesis of water in no wise resembled
that described and figured on p. 167; thanks to the
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We think, too, that the limitation imposed on -
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symbol adopted by the publishing Society which

‘bore his name, it seems now well-nigh impossible

to get rid of the belief that the pear-shaped stop-
pered eudiometer was devised and used by him in
the course of his investigation:.as a matter of fact,
the explosions were made in a simple Volta tuhe,» With
respect to the illustrations in general, we th k that the
majority of them could well have been spared; all
them have done duty in other works, and many of them
are calculated to give an erfoneous impression of the
thing sought to be represented. Thus the coke-tower
figured on p. 443 resembles nothing actually used ; Fig.
60, which is stated to be a Davy lamp, is either a Mueseler
or a Clanny lamp ; Fig. 47 does not illustrate the method
of preparing nitric acid employed in this country, nor
does Fig. 93 represent a modern blast-furnace. The only
figure of a zinc-furnace given is that of the pragtically
obsolete per descensum method.

We liave been constrained to point out these blemishes,
not in any hypercritical spirit, but solely because of our
wish that Mendeléeff’s great work should have been
givento English and American readers in as perfect a
form as possible. The blemishes, after all, are only as
the spots on the sun. It is a great boon to get the book
even as it is, for no thoughtful reader can fail to be
quickened and animated by its fruitful and suggestive
pages.

T.E. T.

AN important new series of compounds, the thionylamines,
in which two new hydrogen atoms of the amido group of the
primary amines are replaced by the radicle thionyl SO, have
been prepared by Prof. Michaelis, and are described in the cur-
ren mumber of Licbig's Annalen. It has been found that the
primary amines of the fatty series when dissolved in ether react
with thionyl chloride, SOCl,, in a manner which is readily con-
trolled by extraneous cooling of the vessel in which the reaction
is conducted. The products are the hydrochloride of the amine
employed which separates in crystals, and the new liquid
thionylamine whick remains dissolved in the ether, but can
readily be isolated by fractional distillation. Thiony! chloride
is incapable of acting upon the hydrochlorides of the amiues of
the fatty series, hence three molecular equivalents of the amine
are required for every equivalent of thionyl chloride, according
to the following equation in the case of methylamine :—
SOCl,+ 3(CHg. NH,)=CH,. N: SO +2(CHgNH,. HCI).  The
thionylamines of this series are colourless fuming liquids which
boil without decomposition and emit a most powerful odour.
They are decomposed by water into the original aminesand
sulphur dioxide. The amines of the aromatic series likewise
form thionylamines with thionyl chloride; and the hydro-
chlorides, unlike those of the fatty series, react with equal facility
in accordance with the equation CgH;NH, HCI1+SOCl,
=CgHsN: SO+ 3HCL Itis ouly necessary to cover the pow-
dered hydrochloride of aniline with benzene, add the calculated
qntity ef thianyl chloride, and warm over a water bath for a
short time. The' lower members of the aromatic thionylamines
are yellow liquids which distil "without decomposition ; the
higher members may likewise be distilled without loss under
diminished pressure. Alkalies convert them into the original
amines and a sulphite, CgHyN:SO+2NaOH=CgH;NH,
+ Na,;S0;,.
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PHYSICAL SCIENCES

A Brief Outline of the Development of the Theory of Relativity.
By Pror. A. EINSTEIN.
[Translated by Dr. Robert W. Lawson.]

THERE is something attractive in presenting
the evolution of a sequence of ideas in as
brief a form as possible, and yet with a complete-
ness sufficient to preserve throughout the con-
tinuity of development. We-shall endeavour to
do this for the Theory of Relativity, and to show
that the whole ascent is composed of small, almost
self-evident steps of thought.

The entire development starts off from, and is
dominated by, the idea of Faraday and Maxwell,
according to which all physical processes involve
a continuity of action (as opposed to action at a
distance), or, in the language of mathematics,
they are expressed by partial differential equa-
tions. Maxwell succeeded in doing this for
electro-magnetic processes in bodies at rest by
means of the conception of the magnetic effect
of the vacuum-displacement-current, together with
the postulate of the identity of the nature of
electro-dynamic fields produced by induction, and
the electro-static field.

The extension of electro-dynamics to the case
of moving bodies fell to the lot of Maxwell’s suc-
cessors. H. Hertz attempted to solve the problem
by ascribing to empty space (the ather) quite
similar physical properties to those possessed by
ponderable matter; in particular, like ponderable
matter, the zther ought to have at every point a
definite velocity. As in bodies at rest, electro-
magnetic or magneto-electric induction ought to
be determined by the rate of change of the elec-
tric or magnetic flow respectively, provided that
these velocities of alteration are referred to sur-
face elements moving with the body. But the
theory of Hertz was opposed to the fundamental
experiment of Fizeau on the propagation of light
in flowing- liquids. The most obvious extension
of Maxwell’'s theory to the case of moving
bodies was incompatible with the results of
experiment.

At this point, H. A. Lorentz came to the rescue.
In view of his unqualified adherence to the atomic
theory of matter, Lorentz felt unable to regard
the latter as the seat of continuous electro-
magnetic fields. He thus conceived of these fields
as being conditions of the ather, which was
regarded as continuous. Lorentz considered the
zther to be intrinsically independent of matter,

both from a mechanical and a physical point of

view. The ather did not take part in the motions
of matter, and a reciprocity between @ther and
matter could be assumed only in so far as the
latter was considered to be the carrier of attached
electrical charges. The great value of the theory
of Lorentz lay in the fact that the entire electro-
dynamics of bodies at rest and of bodies in motion
was led back to Maxwell’s equations of empty
space. Not only did this theory surpass that of
Hertz from the point of view of method, but with
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its aid H. A. Lorentz was also pre-eminently
successful in explaining the experimental facts.
The theory appeared to be unsatisfactory only
in one point of fundamental importance. It
appeared to give preference to one system of co-
ordinates of a particular state of motion (at rest
relative to the zther) as against all other systems
of co-ordinates in motion with respect to this one.
In this point the theory seemed to stand in direct
opposition to classical mechanics, in which all
inertial systems which are in uniform motion with
respect to each other are equally )pstnﬁable as
systems of co-ordinates (Special Principle of Rela-
tivity). In this connection, all experience also in
the realm of electro-dynamics (in particular
Michelson’s experiment) supported the idea of the
equivalence of all inertial systems, i.e. was in
favour of the special principle of relativity.
The Special Theory of Relativity owes its origin
to this difficulty, which, because of its fun'damental
nature, was felt to be intolerable. This theory
originated as the answer to the question: Is the
special principle of relativity really contradic-
tory to the field equations of Ma:fweu for empty
space? The answer to this question appeared to
be in the affirmative. For if those equations are
valid with reference to a system of co-ordinates
K, and we introduce a new system of co-ordinates.
K’ in conformity with the—to all appearances
readily establishable—equations of transformation
' Xemx—vl
':,I :{ }(Galileo transformation),

7=t .
then Maxwell’s field equations are no longer valid
in the new co-ordinates (%, ¥/, &, t/). But
appearances are deceptive. A more searchlng
analysis of the physical significance of space an
time rendered it evident that the Galileo trans-
formation is founded on arbitrary assumptions,
and in particular on the assumption that the state-
ment of simultaneity has a meaning which is
independent of the state of motion of the syst:ln‘;
of co-ordinates used. It was shown that the fi ?
equations for vacuo satisfy the special principle
of relativity, provided we make use of the equa-
tions of transformation stated below :

;'-_fv-v‘,
Ji—AS
Y=y
&=z
P t—vx/®
Vi-3d .
In these equations x, y, s represent the go-ordn-
nates measured with measuring-rods which are
at rest with reference to the system of co-ordi-
nates, and t represents the time measured vylth
suitably adjusted clocks of identical construction,
which are in a state of rest.

(Lorentz trensformation).
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Now in order that the special principle of rela-
tivity may hold, it is necessary that all the equa-
tions of physics do not alter their form in the
transition from one inertial system to, another,
when we make use of the Lorentz transformation
for the calculation of this change. In the lan-
guage of mathematics, all systems of equations
that express physical laws must be co-variant with
respect to the Lorentz transformation. Thus,
from the point of view of method, the special prin-
ciple of relativity is comparable to Carnot’s prin-
ciple of the impossibility of perpetual motion of
the second kind, for, like the latter, it supplies us
with a general condition which all natural laws
‘must satisfy.

Later, H. Minkowski found a particularly
elegant and suggestive expression for this
condition of co-variance, one which reveals a
formal relationship between Euclidean geometry
of three dimensions and the space-time continuum

of physics.

Euclidean Geometry of
Three Dimensions.
Corresponding to two
neighbouring points in
space, there exists a
numerical measure (dis-
tance ds) which conforms
to the equation
ds*=dx,*+dx.'+dx.’.

It is independent of the
stem of co-ordinates
chosen, and can be
measured with the unit
measuring-rod.

The permissible trans-
formations are of such a
character that the expres-
sion for ds*® is invariant,
f.e. the linear orthogonal
transformations are per-
missible.

With respect to these
transformations, the laws
of Euclidean geometry
are invariant.

Special Theory of
Relativity.

Corresponding to two
neighbouring points in
space-time (point events),
there exists a numerical
measure (distance ds)
which conforms to the
equation

ds*=dx,*+dx,*+dx,*+dx,*

It is independent of the
inertial system chosen,
and can be measured
with the unit measuring-
rod and a standard clock.
x, %, x, are here
rectangular co-ordinates,
whilst x,=+ —1ct is the
time multiplied by the
imaginary unit and by
he velocity of light.

The permissible trans-
formations are of such a
character that the expres-
sion for ds? is invariant,
i.e. those linear ortho-
gonal substitutions are
permissible which main-
tain the semblance of
reality of x,, x,, %, x..
These substitutions are
the Lorentz transforma-
tions,

With respect to these
transformations, the laws
of physics are invariant.

From this it follows that, in respect of its réle
in the equations of physics, though not with regard
to its physical significance, time is equivalent to
the space ‘co-ordinates (apart from the relations

of reality).

From this point of view, physics is,

as it were, a Euclidean geometry of four dimen-
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sions, or, more correctly, « statics in a four-
dimensional Euclidean continuum.

_ The development of the special theory of rela-
tivity consists of two main steps, namely, the
adaptation of the space-time ‘‘merrics’’ to
Maxwell’s electro-dynamics, and an adaptation of
the rest of physics to that altered space-time
‘“ metrics.””  The first of these processes yields
the relativity of simultaneity, the influence of
motion on measuring-rods and clocks, a modifica-
tion of kinematics, and in particular a new theorem
of addition of velocities. ~The second process
supplies us with a modification of Newton’s law
of motion for large velocities, together with
information of fundamental importance on the
nature of inertial mass.

It was found that inertia is not a fundamental
property of matter, nor, indeed, an irreducible
magnitude, but a property of energy. If an
amount of energy E be given to a hody, the
inertial mass of the body increases by an amount
E/c? where ¢ is the velocity of light in wvacuo.
On the other hand, a body of mass m is to be
regarded as a store of energy of magnitude mc2.

Furthermore, it was soon found impossible to
link up the science of gravitation with the special
theory of relativity in a natural manner. ‘In this
connection I was struck by the fact that the force
of gravitation possesses a fundamental property,
which distinguishes it from electro-magnetic
forces. All bodies fall in a gravitational field with
the same acceleration, or—what is only another
formulation of the same fact—the gravitational
and inertial masses of a body are numerically
equal to each .other. This numerical equality
suggests identity in character. Can gravitation
and inertia bé identical?  This question leads
directly to the General Theory of Relativity. Is it
not possible for me to regard the earth as free
from rotation, if I conceive of the centrifugal
force, which acts on all bodies at rest relatively
to the earth, as being a ‘‘real ”’ field of gravita-
tion, or part of such a field? If this idea can be
carried out, then we shall have proved in very
truth the identity of gravitation and inertia. For
the same property which is regarded as inertia
from the point of view of a system not taking
part in the rotation can be interpreted as gravita-
tion when considered with respect to a system that
shares the rotation. According to Newton, this
interpretation is impossible, because by Newton’s
law the centrifugal field cannot be regarded as
being produced by matter, and because in
Newton’s theory there is no place for a ‘‘ real
field of the ** Koriolis-field '’ type. But perhaps
Newton'’s law of field could be replaced by another
that fits in with the field which holds with respect
to a ‘‘rotating’’ system of co-ordinates? My
conviction of the identity of inertial and gravita-
tional mass aroused within me the feeling of abso-
lute confidence in the correctness of this interpre-
tation. In this connection I gained encourage-
ment from the following idea. We are familiar
with the ‘‘ apparent ’’ fields which are valid rela-
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tively to systems of co-ordinates possessing arbi-
trary motion with respect to an inertial system.
With the aid of these special fields we should be
able to studv the law which is satisfied in general
by gravitational fields. In'this connection we shall
have to take account of the fact that the ponder-
able masses will be the determining factor in pro-
ducing the field, or, according to the fundamental
result of the special theory of relativity, the energy
density—a magnitude having the transformational
character of a tensor.

On the other hand, considerations based on the
metrical results of the special theory of relativity
led to the result that Fuclidean metrics can no
longer be valid with respect to accelerated sys-
tems of co-ordinates. Although it retarded the
progress of the theory several years, this enor-
mous difficulty was mitigated by our knowledgu
that Euclidean metrics holds for small domains.
As a consequence, the magnitude ds, which was
physically defined in the special theory of rela-
tivity hitherto, retained its significance also in the
general theory of relativity. But the co-ordinates
themselves lost their direct significance, and
degenerated simply into numbers with no physical
meaning, the sole purpose of which was the num-
bering of the space-time points. Thus in the
general theory of relativity the co-ordinates per-
form the same function as the Gaussian co-ordi-
nates in the theory of surfaces. A necessary con-
sequence of the preceding is that in such ger.eral
co-ordinates the measurable magnitude ds must
be capable of representation in the form

ds®=3 g, dx,dx,,
wy

where the symbols gy, are functions of the space-
time co-ordinates. From the above it also follows
that the nature of the space-time variation of the
factors gy, determines, on one hand the space-
t?me metrics, and on the other
tional field which governs the
behaviour of material points.

The law of the gravitational field is determined
mainly by the following conditions : First, it shall
be valid for an arbitrary choice of the system of
co-ordinates; secondly, it shall be determined by
the energy tensor of matter; and thirdly, it shail
contain no higher differential coefficients of the
factors gy, than the second, and must be linear in
these. In this way a law was obtained which,
although fundamentally different from Newton’s
law, corresponded so exactly to the latter in the
deductions derivable from it that only very few
criteria were to be found on which the theory
could be decisively tested by experiment.

The following are some of the important ques-
tions which are awaiting solution at the present
time. Are electrical and gravitational fields really
so different in character that there is no formal
unit to which they can be reduced? Do gravita-
tional fields play a part in the constitution of
matter, and is the continuum within the atomic
nucleus to be regarded as appreciably non-
Euclidean? A final question has reference to the
cosmological problem. Is inertia to be traced to
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the gravita-
mechanical
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mutual action with distant masses? And con-
nected with the latter : Is the spatial extent of the
universe finite? It is here that my opinion differs
from that of Eddington. With Mach, I feel that
an affirmative answer is imperative, but for the
time being nothing can be proved. Not until a
dynamical investigation of the large systems of
fixed stars has been performed from the point of
view of the limits of validity of the Newtonian
law of gravitation for immense regions of space
will it perhaps be possible to obtain eventually an
exact basis for the solution of this fascinating
question.

The Isotope Effect in the Spectrum of Silicon
Nitride.

RESULTS of a quantum theory analysis of the SiN
bands and of the vibrational isotope effect in these
bands were given in an earlier letter to NATURE
(March 22, 1924) and in a paper presented at a meeting
of the American Physical Society (cf. Phys. Rev.
23, 554, 1924). It is now found that the equations

iven in the latter for these bands are incorrect.
his is due to a wrong assignment of vibrational
uantum numbers, corresponding to what may be
escribed as an insidious violation of the combination
principle. With the data first used, this violation
was not apparent, but new data’disclose systematic,
although rather small, deviations. A new and, this
time, correct assignment of quantum numbers has now
been made. The followin uation holds for the
position of the null-lines of the Si¥N bands (#’ = vibra-
tional quantum number of the initial, »* that of the
final state of the molecule):
»=24234-2 +1016-30n" —17-77n"* 4 0:41n"®
— 000497’ — 1145-00n" + 6-570n"8,
The null-lines, it should be stated, can for many of
the bands be measured directly on the plates. At
the low temperature of the active nitrogen used in
generating the bands, the null-line appears as a
conspicuous hole in the band structure, on the low-
frequency side of the head.
ith the new numbering, the various apparent
abnormalities previously noted disappear, and an
analogy of the SiN bands to the violet CN bands is
brought out. In particular, the isotope effect,
previously thought abnormally large for the initial
state of the molecule, is now completely normal.
Agreement with the theory is exceedingly good if the
emitter is assumed to be SiN. No other assumed
emitter gives agreement with the experimental data ;
even for SiO, the agreement is poor. Thus the value
of theisotope effect in the identification of the emitters
of band spectra, emphasised in a previous letter
(April 5, 1924), is again confirmed. As in the case of

e BO bands, so in the case of SiN, the testimony of
the isotope effect is backed up by the chemical
evidence ?NATURE, Sept. 6, 1924, and Phys. Rev. 25,
259, (1925)). . .

The agreement of the results with theory is much
better if the integral vibrational- quantum numbers
0, 1,2 ...are assumed than if the half-integral
numbers §, 14, 24, . . . are used. In this respect
SiN differs from BO, for which the data indicate (cf.
refs. last cited) that half-integral values are needed.

A detailed account of the work on the SiN bands is
now being prepared for publication. .

RoOBERT S. MULLIKEN,
National Research Fellow,
Jefferson Physical Laboratory,
Harvard University,
May 16.
116, 14, 1925
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Possible Existence of a Neutron

It has been shown by Bothe and others that
beryllium when bombarded by a-particles of polonium
emits a radiation of t penetrating power, which
hasan absorption coefficient in lead of about 0-3 (cm.)-1,
Recently Mme. Curie-Joliot and M. Joliot found,
when measuring the ionisation produced by this

llium radiation in a vessel with a thin window,
that the ionisation increased when matter containing
hydrogen was placed in front of the window. The
ect afpeared to be due to the ejection of protons
with velocities up to & maximum of nearly 3 x 10* cm.
per sec. They suggested that the transference of
energy to the proton was by a process similar to the
Comﬂt.on effect, and estimated that the beryllium radia-
tion had a quantum energy of 50 x 10¢ electron volts.

I have made some experiments using the valve
counter to examine the properties of this radiation
excited in beryllium. The valve counter consists of
a small ionisation chamber connected to an amplifier,
and the gudden production of ions by the entry of a
Esrticle, such as a proton or a-particle, is recorded

y the deflexion of an oscillograph. These experi-
ments have shown that the radiation ejects particles
from hydrogen, helium, lithium, beryliiu.m, carbon,
air, and argon. The particles ejected from hydrogen
behave, as regards range and ionising power,

rotons with s¥eeds up to about 3-2 x 10° cm. per sec.
g’he particles from the other elements have a large
ionising power, and appear to be in each case recoil
atoms of the elements.

If we ascribe the ejection of the proton to a Compton
recoil from a quantum of 52 x10% electron volts,
then the nitmﬂen recoil atom arising by a similar
process should have an energy not greater than about
400,000 volts, should produce not more than about
10,000 ions, and have & range in air at N.T.P. of
about 1:3 mm. Actually, some of the recoil atoms
in nitrogen produce at least 30,000 ions. In col-
laboration with Dr. Feather, I have observed the
recoil atoms in an expansion chamber, and their
range, estimated vis , was sometimes as much
as 3 mm. at N.T.P.

These results, and others I have obtained in the
course of the work, are very difficult to explain on
the assumption that the radiation from beryllium
is & quantum radiation, if energy and momentum
are to be conserved in the collisions. The difficulties
disappear, however, if it be assumed that the radia-
tion consists of particles of mass 1 and char%a 0, or
neutrons. The capture of the a-particle by the
Be* nucleus may be supposed to result in the
formation of a C!% nucleus and the emission of the
neutron. From the energy relations of this process
the velocity of the neutron emitted in the forward
direction may well be about 3 x10° cm. per sec.
The collisions of this neutron with the atoms through
which it passes give rise to the recoil atoms, and ‘t"gne
observed energies of the recoil atoms are in fai

ment with this view. Moreover, I have ob-
served that the protons ejected from hydrogen by the
radiation emitted in the opposite direction to that of
the exciting a-particle appear to have a much smaller
range than those ejected by the forward radiation.
This again receives a simple explanation on the
neutron hypothesis. -

If it be supposed that the radiation consists of

uanta, then the capture of the a-particle by the

e? nucleus will form a C!* nucleus. The mass
defect of C!3 is known with sufficient accuracy to
show that the energy of the quantum emitted in this

rocess cannot be greater than about 14 x 10¢ volts.

t is difficult to make such a quantum responsible
for the effects observed.

It is to be expected that many of the effects of a
neutron in passing through matter should resemble
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those o1 » yuantum of high energy, and it is not easy
to reach the final decision between the two hypo-
theses. Up to the present, all the evidence is in
favour of the neutron, while the quantum hypothesis
can only be upheld if the conservation of energy and
momentum be relinquished at some point.
J. CHADWICK.
Cavendish Laboratory,
Cambridge, Feb. 17.

New Evidence for the Neutron

SEVERAL important communications dealing with
the properties of rays emitted by atomic nuclei when
bom}l)mrded with a-particles have recently appeared,!
on which we should like to make a few comments.

It has been shown by F. Joliot * that the rays emitted
by boron under the action of a-particles from polopium
are much more penetrating than had originally been
indicated. Their penetrating power, while superior
to that of the most powerful y-rays obtained from
radio-active sources, is inferior to that of the rays ob-
tained from beryllium bombarded by «-particles from
folonium. This result does not agree with Webster’s
indings, but agrees with the fact that the protons
ejected from boron are slower than those ejected from
beryllium. Secondly, we have shown that the ejection
of protons is a general phenomenon. By means of the
Wilson chamber, we have photographed the paths of
the helium nuclei ejected by beryllium rays, and from
absorption measurements were able to conclude that
other atoms are also ejected. Further, our experiments
showed for the first time the important part played
by the nuclei in the absorption of the rays emitted by
beryllium under the influence of a-particles, a pheno-
menon which clearly marked them off from all pre-
viously known radiation.

J. Chadwick was led simultaneously to the same
generalisation concerning the ejection of nuclei, and he
put forward the view that the penetrating rays pro-
duced by the bombardment of beﬁ:ll:mm by a-particles
from polonium are neutrons. is interpretation is
necessary if energy and momentum are conserved in
the collision. .

Recent experiments which we have carried out with
M. Savel clearly show that the rays emitted by lithium
have a penetrating power, in lead, less than that of the
y-rays of golonium (they are completely absorbed by
5 mm. of lead), and that they are much more readily
absorbed, at equal surface mass, by paraffin than by
lead. This proves that they cannot be of an electronic
or electromagnetic nature.

Our latest experiments, in collaboration with M.
Savel, indicate that the protons ejected from beryllium
form two groups. This suggests that there are also
two gronps of neutrons (each group not necessarily
homogeneous) ; one group has a range of 28 cm. in
air, and an energy of 4-5x 108 electron volts; the
other has a range of about 70 cm. and an energy of
gfgroximately 7-8 x 108 electron volts. We find it

cult to reconcile Chadwick’s result of a maximum
range of 40 cm. with the curves which we have obtained
for the absorption of protons.

IrkENE CURIE.
Institut du Radium, F. Jovror.
Laboratoire Curie,

1, Rue Pierre-Curie, Paris (5°),
June 25. [
H, C. Webster, J. Chadwick, N. Feather, P. I. Dee, Proc. Roy.
A, 136, 428, 602, 708, and 727 ; 1932.
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Disintegration of Light Elements by Fast Protons

Smvoe the publication of our paper® on the disin-
tegration of elements by fast protons, we have
examined some of the light elements more carefully,
using much thinner mica windows than we had
previously employed on the high voltage tube. With
the present arrangement, we can count particles
which have passed through only 6 mm. air equivalent
of absorber on their way from the target to the
ionisation chamber.

In the case of lithium, we have found, in addition
to the a-smrtwle group of 8-4 ocm. range, another group
of particles of much shorter range. The number of
these is about equal to that of the long range particles
and their maximum rangeis about 2cm. The ionisation
produced by them indicates that they are a-particles.
It will be of interest to examine whether any y-rays are
emitted corresponding to the difference of the ener-
gies of the a-particles in the two groups, but on
account of the smallness of the effect to be expeoted,
a sensitive method will be necessary.

In the case of boron, the number of particles
observed increases rapidly as the ‘total absorption
between the target and the ionisation chamber is
reduced. The maximum range of these particles is
about 3 om. and in our earlier experiments we deter-
mined the number of particles only after passing
through the equivalent of 2-9 om. of air, 8o that we
were very nearly at the end of the range.
the absorber to 6 mm. of air gives an enormous
increase in the number of patticles. In this way about
twenty-five - times as many particles have been
obtained from boron as from lithium under the same
conditions. We estimate that there isiroughly one
particle emitted per two million incident protons at
500 kilovolts. The ionisation produced by the
-particles suggests that they are a-particles, and the
energy of the main group would support the assump-
tion that a proton enters the B}! nucleus and the
resulting nucleus breaks up into three a-particles.
There also seem to be present a small number of
particles with ranges up to about §om.

J. D. CocrcrO¥T.
E. T. 8. WaALTON.
Cavendish Laboratory,
Cambridge.
Deoc. 22.
1 Proc. Roy. Soc., A, 187, 220; 1082,
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The Crystal Photoeffect

SEVERAL explanations have been proj for the
electromotive force produced in crys of cuprous
oxide by illumination, .such as the light pressure
hypothesis of Dember?, the diffusion theory developed
by Teichmann?®; recently Deaglio® has suggested
an electrolytic origin. We have shown! that the
diffusion theory in its original form is insufficient to
account for the potential distribution in an illuminated
crystal. - The theory shows clearly that the area
struck by a light beam will have the highest positive
potential. It does not seem equally clear that the
spot just opposite will have the lowest negative
potential, lower even than a dark section of the same
crystal. It seems, however, that a good agreement
with experimental facts can be reached, assuming
that the equilibrium of electrons in an illuminated
crystal is dynamic and consists of a continuous

«

circulation of electrons between the bright and the
dark parts of the crystal.

HI

C_ )
Fio. 1.

It would be erroneous to assume a proportionalivy
between the bright energy absorbed in some part
of the crystal and the electron concentration there.
It is, however, correct to replace the ratio of con-
centrations n,/n, in two small volumes by the ratio
6,/a, of conductivities. It is then possible to test
experimentally the fundamental equation of the
diffusion-theory of the photoelectromotive force, P :

kT n, kT a,
P=‘log”' lg e (D)

We used a long crystal provnded with four trans-
parent gold electrodes (Fig. 1). Measuring the ratio
of conductivities at both ends of the crystal, we got
for o, too low, and for o, too high a value because
of the finite thickness of the sheet measured. Taking
into account this systematic error we found a satis-
factory agreement between the computed and
measured values of P.
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The best proof for the formula (1) is the depenidence
of P on the light intensity I. Using a Zeiss filter,
we were able to reduce the light intensity to 4, 7, 10,
15, 30, 60, and 90 per cent of its initial value. Fig. 2
shows the corresponding values of Ag, (photo-
conductivity) of observed P (full line) and of com-
puted P (dotted line). The small discrepancy is
accounted for by the systematic error in o,/a,.

It is well known, and regarded as an anomaly?®,
that photoconductivity is always restricted to the
red end of the absorption band and vanishes within
the region of high abeorption. From curves such as
Fig. 2 we computed the conductivity in a layer
adjacent to the electrode and found a marked photo-
conductivity in the whole absorption band at liquid
air temperature.

ANNE JOFFE.
Physical-Technical Institute, A+ ¥ JorT.
Leningrad.
July 10.

! H. Dember, Phys. Z., a. 554, 850, losL,
Telchm-'nn.Pm Soc., A, 189, 105 ; 1938,

Deaglio, Z la. 179 1033,
« Ao Joté aad A %u 764 ; 1083
302-‘ lLazlluahu and L otoeleotric Phenomena’’,

132, 168; 1933
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New Evidence for the Positive Electron

THE experiments of Anderson' and of Blackett and
Occhialini? on the effects produced in an expansion
chamber by the penetrating radiation strongly suggest
the existence of positive electrons—particles of about
the same mass as an electron but carrying a positive
charge.

Some observations of the effects produced by the
passage of neutrons through inatter, and the experi-
ments of Curie and Joliot* in which they observed
retrograde electron tracks in an expansion chamber,
led us to consider the possibility that positive elec-
trons might be produced in the interaction of neutrons
and matter, and we have recently obtained evidence
which can be interpreted in this way.

A capsule containing a polonium source and a
piece of beryllium was placed close to the wall of an
expansion chamber. On the inside of the wall was
fixed a target of lead about 2-5 cm. square and 2 mm.
thick. This lead target was thus exposed to the action
of the radiation, consisting of y-rays and neutrons,
emitted from the beryllium. Expansion photographs
were taken by means of a stereoscopio pair of
cameras. A magnetic field was applied during the
expansion, its magnitude being usually about 800
gauss.

Most of the tracks recorded in the photographs
were, from the sense of their curvature, clearly due
to negative electrons, but many examples were
found of tracks which had one end in or near the
lead target and showed a curvature in the opposite
sense. Either these were due to particles carrying a
positive charge or they were due to negative electrons
ejected in remote parts of the chamber and bent by
the magnetic field so as to end on the lead target.
Statistical examination of the results supports the
view that the tracks began in the target and there-
fore carried a positive charge.

Strong evidence for this hypothesis was acquired
by placing a metal plate across the expansion
chamber 8o as to intercept the paths of the particles.
Only a few good photographs have so far been
obtained in which a positively curved track passes
through the plate and remains in focus throughout
its path, but these leave no doubt that the particles
had their origin in or near the lead target and were
therefore positively charged. In one case the track
had a curvature on the target side of the plate, a
sheet of copper 0-256 mm. thick, corresponding to a
value of Hp of 12,700 ; on the other side the curvature
gave a value Hp=10,000. This indicates that the
particle travelled from the target through the copper
plate, losing a certain amount of energy in the plate.
The change in the value of Hp in passing through
the copper is roughly the same as for a negative
electron under similar conditions. The ionising
power of the particle is also about the same as that
for the negative electron. These observations are
consistent with the assumption that the mass and
magnitude of the charge of the positive particle are
the same as for the negative electron.

The manner in which these positive electrons are
produced is not yet clear, nor whether they arise
from the action of the neutron emitted by the beryl-
lium or from the action of the accompanying y-
radiation. It is hoped that further experiments now
in progress will decide these questions.

Our thanks are due to Mr. Gilbert for his help in
the experiments. J. CHADWICK.

Cavendish Laboratory, P. M. S. BLACKETT.

Cambridge. G. OCCHIALINT
March 27.

1 Anderson, Science, 76, 238 ; 1932. .
s Rlackett and Occhialini, Proc. Roy. Soc., A, 189, 699 ; 1933.
s Curle and Joliot. *“L’Existence du Neutron”. Hermann et

Cle, Paris. 131, 473; 1933

Magnetic Moment of the Proton

1 h
THE spin of the electron has the value 3 o and its

magnetic moment has the value 2 & R , or 1 Bohr

mec 2 2x
magneton. The spin of the proton has the same
value, 35 88 that of the electron. Thus for the
13

magnetic moment of the proton the value 2 e 1A

mpc 2 2r
= 1/1840 Bohr magneton = 1 nuclear magneton
is to be expected.

So far as we know, the only method at present
available for the determination of this moment is
the deflection of a beam of hydrogen molecules in
an inhomogeneous magnetic field (Stern-Gerlach
experiment). In the hydrogen molecule, the spins
of the two electrons are anti-parallel and cancel out.
Thus the magnetic moment of the molecule has two
sources : (1) the rotation of the molecule as a whole,
which is equivalent to the rotation of charged
particles, and leads therefore to a magnetic moment
as arising from a circular current; and (2) the
magnetic moments of the two protons.

In the case of para-hydrogen, the spins of the
two protons are anti-parallel, their magnetic moments
cancel out, and only the rotational moment remains.
At low temperatures (liquid air temperature), prac-
tically all the molecules are in the rotational quantum
state 0 and therefore non-magnetic. This has been
proved by experiment. At higher temperatures (for
example, room temperature) a certain proportion of

132, 169; 1933

the molecules, which may be calculated from Boltz-
mann’s law, are in higher rotational quantum states,
mainly in the state 2. The deflection experiments
with para-hydrogen at room temperature allow,
therefore, the determination of the rotational
moment, which has been found to be between 0-8
and 0-9 nuclcar magnetons per unit quantum number.

In the caso of ortho-hydrogen, the lowest rota-
tional quantum state possible is the state 1. There-
fore, cven at the lowest temperatures, the rotational
magnetic moment is superimposed on that due to
the two protons with parallel spin. Since, however,
the rotational moment is known from the experi-
ments with purc para-hydrogen, thc moment of the
protons can be determined from deflection experi-
ments with ortho-hydrogen, or with ordinary hydro-
gen consisting of 75 per cent ortho- and 25 per cent
para-hydrogen. The value obtained is 5 nuclear
magnetons for tho two protons in the ortho-hydrogen
molecule, that is, 2-5 (and not 1) nuclear magnetons
for the proton. -

This is a very striking result, but further experi-
ments carried out with increased accuracy and over a
wide range of cxperimental conditions (such as
temperature, width of beam, etc.) have®hown that
it ix correct within a limit of less than 10 per cent.

A more detailed account of these experiments will
appear in the Zeitschrift fiir Physik.

Institut fir physikalische Chemie,
Hamburgischer Universitat.
June 19.

I. ESTERMANN.
R. Friscs.
O. STERN.
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Viscosity of Liquid Helium below the A-Point

THE abnormally high heat conductivity of helium
II below the A-point, as first observed by Keesom,
suggested to me the possibility of an explanation in
terms of convection currents. This explanation
would require helium II to have an abnormally low
viscosity ; at present, the only viscosity measure-
ments on liquid helium have been made in Toronto?,
and showed that there is a drop in viscosity below
the A-point by a factor of 3 compared with liquid
helium at normal pressure, and by a factor of 8
compared with the value just above the A-point. In
these experiments, however, no check was made to
ensure that the motion was laminar, and not tur-
bulent.

The important fact that liquid helium has a
specific density p of about 0-15, not very different
from that of an ordinary fluid, while its viscosity w
is very small comparable to that of a gas, makes its
kinematic viscosity v=p/p extraordinary small.
Consequently when the liquid is in motion in an
ordinary viscosimeter, the Reynolds number may
become very high, while in order to keep the motion
laminar, especially in the method used in Toronto,
namely, the damping of an oscillating cylinder, the
Reynolds number must be kept very low. This
requirement was not: fulfilled in the Toronto experi-
ments, and the deduced value of viscosity thus refers
to turbulent motion, and consequently may be higher
by any amount than the real value.

The very small

4 kinematic viscosity

V4 of liquid helium IT

thus makes it diffi-
cult to measure the
viscosity. In an
attempt to get lam-
}nar motion the
ollowing method
(shown diagramat-

5 ically in the accom-
panying illustra-
tion) was devised.
The viscosity was
measured by the
pressure drop when

the liquid flows
through the gap
between the disks

1 and 2; these
disks were of glass

2
N
and were optically

flat, the gap between them being adjustable by
mica distance pieces. The upper disk, 1, was 3cm. in
diameter with a central hole of 1:56 cm. diameter,
over which a glass tube (3) was fixed. Lowering and
raising this plunger in the liquid helium by means of
the thread (4), the level of the liquid column in the
tube 3 could, be set above or below the level (5) of
the liquid in the surrounding Dewar flask. The
amount of flow and the pressure were deduced from
the difference of the two levels, which was measured
by cathetometer.

The results of the measurements were rather
striking. When there were no distance pieces between
the disks, and the plates 1 and 2 were brought into
contact (by observation of optical fringes, their
separation was estimated to be about half & micron),
the flow of liquid above the A-point could be only
just detected over several minutes, while below the

B
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X-point the liquid helium flowed quite easily, and
the level in the tube 3 settled down in a few seconds.
From the measurements we can conclude that the
viscosity of helium II is at least 1,500 times smaller
than that of helium I at normal pressure.

The experiments also showed that in the case of
helium II, the pressure drop across the gap was
proportional to the square of the velocity of flow,
which means that the flow must have been turbulent.
If, however, we calculate the viscosity, assuming the
flow to have been laminar, we obtain.a value of the
order 10-° c.¢.s., which is evidently still only an
upper limit to the true value. Using this estimate,
the Reynolds number, even with such a small gdp,
comes out higher than 50,000, a value for which
turbulence might indeed be expected.

We are making experiments in the hope of still
further reducing the upper limit to the viscosity of
liquid helium II, but the present upper limit (narnely,
10-* c.a.8.) is already very striking, since it is more
than 10¢ times smaller than that of hydrogen gas
(previously thought to be the fluid of least viscosity).
The present limit is perhaps sufficient to suggest, by
analogy with supraconductors, that the helium below
the A-point enters a special state which might be
called a ‘superfluid’.

As we have already mentioned, an abnormally low
viscosity such as indicated by our experiments might
indeed provide an explanation for the high thermal
conductivity, and for the other anomalous properties
observed by Allen, Peierls, and Uddin?. It is evidently
possible that the turbulent motion, inevitably set up
in the technical manipulation required in working
with the liquid helium II, might on account of the
great fluidity, not die out, even in the small capillary
tubes in which the thermal conductivity was
measured ; such turbulence would -transport heat
extremely efficiently by convection.

P. KaprTZA.

Institute for Physical Problems,
Academy of Sciences,
Moscow.
Dec. 3.

! Burton, NATURE, 185, 265 (1935); Wilhcln, Misener and Clark,
Proc. Roy. Soc., A, 181, 342 (1935).

* NATURE, 140, 62 (1937). 141, 74; 1938

Energy obtained by Transmutation

Mr. RoOBERT D. PoTTER, of ‘Science Service’,
Washington, D.C., points out that the confirmation
of the artificial breakdown of uranium announced in
New York (see also NATURE, Feb. 11, p. 233) is in
the direct succession of experiments carried out
in recent years on the transmutation -of the
elements. For centuries, alchemists had dreamed
of transmuting base metals into gold. It was
imagined that enormous wealth would be at hand

for the discoverer of this transmutation, and dire

forecasts of the effects of this discovery were made,
such as a complete revolution on the financial
pattern of the world. We know that this trans-
mutation has now been achieved for most of the
known chemical elements. Transmutation’s biggest
result is the theoretical incentive it has provided for

further physical researches.
143, 328; 1939



Origin of Stellar Energy

It is well known that matter consists of nuclei
and electrons. Nevertheless it can be shown that
in bodies of very large mass, this usual ‘electronic’
state of matter can become unstable. The reason
for this lies in the fact that the ‘electronic’ state of
matter does not lead to extremely great densities,
because at such densities electrons form a Fermi gas
having an immense pressure. On the other hand,
it is easy to see that matter can go into another
state which is much more compressible—the state
where all the nuclei and electrons have combined
to form neutrons.! Even if we assume that neutrons
repel each other, this repulsion can become appreciable
only at densities of the order of magnitude of nuclear
densities, that is, 104 gm./cm.?, and the pressure of
& Fermi gas consisting of neutrons is much less than
that of an electronic gas of the same density, because
of the greater mass of the neutrons.

Therefore, in spite of the fact that the ‘neutronic’
state of matter is, in usual conditions, energetically
less favourable, since the reaction of neutron forma-
tion is strongly endothermic, this state must never-
theless become stable when the mass of the body is
large enough. In this case, the gravitutional energy
gained in going over to the neutronic state with its
greater density, compensates for the losses of internal
energy.

It is easy to compute the critical mass of the body
for which the ‘neutronic’ state begins to be more
stable than the ‘electronic’ state. First of all we
must caloulate the energy néc to form one
neutron. For example, in the reaction }'O + 8¢~ =16}n,
we find from the mass defects that to form one
neutron the energy required is 0-008 mass units or
1-210-* ergs (7-6 Mv.). To transform one gram of
matter into neutrons we thus need 7 x 10 erg./gm.

Now we must calculate the gain in gravitational
energy. The gravitational energy of the much less
dense ‘electronic’ state can, of course, be neglected.
Let us assume first of all that the neutronic
state has a constant density, 10'¢ gm./em.3. The
gravitational energy of a homogeneous sphere

of mass M is then 3 x 10-*M*/* ergs. For the
stability of the neutronioc phase we must then have
8 X 10-3M1 > 7x10%M, or, M>10% gm.=0:06 O,
where () is the mass of the sun. On the other hand,
if we assume that the neutrons behave like a Fermi
gas, we find for the energy 7x10-**M’/* ergs and
hence
M > 1-5X10% = 10 O

which critical value is even less than on the first
assumption.

When the mass of the body is greater than the
critical mass, then in the formation of the ‘neutronic’
phase an enormous amount of energy is liberated,
and we see that the conception of a ‘neutronic’ state
of matter gives an immediate answer to the question
of the sources of stellar energy. The sun during its
probable time of radiation (about 2 x 10° years
according to general relativity theory) must have
emitted something of the order of magnitude of
3 X 10" ergs. The liberation of this amount of
requires the transition of only about 2 per cent of the
mass of the sun (with the assumption of constant
density) or even only 8 X 10-* O (with the Fermi
gas model) to the ‘neutronic’ phase. Even for such
& bright star as § Orionis, we find for the mass of
the neutronic core only about 0-1 (O (with the Fermi
gas model).

Thus we can regard a star as a body which has a
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neutronic core the steady growth of which liberates
the energy which maintains the star at its high
temperature ; the condition at the boundary between
the two phases is as usual the equality of chemical
potentials. The detailed investigation of such a
model should make possible the construction of a
consistent theory of stars.

As regards the question of how the initial core is
formed, I have already shown® that the formation of
a core must certainly take place in a body with &
mass greater than 1:5 O. In stars with smaller mass
the conditions which make the formation of the initial
core possible have yet to*be made clear.

L. LaNDaAv.
Institute for Physical Problems,
Academy of Sciences, .
Moscow.
1 Cf. Hund, F., Erg. d. esakien Natwis. 185, 189 (1936).
% Landau, L., Sov. Phys,, 1, 285 (1932).

Bluffing by Eclipse Prediction

THE communication by Prof. W. A. Osborne! has
the effect of opening up the question whether the
eclipse of the sun mentioned by Anna Comnena may
be included in ‘historical eclipses’. It is interesting
to be able to state that her record seems to be quite
sound. There was a total eclipse visible at Con-
stantinople on February 16, 1086.

Most of us have obtained the small amount of
knowledge we have about the Emperor and his
daughter from the Waverley novel, “Count Robert
of Paris’’. Scott for some reason chooses to describe
the lady as being twenty-seven years of age, but he
must have known that really her age was only four-
teen years, at the time of the story, when the crusaders
passed through Constantinople. He gives us a very
delightful picture of the daughter reading a newly
written chapter of her book to her father for his
advice and approval; but here again he must have
been equally well informed of the fact that she wrote
the work after the emperor’s death, when she had
taken up her residence in a convent. Now we can
all say that she must have had access to reliable
records, which enabled her to state with assurance
that ‘“‘the whole [of the sun’s] disk was darkened’.
Usually when a solar eclipse is mentionsd by these
early writers, the words used are so vague that it
i8 impossible to say whether the eclipse was central
or partial at any given locality. In the circumstances,
some words of congratulation seem to be due to
Anna Comnena and to the authorities who compiled
the records from which she derived her information.

The total phase occurred at Constantinople about
4.12 p.m. local mean time. The track of the shadow
from the ZEgean to the Black Sea seems to be as
follows :

Longitude Latitude
24° 22' K. 39° 34’ N
7° 17° E. 41° 5 N
30° 17° E. 42> 0

34° 6 E. 43° 8 N.

I obtained the date from the catalogue of eclipses
in “L’Art de Vérifier les Dates’, vol. 1. The cal-
culations are my own.,

C. J. WESTLAND.

116 Western Road,

Christchurch, N.1,

New Zealand.
Deec. 30.

' NATURE, 148, 837 (1938),
143, 280; 1939
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Disintegration of Uranium by Neutrons: a New
Type of Nuclear Reaction

ON bombarding uranium with neutrons, Fermi and
ocollaborators! found that at least four radioactive
substances were produced, to two of which atomic
numbers larger than 92 were ascribed. Further
investigations® demonstrated the existence of at least
nine radioactive periods, six of which were assigned
to elements beyond uranium, and nuclear isomerism
had to be assumed in order to account for their
chemical behaviour together with their genetic
relations.

In making chemical assignments, it was always
assumed that these radioactive bodies had atomic
numbers near that of the element bombarded, since
only particles with one or two charges were known
to be emitted from nuclei. A body, for example,

with similar properties to those of osmium was

assumed to be eka-osmium (Z = 94) rather than
osmium (Z = 76) or ruthenium (Z = 44).

Following up an observation of Curie and Savitch?,

Hahn and Strassmann‘ found that a group of at
least three radioactive bodies, formed from uranium
under neutron bombardment, were chemically similar
to barium and, therefore, presumably isatopic with
radium. Further investigation®, however, showed
that it was impossible to separate these bodies from
barium (although mesothorium, an isotope of radium,
was readily separated in the same experiment), 8o
that Hahn and Strassmann were forced to conclude
that isotopes of barium (Z = 56) are formed as a
conseq of the bombardment of uranium (Z = 92)
with neutrons.
At first sight, this result seems very hard to under-
stand. The formation of elements much below
uranium has been considered before, but was always
rejected for physical reasons, so long as the chemical
evidence was not entirely clear cut. The emission,
within a short time, of a large number of charged
particles may be regarded as excluded by the small
penetrability of the ‘Coulomb barrigr’, indicated by
Gamov’s theory of alpha decay.

On the baais, however, of present ideas about the
behaviour of heavy nuclei?, an entirely different and
essentially classical picture of these new disintegration
processes suggests itself. On account of their close
packing and strong energy exchange, the particles
in & heavy nucleus would be expected to move in &
collective way which has some resemblance to the
movement of a liquid drop. If the movement is made
sufficiently violent by adding energy, such a drop
may divide itself into two smaller drops.

In the discussion of the energies involved in the
deformation of nuclei, the concept of surface tension
of nuclear matter has been used’ and its value has
been estimated from simple considerations regarding
nuclear forces. It must be remembered, however,
that the surface tension of a charged droplet is
diminished by ite charge, and a rough estimate
shows that the surface tension of nuclei, decreasing
with increasing nuclear charge, may become zero for
atomic numbers of the order of 100.

It seems therefore possible that the uranium
nucleus has only small stability of form, and may,
after neutron capture, divide itself into two nuclei
of roughly equal size (the precise ratio of sizes depend-
ing on finer structural features and perhaps partly on
chance). These two nuclei will repel each other and
should gain a total kinetic energy of c. 200 Mev., as
calculated from nuclear radius and charge. This
amount of energy may actually be expected to be
available from the difference in packing fraction
between uranium and the elements in the middle of
the periodic system. The whole ‘fission’ process can
thus be described in an essentially classical way,
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without having to consider quantum-mechanical
‘tunnel effects’, which would actually be extremely
small, on account of the large masses involved.

After division, the high neutron/proton ratio of
uranium will tend to readjust itself by beta decay
to the lower value suitable for lighter elements.
Probably each part will thus give rise to a chain of
disintegrations. If one of the parts is an isotope
of barium?, the other will be krypton (Z = 92 — 56),
which might decay through rubidium, strontium
and yttrium to zirconium. Perhaps one or
two of the sup barium-lanthanum-cerium
chains are then actually strontium-yttrium-zirconium
chains.

It is possible’, and seems to us rather probable,
that the periods which have been ascribed to elements
beyond uranium are also due to light elements.
From the chemical evidence, the two short periods
(10 sec. and 40 sec.) so far ascribed to U might be
masurium isotopes (Z = 43) decaying through ruth-
enium, rhodium, palladium and silver into cadmium.

In all these cases it might not be necessary to
assume nuclear isomerism ; but the different radioactive
periods belonging to the same chemical element may
then be attributed to different isotopes of this element,
since varying proportions of neutrons may be given
to the two parts of the uranium nucleus.

By bombarding thorium with neutrons, activities
are obtained which have been ascribed to radium
and actinium isotopest. Some of these periods are
approximately equal to periods of barium and
lanthanum isotopes® resulting from the bombard-
ment of uranium. We should therefore like to
suggest that these periods are due to a ‘fission’ of
thorium which is like that of uranium and results
partly in the same products. Of course, it would
be especially interesting if one could obtain one of
these products from a light element, for example,
by means of neutron capture.

It might be mentioned that the body with half-
life 24 min.? which was chemically identified with
uranium is probably really #*U, and goes over into
an eka-rthenium which appears inactive but may
decay slowly, probably with emission of alpha
particles. (From inspection of the natural radio-
active el ts, U ot be expected to give
more than one or two beta decays; the long chain
of . observed decays has always puzzled us.) The
formation of this body is a typical resonance process® ;
the compound state must have a life-time a million
times longer than the time it would take the
nucleus to divide itself. Perhaps this state corresponds
to some highly symmetrical type of motion of nuclear
matter which does not favour ‘fission’ of the nucleus.

LisE MEITNER.

Physical Institute,
Academy of Sciences,
Stockholm.
O. R. FRrISORH.
Institute of Theoretical Physics,
University,
Copenhagen.
Jan. 16.

' Fermi, E., Amaldl, F., d’Agostino, O., Rasetti, F., , B.
Proc. oy, Soc.. A,'148, 485 (1034), th ¥, and Begrs, B
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*Curie, 1., and Savitch, P., C.R., 208, 906, 1643 (1938).

¢ Habn, O., and Strassmann, F., Naturwiss., 98,- 766 (1938),
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Physical Evidence for the Division of Heavy Nuclei
under Neutron Bombardment

FroM chemical evidence, Hahn and Strassmann®
conclude that radioactive barium nuclei (atomic
number Z = 56) are produced when uranium (Z = 92)
is bombarded by neutrons. It has been pointed out?
that this might be explained as a result of a ‘fission’
of the uranium nucleus, similar to the division of a
droplet into two. The energy liberated in such pro-
cesses was estimated to be .about 200 Mev., both
from mass defect considerations and from the repul-
sion of the two nuclei resulting from the ‘fission’
process.

If this picture is correct, one would expect fast-
moving nuclei, of atomic number about 40-50 and
atomic weight 100-150, and up to 100 Mev. energy,
to emerge from a layer of uranium bombarded with

neutrons. In spite of their high energy, these nuclei -

should have a range, in air, of a few millimetres only,
on account of their high effective charge (estimated
to be about 20), which implies very dense ionization.
Each such particle should produce a total of about
three million ion pairs.

By means of a uranium-lined ionization chamber,
connected to & linear amplifier, I have succeeded in
demonstrating the occurrence of such bursts of
ionization. The amplifier was connected to & thyratron
which was biased so as to count only pulses corre-
sponding to at least 6 x 10°® ion pairs. About fifteen
particles & minute were recorded when 300 mgm.
of radium, mixed with beryllium, was placed one
centimetre from the uranium-lining. No pulses at
all were recorded during repeated check runs of
several hours total duration when either the neutron
source or the uranium lining was removed. With
the neutron source at a distance of four centimetres
from the uranium lining, surrounding the source with
paraffin wax enhanced the effect by a factor of two.

It was checked that the number of pulses depended
linearly on the strength of the neutron source ; this
was done in order to exclude the possibility that the
pulses are produced by accidental summation of
smaller pulses. When the amplifier was connected
to bn oscillograph, the large pulses could be seen very
distinetly on the background of much smaller pulses
due to the alpha particles of the uranium.

By varying the bias of the thyratron, the maximum
size of pulses was found to correspond, to at least
two million ion pairs, or an energy loss of 70 Mev.
of the particle within the chamber. Since the longest
path of a particle in the chamber was three centi-
metres and the chamber was filled with hydrogen
at atmospheric pressure, the particles must ionize so
heavily, in spite of their energy of at least 70 Mev.,
that they can make two million ion pairs on a path
equivalent to 0-8 cm. of air or less. From this it
can be estimated that the ionizing particles must
have an atomic weight of at least about seventy,
assuming & reasonable connexion between atomic
weight and effective charge. This seems to be con-
clusive physical evidence for the breaking up of
uranium nuclei into parts of comparable size, as
indicated by the experiments of Hahn and Strass-
mann.

Experiments with thorium instead of uranium gave
quite similar results, except that surrounding the
neutron source with paraffin did not enhance, but
slightly diminished, the effect. This gives evidence
in favour of the suggestion? that also in the case of
thorium, some, if not all, of the activities produced
by neutron bombardment? should be ascribed to light
elements. It should be remembered that no enhance-
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ment by paraftin has been found for the activities
produced in thorium? (except for one which is isotopic
with thorium and is almost certainly produced by
simple capture of the neutron).

Prof. Meitner has suggested another interesting
experiment. If a metal plate is placed close to a
uranium layer bombarded with neutrons, one would
expect an active deposit of the light atoms emitted
in the ‘fission’ of the uranium to form on the plate.
We hope to carry out such experiments, using the
powerful source of neutrons which our high-tension
apparatus will soon be able to provide.

O. R. FriscH.

Tnstitute of Theoretical Physics,

University,

Copenhagen.

Jan. 186.

! Hahn, 0., and Strassmann, F., Naturwiss., 27, 11 (1939).
S Meltner, L., and Frisch, O. R., NATURE [143, 239 (1039)].
: Seeulgglet)ner, L., Strassmann, F., and Hahn, O., Z. Phys., 109, 538

Disintegration of Heavy Nuclei

THROUGH the kindness of the authors I have been
informed of the content of the letters® recently sent
to the Editor of NATURE by Prof. Meitner and Dr.
Frisch. In the first letter, these authors propose an
interpretation of the remarkable findings of Hahn
and Strassmann as indication for a new type of
disintegration of heavy nuclei, consisting in a fission
of the nucleus into two parts of approximately equal
masses and charges with release of enormous energy.
In the second letter, Dr. Frisch describes experi-
ments in which these parts are directly detected by
the very large ionization they produce. Due to the
extreme importance of this discovery, I should be
glad to add a few comments on the mechanism of the
fission process from the point of view of the general
ideas, developed in recent years, to account for the
main features of the nuclear reactions hitherto
observed.

These circumstances find their straightforward
explanation in the fact, stressed by Meitner and
Frisch, that the mutual repulsion between the
electric charges in a nucleus will for highly charged
nuclei counteract to a large extent the effect of the
short-range forces between the nuclear particles in
opposing a deformation of the nucleus. The nuclear
problem concerned reminds us indeed in several ways
of the question of the stability of a charged liquid
drop, and in particular, any deformation of a nucleus,
sufficiently large for its fission, may be treated
approximately as a classical mechanical problem,
since the corresponding amplitude must evidently be
large compared with the quantum mechanical zero-
point oscillations. Just this condition would in fact
seem to provide an understanding of the remarkable
stability of heavy nuclei in their normal state or in
the states of low excitation, in spite of the large
amount of energy which would be liberated by an
imaginable division of such nuclei.

The continuation of the experiments on the new
type of nuclear disintegrations, and above all the
closer examination of the conditions for their
occurrence, should certainly yield most valuable
information as regards the mechanism of nuclear
excitation.

N. BoHR.
At the Institute for Advanced Study,
Princeton, N.J. Jan. 20.
1 [NATURE, 143, 230 and 275 (1939)].
143, 330; 1939 *Abridged
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Liberation of Neutrons in the Nuclear Explosion of
Uranium

RECENT experiments!,? have revealed the existence
of & new kind of nuclear reaction : neutron bombard-
ment of uranium and thorium leads to an explosion
of the nucleus, which splits up into particles of
inferior charge and weight, a considerable amount
of energy being liberated in this process. Assuming
a partition into two particles only, so that the
nuclear mass and charge of uranium have to be
distributed between two lighter nuclei, the latter
contain considerably more neutrons than the heaviest
stable isotopes with the same nuclear charges. (A
splitting into, for example, **Rb and !Cs means an
excess of 11 neutrons in the first, and of 8 neutrons
in the second of these two nuclei.) There seem to
be two possibilities of getting rid of this neutron
excess. By the emission of a f-ray, a neutron is
transformed into a proton, thus reducing the neutron
oxcess by two units; in the example given above,
five and four successive B-activities respectively
would be needed to restore the neutron-proton
stability ratio. In fact, the explosion products have
been observed to be B-active and several periods
have been recorded, so that a part, at least, of the
neutron eoxcess is certainly disposed of in this way.
Another possible process is the direct liberation of
neutrons, taking place either as a part of the explosion
itself, or as an ‘evaporation’ from the resulting nuclei
which would be formed in an excited state.

In order to find some evidence of this second
phenomenon, we studied the density distribution of
the thermal neutrons produced by the slowing down
of photo-neutrons from a Ra y - Besource in a 1-6 molar

solution of uranyl nitrate and in a 1:6 molar solution

of ammonium nitrate (the hydrogen contents of
these two solutions differ by only 2 per cent). Plotting
Ir? as a function of r (where r is the distance between
the source and a given point, andl is the local density
of thermal neutrons at the same point, measured by
the activity induced in a dysprosium detector), a
curve is obtained the area of which is proportional to
Q.7, @ being the number of neutrons per second
emitted by the source or formed in the solution and
+ the mean time a neutron spends in the solution
before being captured®¢. Any additional nuclei,
which do not produce neutrons, brought into the
solution, will increase the chances of capture and
therefore decrease v and thé area. If, however, these
dissolved nuclei are neutron-producing, @ will be
greater and the area of the curve will tend to increase.
Evidence of neutron production, as indicated by an
actual increase of the area, will only be obtained if
the gain through @ (neutron production) is greater
than the loss through t (neutron capture). This loss
can anyway be studied separately, since it has been
shown® that the introduction of nuclei which act
merely by capture or by increasing the hydrogen
content of the solution can affect -the shape of the
density curve only in a characteristic way : the modi-
fied curve can always be brought to coincide with
the primitive curve by multiplying all abscissa by
a suitable factor and all ordinates by another factor.

The accompanying graph shows the two curves
obtained. At small distances from the source the
neutron density is greater in the ammonium solution
than in the uranyl solution; at distances greater
than 13 cm., the reverse is true. In other words,
the decrease of the neutron density with the distance
is appreciably slower in the uranyl solution.
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The observed difference must be ascribed to the
presence of uranium. Since the two curves cannot
be brought to coincide by the transformation
mentioned above, the uranium nuclei do not act by
capture only ; an elastic diffusion by uranium nuclei
would have an opposite effect : it would ‘contract’
the abscisse, instead of stretching them. The density
excess, shown by the uranyl curve beyond 13 ecm.,
must therefore be considered as a proof of neutron
production due to an interaction between the primary
neutrons and the uranium nuclei. A reaction of the
well-known (n,2n) type is excluded because our
primary neutrons are too slow for such a reaction
(90 per cent of Ra + Be photo-neutrons have energies
smaller than 0-5 Mev. and the remaining 10 per cent
are slower than 1 Mev.).

The degree of precision of the experiment does not
permit us to attribute any significance to the small
increase of the area in the uranyl curve (as compared
to the ammonium curve), which we obtain by extra-
polating the curves towards greater distances. In
any event, an inferior limit for the cross-section for
the production of a neutron can be obtained by
assuming that the density excess due to this pro-
duction is equal throughout the whole curve to the
excess observed at r = 25 cm.; this limit, certainly
inferior to the actual value, is 8 x 10~ cm.?.

Our measurements yield no information on the
energy of the neutrons produced. If, among these
neutrons, some possess an energy superior to 2 Mev.,
one might hope to detect them by a (n,p) process,
for example, by the *3S(n,p)**P reaction. An experi-
ment of this kind, Ra vy - Be still being used as the
primary neutron source, is under way.

The interest of the phenomenon observed as a step
towards the production of exo-energetic transmuta-
tion chains is evident. However, in order to establish
such a chain, more than one neutron must be pro-
duced for each neutron absorbed. This seems to be the
case, since the cross-section for the liberation of a
neutron seems to be greater than the cross-section for
the production of an explosion. Experiments with
solutions of varying concentration will give informa.-
tion on this question.

H. voN HALBAN, JUN.
F. Jorror.
L. KOWARSKI.

(See overleaf for address.)
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Laboratoire de Chimie Nucléaire,
Collége de France,
Paris.
March 8.
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Products of the Fission of the Uranium Nucleus

0. Hahn and F. Strassmann! have discovered a
new type of nuclear reaction, the splitting into two
emaller nuclei of the nuclei of uranium and thorium
under meutron bombardment. Thus they demon-
strated the production of nuclei of barium, lanthanum,
strontium, yttrium, and, more recently, of xenon and
omeium.

It can be shown by simple considerations that this
type of nuclear reaction may be described in an
essentially classical way like the fission of a liquid
drop, and that the fission products must fly apart
with kinetic energies of the order of hundred million
electron-volts each?. Evidence for these high energies
was first given by O. R. Frisch? and almost simul-
taneously by a number of other investigatorss.

The possibility of making use of these high energies
in order to collect the fission products in the same
way as one collects the active deposit from alpha-
recoil has been pointed out by L. Meitner (see ref. 3).
In the meantime, F. Joliot has independently made
experiments of this type®. We have now carried out
some experiments, using the recently completed high-
tension equipment of the Institute of Theoretical
Physics, Copenhagen.

A thin layer of uranium hydroxide, placed at a
distance of 1 mm. from a collecting surface, was
exposed to neutron bombardment. The neutrons
were produced by bombarding lithium or beryllium
targets with deuterons of energies up to 800 kilovolts.
In the first experiments, a piece of paper was used
as a collecting surface (after making sure that the
paper did not get active by iteelf under neutron
bombardment). About two minutes after inter-
rupting the irradiation, the paper was placed near a
Geiger-Miiller counter with aluminium walls of
01 mm. thickness. We found a well-measurable
activity which decayed first quickly (about two
minutes half-value period) and then more slowly.
No attempt was made to analyse the slow decay in
view of the large number of periods to be expected.

The considerable intensity, however, of the
collected activity encouraged us to try to get further
information by chemical separations. The simplest
experiment was to apply the chemical methods which
have been developed in order to separate the
‘transuranium’ elements from uranium and elements
immediately below itt.. The methods had tv be
slightly modified on account of the absence of
uranium in our samples and in view of the light
element activities discovered by Hahn and Strass-
mann®.

In these experiments, the collecting surface was
water, contained in a shallow trough of paraffin wax.
After irradiation (of about one hour) a small sample
of the water was evaporated on a piece of aluminium
foil ; its activity was found to decay to zero.
It was checked in other ways, too, that the water
was not contaminated by uraniura. To the rest of
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the water we added 150 mgm. barium chloride,
16 mgm. lanthanum nitrate, 15 mgm. platinum
chloride and enough hydrochloric acid to get an acid
concentration of 7 per cent. Then the platinum was
precipitated with hydrogen sulphide, in the usual
way ; the precipitate was carefully rinsed and dried
and then placed near our counter.

The results of three such experiments were found
to be in mutual agreement. The decay of the activity
was in one case followed for 28 hours. For comparison,
a sample of uranium irradiated for one hour was
treated chemically in the same way. The two decay
curves were in perfect agreement with one another
and with an old curve obtained by Hahn, Meitner
and Strassmann under the same conditions. In the
accompanying diagram the circles represent our recoil
experiment while the full line represents the uranium
precipitate. A comparison of the activity (within the
first hour after irradiation) of the precipitate and of
the evaporated sample showed that the precipitate
contained about two thirds of the total activity
collected in the water. After about two hours,
however, the evaporated sample was found to
decay considerably more slowly than the precipitate,
presumably on account of the more long-lived fission
products found by Hahn and Strassmann®.

From these results, it can be concluded that
the ‘transuranium’ nuclei originate by fission of the
uranium nucleus. Mere capture of & neutron would
give so little kinetic energy to the nucleus that only
a vanishing fraction of these nuclei could reach the
water surface. So it appears that the ‘transuranium’
periods, too, will have to be ascribed to elements
considerably lighter than uranium.

In conclusion, we wish to thank Dr. T. Bjerge,
Dr. J. Koch and K. J. Brostrem for putting the high-
tension plant at our disposal and for kind help with
the irradiations. We are also grateful to Prof. N.
Bohr for the hospitality extended to us at the
Institute of Theoretical Physics, Copenhagen.

Lise MEITNER.

Physical Tnstitute,
Academy of Sciences,
Stockholm.
O. R. Frisow.
Institute of Theoretical Physics,
University,
Copenhagen. -
March 6.

1 Hahn, O., and Strassmaan, F., Naturwiss., 97, 11, sb, and 163 (1939).

* Meitaer, L., and Frisch, O, R., NATURS, 143, 230 (1039). Bohr, N.,

NaTURS, 143, 830 (1930).

1 Frisch, O. R., NATURE, 143, 276 (1039).

¢Fowler, R. D., and Dodson, R. W., Nature, 143, 238 (1939).
Jentschke, W., and Prankl, F., Naturwiss., 87, 134 (1939).

s Joliot, F., C. R., 808, 341 (1939).

¢ Hahn, O., Meltnor, L., and Strassmann, F., Chem. Ber., 89, 905
(1936)} and 70. 1374 (1037).



PHYSICAL SCIENCES

Dielectric Constants of Some Titanates

THE oxides and carbonates of beryllium, magnes-
ium, cerium, zine, strontium, cadmium and barium
were heated with titanium oxide to a temperature
of about 1,500°C. The dielectric constants of the
titanates thus obtained were, for beryllium titanate
70, for magnesium 17, for calcium 115, for zino 30,
for strontium 155, for cadmium 62, exceeding 1,000
for barium. The measurements were carried out at
room temperature at a frequency of 1 M Hz.

The titanates may be divided into two groups
according to their place in the periodic system and
the values of their dielectric constants. The titanates
of beryllium, calcium, strontium and barium belong
to the first group, and those of magnesium, zinc and
cadmium to the second one. Such a division in
general coincides with the division of the titanates
according to the type of their orystal lattice. The
crystal lattices of the titanates of calcium, strontium
and barium are of the perovskite type, whereas those
of magnesium and cadmium are of the ilmenite type.
The atomic or ionic polarizability depends upon the
structure of the crystal, and for this reason the
nitude of the dielectric constant depends upon the
type of the lattice.

The dielectric constants of the perovskites in-
vestigated were found to grow with the increase of
the size of the alkaline-earth ion. The eleotron polar-
izability of the ion increases with the radius. A more
important factor, however, is that with the increase
of the radius of the alkaline-earth ion located in the
centre of the elementary cell, the distance between
the titanium and oxygen ions increases as well.

Barium titanate having a very large dieleotrio
constant, the distance between the titanium and
the oxygen ions exceeds the sumgf their radii. Such
a ‘loose’ structure of the orystal lattice leads to con-
siderable atomic polarizability.

The dielectric constant of barium titanate varies
considerably with the temperature. The variation
of the capacity of a barium titanate condenser with
the temperature is shown in the accompanying graph.

Capacity (arbitzary units)
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The present investigation was carried out with
J. M. Golgman. A more detailed article will be pub-
lished in the C.R. Acad. Sci. URSS.

B. WuL.
Lebedev Physical Institute,
Academy of Sciences of the U.8.8.R.,
Moscow. June 18.
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Barium Titanate: a New Ferro-Electric

I HAVE earlier discussed the high termlmvity of barlum titanate
and its temperature behaviour!. Addl onal experlmenul results such
as the de%endoneo of permittivity on the electrical fleld strength, the
d.lelectrlc ysteresis loops and the maximum in the thermal euptcny
the permittivity penk temperature show that this substance is a

mw t of ferro-electric. It should be noted that, as distinct from
other known ferro-electrics, barium titanate does not contain hy
For lpnctlul purposes, it is important to note that it may be a8
an electrical insulator in which the ferro-electric properties are manifest
over a wide tem, ture range. A detailed article will be published
in the Journal aﬁ’?

Prof. W. Jackson and W. Reddish?® have recently announced thu.
the peak permittivity-temperature behaviour observi
titanate 1s nllo clunc ristic of the solid :olutlon of Bn’l‘lo -81’110.
It seems very probable that solid solutions of gr’l‘lO. are
ferro-electrics, as it is known® that mixed lwmo hons crystals of
Rochelle salt NuKC.H.O. 4H,0 and NnNB.C.H.O. 4H,0 are ferro-
electrics.

In my former fcation!, I tioned th ntal result
that the dielectri t of tit pel
found to grow with an increase in the aize of the alkaline-earth ion.
Itwuclurtluth ferred to pure material
the permittivity-temperature behaviour of a mixed ferro-
elect.rlc .ublunoe near the Curie point.

B. WuL
Lebedev Physical
Academy of Sclenoeu of the U.8.8.R.,
Moscow.
April 17.

'Wul B., Nature, 156, 480 (1045).
* Jackson, W., and eddhh W., Nature

5 717 1045).
l ., and Kurt. , B., Ph hys. .

Z. Soujetunion, 8, 304
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Australopithecin® or Dartians

WHEN Prof. Raymond Dart, of the University of
the Witwatersrand, Johannesburg, announced in
Nature! the discovery of a juvenile Australopithecus
and claimed for it a human kinship, I was one of
those who took the point of view that when the adult
form was discovered it would prove to be near akin
to the living African anthropoids—the gorilla and
chimpanzee®. Like Prof. Le Gros Clark?, I am now
convinced, on the evidence submitted by Dr. Robert
Broom*, that Prof. Dart was right and that I was
wrong ; the Australopithecinz are in or near the
line which culminated in the human form. My only
complaint now is the length of the name which the
extinct anthropoid of South Africa must for ever bear.
Seeing that Prof. Dart not only discovered them but
also rightly perceived their true nature, I have
ventured, when writing of the Australopithecine, to
give them the colloquial name of ‘Dartians’, thereby
saving much expenditure of ink and of print. The
Dartians are ground-living anthropoids, human in
posture, gait and dentition, but still anthropoid in
facial physiognomy and in size of brain. It is much
easier to say there was a ‘Dartian’ phase in man’s
evolution than to speak of one which was ‘australo-
pithecine’.

ArTEUR KEITH
Downe, Kent.

1 Nature, 118, 195 (1925). Feb. 15

* Nature, 115, 234 (1925).
8 Nature, 169, 216 (1947).
¢ “The South African Foesil Ape-Men : The Australopithecins’’ (1948).
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OBSERVATIONS ON THE TRACKS
OF SLOW MESONS IN PHOTO-
GRAPHIC EMULSIONS®

By C. M. G. LATTES, Dr. G. P. S. OCCHIALINI
and Ds. C. F. POWELL
H. H. Wiils Physical Laboratory, University of Bristol

NTRODUCTION. In recent experiments, it has

been shown that charged mesons, brought to rest
in photographic emulsions, sometimes lead to the
production of secondary mesons. We have now
extended these observations by examining plates
exposed in the Bolivian Andes at a height of 5,500 m.,
and have found, in all, forty examples of the process
leading to the production of secondary mesons. In
eleven of these, the secondary particle is brought to
rest in the emulsion so that its range can be de-
termined. In Part 1 of this article, the measurements
made on these tracks are described, and it is shown
that they provide evidence for the existence of mesons
of different mass. In Part 2, we present further
evidence on the production of mesons, which allows
us to show that many of the observed mesons are
locally generated in the ‘explosive’ disintegration of
nuclei, and to discuss the relationship of the different
types of mesons observed in photographic plates to
the penetrating component of the cosmic radiation
investigated in experiments with Wilson chambers
and counters.

* This article contains a summary of the main features of 8 number
of lectures given, one at Manchester on_June 18 and four at the
Conference on Cosmic Rays and Nuclear Physics, organised by Prof.
W. Heitler, at the Dublin Institute of Advanced Studies, Iuly 5-12.

A complete account of the observations, and of the conclusions which
follow from them, will be published elsewhere.
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Part |. Existence of Mesons of Different Mass

As in the previous communications!, we refer to
any particle with a mass intermediate between that
of a proton and an electron as a meson. It may be
emphasized that, in using this term, we do not imply
that the corresponding particle necessarily has a
strong interaction with nucleons, or that it is closely
associated with the forces responsible for the cohesion
of nuclei.

We have now observed a total of 644 meson tracks
which end in the emulsion of our plates. 451 of these
were found, in plates of various types, exposed at an
altitude of 2,800 m. at the Observatory of the Pic du
Midi, in the Pyrenees; and 193 in similar plates ex-
posed at 5,500 m. at Chacaltaya in the Bolivian
Andes. The 451 tracks in the plates exposed at an
altitude of 2,800 m. were observed in the examination.
of 56 c.c. emulsion. This corresponds to the arrival
of about 1-5 mesons per c.c. per day, a figure which
represents a lower limit, for the tracks of some
mesons may be lost through fading, and through
failure to observe tracks of very short range. The
true number will thus be somewhat higher. In any
event, the value is of the same order of magnitude
as that we should expect to observe in delayed
coincidence experiments at a height of 2,800 m.,
basing our estimates on -the observations obtained
in similar experiments at sea-level, and making
reasonable assumptions about the increase in the
number of slow mesons with altitude. It is there-
fore certain that the mesons we observe are a
common constituent of the cosmic radiation.

Photomicrographs of two of the new examples of
socondary mesons, Nos. IIT and IV, are shown in
Figs. 1 and 2. Table 1 gives details of the character-
istics of all events of this type observed up to the
time of writing, in which the secondary particlo comes
to the end of its range in the emulsion.

TABLE 1
Range in emulsion in microns of
Event No. mary meson econdary meson

I 133 613
I 84 566
I 1040 621
Iv 138 501
v 117 638
VI 49 595
Vil 460 16
VIII 900 10
IX 239 666
X 256 687

X1 81

Mean range 614 + 8 u. Straggling coefficlent vVIAjin ZA¢t/n = 4-3 per cent,
where A¢ = R; — R, R; being the range of a secondary meson, and
R the mean value for n particles of this type.

The distribution in range of the secondary particles
ig shown in Fig. 3. The values refer to the lengths of
the projections of the actual trajectories of the part-
icles on a plane parallel to the surface of the emulsion.
The true ranges cannot, however, be very different
from the values given, for each track is inclined at
only a small angle to the plane of the emulsion over
the greater part of its length. In addition to the results
for the secondary mesons which stop in the emulsion,
and which are represented in Fig. 3 by black squares,
the length of a number of tracks from the same
process, which pass out of the emulsion when near
the end of their range, are represented by open
squares.
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Fig. 1. OBSERVATION BY MRES. I. POWELL. (‘00KE X 95 ACHROMATIC OBJECTIVE ;

C2 TLFORD NUCLEAR RESEARCH EMULSION LOADED

WITH BORON. THE TRACK OF THE u-MESON IS GIVEN IN TWO PARTS, THE POINT OF JUNCTION BRING INDICATED BY @ AND AN ARROW

The y-Decay of Mesons

Two important conclusions follow from these
measurements. Our observations show that the
directions of ejection of the secondary mesons are
orientated at random. We can therefore calculate
the probability that the trajectory of a secondary
meson, produced in a process of thé type which we
observe, will remain within the emulsion, of thickness
50 p, for a distance greater than 500 u. If we assume,
as a first approximation, that the trajectories are
rectilinear, we obtain a value for the probability of
1 in 20. The marked Coulomb scattering of mesons
in the Nuclear Research emulsions will, in fact, in-
crease the probability of ‘escape’. The six events
which we observe in plates exposed at 2,800 m., in
which the secondary particle remains in the emuision
for a distance greater than 500 p, therefore correspond
to the occurrence in the emulsion of 120 4 50 events
of this particular type. Our observations, therefore,
prove that the production of a decondary meson is &
common mode of decay of a considerable fraction
of those mesons which come to the end of their
range in the emulsion.

Second, there is remarkable consistency between
the values of the range of the secondary mesons, the
variation among the individual values being similar
to that to be expected from ‘straggling’, if the part-
icles are always ejected with the same velocity. We
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can therefore conclude that the secondary mesons
are all of the same mass and that they are emitted
with constant kinetic energy.

If mesons of lower range are sometimes emitted
in an alternative type of process, they must occur
much less frequently than those which we have
observed; for the geometrical conditions, and the
greater average grain-density in the tracks, would
provide much more favourable conditions for their
detection. In fact, we have found no such mesons
of shorter range. We cannot, however, be certain
that mesons of greater range are not sometimes pro-
duced. Both the lower ionization in the beginning
of the trajectory, and the even more unfavourable
conditions of detection associated with the greater
lengths of the tracks, would make such a group, or
groups, difficult to observe. Because of the large
fraction of the mesons which, as we have seen, can
be attributed to the observed process, it is reason-
able to assume that alternative modes of decay, if
they exist, are much less frequent than that which
we have observed. There is, therefore, good evidence
for the production of a single homogeneous group
of secondary mesons, constant in mass and kinetic
energy. This strongly suggests a fundamental process,
and not one involving an interaction of a primary
meson with a particular type of nucleus in the
emulsion. It is convenient to refer to this process

i.

.

Fig. 2. COOKE X 95 ACHROMATIC OBJECTIVE. C2 ILFORD NUCLEAR RESEARCH EMULSION LOADED WITH BORON
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Fig. 3. DISTRIBUTION IN RANGE OF TEN SECONDARY MESONS.
THOSE MARKED @ STOP IN THE EMULSION; THE THREE
MARKED (] LBAVE THE BRMULSION WHEN NBAR THE END OF
THEIR RANGB. MEAN RANOR OF SECONDARY MESONS, 606
MICRONS. THB RESULTS POR BVENTS No8. VIII To XI ARE
NOT INOLUDED IN 1HE FIGURR

in what follows as the p-decay. We represent the
primary mesons by the symbol =, and the secondary
by p. Up to the present, we have no evidence from
which to deduce the sign of the electric charge of
these particles. In every case in which they have
been observed to come to the end of their range in
the emulsion, the particles appear to stop without
entering nuclei to produce disintegrations with the
emission of heavy particles.

. Knowing the range-energy relation for protons in
the emulsion, the energy of ejection of the secondary
mesons can be deduced from their observed range, if
a value of the mass of the particles is assumed. The
values thus calculated for various masses are shown
in Table 2.

TABLR 2
Mass In m, 100 150 200 260 300
Energy in MeV. 30 86 41 45 486

No established range-energy relation is available for
protons of energies above 13 MeV., and it has there-
fore been n to rely on an extrapolation of
the relation established for low energies. We estimate
that the energies given in Table 2 are correct to
within 10 per cent.

PHYSICAL SCIENCES

Evidence of a Difference in Mass of =- and p-Mesons

It has been pointed out! that it is difficult to account
for the p-decay in terms of an interaction of the
primary meson with the nucleus of an atom in the
emulsion leading to the production of an energetic
meson of the same mass as the first. It was therefore
suggested that the observations indicate the existence
of mesons of different mass. Since the argument in
support of this view relied entirely on the principle
of the conservation of energy, a search was made
for processes which were capable of yielding . the
necessary release of energy, irrespective of their
plausibility on other grounds. Dr. F. C. Frank hax
re-examined such possibilities in much more detail,
and his conclusions are given in an article to follow.
His analysis shows that it is very difficult to account
for our observations, either in terms of a nuclear
disintegration, or of a ‘building-up’ process in which.
through an assumed combination of a negative meson
with a hydrogen nucleus, protons are enabled to
enter stable nuclei of the light elements with the
release of binding energy. We have now found it
possible to reinforce this general argument for the
existence of mesons of different mass with evidence
based on grain-counts.

‘We have emphasized repeatedly! that it is necessary
to observe great caution in drawing conclusions about
the mass of particles from grain-counts. The main
source of error in such determinations arises fromn .
the fugitive nature of the latent image produced
in the silver halide granules by the passage of fast
particles. In the case of the x-decay process, however.
an important simplification occurs. It is reasonable
to assume that the two meson tracks are formed in
quick succession, and are subject to the same degree
of fading. Secondly, the complete double track in
such an event is contained in a very small volume

of the emulsion, and the

processing conditions are
therefore identical for both

°°°‘ }""m tracks, apart from the varia-
o° tion of the degree of develop-

irtvele

32 o2

4 ment with depth.  These
features ensure that we are
provided with very favour:
able conditions in which to
determine the ratio of the

28

masses of the =- and p-
mesons, in some of these
events.

logie N

In determining the grain
density in a track, we count
the number  of individual
grains in successive intervals

24

of length 50p along the
trajectory, the observation
being made with optical equip-
ment giving large magnifica-

tion (x 2,000), and the high-
est available resolving power.
Typical results for protons
and mesons are shown in
Fig. 4. These results were

20

obtained from observations
on the tracks in a single
plate, and it will be seen that

20 22 24 26 28

log.s R

30

Fig. 4. N 18 TOTAL NUMBER OF GRAINS IN TRACK OF RESIDUAL RANGE R (SOALE-DIVISIONS).

1 SCALE-DIVI ION = 0'85 MICRONS
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there is satisfactory resolution
between the curves for part-
icles of different types. The
‘spread’ in the results for

82 344
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different particles of the same type can
be attributed to the different degrees
of fading associated with the different
times of passage of the particles
through the emulsion during an ex-
posure of six weeks.

Applying these methods to the ex-

amples of the u-decay process, in which 30
the secondary mesons come to the end
of their range in the emulsion, it is
found that in every case the line
representing the observations on the
primary meson lies above that for the
secondary particle. We can therefore

logie N

conclude that there is a significant dif-
ference in the grain-density in the
tracks of the primary and secondary
mesons, and therefore a difference in the
mass of the particles. This conclusion
depends, of course, on the assumption
that the n- and p-particles carry equal

charges. The grain-density at the ends 20
of the tracks, of particles of both types, o
are consistent with the view that the o
charges are of magnitude |e |.

.A more precise comparison of the
masses of the wn- and p-mesons can
only be made in those cases in which

15

the length of the track of the prim-
ary meson in the emulsion is of the
order of 600p. The probability of
such a favourable event is rather
small, and the only examples we
have hitherto obsarved are those listed
as Nos. IIT and VIII in Table 1. A mosaic of
micrographs of a part only of the first of these
events is reproduced in Fig. 1, for the length of
the track of the p-meson in the emulsion exceeds
1,000 x. The logarithms of the numbers of grains
in the tracks of the primary and secondary mesons
in this event are plotted against the logarithm of
the residual range in Fig. 5. By comparing the
residual ranges at which the grain.densities in
the two tracks have the same value, we can
deduce the ratio of the masses. We thus obtain the
result ms/my = 2-0. Similar measurements on event
No. VIII give the value 1:8. In considering the sig-
nificance which can be attached to this result, it must
be noticed that in addition to the standard deviations
in the number of grains counted, there are other
possible sources of error. Difficulties arise, for ex-
ample, from the fact that the emulsions do not consist
of a completely uniform distribution of silver halide
grains. ‘Islands’ exist, in which the concentration of
grains is significantly higher, or significantly lower,
than the average values, the variations being much
greater than those associated with random fluctua-
tions. The measurements on the other examples of
p-decay are much less reliable on account of the
restricted range of the m-mesons in the emulsion; but
they give results lower than the above values. We
think it unlikely, however, that the true ratio is as
low as 1:5.

The above result has an important bearing on the
interpretation of the y-decay process. Let us assume
that it corresponds to the spontaneous decay of the
heavier n-meson, in which the momentum of the
w-meson is equal and opposite to that of an emitted
photon. For any assumed value of the mass of the
p-meson, we can calculate the energy of ejection
of the particle from its observed range, and thus
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determine its momentum. The momentum, and hence
the energy of the emitted photon, is thus defined ;
the mass of the w-meson follows from the relation

c'mx = ctmy + Eu + hv.

It can thus be shown that the ratio mns/m, is less
than 1:45 for any assumed value of m, in the range
from 100 to 300 m,, m, being the mass of the electron
(see Table 3). A similar result is obtained if it is
assumed that a particle of low mass, such as an
electron or a neutrino, is ejected in the opposite
direction to the y-msson.

TABLE 8
Assumed mass
my F (MeV.) hv(MeV.) m, my/m, % 3 percent
100 m 8-0 17 140 m, 140
160 86 23 208 1-36
200 41 29 264 1-82
260 45 34 326 1-30
300 485 39 387 129

On the other hand, if it is assumed that the momen-
tum balance in the.-decay is obtained by the emission
of a neutral particle of mass equal to the p.-meson
mass, the calculated ratio is about 2:1:1

Our preliminary measurements appear to indicate,
therefore, that the emission of the secondary meson
cannot be regarded as due to a spontaneous decay
of the primary particle, in which the momentum
balance is provided by a photon, or by a particle of
small rest-mass. On the other hand, the results are
consistent with the view that a neutral particle of
approximately the same rest-mass as the p-meson
is emitted. A final conclusion may become possible
when further examples of the 1.-decay, giving favour-
able conditions for grain-counts, have been dis-
covered,

! Nature, 189, 93, 186, 604 (1947).
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value for basalts of the order of 0-01).

In addition, three profiles, perpendicular to the trend
of the Ridge, have been considered. Computed profiles
along these, assuming infinite lateral extent of the bathy-
metric profile, and uniform normal magnetiz-
ation, bear little resemblance to the observed
profiles (Fig. 3). These results suggested that
whole blocks of the survey area might be
reversely magnetized. The dotted curve in
Fig. 3 B was computed for a model in which

— O KM

GAMMA

rofiles across the crest of the Carls-
anomaly; broken lines, computed
tization and an edeetlve sus-

le 8. Observed and computed
nldae solld lines, o Eu

ng uniform
eepubla? of 00138 dotwd line, assuming reversals—see text
computed profiles were obtained assuming infinite latersl extent of the
bathymetric profiles

(probably equivalent to the long-period anomalies of
category (1)). Here north-south highs and lows of varying
width, usually of the order of 20 km, are bounded by steep
gradients. The amplitude and form of these anomalies
have been reproduced by Mason?®:1?, but the most plausible
of the models used involved very severe restrictions on the
distribution of lava flows in crustal layer 2. They are
readily explained in terms of reversals assuming the model
shown in Fig. 4 (1). It can be shown that this type of
anomaly pattern will be produced for virtually all orienta-
tions and magnetic latitudes, the amplitude decreasing as
the trend of the ridge approaches north-south or the
profile approaches the magnetic equator. The pro-
nounced central anomaly over the ridges is also readily

I. PACIFIC GRAIN

300

the main crustal layer and overlying volcanic

I A a Y|
/ \ / / \

terrain were divided into blocks about 20 km
wide, alternately normally and reversely
magnetized. The blocks were given the - 2
effective susceptibility values shown in the 4

-300

N ‘ / N N

caption to Fig. 4 (3).

Work on this survey led us to suggest that
some 50 per cent of the oceanic crust might
be reversely magnetized and this in turn has
suggested a new model to account for the
pattern of magnetic anomalies over the

ridges.
The theory is consistent with, in fact

2. ATLANTIC RIDGE

virtually a corollary of, current ideas on

ocean floor sp 7 md periodic reversals
in the Earth’s magnetic field®. If the main 7

crust is formed over a convective up-current
in the mantle at the centre of an oceanic
ridge, it will be etized in the current
direction of the Earth's field. Assuming

impermanence of the ocean floor, the whole
of the oceanic crust is comparatively young,
probably not .older than 150 million years,
and the thermo-remanent component of its

crustal layer (seismic layer 3) of the oceanic J

o “\

UK
\J

3.CARLSBERG RIDGE

~ AR

magnetization is therefore either essentially
normal, or reversed with respect to the
present field of the Earth. Thus, if spreading

7
7,
of the ocean floor occurs, blocks of altern- l
ately normal and reversely magnetized -300
material would drift away from the centre
of the ridge and parallel to the crest of it.
This configuration of magnetic material
could explain the lineation or ‘grain’ of
magnetic anomalies observed over the Eastern
Pacific to the west of North America®

— 10 KM
Fig. 4 Mmetlc proﬂleu computed for various crustal models. Crustal blocks
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T ted; inclination, I = 60°; mmetlc
(ll Mld-AtlantIc B,Idge. T = 048 ted; I = 685°;
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explained in terms of reversals. The central block, being
most recent, is the only one which has a uniformly dirécted
magnetic vector. This is comparable to the area of
normslly magnetized late Quaternary basics in Central
Toeland!!:!* on the line of the Mid-Atlantic Ridge. Adja-
cent and all other blocks have doubtless been subjected
to subsequent vulcanism in the form of volcanoes, fissure
eruptions, and lava flows, often oppositely magnetized
and hence reducing the effective susceptibility of the
block, whether initially normal or reversed. The effect of

ing a reduced effective susceptibility for the adjacent
blocks is illustrated for the North Atlantic and Carlsberg
Ridges in Fig. 4 (2, 3).

In Fig. 4, no attempt has been made to reproduce
observed profiles in detail, the computations simply show
that the essential form of the anomalies is readily achieved.
The whole of the magnetic material of the oceanic crust
is probably of basic igneous composition; however, varia-
tions in its intensity of magnetization and in the topo-
graphy and direction of magnetization of surface extrusives
could account for the complexity of the observed profiles.
The results from the preliminary Mohole drilling!?:!¢ are
considered to substantiate this oconoception. The drill
penetrated 40 ft. into a basalt lava flow at the bottom of
the hole, and this proved to be reversely magnetized!s.
Since the only reasonable explanation of the magnetic
anomalies mapped near the site of the drilling is that the
area i8 underlain by a block of normally magnetized
crustal material'4, it appears that the drill penetratéd a
layer of reversely magnetized lava overlying & normally
magnetized block.

In Fig. 4 it will also be noticed that the effective sus-
ceptibilities assumed are two to five times less than that
derived for the isolated features in the survey area dee-
cribed. Although no great significance can be attached to
this derived intensity it is suggested that the fine-grained
extrusives (basalts) of surface features are more highly
magnetized than the intrusive material of the main crustal
layer which, in the absence of evidence to the contrary, we
assume to be of analogous chemical composition (that
is, gabbros). This would appear to be consistent with
recent investigations of the magnetic properties of basic
rocks®.

The vertical extent of the magnetic crust is defined by
the depth to the curie-point isotherm. In the models this
has been assumed to be at 20 km below sea-level over the
deep ocean but at a depth of 11 km beneath the centre of
the ridges where the heat flow and presumably the thermal
gradient are higher. These ptions are questionabl
but not critical because the amplitude of the simulated
anomaly depends on both the thickness of the block and
its effective susceptibility, and, although the thickness is
in doubt by a factor of two, the susceptibility is in doubt
by a factor of ten. Present magnetic declination has been
assumed throughout the calculations: it would probably
have been better to have ignored this, as in palssomagnet-
ism, assuming that true north approximates to the mean of
secular variations; but this is unimportant and in no way
affects the essential features of the computations.

In order to explain tho steep gradients and large
amplitudes of magnetic anomalies observed over oceanio
ridges all authors have been compelled to_assume vertical
boundaries and high-susceptibility contrasts between
adjacent crustal blocks. It is appreciated that magnetic
contrasts within the oceanic crust can be explained with-
out postulating reversals of the Earth’s magnetic field;
for example, the crust might contain blocks of very
strongly magnetized material adjacent to blocks of
material weakly magnetized in the same direction. How-
ever, the model suggested in this article seems to be more
plausible b high ptibility contrasts between
adjacent blocks can be explained without recourse to
major inhomogeneities of rock type within the main
crustal layer or to unusually strongly magnetized rocks.

We thank Dr. R. G. Mason and K. Kunaratnam of the
Tmperial College of Science and Technology, London, for
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CRYSTALLOGRAPHY

Whisker Growth from Quartz

THE growth of whiskers from fused quartz has
recently been reported by Jaccodine and Kline!.
Whiskers have also been observed on single crystals
of quartz prepared by the hydrothermal processt.
X.ray examination has now revealed the nature of
these growths.

Two whiskers, about 17y and 35u respectively in
diameter, obtained from the furnace process, were
each found to be single crystals of high-cristobalite,
with the whisker growth axis along [111]. The cubic
lattice constant a = 6-99 + 0-02 A.,, as compared
with the literature value® of 7-0459 A. Precession
photographs, with the whisker growth axis along the
spindle axis, contained only sharp Bragg reflexions;
more than a single reciprocal layer appeared for any
given orientation. Reflexions obtained on the rota-
tion photographs taken about [111] were drawn out
along the row lines through an angle of about 4°,
indicating a lack of long-range order normal to this
axis Both whiskers were isotropic, viewed in polar-
ized light.

A single whisker of about 50u. diameter, produced
in the hydrothermal process, was identified as
o-quartz, with the whisker growth axis along ¢. The
hexagonal lattice oconstants were measured as
a = 493 + 002, ¢c = 541 + 002 A., in agreement
with the literature values of 4-90333 and 5-40485 A.
respectively.

Mr. F. A. Barbieri took the X-ray photographs
used in this work.
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Observation of a Rapidly Pulsating Radio Source

by

A. HEWISH

S. J. BELL

J. D. H. PILKINGTON
P. F. SCOTT

R. A. COLLINS

Mullard Radio Astronomy Observatory,
Cavendish Laboratory,
University of Cambridge

IN July 1967, a large radio telescope operating at a fre-
quency of 81-5 MHz was brought into use at the Mullard
Radio Astronomy Observatory. This instrument was
designed to investigate the angular structure of compact
radio sources by observing the scintillation caused by
the irregular structure of the interplanetary medium?.
The initial survey includes the whole sky in the declination
range —08°<3<44° and this area is scanned once a
week. A large fraction of the sky is thus under regular
surveillance. Soon after the instrument was brought into
operation it was noticed that signals which appeared at
first to be weak sporadic interference were repeatedly
observed at a fixed declination and right ascension; this
result showed that the source could not be terrestrial in
origin.

Systematic investigations were started in November
and high speed records showed that the signals, when
present, consisted of a series of pulses each lasting ~0-3 s
and with a repetition period of about 1-337 s which was
soon found to be maintained with extreme accuracy.
Further observations have shown that the true period is
constant to better than 1 part in 107 although there is a
systematic variation which can be ascribed to the orbital
motion of the Earth. The impulsive nature of the recorded
signals is caused by the periodic pdssage of a signal of
descending frequency through the 1 MHz pass band of
the receiver.

The remarkable nature of these signals at first suggested
an origin in terms of man-made transmissions which might
arise from deep space probes, planetary radar or the
reflexion of terrestrial signals from the Moon. None of
these interpretations can, however, be accepted because
the absence of any parallax shows that the source lies
far outside the solar system. A preliminary search for
further pulsating sources has already revealed the presence
of three others having remarkably similar properties
which suggests that this type of source may be relatively
common at a low flux density. A tentative explanation
of these unusual sources in terms of the stable oscillations
of white dwarf or neutron stars is proposed.

Position and Flux Density

The aerial consists of a rectangular array containi
2,048 full-wave dipoles arranged in sixteen rows of 128
elements. Each row is 470 m long in an E.-W. direction
and the N.-8. extent of the array is 456 m. Phase-scanning
is employed to direct the reception pattern in declination
and four receivers are used so that four different declina-
tions may be observed simultaneously. Phase-switching
receivers are employed and the two halves of the aerial
are combined as an E.-W. interferometer. Each row of
dipole elements is backed by a tilted reflecting screen so
that maximum sensitivity is obtained at a declination of
approximately + 30°, the overall sensitivity being reduced
by more than one-half when the beam is scanned to
declinations above + 80° and below —5°. The beamwidth
of the array to half intensity is about + §° in right ascen-
sion and + 3° in declination; the phasing arrangement is

Unusual signals from pulsating radio sources have been recorded at
the Mullard Radio Astronomy Observatory. The radiation seems to
come from local objects within the galaxy, and may be associated
with oscillations of white dwarf or neutron stars.

designed to produce beams at roughly 3° intervals in
declination. The receivers have a bandwidth of 1 MHz
centred at a frequency of 81-5 MHz and routine recordings
are made with a time constant of |0-1 8; the r.m.s. noise
fluctuations correspond to a flux density of 0-5x 10-*
W m-t* Hz-!. For detailed studies of the pulsating source
a time constant of 0-05 s was usually employed and the
signals were displayed on & multi-channel ‘Rapidgraph’
pen recorder with a time constant of 0-03 s. Accurate
timing of the pulses was achieved by recording second
pips derived from the MSF Rugby time transmissions.
A record obtained when the pulsating source was un-
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Fig. 1. a, A record of the pulsating radio source in strong signal con-
di ogemlwr time constant 0-1s). Full scale deflexion corresponds to
20 x 1 ‘W m-* Hz-', b, Upper trace: rds obtained with additional
paths (240 m and 450 m) in one side of the interferometer. Lower trace:
I interferometer records. (The Pulu- are small for =240 m
because they oocurred near a null In the interference pattern; this modi-
fies the phase but not the amplitude of the oscillatory nse on the
wﬁrﬂtm.) ¢, Simulated pulses obtained using a signal generator.
d, uitaneous reception of pulses using identical receivers tuned to
different frequencies. Pulses l‘:t) t"ha Aower frequency are delayed by
about 0-2s.

usually strong is shown in Fig. la. This clearly displays

" the regular periodicity and also the characteristic irregular

variation of pulse amplitude. On this occasion the
largest pulses approached a peak flux density (averaged
over the 1 MHz pass band) of 20 x 10-** W m-* Hz-,
although the mean flux density integrated over one minute
only amounted to approximately 1-0 x 10-*¢ W m-* Hz-1,
On a more typical occasion the integrated flux density
would be several times smaller than this value. It is
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therefore not surprising that the source has not been
detected in the past, for the integrated flux density falls
well below the limit of previous surveys at metre wave-
lengths.

The position of the source in right ascension is readily
obtained from an accurate measurement of the ‘‘cross-
over” points of the interference pattern on those occasions
when the pulses were strong throughout an interval
embracing such a point. The collimation error of the
instrument was determined from a similar measurement
on the neighbouring source 3C 409 which transits about
52 min later. On the routine recordings which first
revealed the source the reading accuracy was only +10s
and the earliest record suitable for position measurement
was obtained on August 13, 1967. This and all subsequent
measurements agree within the error limits. The position
in declination is not so well determined and relies on the
relative amplitudes of the signals obtained when the
reception pattern is centred on declinations of 20°, 23°
and 26°. Combining the measurements yields a position

1950 =19h 19m 388+ 3s
81050=22° 00" + 30"

As discussed here, the measurement of the Doppler shift
in the observed frequency of the pulses due to the Earth’s
orbital motion provides an alternative estimate of the
declination. Observations throughout one year should
yield an accuracy of +1°. The value currently attained
from observations during December—January is 3=21°
58’ +30’, a figure consistent with the previous measure-
ment.

Time Variations

It was mentioned earlier that the signals vary con-
siderably in strength from day to day and, typically,

PHYSICAL SCIENCES

they are only present for about 1 min, which may occur
quite randomly within the 4 min interval permitted by
the reception pattern. In addition, as shown in Fig. la,
the pulse amplitude may vary considerably on a time-scale
of seconds. The pulse to pulse variations may possibly
be explained in terms of interplanetary scintillation?, but
this cannot account for the minute to minute variation of
mean pulse amplitude. Continuous observations over
periods of 30 min have been made by tracking the source
with an E.-W. phased array in a 470 m x 20 m reflector
dormally used for a lunar occultation programme. The
peak pulse amplitude averaged over ten successive pulses
for a period of 30 min is shown in Fig. 2a. This plot
suggests the possibility of periodicitiées of a few minutes
duration, but a eorrelation analysis yields no significant
result. If the signals were linearly polarized, Faraday
rotation in the ionosphere might cause the random varia-
tions, but the form of the curve does not seem compatible
with this mechanism. The day to day variations since
the source was first detected are shown in Fig. 2b. In
this analysis the daily value plotted is the peak flux
density of the greatest pulse. Again the variation from
day to day is irregular and no systematio changes are
clearly evident, although there is a suggestion that the
source was significantly weaker during October to Novem-
ber. It therefore appears that, despite the regular
[ 1ce of the p , the itude of the power
emitted exhibits variations over long and short periods.

Instantaneous Bandwidth and Frequency Drift

Two different experiments have shown that the pulses
are caused by a narrow-band signal of descending fre-
quency sweeping through the 1 MHz band of the receiver.
I the first, two identical receivers were used, tuned to
frequencies of 80-5 MHz and 81-5 MHz. Fig. 1d, which
illustrates & record made with this svstem, shows that
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Fig. 2. a, The time variation of the smoothed (over ten pulses) pulu u_n;plltnde ; o_“l))tlly variation of peak pulse amplitude. (Ordinates are in units of
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the lower frequency pulses are delayed by about 0-2 s.
This corresponds to a frequency drift of ~ —5 MHz s-1.
In the second method a time delay was introduced into
the signals reaching the receiver from one-half of the
aerial by incorporating an extra cable of known length 1.
This cable introduces a phase shift proportional to fre-
quency so that, for a signal the coherence length of which
exceeds I, the output of the receiver will oscillate with
pericd

¢ /dv\-1
=7 d_t>

where dv/dt is the rate of change of signal frequency.
Records obtained with {=240 m and 450 m are shown
in Fig. 1b together with a simultaneous record of the
pulses derived from a separate phase-switching receiver
operating with equal cables in the usual fashion.
Also shown, in Fig. lc, is a simulated record obtained
with exactly the same arrangement but using a
signal generator, instead of the source, to provide the
swept frequency. For observation with 1>450 m the
periodic oscillations were slowed down to a low frequency
by an additional phase shifting device in order to prevent
severe attenuation of the output signal by the time
constant of the receiver. The rate of change of signal
frequency has been deduced from the additional phase
shift required and is dv/d¢= —4-9+0-6 MHz s-*. The
direction of the frequency drift can be obtained from the
phase of the oscillation on the record and is found to be
from high to low frequency in agreement with the first
result.

The instantaneous bandwidth of the signal may also
be obtained from records of the type shown in Fig. 1b
because the oscillatory response as a function of delay is
a measure of the autocorrelation function, and hence of
the Fourier transform, of the power spectrum of the
radiation. The results of the measurements are displayed
in Fig. 3 from which the instantaneous bandwidth of the
signal to exp (— 1), assuming a Gaussian energy spectrum,
is estimated to be 80 + 20 kHz.

Pulse Recurrence Frequency and Dopgpler Shift

By displaying the pulses and time pips from MSF
Rugby on the same record the leading edge of a pulse of
reasonable size may be timed to an accuracy of about

L \%
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Fig. 8. The nse a3 a_function of added path in one side of the
y rompol nterforometer. . ©

0-1 8. Observations over a period of 8 h taken with the
tracking system mentioned earlier gave the period between
pulses as Pgps=1-33733+0:00001 s. This represents a
mean value centred on December 18, 1967, at 14 h 18 m
UT. A study of the systematic shift in the frequency of
the pulses was obtained from daily measurements of the
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Fig. 4. The day to day variation of pulse arrival time.

time interval 7' between a standard time and the pulse
immediately following it as shown in Fig. 4. The standard
time was chosen to be 14h 01 m 00s uT on December 11
(corresponding to the centre of the reception pattern)
and subsequent standard times were at intervals of
23 h 56 m 04 s (approximately one sidereal day). A plot of
the variation of T from day to day is shown in Fig. 4.
A oconstant pulse recurrence frequency would show a
linear increase or decrease in T if care was taken to add
or subtract one period where necessary. The observations,
however, show a marked curvature in the sense of a
steadily increasing frequency. If we assume a Doppler
shift due to the Earth alone, then the number of pulses
received per day is given by

v . 2mn
N=N, (l+;cos @ 8in m)

where N, is the number of pulses emitted per day at the
source, v the orbital velocity of the Earth, ¢ the ecliptic
latitude of the source and n an arbitrary day number
obtained by putting n=0 on January 17, 1968, when the
Earth has zero velocity along the line of sight to the
source. This relation is approximate since it assumes a
circular orbit for the Earth and the origin n=0 is not
exact, but it serves to show that the increase of N observed
can be explained by the Earth’s motion alone within the
accuracy currently attainable. For this p se it is
convenient to estimate the values of n for which 87'/8n=0,
corresponding to an exactly integral value of N. These
occur at n,=168+0'1 and n,=28:7+0-1, and since N
is increased by exactly one pulse between these dates
we have

TN, —sin 27n,
366-26 * 366~25]
This yields ¢=43° 36’+ 30’ which corresponds to & de-
clination of 21° 58+ 30’, a value consistent with the

declination obtained directly. The true periodicity of
the source, making allowance for the Doppler shift
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and using the integral condition to refine the calculation,

is then
Py=1-3372795 + 0-0000020 s

By continuing observations of the time of oecurrence
of the pulses for a year it should be possible to establish
the constancy of N, to aboit 1 part in 3x 10%. If N, is
indeed constant, then the declination of the source may be
estimated to an accuracy of +1’; this result will not be
affected by ionospherio refraction.

It is also interesting to note the possibility of detecting
a variable Doppler shift caused by the motion of the
source itself. Buch an effect might arise if the source
formed one component of a binary system, or if the signals
were associated with a planet in orbit about some parent
star. For the present, the systematic increase of N is
regular to about 1 part in 2 x 107 so that there is no evid-
ence for an additional orbital motion comparable with
that of the Earth.

The Nature of the Radio Source

The lack of any parallax greater than about 2’ places
the source at a distance exceeding 10* A.U. The energy
emitted by the source during a single pulse, integrated
over 1 MHz at 81:8 MHz, therefore reaches a value which
must exceed 107 erg if the source radiates isotropically.
It is also possible to derive an upper limit to the physical
dimension of the source. The small instantaneous band-
width of the signal (80 kHz) and the rate of (—49
MHz s-1) show that the duration of the emission at any
given frequency does not exceed 0-016 s. The source size
therefore cannot exceed 4-8 x 10* km.

An upper limit to the distance of the source may be
derived from the observed rate of frequency sweep since
impulsive radiation, whatever its origin, will be dispersed
during its passage through the ionized hydrogen in inter-
stellar space. For a uniform plasma the frequency drift
caused by dispersion is given by

dv c v

a- "L vp*

where L is the path and vy the plasma frequency. Assum.
ing a mean density of 0-2 electron e¢m-? the observed
frequency drift (—4-9 MHz s-!) corresponds to L~ 65
parsec. Some frequency dispersion may, of course, arise
in the source itself; in this case the dispersion in the inter-
stellar medium must be smaller so that the value of L
is an upper limit. While the interstellar electron density
in the vicinity of the Sun is not well known, this result is
important in showing that the pulsating radio sources so
i::.l detected must be local objects on a galactic distance
o.

The positional accuracy so far obtained does not permit
any serious attempt at optical identification. The search
area, which lies close to the galactic plane, includes two
twelfth magnitude stars and a large number of weaker
objects. In the absence of further data, only the most
tentative suggestion to account for these remarkable
sources can be made.

The most significant feature to be accounted for is the
extreme regularity of the pulses. This suggests an
origin in terms of the pnlsation of an entire star, rather
than some more localized disturbance in a stellar atmo-
sphere. In this connexion it is interesting to note that
it has already been suggested®:? that the radial pulsation
of neutron stars may play an important part in the history
of supernovae and supernova remnants.

A discussion of the normal modes of radial pulsation of
compact stars has recently been given by Meltzer and
Thorne*, who calculated the periods for stars with central
densities in the range 10% to 10'* g cm-3. Fig. 4 of their
paper indicates two ibilities which might account
for the observed penos:uf the order 1 s. At a density of
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10’ g cm-?% corresponding to & white dwarf star, the
fundiment&l mode reaches & minimum period of about
8 8; at a slightly higher density the period increases
again as the system tends towards gravitational collapse
to a neutron star. While the fundamental period is not
small enough to account for the observations the higher
order modes have iods of the correct order of magni-
tude. If this model is adopted it is difficult to understand
why the fundamental period is not dominant; such a
period would have readily been detected in the present
observations and its absence cannot be ascribed to
observational effects. The alternative possibility ocours
at a density of 10'* g cm-?, corresponding to a neutron
star; at this density the fundamental has a period of
about 1 s, while for densities in excess of 10'* g cm-? the
period rapidly decreases to about 10-* s.

If the radiation is to be associated with the radial
pulsation of & white dwarf or neutron star there seem
to be several mechanisms which could account for the
radio emission. It has been suggested that radial pulsa-
tion would generate hydromagnetic shock fronts at the
stellar surface which might be accompanied by bursts of
X.rays and energetio electrons®:*. The radiation might
then be likened to radio bursts from a solar flare ocourring
over the entire star during each cycle of the oscillation.
Such a model would be in fair agreement with the upper
limit of ~5x10* km for the dimension of the source,
which compares with the mean value of 9 x 10* km quoted
for white dwarf stars by Greenstein®. The energy require-
ment for this model may be roughly estimated by noting
that the total energy emitted in a 1 MHz band by a type
IO solar burst would produce a radio flux of the right
order if the source were at a distance of ~10* A.U. Ifit
is assumed that the radio energy may be related to the
total flare energy (~ 10 erg)* in the same manner as
for a solar flare and supposing that each pulse corresponds
to one flare, the required energy would be ~ 10% erg yr-!;
at a distance of 65 pe the corresponding value would be
~ 10 erg yr-!. It has been estimated that a neutron star
may contain ~ 10*! erg in vibrational modes so the energy
requirement does not appear unreasonable, although
other damping mechanisms are likely to be important
when considering the lifetime of the sourcet.

The swept frequency charaocteristic of the radiation is
reminiscent of type IT and type III solar bursts, but it
seems urlikely that it is caused in the same way. For a
white dwarf or neutron star the scale height of any atmo-
sphere is small and a travelling disturbance would be
expected to produce a much faster frequency drift than
is actually observed. As has been mentioned, a more
likely possibility is that the impulsive radiation suffers
dispersion during its passage through the interstellar
medium.

More observational evidence is clearly needed in order
to gain a better understanding of this strange new.class of
radio source. If the suggested origin of the radiation is
confirmed further study may be expected to throw valuable
light on the behaviour of compwct. stars and also on the
properties of matter at high d
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Magnetic Models of Pulsars

SEVERAL months have passed since the publication of the
discovery of pulsars! and some tens of papers on this
subject have appeared®. So far, however, not enough
attention has been paid to the mechanism of radiation.
The radio emission from pulsars must come from a low-
density plasma atmosphere around the object—a medium
which has well known physical properties. This means
that the requirements following from an analysis of
the radiation mechanism are important in choosing
models of pulsars. From this point of view; we have
always believed that the most probable pulsar model is a
pulsating white dwarf, There is far more radiating plasma
in such a model than in a neutron star, and a mechanism
for the radiation is clearly seen—shock waves propagating
through the atmosphere are msible for the short
pulses of radio emission. It is also evident that in the
absenoce of a stellar magnetic field, radial pulsations of the
star lead to non-polerized radiation. The observations
of strong polarization® therefore impelled us to consider
models of pulsating magnetic white dwarfs. The assump-
tion that some white dwarfs have a rather strong magnetio
field ig natural enough and, as far as we know, meets no
difficulties. On the other hand, even comparatively small
fields (H~10-100 oersted) have radical effects on the
movements of particles and the propagation of waves in
a stellar atmosphere. In particular, the “stellar wind”
from a magnetic star can come from the polar regions.
What is more, in the atmosphere of pulsating magnetio
stars acceleration of particles must occur. When the
field is regular, some acceleration will certainly take place
as a result of magnetic pumping!. If there are also irregu-
lar flelds—rather probable in this case—cumulative
acceleration mechanism may also be effective’. The
accelerated particles will fill the radiation belts of the
star and come directly outwards from the polar regions to
form two streams (for a dipole field). The particles will
also be ‘“‘poured” out of the radiation belts in subpolar
regions.

A number of features of magnetic models of pulsars will
be treated in more detail in & paper we are preparing for
publication. Here we present only the basic considera-
tions and the results (which were presented in a report at
the panel on pulsars at the Trieste Symposium on Con-
temporary Physics, June 24, 1968). ere we discuss
three models, without consideration of the intermediate
cases.

Model 1: Streams of rapid particles—with power
P, ~ nyvsesS where 14, v, and ¢, are respectively the density,
velocity and kinetic energy of particles in a stream and S
is the cross-section of the stream—oome from the polar
regions. At each pulse a shock wave ejects from the
atmosphere of the star into the stream a ‘‘cold” plasma
having density n and a total volume V ~ N/n where N is
the number of particles in the cold plasma. In such a
‘‘stream-plasma’ system, plasma waves are generated,
producing radio waves which are emitted by pulsars from
the polar regions. The radiation power of the pulsar
pulse is <Py~ 10% ergs s-!. We have shown in some
unpublished work that when the induced scattering is
taken into account, the coefficient of transformation of
longitudinal waves into transverse waves in pulsars may
be of the order of unity. The stream can generate plasma
waves the energy density of which is equal to the energy
density of the stream nsgs. Thus it follows that P, ~ Ps.
If we assume that V;~ C, g5~ Mc*~ 10-? ergs for the proton
stream, ¢~ mc*~ 10-* ergs for the electron stream and

2
S~ 4% ~10'" cm? (the radius of the star r~ 5x 10* cm),

then the necessary number of particles per unit volume
will amount to ng~3x 10* cm-? for the proton stream
and ng~3x10* cm-® for the electron stream. In the
ejected plasma n~mw?/4net~10* cm-? for a radiating
frequency w~6x10* g3, The thickness of the cold
plasma layer L must be not less than 5 x 10* cm—this is
necessary for excitation of plasma waves and their com-
plete conversion into electromagnetic radiation. Hence

<«

we find the volume ocoupied by the plasma V25 x 10
cm?® and the total number of particles in it N~nV >
5x 10* electrons. It is worth considering here the rele-
vance of pulsars to the problem of the origin of cosmic
rays. The density of pulsars, assuming quasi-isotropic
radio emission, is of the order of 10-* pc-? (ref. 6), so it
is unlikely that the galaxy contains more than 107 pulsars.
If each of them generates cosmic rays with a power 10
ergs 8! the total contribution from all pulsars will be
10%” ergs s-!. At the same time, the cosmic rays in the
galaxy must be produced with a power not less than
10% ergs s-! (ref. 7). Besides, there is no mechanism in
pulsars for accelerating particles with €£>Mc*~10° eV.
At present there are therefore no good grounds for con-
sidering pulsars to be an effective source of galactic
cosmic rays.

Model 2 : Under the action of shock waves, particles
from the radiation belt are poured out in subpolar regions
which resemble auroral zones. There occurs in these
regions a sharp non-equilibrium velocity distribution of
high energy electrons with the resulting generation in
the atmosphere of the star of plasma waves (because of
instability in the stream-plasma system and loss-cone
instability®) and radio waves (for example, at the expense
of synchronous instability®). In the case of stream in-
stability, model 2 is, in a way, close to model 1. For the
coherent synchrotron mechanism, optimal estimations
of conditions in the region of generation of radio emission
with frequency w=2nv~6x 10® s-! are as follows. The
number of poured out particles per unit volume ns~ 5 x 10*
electrons cm-3, and their energy e is~ 10 mc*; the cold
plasma density 7 ~ 3 x 107 electrons cm-?, its temperature
T22x10* °K and the field strength H~10 oersteds.
The pulse shape of waves radiated from the auroral zones
may be close to what is observed, according to F. G.
Smuth at the Trieste Symposium on Contemporary Physic?,
1968.

Model 3 : The radio emission is generated at the front
of the shock wave as a result of the excitation of plasma
waves and their further transformation into radio waves.
In the presence of the magnetic field, collisionless shock
waves (even though they are formed by pulsations®)
will ite intensive pl waves only for quasi-trans-
verse propagation across the magnetic field, that is, only
in the equatorial region. Because of this it is possible to
explain, in principle, the polarization of the radiation.
The radio emission of model 3 is similar to type II radio
bursts from the Sun. The essential difference, however,
is that for pulsars the transformation coefficient of the
plasma waves into radio waves is several orders of magni-

tude greater than that for the Sun. This is because of
the high energy density of the radio emission leading to
the induced scattering effect. The energy density of radio
emission in model 3 is comparable with that of the field
H?%/8n (see ref. 6). Hence, in the emitting region H ~ 10
oersteds and wg~ 2 x 10°® 8-1,

The separation of pulses into two subpulses? is accounted
for by the presence of two emitting rcgions (the two
poles). With an asymmetrical orientation of the dipole,
the intensity of the subpulse will be different from the
main pulse. Another feature is pulsc splitting, produced
by the structure of a collisionless shock wave. ~ In models
2 and 3 there may be breaks in the radio emission of
pulsars because after the ejection by the shock wave of
cold plasma responsible for radio emission, some time is
needed for its restoration. In model 2 we deal with the
‘“‘exhaustion” of the radiation belts and the time to fill
them again with particles.

Analysis of the polarization of radiation allows us to
find some criteria which characterize the magnetic field
and the plasma density in the region of pulsations and
in the vicinity of the star. So, in order to explain the
linear polarization, it is necessary that the generation
take place in the condition of quasi-transverse propa-

* Excltation of shock waves d ds on thelr velocity'® for
a m&e star, be different in equatorial and auroral regions. The fact
that this circumstance is taken into account may be useful in estimating the
degree of reality in different models of the radio emission from pulsars.
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gation of radio waves and transition to quasi-longitudinal
propagation is realized in the region with n<10* cm-2,
(We have prepared for publication a detailed considera-
tion of the problem of polarization.) The ab of
correlation of radio emission at close frequencies (dis-
cussed by J. G. Bolton at the Trieste Symposium on
Contemporary Physics, June 1968) may be explained, in
principle, by radio wave scattering in the interstellar
medium?!!,

We have assumed that the dimension of the emitting
region is less than or of the order of white dwarf dimen-
sions, r~6x10* em. We must take into account,
however, that for coherent mechanisms of radio emission,
when we are dealing with the negative reabsorption, the
estimation of the emitting region dimensions L<ct
(= is the pulse duration) may appear groundless. In fact,
¢ is only the upper limit for the dimension of the region
of which the optical depth (for wave amplification) is
of the order of unity. Hence the dimensions of the emit-
ting region of pulsars may be much greater than 5 x 10® cm.
The grounds for identifying pulsars with objects of small
sizes therefore arise only from consideration connected
with estimations of the pulsation period (~18). At the
same time the analysis of radiation mechanisms testifies
that the magnetic models of white dwarf seem more
reasonable than a number of the other models discussed
in the literature.
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Clustering of Pulsars along the
Galactic Plane

WE recently described! the discovery of seven pulsars
found in a search at the Molonglo Radio Observatory
using the 408 MHz radio telescope. A conclusion reached
on the basis of this search was that pulsars are galactic
objects associated with the disk or the spiral arms, but
with a somewhat anomalous distribution. A zone of
avoidance along the inner regions of the galactic plane was
suggested, based on the argument that dispersion in the
thin layer of an iornized medium closely confined to the
galactic plane results in the loss of the distant pulsars.
This communication describes the discovery of further
pulsars which follow the same general pattern of galactic
distribution.

The search’ technique of ‘“‘early’’ and “late’ beams! was
used in the observations. In addition, the centre beam
signal was split into two frequency bands centred at 407
MHz and 409 MHz. The recording of the pulse arrival
times in the two ‘bands, using a magnetic tape recorder,
allows measurement of the rate of drift of pulse frequency?®.
The three new pulsars are listed in Table 1 with the pro-
visional M P designation. The right ascensions (1850
epoch) of each pulsar are listed for the nominal declination
and for declinations 2° above and below. The energy
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densities of strong pulses are estimated in accordance
with the system used for the previous seven pulsars?.

Table 1. CHARACTERISTICS OF THE THREE NEW PULSARS

MP 0040 MP 0959 MP 1747
at 4+2° 428 528 598
“n-uo“‘ 09240™40%+2% 09°59m518+28 17247=m568+18
398 490 - b1®
B10s00 ~56°+2° —~56°+2° —~48°+2°
1 279° 281° 344°
b -3 -1° ~11°
P 0662 £ 0-003 1-438 £ 0-008 0:742 £ 0-003
—_ ) MHzs 57 20 200
(ll 4
I” dl em-* pc 145+15 90+10 40£10
We ms 30+10 50+ 10 20+5
Ugee 10-*J m-*
Hat ~01 ~01 ~01

Two of the new pulsars lie in the direction I =280°, near
the galactic plane. The dispersion measurements indicate
that they are distant objects. The pulsar M P 0940 shows
the greatest dispersion yet measured. The distribution of
pulsars in the direction of the inner and the local spiral
arms with galactic latitude b= +10° is shown in Fig. 1.

100° 80° 60° 40° 20° 1=0° 340° 320° 300° 280° 260° 240'*10,
. O b_o.

e| © 9 o q -
8 Q -10°

t ot bttt

Fig. 1. Dlltrlbnclon of yulnts in the direction of the inner and local

spiral erms with | . Arrows indicate ‘‘tangential polnu" of the

spiral arms. Pnlsan ||M' lo are
circles.

d by open

Two pulsars are clustered in the direction = 310°, which *
is associated with the ‘‘tangential point’’ of the Sagittarius
spiral arm. A zone of avoidance was proposed to explain
the absgence of pulsars along the plane itself. The tendency
for pulsars to be concentrated south of the galactic plane.
reported earlier!, seems to be a real effect. In the recent
search programme more observing time was devoted to
positive galactic latitudes between !=0° and [=280°.
Still no pulsars have been found. The asymmetry of the
distribution may be due to the real absence of pulsars, to
an asymmetry in the dispersing medium or to chance
effects of pulsar amplitude fluctuations* coupled with the
use of a transit instrument.

An alternative explanation of the clustering of radio
sources may be sought in the association of pulsars with
supernovae®%. If pulsars are formed during a supernova
explosion a number of such objects might be formed. The
present cluster members, although not perfectly matched
in dispersion measure or repetition rate, may in fact be
associated objects. At present it seems that the difficulties
of pulsar searches may be compounded by confusion
effeots due to clusters.
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discussions in all stages of the pulsar work. This work was
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the present-day dark matter. This is yet
another example of the mutual influence
between astronomy and fundamental
physics. A.D. Sakharov was the first to
suggest, in 1965, although in a completely
different, hydrodynamical context, the
role of quantum fluctuations in the form-
ation of the structure of the Universe.

In most previous studies of the inflat-
ionary model, two restrictive assumptions
were made for the sake bf simplicity: both
the effective scalar field y driving the
inflation and space-time were taken ta be
deterministic  (classical) and homo-
geneous (with small inhomogeneous
perturbations). Recently both these
assumptions were omitted (A.A.S. and
A.D. Linde, Lebedev Physical Institute).
It seems that the evolution of the quasi-
homogeneous large-scate part of the
scalar field is essentially determined by its
small-scale quantum fluctuations induced
by the expansion of the Universe.

As a result, the large-scale field and
space-time metric become stochastic
(stochastic inflation). The evolution of the
large-scale field is described by the
Fokker-Planck type equation for the
probability distribution p(y,a) (a is the
cosmological scale factor) with different
realizations of the stochastic process in
different points of space which become
causally disconnected in the course of
the exponential expansion during the in-
flationary stage. The space-time metric
follows the evolution of the scalar field: it
remains classical but becomes stochastic
and inhomogeneous at large scales, too.

Eternal inflation

Two striking consequences follow: first,
the inflationary stage as a whole appears
to be eternal, having no definite end
(though in some models each ‘observer’
spends only a finite time in it); second, the
Universe after inflation is not at all homo-
geneous at super-large-scales which we
cannot observe now (a typical value is
10 cm; the present cosmological
horizon is 10” cm). In particular, the three-
dimensional hypersurfaces of approxi-
mate homogeneity (constant-energy-
density hypersurfaces) need not be the
*Cauchy’ hypersurfaces of the whole
space-time, and may have complicated
topological structures. In other words, a
picture (hypothesized earlier) of an
infinite number of Friedmann universes
created from one maternal de Sitter
universe arises naturally. This is the price
the modern inflationary theory has to pay
for the explanation of approximate homo-
geneity on scales of the order of cosmo-
logical horizon.

This sheds new light on the problem of
the origin of the Universe. It does not
preclude a quantum transition creating
the closed Universe with the homo-
geneous field y from nothing. But a new
possibility arises: the eternal existence of
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the expanding, locally homogeneous
quasi de Sitter space-time supported by
quantum fluctuations that has no definite
three-dimensional topology and con-
stantly creates separate Friedmann
worlds.

Another fundamental problem put
forward by S.W. Hawking (Cambridge
University) about 10 years ago is so-called
quantum unpredictability or loss of
quantum coherence. It can be thought of
as connected with the formation and sub-
sequent evaporation of very small black
holes during real processes, like the scat-
tering of two energetic particles. Imagine
the black hole after evaporation as a minu-
scule closed world geometrically detached
from our space. If it carries some infor-
mation inaccessible to us, the phase of the
particles after scattering is not known, and
the interference with simple scattering
(not accompanied by black-hole creation)
isincomplete. Thus, a new type of indeter-
minacy is superimposed on that associated
with quantum gravity.

Now Hawking has developed an elegant
mathematical description of this process
that does not include the consideration of
black holes at all. He uses the euclidean
(imaginary-time) formalism in quantum
gravity where the process of spontaneous
detachment of a closed three-world may
be described by a virtual ‘wormhole’
connecting two asymptotically euclidean
regions, its radius being of the order of the
Planck length (about 10 cm). Particles
can go back and forth through this
wormhole.

Is it possible to verify the suggested loss
of coherence in laboratory experiments?
The question is difficult because gravita-
tional forces are very small compared with
other interactions. The Planck mass
10"* g, which is probably the smallest
possible mass of a black hole, is much
greater than the mass of a proton at rest
(107* g), or even of a proton accelerated
in the future supercollider (20 TeV, or 3%
107 g). The proposed effect is of the
order of unity for fundamental (not
composite) scalar (spin-zero) particles,
but we do not know any such particles. For
particles of higher spin, the effect is sup-
pressed by powers of the ratio of the
particles’ rest mass to the Planck mass.
One prediction is that baryons (such as
protons) should decay to leptons (such as
electrons), the characteristic lifetime
being of the order of 10* yr. The problem
is not only that this time is too long for the
process to be detected, but that gravita-
tional decay will be masked by much more
rapid baryon decay (preserving quantum
coherence) predicted by grand unified
theories (with a characteristic lifetime of
10%-10" yr).

The application of quantum unpredict-
ability to cosmology shows that the Uni-
verse cannot be in a pure quantum state
even at its beginning, so that it has to be
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described not by the ‘wavefunction of the
Universe’, but by a density matrix
(Hawking; D.N. Page, Pennsylvania State
University).

Fifty years ago, Dirac argued that the
large difference in strength between
gravitation and electromagnetism means
that these two forces are of different
origin. The prevalent idea now, antic-
ipated by Einstein, is the unity of all
forces of nature. But we understand better
how difficult the problem is. At present,
the mrost promising candidate for the
‘theory of everything’ (TOE) is super-
string theory. Einstein’s theory of gravity
arises in its low-energy limit (with energies
much less than the Planck energy 10"
Gev), so that general relativity is not an
exact theory.

Additional curvature
The TOE should predict corrections that
add more curvature (thus, they are neg-
ligible at low curvatures). The exact form
of these corrections has yet to be deter-
mined. Furthermore, space-time in super-
string theory is 10-dimensional, therefore
six spatial dimensions must somehow
compactify. Account of these properties
gives rise to new multi-dimensional cos-
mological models (some were reported by
S. Deser, Brandeis University). Another
tantalizing goal is to deduce inflation from
superstring theory, in particular, to derive
the exact form of the potential V(y). Up
to now only a few steps have been made
in this direction. One approach (D.V.
Nanopoulos, CERN) is based on the so-
called no-scale supersymmetry suggested
by J. Ellis and collaborators a few years
ago. .
Last, but not least, is the problem of the
vacuum energy density in flat space-time
(equivalent to the problem of the cosmo-
logical constant). Vacuum is defined as
the state of minimum energy density,
which need not be equal to zero. The
quantum approach to the problem tells us
that every elementary bosonic field (such
as the electromagnetic one) gives an
infinite positive contribution to the energy
density, and every fermionic field, an in-
finite negative contribution. Laboratory
measurements and, with much higher
precision, astronomical observations tell
us that these positive and negative infin-
ities compensate each other with fantastic
precision, the energy density of the
vacuum being less than 10~ erg cm™
There is no theoretical explanation of thls
miraculous compensation. The best result
is achieved with the above-mentioned ‘no-
scale’ supersymmetry, which can explain
why the vacuum energy density should be
less than 10* erg cm™*, which corresponds
to an energy scale of supersymmetry
breaking of about 100 Gev.

A.A. Starobinskii is at the Landau Institute for
Theoretical Physics, Academy of Sciences of the
USSR, Moscow, USSR.
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respectively, and the former has also been made to
show ‘supercontraction’ after the manner of the
contraction of muscle itself*?. Figs. (1) and (2) are
typical «- and B-photographs, respectively, (1) being
that of the foot retractor muscle (washed and dried)
of Mytilus edulis, and (2) that of stretched horn.

Considering now these two further points : (a),
that in spite of the close resemblance between
their X-ray photographs the sulphur content of
myosin is quite small compared with that of
keratin, which among proteins is outstandingly
rich in sulphur; and (b), that the side-chain
breakdown shown by X-ray analysis to precede
the supercontracting state of keratin has been
found by Speakman®to be largely concerned with
the cystine —S—S- linkage between neighbouring
main-chains, we gain the strong impression that
hair protein is no other than a kind of muscle
protein ‘vulcanised’ in order to reduce its elastic
sensitivity and at the same time impart resistance
to chemical attack.

The molecule of feather keratin appears to be
in a slightly contracted B-configuration. X-rays
show that it can be stretched continuously and
reversibly over a range of some seven per cent®.

Svedberg’s investigations with the ultra-centri-
fuge indicate that the molecules of many soluble
proteins are large globular units or combinations
of such units, and crystallographic examination
and certain X-ray results support this view. Most
X-ray photographs, however, taken without any
special precautions, suggest almost the antithesis
of this and indicate that the molecules either
consist of, or generate spontaneously, polypeptide
chains configurationally analogous to B-keratin.
The idea thus takes shape that most proteins as
usually examined by X-rays are in a degenerate
state, that their original specific configuration has
broken down partially or completely to form dis-
oriented polypeptide chain-bundles!*. The hypo-
thesis is further strengthened by the observation!:
that when proteins are deliberately ‘denatured’,
for example by heat, the resemblance to dis-
oriented p-keratin becomes even more pronounced.
This will be clear by comparing Figs. (2) and (3),
the latter being a powder photograph of boiled egg-
white—or for that matter, to all intents and pur-
poses, any denatured protein. A crucial test,
therefore, is to see whether it is possible to obtain an
X-ray photograph like that of oriented B-keratin
simply by stretching a denatured protein.

This test has now been carried out, and artificial
fibres and films of denatured albumins and
globulins have been shown to give, on stretching,
X-ray photographs typical of oriented bundles of
fully-extended polypeptides. The crystallographic
orientation, though, of these photographs is not
always the same: whereas stretched denatured
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edestin, for example, gives a photograph like Fig.
(2), corresponding to chains lying along the axis
of extension, a stretched film of ‘poached’ egg-
white gives a photograph like Fig. (4), corre-
sponding to chains lying across the axis of exten-
sion. The observed types of photograph can be ex-
plained only on the assumption that the polypeptide
chains in denatured albumins are in general much
shorter than those in denatured globulins::.

It should be noted that films and fibres of
denatured proteins are elastic, and often over a
great range, presumably because the denaturation
process usually results in a random, and maybe
sometimes incomplete, liberation of chains which
in part coalesce into bundles and in part remain
in an irregularly coiled-up state from which they
may be pulled out by tension, rather in the manner
of the polyprene chains when rubber is stretched.

The immediate question of the future concerns
the precise relation or relations between the
‘globular’ proteins and the chain-molecules to
which they give rise so readily. Which is the more
fundamental, the globular form or the chain form,
and is one obtained from the other by a process
of simple coiling or uncoiling, or is the chain form
a_ consequence of the linear polymerisation or
condensation of the globular form ? At the
moment there is evidence for both possibilities!?,
though it seems more likely that in general de-
naturation involves little more than (a) the
dissolution of intramolecular co-valent linkages, in
particular the —S—S— linkage, (b) the uncoiling of a
chain system, and finally (c) the coagulation or
‘crystallisation’ of the liberated chains into bundles
configurationally analogous to those of B-keratin!.
It must be emphasised, however, that though
denaturation appears always to lead to the forma-
tion of polypeptide chain-bundles, it does not
follow that all chain-bundles are necessarily
denatured. The muscle protein, myosin, for
example, may be said to be ‘configurationally
disposed’ towards denaturation—and indeed it
denatures with extreme ease—but so long as it is
not allowed to dry it tends to remain soluble. It
is clear that if irreversibility is to be avoided, then
at least the chains must be kept from too intimate
relations with one another.

What then constitutes reversibility of denatura-
tion, if there is such a thing, and Anson and
Mirsky® maintain that there is.? At the moment,
the answer given by X.rays would appear to be
this, that it is determined by (a) the extent to
which a globular protein may be uncoiled revers-
ibly, and () the possibility of keeping the liberated
chains from agglomerating into parallel bundles ;
or in other words, of avoiding more intimate or
widespread interaction than obtained in the
original globular configuration. Much seems to
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depend on the way the globular proteins are built
up in the first place. If they are built up piecemeal
and not by the coiling of one or more polypeptide
chains, then reversible uncoiling is perhaps unlikely.
A purely formal approach to the constitution of
the globular proteins may be made by combining
the results of X-ray analysis with the study of
protein monolayers. From the X-ray examination
of the fibrous proteins we must conclude that in
fully-extended polypeptide chains, in B-keratin or
denatured edestin, for example, the average
length of an amino-acid residue is about 3} A., its
thickness is about 44 A., and its average width in
the side-chain direction is about 10 A. The
density of a fibrous or denatured protein, there-
fore, should be about 0-0105R, where R is the
average residue-weight of the amino-acids in
question. If we take R to be of the order of 120,
this gives a density of 1-26 gm. per c.c—and it is
a fact that proteins do have very much this sort
of density. Similarly, protein monolayers formed
of parallel arrays of more or less fully-extended
polypeptides with their side-chains dipping into
the substrate should have a common area (not
allowing for hydration) of about 95-5/R sq. metres
‘per mgm. ; that is, for R=120, about 0-795 sq. m.
per mgm. Now Gorter and his collaborators®¢, for
example, find always in the region of pH 1 an
area (extrapolated to zero pressure) of the order
of 1 8q. m. per mgm., and a similar area often at
the isoelectric point also, whether the molecular
weight be 35,000 (Svedberg’s ‘unit’) or a multiple
of that; for example, insulin (pH 5), 0-8756:
pepsin (pH 2-7), 1-0: zein (pH 6-5), 1-07 : oval-
bumin (pH 4-7), 0-88 : casein (pH 4:6), 1-04 8q. m.
per mgm. The natural conclusion is that protein
monolayers, under certain conditions at least, are
formed by the liberation of polypeptide chains
from an originally globular configuration in some-
thing the same way as in the process of denaturation.
A further helpful step forward was made by
Gorter®* when he showed that the area of a protein
monolayer, under the conditions defined above,
corresponds to that of a set of spheres of radius
about 22 A., which is the radius found by Svedberg
for his spherical units of weight 35,000. (More
recently Bernal and Crowfoot, in the only reason-
ably successful X-ray analyses of unaltered single
protein crystals so far accomplished, have arrived
at a similar result for the molecules of pepsin and
insulin®.) Gorter’s result may also be-derived
from first principles by means of the X-ray data
given above; but it is diffioult to proceed to
the obvious inference that globular proteins are
by way of being simply curved monolayers with the
side-chains directed radially, because the calculated
density (about 1-14) of such systems is too low.
It is a significant fact that the density of the
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globular proteins is roughly the same as that of
the fibrous proteins. What other possibilities are
there then that conform to Gorter’s finding ? One
is the cylinder whose height is equal to its diameter,
and whose area, therefore, is again 4nr?, but the
calculated density of this (about 1) is still less
satisfying. Actually there is no solution along
these lines except by building a system out of pieces
of monolayer separated by the characteristic ‘side-
chain spacing’ found by X-ray analysis. We have
thus to place four disks of monolayer of diameter
about 40 A. on top of one another at a distance of
about 10 A. apart. Both the weight and the
dimensions then correspond to those of Svedberg’s
units, the density is correct, and the area of the
liberated monolayer would be equal to the surface
area of spheres of the same diameter. Furthermore,
though X-ray data on the globular proteins are
still so meagre, such an arrangement fits in well
with present indications!!:** that their structure
must in many cases be somehow closely related to
that of the fibrous proteins.

Just recently, Wrinch has arrived at similar
conolusions along quite different lines of reasoning’.
In effect, she has sucoeeded in generalising the two
features of the a—p keratin transformation that it
was found necessary to postulate in order to
explain quantitatively the experimental facts : (a)
that the chain should fold hexagonally at regular
intervals, and (b) that the side-chains should
stand out transverse to the plane of folding.
Perhaps there is some justification then after all
for the suggestion! that in a way keratin is the
grandfather of all proteins.
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MO)LECULAR STRUCTURE OF
NUCLEIC ACIDS

A Stru&ure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey!. They kindly made
their manuscript available to us in advance of
publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. In our opinion,
this structure is unsatisfactory for two reasons :
(1) We believe that the material which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward &
radically different structure for
the salt of deoxyribose nucleic
acid. This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical
assumptions, namely, that each
chain consists of phosphate di-
ester groups joining B-b-deoxy-
ribofuranose residues with 3’,5’
linkages. The two ohains (but
not their bases) are related by &
dyad perpendicular to the fibre
axis. Both chains follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg’'s* model No. 1; that is,
the bases are on the inside of

=\

. the helix and the phosphates on
This fgure U Bl the outside. The oconfiguration

ribbons symbolize the Of the sugar and the atoms
two phosphate—sugar near it is close to Furbe
chall d . .
rontal rods the pairs of ‘Sstandard configuration’, the
bw‘:“m'd‘n thechalns  gugar being roughly perpendi-
line marks the fibreaxis  cular to the attached base. There
is a residue on each chain every 34 A. in the z-direc-
tion. We have assumed an angle of 36° between
adjacent residues in the same chain, so that the
structure repeats after 10 residues on each chain, that
is, after 34 A. The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open one, and its water content
is rather high. At lower water contents we would
expect the bases to tilt so that the structure could
become more compact.

The novel feature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendioular to the fibre axis. They are joined
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together in pairs, & single base from one chain being
hydrogen-bonded to a single base from the other
chain, 8o that the two lie side by side with identical
z-co-ordinates. One of the pair must be a purine and
the other & ;:{\;rnmldme for bonding to ocour. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 8 to
pyrimidine position 6.

If it is assumed that the bases only ococur in the
structure in the most plausible tautomeric forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with oytosine (pyrimidine).

In other words, if an adenine forms one member of
& pair, on either chain, then on these assumptions
the other member must be thymine ; similarly for
guanine and oytosine. The sequence of bases on &
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequence on the other
chain is automatically determined.

It has been found experimentally** that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to cytosine, are always very close to unity
for deoxyribose nucleic acid.

It is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too close & van
der Waals contaot.

The previously published X-ray data®* on deoxy-
ribose leic acid are insufficient for a rigorous test
of our structure. So far as we oan tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the speocific

iring we have postulated immediately suggests a
possible copying mechanism for the genetic material.

Full details of the structure, including the con-
ditions assumed in building it, together with & set
of co-ordinates for the atoms, will be published
elsewhere.

We are much indebted to Dr. Jerry Donchue for
constant advice and oriticism, especially on inter-
atomic distances. We have also been stimulated by
a knowledge of the general nature of the unpublished
oxperimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at
King’s College, London. One of us (J.D. W.) has been
aided by a fellowship from the National Foundation
for Infantile Paralysis.

J. D. WaTsoN
F. H. C. Crick
Medical Research Council Unit for the
Study of the Molecular Structure of
Biological Systems,
Cavendish Laboratory, Cambridge.
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LYSENKO IN PERSPECTIVE

Agroblolo;

Eseays on Problems of Genetics, Plant Breeding and
Seed Growing. By T. D. Lysenko. (Translated from
the Fourth Russian edition.) Pp. 636412 plates.
(Moscow : Foreign Languages Publishing House ;
London : Collet’s Holdings, Ltd., 1954.) 16s.

RITISH research workers regard polemical papers

with suspicion, not to say distaste. This oir-
cumstanoce has eng among us a delicate art
of socientific (as distinot from literary) oriticism. A
oritio is permitted to demonstrate that his colleague’s
facts are incorrect. He can go further and demon-
strate that his colleague’s hypotheses are inconsistent
with the facts, But he cannot with propriety go
further still and impute motives or reasons for hi

colleague’s inacouracies : as that his technique waa -

sloppy, or that his ambition drove him to publish
prematurely, or that his political views coloured his
writing, or simply that he is & liar. Therefore we
would not expeot to read in the Annals of Botany a
passage like the following: “Why has . . . one of
our outstanding biologists fallen into error in his
work on mutation of species ? . . . Because he has
departed from the prinociples of Darwinism . . . [and
because his] statements have not been subjeoted to
the appropriate comradely oriticism without which,
e8 our teacher Stalin points out, science ocannot
advance’.

This quotation is from the Botanichesks Zhurnal
(Botanical Journal) for December 1952. The writer
i8 & bona fide botanist and the outstanding biologist
he refers to is T. D. Lysenko. British socientific
journals would not be likely to acoept such a passage
as this, even if it were about Lysenko, and it is
important to remember this ‘difference in intellectual
olimate when we discuss Soviet science. Of course,
the Russians publish scores of papers which are as
objective and impersonal as the papers in British
journals. But when they do descend to scandal they
do so unambiguously and in publio.

This much understanding of the Russian tem-
perament is a prerequisite for reading the recently
translated volume of Lysenko’s ocollected eesays on
agrobiology. If the Rritish reader approaches it as
he would (for example) a volume of essays from
Rothamsted he will be nauseated. If he approaches
it to gain an understanding not of agrobiology but
of Lysenko’s career he will be deeply interested. For
&1: book oontsi!:‘s :geme of the data necessary for an

erstanding o recent history of biology in
the US.8.R. i &
. It begins with two eesays on phasic development
in plants, published nineteen years ago. Lysenko
had stumbled upon the discovery made by Gassner
in 1918 that certain plants ripen earlier if subjected
to & ocold period, and he spent some years unsuccess-
fully_trymg to apply Gassner’s technique on a com-
meroial scale. early essays, though tedious
and unoonvineing, do make some pretence of record-
ing and interpreting observations. Their obvious
intention is not to advance science but to apply
scienoe to agriculture. It has to be remembered that
while Lysenko was working on phasio development
Russia was passing through & terrible orisi.. Com-
pulsory ocollectivization of farms had brought about
; 90115}}!0 of fsod pr{)duct:gn. and millions were
ying of starvation. It is therefore not surprisi
that Lysenko’s work was tendentious. 8

There follow in ‘‘Agrabiology”’ half a dozen essays
which are little more than harangueg to collective
farmers. For Lysenko had discovered his flair. He

had an uncanny power of persuading peasants to
adopt better methods of husbandry and to take a
pride in increasing yields ; and that was what Russia
needed twenty years ago : not so much more science
in farming, but simply more common sense in farm-
ing. In fulfilling this need Lysenko was notably
succeesful.

His suocess brought him into conflict with the
genuine biologists of Russia for two reasons. First,
he sincerely imagined that his successes as & propa-
gandist for better farming were due to his ideas about
biology, for he was not content with a pragmatic
approach to crop yields: he had to rationalize his
methods with the pseudo-philosophical theories of
men like Michurin. This he tried to do in a series of
violently polemical papers (1837-48), many of which
are reproduced in this book. His train of thought
was transparently tendentious. *If,” he says (p. 230),
“I have made a trenchant assault on Mendel’s law
. . . it is primarily because this.law greatly hinders
me in my work.” Secondly, he sincerely imagined
that the failure of other Russian biologists to improve
the efficiency of agriculture was due to their pre-
oocupation with fruitless scientific problems and
fundamentally unsound theories.  The natural
reaction of Russian biologists was to igncre Lysenko
and his colleagues as troublesome cranks; and this
they did successfully until 1948. In that year the
State made the decision to give Lysenko official
support, and his powerful adversaries were driven
into obscurity. It is a mistake to suppose that any
reputable Russian scientist was under the impression
that Lysenko had made any major discovery. It
was & temporary triumph of expediency over
truth. As Zhukoveky said at the time, it is im-
portant ‘“‘at this junoture to cherish the prestige”
of Lysenko.

‘“‘Agrobiology”’ reproduces in full Lysenko’s speech
‘to the Academy of Agricultural Sciences on this
melancholy occasion in 1948. There follow a series
of essays in which Lysenko’s ideas, now free from
Elblic oriticism, undergo an unrestrained proliferation.

e olaims to have produced, by mauipulating the
environment, soft wheats from hard wheats and rye
from wheat. He writes less agricultural propaganda
and more woolly theory. Apart from advocating the
sowing of forest belts on hills, he has little to say
which is likely to catch the imagination of the

t. His artioles, notably one (p. 582) published
in 1952 for the “Soviet Encyoclopedia’, become more
speculative and more fantastic. Meanwhile, Russian
agriculture has again entered upon a orisis, and N. 8.
Khrushohev, first secretary of the Central Committee
of the Party, initiated in 1953 a new set of reforms
on oollective farms. He heavily criticized the previous
policy of the Ministry of Agriculture, and it seems as
though he is now willing to Lysenko with the
very sort of inefflcacy with which Lysenko
his oritics in 1948. For on March 29, 1954, the official
journal of the Communist Party published the
following statement : ‘“The monopolisation of science
leads . . . to the outting off of people who do not
think on orthodox lines, and living scientific thought
is stified. This has been shown, for instance, in the
All Union Academy of Agricultural Sciences’.

Lysenko is still director of this Academy. For a

"time, and probably due to the oritical condition of

Soviet agriculture, the Russian Government backed
& man who would otherwise have sunk into the
scientifio obscurity he deserves. His book of essays
is & warning against confusing science with practice ;
and it now seems that it may mark the end of a
deplorable incident in the history of scientific thought.
E. AsuBy
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GENERAL NATURE OF THE GENETIC CODE FOR PROTEINS

By Dr. F. H. C. CRICK, F.R.S., LESLIE BARNETT, Dr. S. BRENNER
and Da. R. J. WATTS-TOBIN

Medical Research Council Unit for Molecular Biology,
Cavendish Laboratory, Cambridge

HERE is now a mass of indirect evidence which
suggests that the amino-acid sequence along the
polypeptide chain of a protein is determined by the
sequence of the bases along some particular part of
the nucleic acid of the genetic material. Since there
are twenty common amino-acids found throughout
Nature, but only four common bases, it has often
been surmised that the sequence of the four bases is
in some way & code for the sequence of the amino-
acids. In this article we report genetic experiments
which, together with the work of others, suggest that
the genetic code is of the following general type:
(a) A group of three bases (or, less likely, a multiple
of three bases) codes one amino-acid.
P (b) The code is not of the overlapping type (see

ig. 1).

(c) The sequence of the bases is read from a fixed
starting point. This determines how the long
sequences of bases are to be correctly read off as
triplets. There are no special ‘commas’ to show how
to select the right triplets. If the starting point is
displaced by one base, then the reading into triplets
is displaced, and thus becomes incorrect.

(d) The code is probably ‘degenerate’; that is, in
general, one particular amino-acid can be coded by
one of several triplets of bases.

The Reading of the Code

The evidence that the genetic code is not over-
lapping (see Fig. 1) does not come from our work,
but from that of Wittmann! and of Tsugita and
Fraenkel-Conrat® on the mutants of tobacco mosaic
virus produced by nitrous acid. In an overlapping
triplet code, an alteration to one base will in general
change three adjacent amino-acids in the polypeptide
chain. Their work on the alterations produced in the
protein of the virus show that usually only one
amino-acid at a time is changed as a result of treating
the ribonucleic acid (RNA) of the virus with nitrous
acid. In the rarer cases where two amino-acids are
altered (owing presumably to two separate deamina-
tions by the nitrous acid on one piece of RNA), the
altered amino-acids are not in adjacent positions in
the polypeptide chain.

Brenner® had previously shown that, if the code
were universal (that is, the same throughout Nature),
then all overlapping triplet codes were impossible.
Moreover, all the abnormal human hemoglobins
studied in detail* show only single amino-acid changes.
The newer experimental results essentially rule out
all simple codes of the overlapping type.

If the code is not overlapping, then there must be
some arrangement to show how to select the correct
triplets (or quadruplets, or whatever it may be) along
the continuous sequence of bases. One obvious
suggestion is that, say, every fourth base is & ‘comma’.
Another idea is that certain triplets make ‘sense’,
whereas others make ‘nonsense’, as in the comma-free
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codes of Crick, Griffith and Orgels. Alternatively,
the correct choice may be made by starting at a fixed
point and working along the sequence of bases three
(or four, or whatever) at a time. It is this possibility
which we now favour.

Experimental Results

Our genetic experiments have been carried out on
the B cistron of the rp region of the bacteriophage
T4, which attacks strains of Escherichia coli. This is
the system so brilliantly exploited by Benzer®?,
The rp region consists of two adjacent genes, or
‘cistrons’, called cistron 4 and cistron B. The wild-
type phage will grow on both E. coli B (here called
B) and on E. coli K12 (1) (here called K), but a phage
which has lost the function of either gene will not
grow on K. Such a phage produces an r plaque on B.
Many point mutations of the genes are known which
behave in this way. Deletions of part of the region
are also found. Other mutations, known as ‘leaky’,
show partial function; that is, they will grow on K
but their plaque-type on B is not truly wild. We
report here our work on the mutant P 13 (now
re-named FC 0) in the Bl segment of the B cistron.
This mutant was originally produced by the action
of proflavin®.

We® have previously argued that acridines such
as proflavin act as mutagens because they add or
delete & base or bases. The most striking evidence in
favour of this is that mutants produced by acridines
are seldom ‘leaky’; they are almost always completely
lacking in the function of the gene. Since our noté
was published, experimental data from two sources
have been added to our previous evidence: (1) we
have examined a set of 126 iy mutants made with
acridine yellow; of these ‘only 6 are leaky (typically
about half the mutants made with base analogues
are leaky); (2) Streisinger!® has found that whereas
mutants of the lysozyme of phage T4 produced by
base-analogues are usually leaky, all lysozyme
mutants produced by proflavin are negative, that is,
the function is completely lacking.

If an acridine mutant is produced by, say, adding &
base, it should revert to ‘wild-type’ by deleting a base.
Our work on revertants of F'C 0 shows that it usually

€rC,
Starting point
‘1 2 <« Overlopping code
1
(T O T I O [y

L —S e e - - -
] 2 3 erc.

NUCLEIC ACID -

Non-overlapping code

Fig. 1. To show the difference between an overlapping code and
a non-ovuhpplni ocode. The short vertical lines ret;leaent the
bases of the nuclelo acid. The case illustrated is for a triplet code
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reverts not by reversing the original mutation but by
producing & second mutation at a nearby point on
the genetic map. That is, by a ‘suppressor’ in the
same gene. In one case (or possibly two cases) it
may have reverted back to true wild, but in at least
18 other cases the ‘wild type’ produced was really a
double mutant with a ‘wild’ phenotype. Other
workers!* have found & similar phenomenon with
rn mutants, and Jinks'* has made a detailed analysis
of suppreasors in the hm gene.

The genetic map of these 18 suppressors of FC 0
is shown in Fig. 2, line a. It will be seen that they
all fall in the Bl segment of the gene, though not all
of them are very close to FC 0. They scatter over
& region about, say, one-tenth the size of the B
cistron. Not all are at different sites. We have
found eight sites in all, but most of them fall into
or near two close clusters of sites.

.In all cases the suppressor was a non-leaky r. That
is, it gave an r plaque on B and would not grow on K.
This is the phenotype shown by a complete deletion
of the gene, and shows that the function is lacking.
The only possible exception was one case where the
suppressor appeared to back-mutate so fast that we
could not study it.

Each suppressor, as we have said, fails to grow on
K. Reversion of each can therefore be studied by
the same procedure used for FC 0. In a few cases
these mutants apparently revert to the original wild-
type, but usually they revert by forming a double
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duced as suppressors of these suppressors. Again all
these new suppressors are non-leaky r mutants, and
all map within the Bl segment for one site in the
B2 segment.

Once again we have repeated the process on two
of the new suppressors, with the same general results,
as shown in Fig. 2, lines ¢ and j.

All these mutants, except the original FC 0,
occurred spontaneously. We have, however, pro-
duced one set (as suppressors of FC 7) using acridine
yellow as a mutagen. The spectrum of suppressors
we get (see Fig. 2, line k) is crudely similar to the
spontaneous spectrum, and all the mutants are
non-leaky r’s. We have also tested a (small) selection
of all our mutants and shown that their reversion-
rates are increased by acridine yellow.

Thus in all we have about eighty independent r
mutants, all suppressors of FU 0, or suppressors of
suppressors, or suppressors of suppressors of sup-
pressors. They all fa]ll within a limited region of
the gvne and they are all non-leaky r mutants.

The double mutants (which contain a mutation
plus its suppressor) which plate on K have a variety
of plaque types on B. Some are indistinguishable
from wild, some can be distinguished from wild with
difficulty, while others are easily distinguishable and
produce plaques rather like r.

"We have checked in a few cases that the pheno-
menon is quite distinct from ‘complementation’,
since the two mutants which separately are pheno-

mutant. Fig. 2, lines b—g, shows the mutants pro- typically r, and together are wild or pseudo-wild,
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must be put together in the same piece of genetio
material. A simultaneous infection of K by the
two mutants in separate viruses will not do.

The Explanation in Outline

Our explanation of all these facts is based on the
theory set out at the beginning of this article.
Although we have no direct evidence that the B
cistron produces & polypeptide ochain (probably
through an RNA intermediate), in what follows we
shall assume this to be so. To fix ideas, we
that the string of nucleotide bases is read, triplet by
triplet, from a starting point on the left of the B
cistron. We now suppoee that, for example, the
‘mutant FO 0 was produced by the insertion of an
additional base in the wild-type se . Then this
addition of a base at the FC 0 site will mean that the
% all the triplets to the right of FO 0 will

along one base, and will therefore be ineor-
rect. Thus the amino-acid sequence of the protein
which the B cistron is presumed to produce will be
completely altered from that point onwards. This
explains why the function of the gene is lacking. To
simplify the explanation, we now postulate that a
suppressor of FC 0 (for emple FC 1) is formed by
deleting & base. Thus when the FO 1 mutation is
present by itself, all triplets to the right of FO 1
will be read incorrectly and thus the function will be
absent. However, when both mutations are present
in the same piece of DNA, as in the pseudo-wild
double mutant FC (0 + 1), then although the
reading of triplete between FU 0 and FO 1 will be
altered, the ori will be restored to the
rest, of the gene. This could explain why such double
mutants do not always have a true wild phenotype
but are often pseudo-wild, since on our theory a
small length of their amino-acid sequence is different
from that of the wild-type.

For convenience we have designated our original
mutant FC 0 by the symbol + (this choice is a pure
oconvention at thir stage) which we have so far con-
sidered ae the addition of a single base. The suppres-
sors of FU 0 have therefore been designated —. The
suppreesors of these suppreesors have in the sa.me way
been labelled as +, and the suppressors of these last
sets have again been labelled — (see Fig. 2).
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Double Mutants

We can now ask : What is the character of any double
mutant we like to form by putting together in the
same gene any peir of mutants from our set of about
eighty ! Obviously, in some cases we already know
the answer, since some combinations of a + with a —~
were formed in order to isolate the mutants. But, by
definition, no pair consisting of one + with another +
has been obtained in this way, and there are many
combinations of + with — not so far tested.

Now our theory clearly predicts that all combina-
tions of the type + with + (or — with —) should
gwe an r phenotype and not plate on K. We have
}) together 14 such pairs of mutants in the cases
isted in Table 1 and found this prediction confirmed.

Table 1. DOUBLE MUTANTS HAVING THB r PHENOTYPR
- With - +Wlth+
FO(1 + 21) FO(0 + 88) PO (40 + b
PO!S+21) PCO+” 10404-58
FO(1 + 23) FC (0 + 56,
rcQa+9 IOO#-“; N40+M
FO(0 + 54) PO(40 + 38

At first sight one would ex “rect that all combinations
of the type (+ with —) would be wild or peeudo-wild,
but the situation is a little more intricate than that,
and must be considered more closely. This springs
from the obvious fact that if the code is made of
triplets, any long sequence of bases can be read
correctly in one way, but incorrectly (by starting
at the wrong point) in two different ways, depending
whether the frame’ is shifted one place to
the right or one place to the left.

If we symbolize a shift, by one place, of the reading
frame in one direction by — and in the oppoeite
direction by <, then we can establish the convention
that our + is always at the head of the arrow, and
our — at the tail. This is illustrated in Fig. 3.

We must now ask: Why do our suppressors not
extend over the whole of the gene ! The simplest
mte to make is that the shift of the readl.ng

produces some triplets the reading of which is
‘unacoeptable’; for example, they may be ‘nonsense’,
or md for ‘end the chain’, or be unacceptable in
some other way due to the comp].loatlons of protein
structure. This means that a suppressor of, say,
FO 0 must be within a region such
that no ‘unacceptable’ triplet is
duced by the shift in the

+
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preasor But, clearly, since for any

are {wo possible mis-
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= not outside it) the shift <—, starting
from points near FC 0, is acoeptable
over only a more limited stretch.
This is shown in Fig. 4. Some-
where in the left part of our region,
between FC 0 or FC 9 and the
FC 1 group, there must be one ar
more unacceptable triplets when
& <« shift is made; sumilarly for
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the region to the right of the FC 21 cluster. Thus
we predict that a combination of a + with a
— will be wild or pseudo-wild if it involves & —
shift, but that such pairs involving & < shift will be
phenotypically r if the arrow crosses one or more of
the forbidden places, since then an unacoeptable
triplet will be produced.

Table 2. DOUBLE MUTAKTS OF THE TYPE (+ WITH —)
x FC41 FPCO FC40 FC 42 FCB88* FOG8 FC38

rci w w w w w

FC 86 w w w w w

FC9Y r w w w w w

FO 82 r w w w w

FC 21 r w w w

FC 88 r r w w

FC 87 r r r r w

W, wild o wild notype; W, wild or pseudo-wild com-

bination used to thol?: e

g isola Tessor; f, 1 phomt}se.
* Double mutants formed with FC 58 (or with 84) give sharp
plaques on K.

We have tested this prediction in the 28 cases
shown in Table 2. We expected 19 of these to be
wild, or peeudo-wild, and 9 of them to have the r
phenotype. In all cases our prediction was correct.
We this as a striking confirmation of our
theory. It may be of interest that the theory was
constructed before these particular experimental
results were obtained.

Rigorous Statement of the Theory

So far we have spoken as if the evidence supported
a triplet oode, but this was simply for illustration.
Exactly the same results would be obtained if the
oode operated with ps of, say, 5 bases. Moreover,
our symbols + and — must not be taken to mean
literally the addition or subtraction of a single base.

It is easy to see that our symbolism is more exactly
as follows:

+ represents +m, modulo n
— represents —m, modulo n

where n (a positive integer) is the coding ratio (that
is, the number of bases which code one amino-acid)
and m is any integral number of bases, positive or
negative,

It can also be seen that our choice of reading
direction is arbitrary, and that the same results (to
a first approximation) would be obtained in whichever
direction the genetic material was read, that is,
whether the starting point is on the right or the left
of the gene, as conventionally drawn.

Triple Mutants and the Coding Ratio

The somewhat abstract desctiption given above is
necessary for generality, but fortunately we have
convincing evidence that the coding ratio is in fact
3 or a multiple of 3.

This we have obtained by constructing trjple
mutants of the form (4 with 4 with + ) or (— with —
with —). One must be careful not to make shifts

Table 8. TRIPLE MUTANTS ILVI:: A WILD OR PSEUDO-WILD PHENO-
FO(0
C

2888235
+++ttt
822328

+
+
+
+
+
+
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[ R i )
6T >t e
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Fig. 4. A llmn&unod version of the genetic map of Plg° 2. Each
line corresponds to the suppressor from one mutant, here under-
lined. The arrows show the range over which suppressors have so
far been found, the extreme mutants being named on the m‘::
Arrows to the right are shown solid, arrows to the left dot
across the ‘unacceptable’ regions for the < shifts,
but these we can avoid by a proper choice of mutants.
We have so far examined the six cases listed in
Table 3 and in all cases the triples are wild or pseudo-

The rather striking nature of this result can be
seen by considering one of them, for example, the
triple (FC 0 with FO 40 with FC 38). These three
mutants are, by themselves, all of like type (+). We
can say this not merely from the way in which they
were obtained, but because each of them, when
combined with our mutant FC 9 (—), gives the wild,
or pseudo-wild phenotype. However, either singly
or together in pairs they have an r phenotype, and
will not. grow on K. That is, the function of the
gene is absent. Nevertheless, the combination of all
three in the same gene partly restores the function
and produces a pseudo-wild phage which grows on K.

This is exactly what one would expect, in favourable
ocases, if the coding ratio were 3 or a multiple of 3.

Our ability to find the coding ratio thus depends
on the fact that, in at least one of our composite
mutants which are ‘wild’, at least one amino-acid
must have been added to or deleted from the poly-
peptide chain without disturbing the function of the
gene-product too greatly.

This is a very fortunate situation. The fact that we
can make these changes and can study so large a
region probably comes about because this
of the protein is not essential for ite function. That
this is so has already been suggested by Champe
and Benzer!? in their work on complementation in the
rip region. By a special test (combined infection on
K, followed by plating on B) it is possible to examine
the function of the A cistron and the B cistron
separately. A particular deletion, 1589 (see Fig. 5)
covers the right-hand end of the A4 cistron and part
of the left-hand end of the B cistron. Although
15689 abolishes the 4 function, they showed that it
allows the B function to be expressed to a considerable
extent. The region of the B cistron deleted by 1589
is that into which all our FO mutants fall.

Joining two Genes Together

We have used this deletion to re-inforce our idea
that the sequence is read in groups from a fixed
starting point. Normally, an alteration confined
to the A cistron (be it a deletion, an acridine mutant,
or any other mutant) does not prevent the expression
of the B cistron. Conversely, no alteration within
the B ocistron prevents the function of the A oistron.
This implies tgat there may be a region between the
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two cistrons which separates them and allows their
. functions to be expreesed individually.

We argued that the deletion 1589 will have lost
this separating region and thet therefore the two
(partly damaged) cistrons should have been joined
together. Experiments show this to be the case,
for now an alteration to the left-hand end of the
A cistron, if combined with deletion 1689, can prevent
the B function from appearing. This is shown in
Fig. 5. Either the mutant P43 or X142 (both of
which revert strongly with acridines) will prevent the
B function when the two cistrons are joined, although
both of these mutants are in the 4 cistron. This is
also true of X142 S1, a suppressor of X142 (Fig. 5,
case b). However, the double mutant (X142 with
X142 S1), of the type (+ with —), which by itself is
pseudo-wild, still has the B function when combined
with 1689 (Fig. 5, case c¢). We have also tested in this
way the 10 deletions listed by Benzer?, which fall
wholely to the left of 1589. Of these, three (386, 168
and 221) prevent the B function (Fig. 5, case f),
whereas the other seven show it (Fig. 5, case e). We
surmise that each of these seven has lost a number of
bases which is a multiple of 3. There are theoretical
reasons for expecting that deletions may not be
random in length, but will more often have lost a
number of bases equal to an integral multiple of the
coding ratio.

It would not surprise us if it were eventually shown
that deletion 1589 produces a protein which consists
of part of the protein from the A cistron and part
of that from the B cistron, joined together in the same
polypeptide chain, and having to some extent the
function of the undamaged B protein.

Is the Coding Ratio 3 or 6 ?

It remsains to show that the coding ratio is pro-
bably 3, rather tharn a multiple of 3. Previous rather
rough .extimates!?:1¢ of the coding ratio (which are
admittedly very unreliable) might suggeet that the
coding ratio is not far from 6. This would imply, on
our theory, that the alteration in FC 0 was not to one
base, but to two bases (or, more correctly, to an even
number of bases).

We have some additional evidence which suggests
that this is unlikely. First, in our set of 126 mutants
produced by acridine yellow (referred to earlier)
we have four independent mutants which fall at or

Function
o B
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Fig. 6. Summary of the results with deletion 1689. The first two
lines show that without 1589 a mutation or a deletion in the 4
olstron does not prevent the B cistron from functioning. Deletion
1689 (line 8) also allows the B olstron to function. The other
cases, in lome of which an alteration in the 4 clstron prevents

the t'unct.lon of the B oistron (when 1589 is also present),
discussed In the text. They have been labelled (03 (b) eto., for
(a) and (d) are not

convenlence of reference, u&
discussed in this paper. / lmpues nction; x implies no function
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Fig. 6. Genetic maj
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ot known which way round the map is
jon to the other figures

close to the FCO 9 site. By a suitable choice of
partners, we have been able to show that two are +
and two are —. Secondly, we have two mutants
(X146 and X225), produced by hydrazine!s, which
fall on or near the site FC 30. These we have been
able to show are both of type —.

Thus unless both acridines and hydrazine usually
delete (or add) an even number of bases, this evidence
supports a coding ratio of 3. However, as the action
of these mutagens .is not understood in detail, we
cannot be certain that the coding ratio is not 6,
although 3 seems more likely.

We have preliminary results which show that other
acridine mutants often revert by means of close
suppressors, but it is too sketchy to report here.
A tentative map of some suppressors of P 83, a
mutant at the other end of the B cistron, in segment
B 9a, is shown in Fig. 6. They occur within a shorter
region than the suppressors of FC 0, covering a
distance of about one-twentieth of the B eistron.
The double mutant WT (2 + 5) has the r phenotype,
as expected.

Is the Code Degenerate?

If the code is a triplet code, there are 64 (4 x 4 x 4)
possible triplets. Our results suggest that it is unlikely
that only 20 of these represent the 20 amino-acids
and that the remaining 44 are nonsense. If this
were the case, the region over which suppressors of
the FC 0 family occur (perhaps a quarter of the B
o:st-ton) should be very much smaller than we observe,
since a shift of frame should then, by chance, pro-
duce & nonsense reading at a much closer distance.
This argument depends on the size of the protein
which we have assumed the B cistron to produce.
We do not know this, but the length of the cistron
Buggests that the protein may contain about 200
amino-acids. Thus the code is probably ‘degenerate’,
that is, in general more than one triplet codes for
each amino-acid. It is well known that if this were
80, one could also account for the major dilemma of
the coding problem, natnely, that while the base
composition of the DNA can be very different in
different micro-organisms, the amino-acid composi-
tion of their proteins only changes by a moderate
amount!’. However, exactly how many triplets
code amino-acids and how many have other functions
we are unable to say.

Future Developments

Our theory leads to one very clear prediction.
Suppose one could examine the amino-acid sequence
of the ‘pseudo-wild’ protein produced by one of our
double mutants of the (+ with —) type. Conven-
tional theory suggests that since the geme is only
altered in two places, only two amino-acids would
be ohanged Our theory, on the other hand, predicts
that a string of amino-acids would be altered, covering
the region of the polypeptide chain corresponding
to the region on the gene between the two mutants.
A good protein on which to test this hypothesis is
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the lysozyme of the phage, at present being studied
chemically by Dreyer!” and genetically by Streisin-
er1o,

At the recent Biochemical Congress at Moscow, the
audience of Symposium I was startled by the
announcement of Nirenberg that he and Matthaei!®
had produced polyphenylalanine (that is, a poly-
peptide all the residues of which are phenylalanine)
by adding polyuridylic acid (that is, an RNA the bases
of which are all uracil) to a oell-free system which can
synthesize protein. This implies that a sequence of
uracils codes for phenylalanine, and our work suggests
that it is probably a triplet of uracils.

It is possible by various devices, either chemical or
enzymatic, to synthesize polyribonucleotides with
defined or partly defined sequences. If theee, too,
will produce specifioc polypeptides, the coding problem
is wide open for experimental attack, and in fact
many laboratories, including our own, are already
working on the problem. If the coding ratio is indeed
3, as our results suggest, and if the code is the same
throughout Nature, then the genetic code may well
be solved within a year.
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Transformation in Yeast: Evidence of a
Real Genetic Change by the Action
of DNA

IN a previous paper! a successful transformation
of yeast akin to the transformation of bacteria was
reported and it was shown by the normal Mendelian
segregation that the newly acquired abilities were
localized exclusively in the nucleus.

Deoxyribonucleic acid -(DNA) was extracted from
Saccharomyces chevalieri (Wsy,) *and dissolved in
brewery wort, which was used as culture medium for
the yeasts R, and K3S54; the donor yeast can ferment
sucrose and raffinose 1/3, but the acceptor can ferment
only mono-saccharides. After the DNA treatment.
cells were isolated which had acquired the ability to
ferment sucrose or both sucrose and raffinose. Back
crosses with the recessive yeast showed a regular
Mendelian segregation.

Harris and Thompson?, ropeating these experi-
ments, were unable to confirm the results, although
they used the same yeasts and the same extraction
method. Laskowski and Lochmann® also failed to
obtain a transformation in yeast, but these latter
workers did not report sufficient technical details to
allow judgment of their results in contrast to the
former.

Instead of going into the minor differences between
the technique used by Harris and Thompson and
by me, a general comment may be made which
might account for the negative results published.
According to my experience, it is not yet possible to
predict the biological activity of a DNA preparation.
Sometimes the extract is active, and hereditary
characters from one ycast are transferred into the
other yeast, whereas at other times no results can
be obtained. This might be ascribed either to (a)
inactivation of the extract, or to (b) incompetence of
the yeast. These varying results arc obtained without
any indication of the cause and without any demon-
strable change of the extraction method. Attempts
to trace the origin of this peculiar phenomenon have
been unsuccessful and work on the subject is proceed-

ing. Nevertheless, some of the experiments have
shown a transforming activity*-5.

The purification of the extracted DNA without loss
of activity has been attempted by fractionation by
means of the ion-exchange ‘Ecteola’-cellulose column.
As estimated by the absorption spectrum curves, very
pure fractions of DNA were obtained ; but the hope of
being able to fractionate in this way the DNA into
fractions containing only one gene or a restricted
number of genes was not realized. In these oxperi-
ments two haploid yeasts (Sacch. cerevisiae) deficient
in adenine and tryptophan respectively were
treated with these purified fractions of DNA pre-
pared from the diploid non-deficient yeast Sacch.
chevaliers. The former can ferment maltose, the latter
cannot ferment this sugar. The treated cultures were
sporulated on Fowel’s agar and in most instances
many asci were found, indicating the diploid state.
Single cell cultures which could not ferment maltose
were often obtained and were able to synthesize
adenine or tryptophan.

These experiments permit the conclusion that both
dominant and recessive characters can be trans-
ferred. Experiments with a negative result, that is.
without a transformation effect, point to the absence
of mutagenic factors in the DNA preparations. Thus
I have been able to hybridize non-sporulating yeasts,
for example, the bottom yeasts used in the brewing
industry, by the transformation procedure.

W. F. F. OPPENOORTH
Nationaal Instituut voor Brouwgerst,
Mout en Bier-T.N.O.,
Polderstraat 10, Rotterdam-265.
1 Op&e,noorth W. F. F., Antonie van Leeuwenhoek J. Microbiol. Serol..
129 30900), Huropean Brewery Conv. Proc. Seventh Cong.,

'Hanll, G and Thomplon. C. C., Nature, 188, 1212 (1060).

3 Lukowskl. W., and Lochmann, E. R., Naturwiss., 48, 225 (1961).
¢ Oppenoorth, W. F. F., Brewers' Digest, 35, 12, 61 (1960).

¢ Oppenoorth, W. F. F., European Brewery Conv Proc. Eighth Cong..
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On vanuary 11 one of our African staff, Mr. Kamoya
Kimeu, located a magnificent fossil hominid jaw in stlu
{see Figs. 6 and 7). This jaw, unlike specimens (4), (B),
(C) and (D) here, represents an unmistakable australo-
pithecine and provides, for the first time, a mandible
representing this sub-family from East Africa.

It will be recalled that in earlier notes in Nature and
elsewhere, we have stressed the fact that the juvenile
and the other fossil remains from site F.L.K.N.N. I, found
in 1960, did not represent an australopithecine such as
Australopithecus (Zinjanthropus) botsei, but were wholly
distinct and different. It was stated that these must be
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thought of as representing a contemporary and primitive
hominine branch of the Hominidae.

We refrained from giving a scientific name to the
material from site F.L.K.N.N. I—the juvenile and the
female—together with other specimens representing the
same type (the molar tooth from site M.K. I) until there
were better date on which to decide just where to place
this type of hominid in the taxonomic sequence. The new
material found in 1963 makes it possible to draw conclu-
sions and to give a diagnosis for a new species of the genus
Homo. This diagnosis and ‘a preliminary description by
Leakey, Tobias and Napier follow this article.

A NEW SPECIES OF THE GENUS HOMO FROM OLDUVAI GORGE
By Dr. L. S. B. LEAKEY

Coryndon Museum, Centre for Prehi

y and Pal logy

Pror. P. V. TOBIAS

University of Witwatersrand, Johannesburg

Dr. J. R. NAPIER

Unit of Primatology and Human Evolution, Royal Free Hospital Medical School,
University of London

HE recent discoveries of fossil hominid remains at

Olduvai Gorge have strengthened the conclusions—
which each of us had reached independently through our
respective investigations—that the fossil hominid remains
found in 1960 at site F.L.K.N.N. I, Olduvai, did not
represent a creature belonging to the sub-family Australo--
pithecinae *.

We were preparing to publish the evidence for this
oonolusion and to give a soientific name to this new species
of the genus Homo, when the new dispoveries, which are
described by L. 8. B. and M. D. Leakey in the preceding
article, were made.

An examination of these finds has enabled us to broaden
the basis of our diagnosis of the proposed new species and
has fully confirmed the presence of the genus Homo in
the lower part of the Olduvai geological sequence, earlier
than, contemporary with, as well as later than, the
Zinjanthropus skull, which is certainly an australopithe-
cine,

For the purpose of our description here, we have
accepted the diagnosis of the family Hominidae, as it was
proposed by Sir Wilfrid Le Gros Clark in his book The
Fossil Evidence for Human Evolution (110; 1955). Within
this family we acoept the genus Australopithecus with,
for the moment, three sub-genera (Australopithecus,
Paranthropus and Zinjanthrepus) and the genus Homo.
We regard Pit and possibly also Atlanthropus
(if it is indeed distinct) as species of the genus Homo,
although one of us (L. S. B. L.) would be prepared to accept
sub-generio rank.

It has long been recognized that as more and more
discoveries were made, it would become n to revise
the diagnosis of the genus Homo. In particular, it has
become clear that it is impossible to rely on only one or
two characters, such as the cranial capacity or an erect
posture, as the necessary criteria for membership of the
genus. Instead, the total picture presented by the
material available for investigation must be taken into
account.

We have come to the conclusion that, apart from
Australopithecus (Zinjanthropus), the specimens we are
dealing with from Bed I and the lower part of Bed II at
Olduvai represent a single species of the genus Homo
and ot an australopithecine. The speoies is, moreover,
m: m elllo Nature of March 7, pp. 967, 069, and preceding articles in
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clearly distinct from the previously recognized species of
the genus. But if we are to include the new material in
the genus Homo (rather than set up a distinot genus for it,
which we believe to be unwise), it becomes necessary to
revise the diagnosis of this genus. Until now, the definition
of Homo has usually centred about & ‘cerebral Rubicon’
variably set at 700 c.0. (Weidenreich), 750 c.c. (Keith) and
800 o.c. (Vallois). The proposed new definition follows:

Family HOMINIDAE (as defined by Le Gros Clark, 1965)
Genus Homo Linnseus.

Revtsed di 18 of the genus Homo. A genus of the
Hominidae with the following characters: the structure
of the pelvic girdle and of the hind-limb skeleton is
adapted to habitual erect posture and bipedal gait; the
fore-limb is shorter than the hind-limb; the pollex is
well developed and fully opposable and the hand is capable
not only of a power grip but of, at the least, a simple and
usually well developed precision grip t; the cranial capacity
is very variable but is, on the average, larger than the
range of capacities of members of the genus Australo-
pithecus, although the lower part of the range of capacities
in the genus Homo overlaps with the upper part of the
range in Australopithecus; the capacity is (on the average)
large relative to body-size and ranges from about 600 o.c.
in earlier forms to more than 1,600 c.c.; the muscular
ridges on the cranium range from very strongly marked to
virtually imperceptible, but the temporal crests or lines
never reach the midline; the frontal region of the cranium
is without undue post-orbital constriction (such as is
common in members of the genus Australopithecus); the
supra-orbital region of the frontal bone is very variable,
ranging from a massive and very salient supra-orbital
torus to a complete lack of any supra-orbital projection
and a smooth brow region; tho facial skeleton varies from
moderately prognathous to orthognethous, but it is not
concave (or dished) as is common in members of the
Australopithecinae; the anterior symphyseal contour
varies from a marked retreat to a forward slope, while
the bony chin may be entirely lacking, or may vary from
a slight to a very strongly developed mental trigone; the
dental arcade is evenly rounded with no diastema in most
members of the genus; the first lower premolar is clearly
bicuspid with a variably developed lingual cusp; the

1 For the definition of ‘power grip’ and ‘precision ', see Napler, J. B..
J. Bone and Joint Surg., &?B. 902%1966). P wip P
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molar teeth are variable in size, but in general are small
relative to the size of these teeth in the genus Australo-
pithecus; the size of the last upper molar is highly variable,
but it is generally smaller than the second upper molar and
commonly also smaller than the first upper molar; the
lower third molar is sometimes appreciably larger than the
second; in relation to the position seen in the Hominoidea
a8 & whole, the canines are small, with little or no over-
lapping after the initial stages of wear, but when compared
with those of members of the genus Australopi , the
incisors and canines are not very small relative to the
molars and premolars; the teeth in general, and particu-
larly the molars and premolars, are not enlarged
bucco-lingually as they are in the genus Australopithecus;
the first deciduous lower molar shows a variable degree of
molarization.

Genus Homo Linnmus

Species  habilis sp. nov.

(Note: The specific name is taken from the Latin,
meaning ‘able, handy, mentally skilful, vigorous’. We are
indebted to Prof. Raymond Dart for the suggestion that
habilis would be a suitable name for the new species.)

A species of the genus Homo characterized by the
following features:

A-mean cranial capacity greater than that of members
of the genus Australopithecus, but smaller than that of
Homo erectus; muscular ridges on the cranium ranging
from slight to strongly marked; ochin region retreating,
with slight or no development of the mental trigone;
maxille and mandibles smaller than those of Australo-
pithecus and within the range for Homo erectus and Homo
sapiens; dentition characterized by incisors which are
relatively large in comparison with those of both
A g and Homo erectus; oanines which are
proportionately large relative to the premolars; premolars
which are narrower (in buoco-lingual breadth) than those
of Australopithecus, but whioch fall within the range for
Homo erectus; molars in which the absolute dimensions
range between the lower part of the range in Australo-
pithecus and the upper part of the range in Homo erectus;
a marked tendency towards bucco-lingual narrowing and
mesiodistal elongation of all the teeth, which is i
evident in the lower premolars (where it expresses iteelf
as & marked elongation of the talonid) and in the lower
molars (where it is accompanied by a rearrangement of the
distal cusps); the sagittal curvature of the parietal bone
varies from slight (within the hominine range) to moderate
(within the australopithecine range); the external sagittal
curvature of the occipital bone is slighter than in
Australopithecus or in Homo erectus, and lies within the
range of Homo sapiens; in ourvature as well as in some
other morphological traits, the clavicle resembles, but is
not identical to, that of Homo sapiens sapiens; the hand
bones differ from those of Homo : sapiens in
robustness, in the dorsal curvature of the shafts of the
phalanges, in the distal attachment of flexor digitorum
superficialis, in the strength of fibro-tendinous markings,
in the orientation of trapezium in the carpus, in the form
of the scaphoid and in the marked depth of the carpal
tunnel; however, the hand bones resemble those of Homo
sapiens sapiens in the presence of broad, stout, terminal
phalanges on fingers and thumb, in the form of the distal
artioular surface of the capitate and the ellipsoidal form
of the metacarpo-phalangeal joint surfaces; in many of
their characters the foot bones lie within the range of
variation of Homo sapiens sapiens; the hallux is stout,
adduocted and plantigrade; there are well-marked longi-
tudinal and transverse arches; on the other hand, the 3rd
metatarsal is relatively more robust than it is in modern
man, and there is no marked difference in the radii of
curvature of the medial and lateral profiles of the trochles
of the talus.

Geological horizon. Upper Villafranchian and Lower
Middle Pleistocene.
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Type. The mandible with dentition and the associated
upper molar, parietals and hand bones, of a single juvenile
individual from site F.L.K.N.N. I, Olduvai, Bed I.

This is catalogued as Olduvai Hominid 7.

Paratypes. (@) An incomplete cranium, comprising
fragments of the frontal, parts of both parietals, the
greater part of the ocoipital, and parts of both temporals,
together with an associated mandible with canines,
premolars and molars complete on either side but with the
crowns of the incisors damaged, parts of both maxille,
having all the cheek teeth except the upper left fourth
premolar. The ocondition of the teeth suggests an
adolescent. This specimen, from site M.N.K. II, Olduvai,
Bed II, is catalogued as Olduvai Hominid 13.

(b) The associated hand bones, foot bones and prob-
ably the clavicle, of an adult individual from site
F.L.LK.N.N. 1, Olduvai, Bed I. This is catalogued as
Olduvai Hominid 8.

(c) A lower premolar, an upper molar and cranial frag-
ments from site F.L.K. I, Olduvai, Bed I (the site that
yielded also the Australopithecus (Zinjanthropus) skull).
This is catalogued as Olduyai Hominid 8. (It is possible
that the tibia and fibula i{und at this site belong with
Homo habilis rather than with Australopithecus (Zinjan-
thropus). These limb bones have been reported on by Dr.
P. R. Davis (Nature, March 7, 1964, p. 967).

(d) A mandibular fragment with a molar in position and
assoociated with a few fragments of other teeth from site
M.K. I, Olduvai, Bed I. This specimen is catalogued as
Olduvai Hominid 4.

Description of the type. Preliminary descriptions of the
specimens which have now been designated the type of
Homo habilis, for example, the parts of the juvenile found
at site F.L.LK.N.N. I in 1960, have already been pub-
lished in Nature by one of us (189, 649; 191, 417;
1961). A further detailed description and report on the
parietals, the mandible and the teeth arein active prepara-
tion by one of us (P. V. T.), while his report on the cranial
capacity (preceding article) as well as a preliminary note
on the hand by another of us (Nature, 196, 409; 1962)
have been published. We do not propose, therefore, of
give a more detailed description of the type here.

Description of the paratypes. A preliminary note on the
olavicle and on the foot of the adult, which represents
paratype (b), was published in Nature {188, 1050; 1961),
and a further report on the foot by Dr. M. H. Day and
Dr. J. R. Napier was published in Nature of March 7,
1964, p. 969.

The following additional preliminary notes on the
other paratypes have been prepared by one of us
(P.V.T.).

Description of Paratypes

(a) Olduvai Hominid 13 from M.N.K. II. An adolescent
represented by & nearly complete mandible with complete,
fully-erupted lower dentition, a right maxillary fragment
including palate and all teeth from P* to M3, the latter in

rocess of erupting; the corresponding left maxillary
Pragment with M1 to M?, the latter likewise erupting, the
isolated left P*; parts of the vault of a small, adult
cranium, comprising much of the occipital, including part
of the posterior margin of foramén magnum, parts of both
parietals, right and left temporosphenoid fragments, each
including the mandibular fossa and foramen ovale. The
distal half of a humeral shaft (excluding the distal
extremity) may also belong to Olduvai Hominid 13. The
corpus mandibulae is very small, both the height and
thickness at M, falling below the australopithecine range
and within the hominine range. All the teeth are small
ocompared with those of Australopithecinae, most of the
dimensions falling at or below the lower extreme of the
australopithecine ranges. On the other hand, practically
all the dental dimensions can be accommodated within the
range of fossil Homininae. The Olduvai Hominid 13 teeth
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show the characteristic mesiodistal elongation and
labiolingual narrowing, in some teeth the L/B index
exoeeding even those of the type Olduvai Hominid 7, and
paratype Olduvai Hominid 8. The oocipital bone has a
relatively slight sagittal curvature, the ipital Bagittal
Index being outside the range for australopithecines and
for Homo erectus pekinensis and within the range for Homo
sapiens. On the other hand, the parietal sagittal curvature
is more marked than in all but one australopithecine and
in all the Pekin fossils, the index falling at the top of the
range of population means for modern man. Both parietal
and occipital bones are very small in size, being exceeded
in some dimensions by one or two australopithecine crania
and falling short in all dimensions of the range for Homo
erectus pekinensis. The form of the ietal—antero-
postenorly elongated and bilaterally narrow, with & fairly
abrupt lateral descent in the plane of the parietal boss—
reproduces closely these features in the somewhat larger
parietal of the type specimen (Olduvai Hominid 7 from
F.LK.N.N.I).

(b) Olduvas Hominid 6 from F.L.K. I. An unworn lower
left premolar, identified as Py, an unworn, practically com-
plete crown and partly developed roots of an upper molar,
either M* or M®, as well as a number of fragments of
cranial vault. These remains were found at the Zinjan-
thropus site and level, some tn situ and some on the surface.
Both teeth are small for an australopithecine, especially
in buccolingual breadth, but large for Homo erecéus. The
marked tendency to elongation and narrowing im; to
both teeth an L/B index outside the range for all klmown
australopithecine homologues and even beyond the range
for Homo erectus pekinensis. The elongating-narrowing
tendency is more marked in this molar than in the upper
molar belo to the type specimen (Olduvai Hominid
7) from F.L.K.N.N. 1.

(¢) Olduvai Hominid 8 from F.L.K.N.N. I. Remains of
an adult individual found on the same horizon as the typs
specimen, and represented by two complete proximal
phalanges, a fragment of a rather heavily worn toot.h
(premolar or molar), and a set of foot-bones
most of the specializations associated with the p tlgrade
propulsive feet of modern man. Probably the clavicle
found at this site belongs to this adult rather than to the
juvenile type-specimen; it is characterized by clear overall

ities to the clavicle of Homo sapiens sapiens.

(d) Olduvai Hominid 4 from M K. I. A fmgmont of the
posterior part of the left corpus mandibulae, containing
a well-preserved, fully erupted molar, either M, or M,.
The width of the mandible is 19-2 m level with the mesial
half of the molar, but the maximum width must have
been somewhat greater. The molar is 15-1 mm in mesio-
distal length and 13:0 mm in buccolingual breadth; it is
thus & small and narrow tooth by australopithecine
standards, but large in comparison with Homo erectus
molars. There are several other isolated dental fragments,
including a moderately worn molar fragment. These are
strati, graphnoally the oldest hominid remains yet discovered
at Olduvai

Referred Material

Olduvaé Hominid 14 from MMW.K. II, (1) A juvenile
reprosented by a fra.gment of the right parietal with clear,
unfused sutural margins; two emaller vault fragments with
sutural margins; a left and a right temporal fragment,
each including the mandibular fossa.

(2) A fragmentary skull with parts of the upper and lower
dentition of a young adult from site F.L.K. 1I, Maiko
Gully, Olduvai, Bed II, is also provisionslly referred to
Homo habilis. This specimen is catalogued as Olduvai
Hominid 16. It is represented by the complete upper
right dentition, as well as some of the left maxillary teeth,
together with some of the mandibular teeth. The skull
fragments include parts of the frontal, with both the
external orbital angles preserved, as well as the supra-
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orbital region, except for the glabella; parta of both
parietals and the occipital are also represented

Implications for Hominid Phylogeny

In preparing our diagnosis of Homo habilis, we have not
overlooked the fact that there are several other African
(and perhaps Asian) fossil hominids whoee status may now
require re-examination in the light of the new disooveries
and of the setting up of this new ies. The specimens
originally described by Broom and Robinson as Telanthro-
pus capensis and which were later transferred by Robinson
to Homo erectus may well prove, on closer comparative
investigation, to belong to Homo habilis. The Kanam
mandibular fragment, discovered by the ition in
1932 by one of us (L. S. B. L.), and whioh has shown
to possess archaic features (Tobias, Nature, 185, 946 ; 1060),
may well )u.stnfy further investigation along theee linee.
The Chad oraniofacial fragment, provisionally
desonbed by M. Yves Coppens in 1962, as an australo-
pithecine, is not, we are oonvinced, a8 member of this
sub-family. We understand that the discoverer himself,
following his investigation of the australopithecine
originals from South Africa and Tanganyika, now
shares our view in this respect. We believe that it
is very probably a northern representative of Homo
habilis

Outeide Afrioa, the possibility will have to be considered
that the teeth and cranial fragments found at Ubeidiyah
on the Jordan River in Israel may also belong to Homo
habilis rather than to Australopitheous.

Cultural Association

When the skull of Australopithecus (ijanﬂwopm)
botses was found on a living floor at F.L.K. I, no remains
of any othortyroofhommdwroknownfromthoecly
part of the Olduvei sequence. It seemed reasonable,
therefore, to assume that this skull represented the makeu
of the Oldowan culture. The subsequent discovery of
remains of Homo habilis in assooiation with the Oldowan
oulture at- three other sites has considerably altered the
position. While it is possible that Zinjonthropus and
Homo habilis both made stone tools, it is probable that the
latter was the more advanced tool maker and that the
Zsinjanthropus skull represents an intruder (or a victim)
on a Homo habilis living site.

The recent discovery of a rough oircle of loosely piled
stones on the living floor at site D.K. I, in the lower part
of Bed I, is noteworthy. This site is geologically oon-
temporary with M.K. I, less than one mile distant, where
remains of Homo hobfdtgap\:ibeen found. I‘G'se;ma that
the early hominids of thi od were capable of making
rough shelters or windbreaks and it is likely that Homo
habilis may have been responsible.

Relationship to Australopithecus (Zinjanthropus)

The foesil human remains representing the new species
Homo habilis have been found in Bed I and in the lower
and middle part of Bed II. Two of the sites, M.K. I and
F.LK.N.N. 1, are geologically older than that which
yielded the skull of the australopithecine Zinjanthropus.
One site, F.L.K. I, has yielded both Australopithecus
(Zinjonthropus) and remains of Homo Aabilie, while two
sites are later, namely M.N.K. II and F.L.K. II Maiko
gully. The new mandible of Australopithecus (Zinjanthro-
pus) t from Lake Natron, reported in the preoodmg
article by Dr. and Mrs. Leakey, was associated with a
fauna of Bed II affinities.

It thus seems clear that two different branches of the
Hominidee were evolving side by side in the Olduvai
region during the Upper Villafranchian and the lower part
of the Middle Pleistocene.
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Viral RNA-dependent DNA Polymerase

Two independent groups of investigators have found evidence of
an enzyme In virions of RNA tumour viruses which synthesizes
DNA from an RNA template. This discovery, if upheld, will have
important implications not only for carcinogenesis by RNA viruses
but -also for the general understanding of genetic transcription:
apparently the classical J>rocess of information transfer from DNA
to RNA can be inverte

RNA-dependent DNA Polymerase
in Virions of RNA Tumour Viruses

DNA seems to have a critical role in the multiplication and
transforming ability of RNA tumour viruses!. Infection
and transformation by these viruses can be prevented by
inhibitors of DNA synthesis added during the first 8-12 h
after exposure of cells to the virus'-4, The necessary DNA
synthesis seems to involve the production of DNA which is
genetically specific for the infecting virus®:®, although
hybridization studies intended to demonstrate virus-
specific DNA have been inconclusive!. Also, the formation
of virions by the RNA tumour viruses is sensitive to
actinomycin D and therefore seems to involve DNA.
dependent RNA synthesis!-4:?, One model which explains
these data postulates the transfer of the information of
the infecting RNA to a DNA copy which then serves as
template for the synthesis of viral RNA®%?. This model
requircs & unique enzyme, an RNA dependent DNA
polymerase.

No cnzyme which synthesizes D‘IA from an RNA
template has been found in any type of cell. Unless
such an enzyme exists in uninfected cells, the RNA
tumour viruses must either induce its synthesis soon after
infection or carry the enzyme into the cell as part of the
virion. Precedents exist for the occurrence of nucleotide
polymerases in the virions of animal viruses. Vaccinia®*—
a DNA virus, Reo!*'—a double-stranded RNA virus,
and vesicular stomatitis virus (VSV)*—a single-stranded
RNA virus. have all been shown to contain RNA poly-
merases. This study demonstrates that an RNA-depen-
dent DNA polymerase is present in the virions of two
RNA tumour viruses: Rauscher mouse leukaemia virus
(R-MLV) and Rous sarcoma virus. Temin!* has also
identified this activity in Rous sarcoma virus.

Incorporation of Radioactivity from
R-MLV

A preparation of purified R-MLV was incubated in
conditions of DNA polymerase assay. The preparation
incorporated radioactivity from 3H-TTP into an acid-
insoluble product (Table 1). The reaction required
Mg+, although Mn*+ could partially substitute and each
of the four deoxyribonucleoside triphosphates was neces-
sary for activity. The reaction was stimulated strongly
by dithiothreitol and weakly by NaCl (Table 1). The
kinetics of incorporation of radioactivity from SH-TTP
by R-MLV are shown in Fig. 1, curve 1. The reaction rate
accelerates. for about 1 h and then declines. This time-

*H-TTP by

.

course may indicate the occurrence of a slow activation
of the polymerase in the reaction mixture. The activity
is approximately proportional to the amount of added
virus.

For other viruses which have nucleotide polymerases
in their virions, there is little or no activity demonstrable
unless the virions are activated by heat, proteolytic
enzymes or detergents®-'*. None of these treatments
increased the activity of the R-MLV DNA polymerase.
In fact, incubation at 50° C for 10 min totally inactivated
the R-MLV enzyme as did inclision of trypsin (50 ug/ml.)
in the reaction mixture. Addition of as little as 0-01
per cent ‘Triton N-101' (a non-ionic detcrgent) also
markedly depressed activity.

Table 1. PROPERTIES OF THE P%AVSCBEI MOUSE LEUKAEMIA VIRUS DNA
LYMERAS

pmoles *H-TMP

Reaction system incorporated In 45 min

Complete 331
Without magnesium acetate 0-04
Without magnesium acetate + 6 mM MnCl, 1-50
Without dithiothreitol 038
Without NaCl 2:18
‘Without dATP <010
‘Without dCTP 012
Without dGTP <010

tion of R-MLV was provided by the Viral Resources Program of
] Cancer Institute. The virus had been purified from the plasma

the r?"

of Infected Swiss mice by differential centrifuga ',Ion The tlon had a
t.lt.reme 0t-%e splrn en| mlnlﬂm es (50 r cem, end ln d :h p.rﬂn:
use on was cel l.n e

m'ba h 0187 3 Nath 0008 ld RO M to buffer

was

(pH N)-M mM EDTA (PBS-EDTA) at 1/zo of the ln|t volume The
4 virus contained 8-1 mg/ml. of in. The

ined lno'lml Gpmolel'.l‘rlo-l'l pnsamw G.Oﬂpmole

te, 8 umoles NaCl, 2 umoles dithlothreltol, 0-08 xmol euh
ml' dCTl and dGTP, 0-001 mnole ['H»ﬁullwl 'l"l‘l; (708 c.p. l:
pmole) England Nuclear) nmi T

'he reac
mixture wull.ncnbcted for 45 min a C ”‘l’he ul\r ingoluble rsdloscuvlty

p! a8 rmined b n of sodium pha
carrier yeast RNA and trichloroacetic M!ld followed by llltntmpthmuh a
embrane filter and countllﬁ in a scintillation spectrometer, I“ as previously
awﬂhed“ The ty of an unincubated nmP subtracted
from each value (less than 7 per cent of the Incorporation in the complete
reactlon mixture).

Characterization of the Product

The nature of the reaction product was investigated by
determining its sensitivity to various treatments. The
product could be rendered acid-soluble by either pancreatic
deoxyribonuclease or micrococcal nuclease but was
unaffected by pancreatic rib or by alkaline
hydrolysis (Table 2). The product therefore has the pro-
perties of DNA. If 50 pg/ml. of deoxyribonuclease was
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added to a reaction mixture there was no loss of
acid-insoluble product. The product is therefore protected
from the enzyme, probably by the envelope of the virion,
although merely diluting the reaction mixture into 10 mM
MgCl, enables the product to be digested by deoxyribo-
nuclease (Table 2).

Table 2. CHARACTERIZATION OF THE POLYMERASE PRODTCT

Percentage
Expt. Treatment Acid-insoluble  undigested
radioactivity product
1 Untreated 1,425 (100)
20 ug deoxyribonuclease 126 ]
20 ug micrococcal nuclease 69 5
20 ug ribonuclease 1,361 96
2 Untreated 1,644 (100)
NaOH hydrolysed 1,684 100
Fer ex riment 1, 93 ug cf viral proteln was incubated for 2 h in a reaction
mixture twice the slze of that described in Table 1, with *H-TTP having a

lpecnﬂc Actlvl&r of 1, 1ss ¢.p.m. per fmole A 50 ul. ‘Ponlcn of the reaction
mixture w: 5 ml. with mM MgCl, and 0-5 ml. aliquots were
incubated for 1-6 h lt 37’ C with the Indlclted enzymel The sample with
micrococcal nuclaase also contained 5 mM CaCl,.) The umples were then
chilled, with tri tic acld ln radioactivity was counted.
For experiment 2, two .undnd reaction mlxtu.rel were incubated for 45 min
at 87° then to one sample was added 0-1 ml. of 1 M NaOH and it was boiled
for 6 min, It was then chilled and both lnmplee were precipltated with
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Fig. 2. Localization of DNA polfmerase activity in R-MLV by iso-
pycnic eenmm?ntlon A preparation of R-MLYV containing 150 ug of
proteln in 50 was layered over a linear 5-2 ml, gradient of 15-50 per
cent sucrose In PBS—EDTA After centrifugation for 2 h at 60,000 r.p.m.
In the Splnco ‘SW65' rotor, 0-27 ml. fractions of the gradlent were

ted and 0-1 ml, portions of each fraction were incubated for 60 min

tic acld and In
1t was shown that the nlknllne hydmlylls wndltlonl wou.ld compleufy degnde)
the RNA product of the VSV virion polymerase.

Localization of the Enzyme and its Template

To investigate whether the DNA polymerase and its
template were associated with the virions, a R-MLV sus-
pension was centrifuged to equilibrium in a 15-50 per cent
sucrose gradient and fractions of the gradient were assayed
for DNA polymerase activity. Most of the activity was

- »
4 =3

SH.TMP incorporated (c.p.m. x 10-%)
[
o

ﬁ . Incorporation of radloactivity from *H-TTP by the R-MLV
A polymerase in the and of ri A 1-5-fold
standard reaction mixture was prepned with 30 ug of viral protein and
*H-TTP (specific activity 950 cpm. per pmole). t various times,
20 pl sllquot- were added to ml. of -1 M
E‘ hate and aclid lmolublo radlmtlvlty wu determined’*,
or the relncubaeed samples, 0-06 ml. of H,0 and 0-01 ml. of R-MLV
(30 ug proteln) were lncubated with or w’uhout 10 ps of p.ncrutlc
t 22° C for 20 min, chilled and brought to wnh
eoneentnted mlxmre of the componenta of the may system. Curv
not e 2, 0 ug ribonuclease ndded
to the reaction mlxture, curve 4, pnlncubated wlth 10 ug ribonuclease.

226, 1209; 1970

In a standard reaction mixture. The Aeld-rnclpltable radloactivity

was then collected and counted. The density of each fraction was

determined from its refractive index. The arrow indicates the position

of a sharp, visible band of 1i t-ut;nn%ring material which occurred at a
ensity of

found at the position of the visible band of virions (Fig. 2).
The density at this band was 1-16 g/ecm?, in agreement
with the known density of the virions!4. The polymerase
and its template therefore seem to be conatituents of the
virion.

The Template Is RNA

Virions of the RNA tumour viruses contain RNA but no
DNA!.18, The template for the virion DNA polymerase
is therefore probably the viral RNA. To substantiate
further that RNA is the template, the effect of ribo-
nuclease on the reaction was investigated. When 50
ug/ml. of pancreatic ribonuclease was included in the
reaction mixture, there was a 50 per cent inhibition of
activity during the first hour and more than 80 per cent
inhibition during the second hour of incubation (Fig. 1,
curve 3). Ifthe virions were preincubated with the enzyme
in water at 22° C and the components of the reaction mix-
ture were then added, an earlier and more extensive
inhibition was evident (Fig. 1, curve 4). Preincubation
in water without ribonuclease caused only a slight in-
activation of the virion polymerase activity (Fig. 1,
curve 2). Increasing the concentration of ribonuclease
during preincubation could inhibit more than 96 per cent
of the DNA polymerase activity (Table 3). To ensure
that the inhibition by ribonuclease was attributable to the
enzymic activity of the added protein, two other basic
proteins were preincubated with the virions. Only ribo-
nuclease was able to inhibit the reaction (Table 3). These
experiments substantiate the idea that RNA is the tem-
plate for the reaction. Hybridization experiments are in
progress to determine if the DNA is complementary in
base sequence to the viral RNA.

Ability of the Enzyme to Incorporate Ribonucleotides

The deoxyribonucleotide incorporation measured in
these experiments could be the result of an RNA poly-
merase activity in the virion which can polymerize
deoxyribonucleotides when they are provided in the
reaction mixture. The VSV RNA polymerase and the
R-MLV DNA polymerase were therefore compared. The
VSV RNA polymerase incorporated only ribonucleotides.
At its pH optimum of 7-3 (my unpublished observation),
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in tho presence of the four common ribonucleoside
triphosphates, the enzyme incorporated *H-GMP exten-
sively!3. At this pH, however, in the presence of the four
deoxyribonucleoside triphosphates, no *H-TMP incorpora-
tion was demonstrable (Table 4). Furthermore, replace-
ment of even a single ribonucleotide by its homologous
deoxyribonucleotide led to no detectable synthesis (my
unpublished observation). At pH 8-3, the optimum for
the R-MLV DNA polymerase, the VSV polymerase cata-
lysed much less ribonucleotide incorporation and no
significant deoxyribonucleotide incorporation could be
detected.

Table 3. EFFECT OF RIBONUCLEASE ON THE DNA POLYMERASE ACTIVITY
OF RAUSCHER MOUSE LEUKAEMIA VIRUS

pmoles *H-TMP

Conditions incorporation
No preincubation 2:60
Preincubated with no addition 2:20
Preincubated with 20 ug/ml. ribonuclease 069
Preincubated with 50 ug/ml. ribonucleass 031
Preincubated with 200 xg/ml. ribonuclease 0-08
Prelncubated with no addition 8-69
Preincubated with 50 ug/ml. ribonuclease 0-52
Preincubated with 50 ug/ml. lysozyme 3-67
Preincubated with 50 ug/ml. cytochrome ¢ 397

In experiment 1, for the prelncuhnlon, 15 ug of viral protein in § ul. of
solution was added 'to ul. of water at 4° C contalning the indicated amounts
of enzyme. _After Incubatlon for 30 min at 22° C, the samples were chilled
and 50 ul. of a 2-fold concentrated standard reaction mixture was added. The
snmplus were then incubated at 37° C for 45 min and acld-insoluble radio-
activity was measurcd. In experiment 2, the same procedure was followed,
except. that the preincubation was for 20 min at 22° C and the 37° C incuba-
tion was for 60 min.

Table 4. COMPARISON OF NUCLEOTIDE INCORPORATION BY VESICULAR
STOMATITIS VIRUS AND RAUSCHER MOUSE LEUKAEMIA VIRUS

Incorporation in 45 min (pmoles)
use

Precursor rH Vesicular 0
stomatitis virus leukacinia virus
SH-TTP 83 <001 23
3H-TTP (omit dATP) 83 N.D. 0-08
*H-TTP (omit dATP; plus ATP) 83 N.D. 0-08
*H-GTP 83 043 <003
SH-GTP 73 7 <003

When *H-TTP was the]g tandard 1 ditl sed
(see Table 1). When *H-GTP w the precursor, the reactlon mlxture
contained, In 0-1 ml., 6 umoles Tris-HCI (pH as indicated), 0-8 umoles m:
nesium acetate, 0-3 ymoln mercaptoethanol, 9 umoles NaCl, 0- 08 umole eac]
of ATP, CTP, UTP and 0-001 #mole YH-GTP (1,040 c.p.m. gmole) All
VSV assays included 01 per cent ‘Triton N-101" (rcf 12) and 2-5 ug of viral
protein. The R-MLV assays contained 15 ug of viral protein.

The R-MLV polymerase incorporated only deoxyribo-
nucleotides. At pH 8-3, *H-TMP incorporation was readily
demonstrable but replacement of dATP by ATP com-
pletely prevented synthesis (Table 4). Furthermore, no
significant incorporation of SH-GMP could be found in
the presence of the four ribonucleotides. At pH 7-3, the
R-MLYV polymerase was also inactive with ribonucleotides.
The polymerase in the R-MLV virions is therefore highly
specific for deoxyribonucleotides.

DNA Polymerase in Rous Sarcoma Virus

A preparation of the Prague strain of Rous sarcoma virus
was assayed for DNA polymerase activity (Table 5).
Incorporation of radioactivity from H-TTP was demon-
strable and the activity was severely reduced by omission
of either Mg?+ or dATP from the reaction mixture. RNA-
dependent DNA polymeraso is therefore probably a con-
stituent of all RNA tumour vituses.

Theseo experiments indicate that the virions of Rauscher
mouse leukaemia virus and Rous sarcoma virus contain a
DNA polymerase. The inhibition of its activity by ribo-
nucleaso suggests that the enzyme is an RNA-dependent
DNA polymerase. It seems probable that all RNA tumour
viruses have such an activity. The existence of this
enzyme strongly supports the earlier suggestions!-? that
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genetically specific DINA synthesis is an early event in the
replication cycle of the RNA tumour viruses and that
DNA is the template for viral RNA synthesis. Whether
the viral DNA (‘“‘provirus”)? is integrated into the host
genome or remains as a free template for RNA synthesis
will require further study. It will also be necessary to
determine whether the host DNA-dependent RNA poly-
merase or a virus-specific enzyme catalyses the synthesis
of viral RNA from the DNA.

Table 5. PROPERTIES OF THE ROUS SARCOMA VIRUS DNA POLYMERASE
pmoles *H-TMP

Reaction system incorporated in 120 min
Complete 2:00
‘Without magnesium acetate 012
Without dATP 019

A preparation of the Prague strain (sub-group C) of Rous sarcoma virus'*
having a titre of 6 x 107 focus formlnﬁnnlu per ml. was provided by Dr Peter
Vogt. The virus was purified froi ue culture fluld J' differential centri-
fugation. Before use the preparation was centrifugzd and the pellet dluolved
ln 1/10 of the Initial volume as described for the R- MLV prepantlon

assay 15 ul. of the trated Rous
mayed in a standard reaction mixture by Incubatlon ror 2 h. An uni n
bated control sample had radioactivity corresponding to 0-14 pmole whlch
was subtracted from the experimental values.

I thank Drs G. Todaro, F. Rauscher and R. Holdenreid
for their assistance in providing the mouse leukaemia virus.
This work was supported by grants from the US Public
Health Service and tho American Cancer Society and was
carried out during the terture of an American Society
Faculty Research Award.
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RNA-dependent DNA Polymerase in
Virions of Rous Sarcoma Virus

INFECTION of sensitive cells by RNA sarcoma viruses
requires the synthesis of new DNA different from that
synthesized in the S-phase of the cell cycle (refs. 1, 2 and
unpublished results of D. Boettiger and H. M. T.);
production of RNA tumour viruses is sensitive to actinc-
mycin D*¢; and cells transformed by RNA tumour
viruses have new DNA which hybridizes with viral
RNAS¢, These are the basic observations essential to the
DNA provirus hypothesis—replication of RNA tumour
viruses takes place through a DNA intermediate, not
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through an RNA intermediate as does the replication of
other RNA viruses’.

Formation of the provirus is normal in stationary '

chicken cells exposed to Rous sarcoma virus (RSV), even
in the presence of 0-5 pg/ml. cycloheximide (our un-
published results). This finding, together with the
discovery of polymerases in virions of vaccinia virus
and of reovirus®-11, suggested that an enzyme that would
synthesize DNA from an RNA template might be present
in virions of RSV. We now report data supporting the
existence of such an enzyme, and we learn that David
Baltimore has independently discovered a similar enzyme
in virions of Rauscher leukasmia virus's.
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h Kinetics of Incorporation. Virus treated with 'Nonldet' And
dithlothreitol at 0° C and incubated'at 37° C (O—O) 0r 80°C (A - - =
for 10 min was assayed in a stan mi Polymense assay. O, nheuu

The sources of virus and methods of concentration have
been described!?, All preparations were carried out in
sterile conditions. Concentrated virus was placed on a
layer of 15 per cent sucrose and centrifuged at 25,000
r.p.m. for 1 h in the ‘SW 28.1’ rotor of the Spinco ultra-
centrifuge on to a cushion of 60 per cent sucrose. The
virus band was collected from the interphase and further
purified by equilibrium sucrose density gradient centrifu-
gation'®.  Virus further purified by sucrose velocity
density gradient centrifugation gave the same results.

Table 1. ACTIVATION OF ENZYME

SH-TTP Incor-
System porated (d.p.m.)
No virions [}
. Non-disrupted virions 265
Virions disrupted with ‘Nopidet’
At 0°+DTT 6,780
At 0°-DTIT 4,420
At 40°+DTT 5,000
At 40°-DIT 425

Pumled virions untreated or incubated for 5 min lt 0° C or 40° C with 0-25
Nonidet P—40’ (Shell Chemical Co.) with 0 or 1 per cent dlthlo-
threm:l (DTT) (Sigma) were d in the assay.

The polymerase assay consisted of 0- 125 pmoles each
of dATP, dCTP, and dGTP (Calbiochem) (in 0-02 M
Tris-HCI buffer at pH 8-0, containing 0-33 M EDTA and
17 mM 2-mercaptoethanol); 1:25 pumoles of MgCl, and
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2:5 pmoles of KCl; 2:5 pg phosphocnolpyruvate (Calbio-
chem); 10 pg pyruvate kinase (Calbiochem); 2:5 uCi of
SH-TTP (Schwarz) (12 Ci/mmole); and 0:025 ml. of
enzyme (10* focus forming units of disrupted Schmidt-
Ruppin virus, 4,4 nm = 0-30) in a total volume of 0-125 ml.
Incubation was at 40° C for 1 h. 0-025 ml. of the reaction
mixture was withdrawn and assayed for acid-insoluble
counts by the method of Furlong!s.

To observe full activity of the enzyme, it was necessary
to treat the virions with a non-ionic detergent (Tables 1
and 4). If the treatment was at 40° C the presence of
dithiothreitol (DTT) was necessary to recover activity.
In most preparations of virions, however, there was some
activity: 6-20 per cent of the disrupted virions, in the
absence of detergent treatment, which probably represents
disrupted virions in the preparation. It is known that
virions of RNA tumour viruses are easily disrupted'*:!?,
80 that the activity is probably present in the nucleoid of
the virion.

Table 2. REQUIREMENTS FOR ENIVME ACTIVITY

*H-TTP {ncor-

System porated (d.p.m.)
Complete 5,675
Without MgCl, 188
Without MgCl,, with MnCl, 5,670
Without MgCl,, with CaCl, 18
Without dATP 897
Without dCTP 1,780
Without dGTP 2,100

Virus treated with ‘Nonidet’ and dithiothreitol at 0° C was Incubated in
the standard polymerase assay with the substitutions listed.

The kinetics of incorporation with disrupted virions are
shown in Fig. 1. Incorporation is rapid for 1 h. Other
experiments show that incorporation continues at about
the same rate for the second hour. Preheating durupeed
virus at 80° C prevents any incorporation, and so does
pretreatment of disrupted virus with crystalline trypsin.

d.p.m. (x107)

0d- 1 L 1 L
[} 5 10 13 20
MgCl, concentration (m)l)
g. 2. MgCl, requirement. Virus treated w".h ‘Nonidet’ and dithio-

thnlwl at 0° C was incubated in the standard polymerase assay with
different concentrations of !u%‘:.m

Fig. 2 demonstrates that there is an absolute require-
ment for MgCl,, 10 mM being the optimum concentration.
The data in Table 2 show that MnCl, can substitute for
MgCl, in the polymerase assay, but CaCl, cannot. Other
experiments show that & monovalent oation is not
required for activity, although 20 mM KCl causes a 15 per



BIOLOGICAL SCIENCES

cent stimulation. Higher concentrations of KCl are
inhibitory: 60 per cent inhibition was observed at 80 mM.

When the amount of disrupted virions present in the
polymerase assay was varied, the amount of incorporation
varied with second-order kinetics. When incubation was
carried out at different temperatures, a broad optimum
between 40° C and 50° C was found. (The high tempera-
ture of this optimum may relate to the fact that the
normal host of the virus is the chicken.) When incubation
was carried out at different pHs, a broad optimum at pH 8-
9-5 was found.

Table 2 demonstrates that all four deoxyribonucleotide
triphosphates are required for full activity, but some
activity was present when only three deoxyribonucleotide
triphosphates were added and 10-20 per cent of full
activity was still present with only two deoxyribonucleo-
tide triphosphates. The activity in the presence of three
deoxyribonucleotide triphosphates is probably the result
of the presence of deoxyribonucleotide triphosphates in
the virion. Other host components are known to be
incorporated in the virion of RNA tumour viruses!®:!*,

Table 3. RNA DEPENDENCE OF POLYMERASE ACTIVITY

SH-TTP incor.
Treatment porated (d.p.m.)
Non-treated disrupted vlrlom 9,110
Disrupted virions d with r A (50
ug/ml.) at 20° C for T 2,650
Dlsru ted virions Incubated with rib 1 A
ml.)at 0° Cfor 1 h 187
Dls ted vlrlonn bated with lysosy 50 ug/ml.) at
1;118 (0 3l 9,650

Disrupted virions were incubated with rlhonuclem A (Worthlnm
which was heated at 80° C for 10 min, or with lysozyme at the indica
concentration in the specified conditlons, and a standard polymerase assay
was performed.

The data in Table 3 demonstrate that incorporation of
thymidine triphosphate was more than 99 per cent
abolished if the virions were pretreated at 0° with 1 mg
ribonuclease per ml. Treatment wjth 50 pg/ml. ribo-
nuclease at 20° C did not prevent all incorporation of
thymidine triphosphate, which suggests that the RNA of
the virion may be masked by protein. (Lysozyme was
added as a control for non-specific binding of ribonuclease
to DNA.) B the ribonuclease was heated for 10
min at 80° C or 100° C before use to destroy deoxyribo-
nuclease it seems that intact RNA is necessary for incor-
poration of thymidine triphosphate.

Table 4. SOURCE OF POLYMERASE

*H-TTP Incor-
Source porated (d.p.m.)
Virlons of SRV 1,410
Disrupted virions of SRV 5,675
Virions of AMV 1,875
Disrupted virions of AMV 12,850
Disrupted pellet from supernatant of uninfected cells 0
Virions of Schmidt-Ruppin virus (QRV were are?ued as before (experi-
ment of mlw Virions of avian mdye oblastosis virus (AMV) and a pellet
from unin: cells were prepared by differential centrifugation. All
dlsru ted preparations were tnsted wlth ‘Nonldet’ and dithiothreitol at

nnd nuyed in a standard t_:m uly The material ui
tube ‘was originally from 45 ml. o ture ﬂnld for SBV 20 ml. for AMV, md
20 ml. for uninfected cel's.

To determine whether the enzyme is present in super-
natants of normal cells or in RNA leukaemia viruses, the
experiment of Table 4 was performed. Normal cell
supernatant did not contain &ctlvxty even after treatment
with ‘Nonidet’. Virions of avian myeloblastosis virus
(AMYV) contained activity that was increased ten-fold by
treatment with ‘Nonidet’.

The nature of the product of the polymerase assay was
investigated by treating portions with deoxyribonuclease,
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ribonuclease or KOH. About 80 per cent of the product
was made acid soluble by treatment with deoxyribo-
nuclease, and the product was resistant to ribonucl
and KOH (Table 5).

Table 6. NATURE OF PRODUCT
Besidual scid-Insoluble *H-TTP (d.p.m.)

Buffer 10,200 8,360
Deoxyribonucleass 697 1,520
Ribonucleasa 10,900 7,200
KOH — 8,250

s

d with ‘Nonidet’ treated virions,
t was mhlud in Imlloror 0-3 M KOH at 37° C for 20 h or with
ml or (B) 50 ug/ml. of (Worthington), or with
l m(/ . of ribonuclease wgd" ) for 1 h at 87° C, and portions were
removed and tested for --ln.olnb e counts.

To determine if the polymerase might also make RNA,
disrupted virions were incubated with the four ribo-
nucleotide triphosphates, including *H-UTP (Schwarz,
3-2 Ci/mmole). With either MgCl, or MnCl, in the incu-
bation mixture, no incorporation was detected. In a
parallel incubation with deoxyribonucleotide triphos-
phates, 12,200 d.p.m. of *H-TTP was incorporated.

These results demonstrate that there is a new poly-
merase inside the virions of RNA tumour viruses. It isnot
present in supernatants of normal cells but is present in
virions of avian sarcoma and leukaemia RNA tumour
viruses. The polymerase seems to catalyse the incorpora-
tion of deoxyribonucleotide triphosphates into DNA from
an RNA template. Work is being performed to charac-
terize further the reaction and the product. If the present
results and Baltimore’s results!* with Rauscher leukaemia
virus are upheld, they will constitute strong evidence that
the DNA provirus hypothesis is correct and that RNA
tumour viruses have a DNA genome when they are in
ocells and an RNA genome when they are in virions. This
result would have strong implications for theories of viral
carcinogenesis and, ibly, for theories of information
transfer in other bio ogical systems*®,

This work was supported by a US Public Health Service
research grant from the National Cancer Institute.
H. M. T. holds a research career development award from
the National Cancer Institute.
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Clone 93 is homologous to multiple RNA species during
embryonic stages, especially in embryos 6-12 h old (Fig. 4). The
largest RNA (5.4 kb) homologous to p93 at the 6-12-h stage
is also abundant in late third instar larvae, just before pupation.
Clone p99 is homologous to an RNA species of 2.8 kb which
is most abundant at early embryogenesis (06 h) and in the carly
pupal stage (Fig. 4). The RNA species homologous to p93 and
p99 are both present at approximately the same levels as
transcripts from the Antp locus (A.K., unpublished resulits).

Localization of transcripts

The most important experiment that we performed with the
P93 and p99 clones was to test whether the transcripts
homologous to these clones were spatially restricted during
development It has recently been shown that Anip and Uox
transcripts are restricted in a °gmentally specific manner during
embryonic development'®'®'® To a rough approximation, the
embryonic segments and segmental anlagen that accumulate
Antp and Ubx transcripts are those in which the function of
these genes is believed to be required for proper development.
Therefore, if the 93 and 99 clones represent other homoeotic
selector loci, their transcripts should be restricted during embry-
onic stages to segments where 93 or 99 expression is required
for proper development.

Figure 5 shows that the transcripts homologous to both p93
and p99 show spatial restrictions during development. We have
shown only one developmental stage, when transcript localiz-
ation is striking, for each clone. More detailed studies on the
expression of these cloned regions will be reported clsewhere.

The localization of transcripts homologous to p93 is shown
on a sagittal section of an 18-20-h embryo. At this advanced
stage of embryogenesis, the central nervous system includes the
two brain hemispheres and the condensed ventral nerve cord
(Fig. 5). Before condensation the ventral cord consists of 12
paired ganglia, the sub-oesophageal ganglion, three thoracic
ganglia and eight abdominal ganglia. Each ganglion of the ven-
tral cord innervates its corresponding body segment?’, The
entire central nervous system of the embryo section hybridized
with p93 appeared to be labelled above background levels, but
a striking and reproducible concentration of label was observed
over the posterior region of the ventral nerve cord, encompass-
ing at least the posterior-most five or six abdominal neuromeres.

The labelling pattern of p99 is shown at the cellular blas-
toderm stage, ~3 h after oviposition. The cellular blastoderm
consists of a monolayer of morphologically identical cells. It is
at this stage that cells first become restricted in their develop-
mental potential, with different regoat’uof the blastoderm acquir-
ing separate determinative fates Tnmcnpts homologous
to p99 were found to be concentrated in cells in about 60-65%
of the embryo length from the posterior pole. Cell ablation
experiments in this region of the cellular blastoderm result in
embryos Iuvmg defects in the first thoracic and posterior head
segments™
Co
Our analyses of the 93 and 99 clones, both isolated with the H
repeat cross-homology, strongly suggest that they represent
other homoeotic loci of Drosophila. Both clones fulfilled all
three criteria that we applied for representing clones from
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homoeotic loci. First, both hybridize to cytogenetic locations of
previously characterized homoeotic genes; 93 to the right half
of the bithorax complex in the chromosome region 89E, and
99 to chromosome region 84A, which contains genes in the
proximal half of the Antp complex. Second, both 93 and 99 are
homologous to transcripts that are relatively abundant during
embryogenesis and just prior to metamorphosis. These are the
periods when transcripts homologous to the homoestic locus
Antp are most abundant (A K., unpublished results). Third, and
most importantly, the transcripts homologous to 93 and 99 show
a striking spatial restriction during development. Transcripts
homologous to p93 are most abundant in the posterior
abdominal neuromeres of the embryo, as would be expected
from a gene in the right half of the bithorax complex. The
transcripts homologous to p99 are most abundant in a region
of the cellular blastoderm that corresponds to the segmental
anlagen of the posterior head or first thoracic segments. This is
also consistent with its cytogenetic location in 84A, which con-
tains genes that affect the development of these segments.

The basis for the cross-homology is of great interest. The
position of the H repeat in the 3’ region of the transcription
units of Antp, Ubx and fiz is consistent with a conserved protein-
coding seq The DNA seq of the H repeats of Anip,
ftz and Ubx leaves no doubt that the sequence conservation is
due to a conserved protein-coding domain (W.McG. and R.
Garber, unpublished results). Since faithful copies of the H
repeat are strictly delimited and found only in homoeotic genes,
we now call the H repeat the ‘homoeotic sequence’. However,
it seems clear that not all homoeotic genes carry the homoeobox,
for example, we have been unable to detect it in the
bithoraxoid / postbithorax unit of the bithorax complex (W.McG.,
F. Karch and W. Bender, unpublished results). It is possible, of
course, that another subset of homoeotic genes contains another
repeat.

On the basis of these results, we propose that a subset of the
homoeotic genes are members of a multigene family, highly
diverged but nonetheless detectable by DNA cross-homology.
This suggests a common evolutionary origin for some genes of
both the Antp and bithorax complexes, as proposed by Lewis
for the genes of the bithorax complex. The conspicuous
evolutionary conservation of the homoeobox sequence in some
homoeotic genes of Drosophila suggests that it might also be
conserved in other animal species; preliminary experiments
strongly support this view (W.McG., unpublished results). It is
possible that a fundamental principle in development is to dupli-
cate a gene specifying a segment identity, allowing one of the
copies to diverge and acquire new functions, or new spatial
restrictions in expression, or both; this might allow, within the
limits of natural selection, a striking polymorphism in the differ-
ent segments of an animal, and the acquisition of highly special-
ized functions in different segments.
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The complete DNA sequence of yeast
chromosome Il
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The entire DNA sequence of chromosome lil of the yeast Saccharomyces cerevisiae has been
determined. This is the first complete sequence analysis of an entire chromosome from any organism.
The 315-kilobase sequence reveals 182 open reading frames for proteins longer than 100 amino
acids, of which 37 correspond to known genes and 29 more show some similarity to sequences in
databases. Of 55 new open reading frames analysed by gene disruption, three are essential genes;
of 42 non-essential genes that were tested, 14 show some discernible effect on phenotype and the

. Remacha®,
sm" I3 su-“,

remaining 28 have no overt function.

THE sequence of the DNA molecule of chromosome III from
the budding yeast S. cerevisiae has been completed by a consor-
tium of 35 European laboratories within the framework of the
European Community’s Biotechnology Action Programme. The
sequence is 315 kilobases long and contains 182 open reading-
frames (ORFs) encoding putative proteins of =100 amino acids.
So far, 55 novel ORFs have been subjected to functional analysis
by gene disruption. In addition to the putative protein-encoding
genes there are 10 transfer RNA genes, of which four had
previously been defined by suppressor mutations. Regions of
sequence variation between chromosomes I1I of different strains
of S. cerevisiae have been identified, as have the differences
between the physical and genetic maps. These data indicate that
sy ic genome seq ing projects can reveal new functions
that have been missed-by more traditional approaches and also
illuminate the mechanisms of genome evolution. Most impor-
tantly, they reveal that our knowledge of molecular genetics is
far from complete and that we are ignorant about the biological
function of the majority of genes in a eukaryotic genome as
small and well-defined as that of yeast.

The bakers’ yeast S. cerevisiae is one of the most important
experimental organisms for studying eukaryotic molecular
genetics'. This yeast has a very small nuclear genome which, at
about 14 megabases (Mb), is less than four times the size of
that of the bacterium Escherichia coli. Like all eukaryotgs, yeast

divides its nuclear genome between a number of linear chromo-
somes. 'nie 16 yeast chromosomes have been defined by both
genetic’ and physncal analyses. Each contains a single duplex
DNA molecule* whose average size is similar to that of the
genome of a T-even bacteriophage and thus represents an achiev-
able objective for nucleotide sequencing with current tech-
nology®. Such a sequence analysis would not only advance yeast
molecular genetics but also provide information important to
our understanding of the genomes of higher eukaryotes. The
pattern of gene expression in yeast is essentially similar to that
in higher organisms'. Moreover, a number of yeast genes have
been identified that share both structural and functional
homology with genes of multicellular eukaryotes.

Despite their small size, yeast chromosomes resemble their
counterparts from higher organisms in structure and m their
mechanisms of replication, recombination and segregation®. The
ease with which the yeast genome can be manipulated by both
cl I and recc t DNA techniques has enabled all the
functional chromosome components to be isolated: cen-
tromeres’, telomeres® and replication origins®. These advances
in our knowledge of chromosome structure and function, gained
by the use of gene cloning techniques, have been paralleled by
the study of chromosome recombination using a combination
of classical and molecular approaches'®. The availability of the
complete nucleotide sequence of a yeast chromosome permits
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a detailed comparison of genetic and physical maps and so
helps to define local variations in the frequency of recombina-
tion''. S. cerevisiae also contains a number of transposons (called
Ty elements) which show similarities to retroviruses and other
mobile genetic elements found in multicellular eukaryotes'? and
which are a major source of chromosome polymorphisms.

All of this suggests that sequencing the yeast genome should
provide a useful paradigm to guide our interpretation of the
information gained from the sequences of larger genomes when
these become available. Indeed, at 14 Mb (compared with
3,000 Mb for the human genome), the 16 chromosomes of yeast
might be regarded as comprising a basic gene-set required for
the maintenance of a eukaryotic mode of cell organization and
propagation. There are also practical reasons why the determina-
tion of the yeast genome sequence should be a useful precursor
to larger enterprises such as sequencing the genomes of higher
plants or humans. First, the functional analysis of novel genes
discovered from the sequence is facilitated by the easy methods
for gene disruption and replacement!’ which are available in
yeast. Second, high-capacity cloning vectors (yeast artificial
chromosomes, or YACs'*), propagated in yeast, are important
for creating clone banks of human or plant genes. Thus, it is
useful to establish in the first instance the genome sequence of
the vehicle organism. Finally, sequencing the yeast genome can
act as a pilot scheme for assessing new techniques designed to
speed sequence determination and analysis'*. The yeast chromo-
some III sequence reported here has been determined mainly
by conventional techniques. In fact, only 25 kb of the 385-kb
sequence from which the final 315-kb consensus was derived
has been obtained using automated techniques (7%). The follow-
ing approaches were used to divide the primary clones (indicated
by upper bars in Fig. 1) into fragments of a size suitable for
sequencing: directed subcloning (19 kb; 5%), shotgun cloning
(82 kb; 21%), chromosome walking with synthetic oligonucleo-
tides (137 kb; 36%), and nested deletions (147 kb; 38%).

Chromosome I1I was divided between the laboratories of the
Consortium and accredited clones were distributed to each
group. Each laboratory was responsible for one or two work
units (1 work unit is 8 kb of primary seqpencing and 3 kb of
overlap sequencing) and for disruptions of novel ORFs (some
disruptions were performed instead of re-checking overlaps).
The individual laboratories forwarded their data to the Martins-
ried Institute for Protein Sequences (MIPS), where the sequence
was assembled by means of the GCG package'® and a variety
of algorithms were used to analyse ORFs and other sequence
elements. MIPS also assembled a database for all extant S.
cerevisiae DNA sequences, scanning not only the computer
databases but also all published results. The project was initiated
in January 1989 and the sequence completed by May 1991.
Sequencing of entire eukaryotic genomes will probably require
worldwide collaboration and our chromosome III sequence
project represents an organizational and technological model
for such enterprises.

Chromosome |l

Chromosome IIl is the third smallest chromosome in S.
cerevisiae; its size was estimated from pulsed-field gel electro-
phoresis studies to be 300-360 kb'’. This chromosome has been
the subject of intensive study, not least because it contains the
three genetic loci involved in mating-type control: MAT, HML
and HMR', MAT, in the middle of the right arm of the chromo-
some, is the expression locus that determines mating-type,
whereas HML and HMR (located near the left and right ends
of the chromosome) represent silent repositories of mating-type
information. These three loci share nucleotide sequence
homology, which means that intrachromosomal recombination
events may generate circular derivatives of the chromosome. An
HML x MAT recombination produces a 63-um (‘small ring’)
derivative which has been isolated'® and used to generate an
ordered clone bank of the chromosome in the shuttle vector
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YIpS (ref. 19). This bank, necessarily, lacks a small part of the
left arm and about half of the right arm of the chromosome;
the latter was available from a series of clones constructed in
lambda and cosmid vectors®®. These two gene banks were used
to generate the sequence covering 280 kb of the 315kb of
chromosome III and were derived from S. cerevisiae strains
XJ24-242'%'° and AB972 (ref. 21). For the remaining 35 kb,
clones derived from strains A364A'® and DCS5 (refs 22 and 23)
were used. These strains are closely related (XJ24-24a, A364A)
or isogenic (AB972, DCS5) to the standard yeast laboratory strain
S288C (ref. 24). The data are summarized in this article and a
full listing of the sequence is available in the EMBL Data Library
(accession number X59720) and will also be the subject of a
more extensive publication.

A comparison of the chromosomes 111 from these strains, as
well as from other laboratory and industrial isolates, permits an
assessment of the degree of sequence polymorphism between
different representatives of the same chromosome. Ty insertions
in the chromosome are mainly confined to two regions that have
been dubbed the left-arm and right-arm transposition hot spots
(LAHS and RAHS, respectively**-2%). Many strains (but not
XJ24-24a) contain another Ty, distal to the RAHS, close to the
gene CRYI. Interactions between this distal Ty and the RAHS
seem to be a major cause of chromosome length polymorphisms.
Some strains have a deletion in this region which causes a
number of phenotypic effects, including respiratory deficiency??,
whereas other strains (including the progenitor S288C) have
this region duplicated (ref. 19, and B.L.W. et al., manuscript in
preparation). We have sequenced a large overlap between the
Newlon and Olson clone banks and this has provided detailed
information about this polymorphic region as well as permitting
the elucidation of the authentic unique sequence of the chromo-
some. The version of the chromosome presented in Fig. 1is
315,357 base pairs (bp) long; it starts at the left telomere”® and
ends within the X sequence of the right telomere, about 400 bp
from the terminus. A single Ty2 element is shown in the LAHS,

FIG. 1 Location of ORFs and known genetic markers on chromosome il
Royal blue arrow-bars: ORFs (=100 amino acids) are designated as follows:
Y (for yeast) C (the third letter of the alphabet for the third chromosome);
L or R (for the left and right arm of the chromosome); a number that
designates the relative position of the ORF on its arm of the chromosome
(the. most centromere-proximal ORF being given the number 1); w or ¢ (for
Watson or Crick strand) to indicate the orientation of the ORF. All ORFs
shown start with an ATG codon. Number scale is in kb. Upper blue bars
indicate the clone used to obtain the primary sequence of that region of
the chromosome. Dark turquoise bars: clones J10A [36, 6], D108B [16], BOG
[23], A6C [25), A1G (18], A4H [17], C1G (30, 20), A4C [20, 1] ASC (1), G4B
{1), D8B [1), C2G [1]. A2C (2], D10H (4], J11D [24], 62B5-2D [28), HBGF
[21], K3B [9), H9G (35, 14] and ESF [29,19] were from the YIp5 bank of
the small ring form of the chromosome (numbers in square brackets indicate
the laboratories responsible for sequencing that clone, see addresses); all,
except 6285-2D (from DC021/DC0O22#62) and HBGF (from CN31c), were
from strain XJ24-24a (ref. 19). The BamH! junctions between these clones
were checked using a ACh4A bank derived from strain A364A (ref. 19).
Light turquoise bars: clones 7121 (12, 32), 3270 (5, 3], 5240 (11, 13), 5239
(26, 33), 5307 (7,15), 6589 (8], 7260 (21, 20), 3712 (22,10) and 9189
(33, 26, 7] were from strain AB972 (ref. 20). Clones 7121 and 3270 are in
the overlap region between the Newlon'® and Olson?° banks and are not
indicated in the figure. The ends of the chromosome were sequenced using
clones (dark turquoise, cross-hatched) p78 (36, 2, 11, 19) derived from strain
A364A (ref. 19) and (light turquoise, cross-hatched) H4 [25] from strain
DCS.(ref. 22). The Sanger dideoxy-sequencing technique*® was used for the
entire chromosome with the exception of parts of clone D10B, for which
the chemical procedure of Maxam and Gilbert® was employed. Full details
of the sequencing strategy will be published (S.G.O. et al., manuscript in
preparation) and the full 315, 356-bp sequence has been deposited in the
EMBL Nucleotide Sequence Data Library under the accession number
X59720. Two ORFs from the pet18 complex are <100 amino acids in length
and so are not shown in the figure. The following ORFs represent newly
discovered essential genes: YCL17c, YCL14c, YCR69w.
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but no transposon is shown in the RAHS; this is because the
fused tandem pair of Ty elements found at this site in S288C,
AB972, DCS and XJ24-24a has been produced by a recombina-
tion event that deleted part of the unique sequence of the
chromosome, including an ORF and a tRNA gene?’. The form
of the chromosome shown, and the sequence entered in the
EMBL Data Library, permits the inclusion of these genes. The
following lengths of the chromosomes III in the source strains
have been calculated from the sequence data: XJ24-24a, 324 kb;
A364A, 322 kb; DCS5, 336 kb; S288C and AB972, 345 kb.

Open reading frames

The transcript analysis of Yoshikawa and Isono®? predicted that
chromosome 111 specifies 160 messenger RNA molecules (=350
nucleotides) in addition to the transcripts of the Ty elements.
This is likely to be an underestimate as the northern blots were
run only on poly(A)* RNA extracted from cells growing in a
rich medium. Nonetheless, the agreement between the transcript
map and the ORF maP is, in general, very high. For example,
Yoshikawa and Isono*? show two transcripts of 6.5 and 4.2 kb
in the region corresponding to base pairs 178,250 to 188,900 in
the sequence. These transcript sizes agree very well with those
of the two ORFs in this region, YCR32w (6,501 bp) and YCR33w
(3,678 bp)***'. The complete sequence analysis of the chromo-
some reveals 182 ORFs of =100 amino acids. ORFs of this
length have <0.2% probability of occurring by chance in S.
cerevisiae DNA>?. All 182 ORFs begin with an ATG; those
ORFs whose sequence is entirely contained within another read-
ing-frame have been excluded from the analysis. Seventeen
ORFs overlap one another by between 7 and 449 bp; these are
all included. Figure 1 shows the distribution of the 182 ORFs
in the chromosome sequence. Of the 182 putative protein-
encoding genes shown, only 34 appear on the S. cerevisiae
genetic map (ref. 2, and R. K. Mortimer, personal communica-
tion). These numbers illustrate the fact that, even in a genome
as small and as intensively studied as that of yeast, only a minor
fraction of the genes has been identified by classical means.
Therefore one justification for large-scale sequencing projects
is the identification of new areas of investigation, as demon-
strated by our sequence analysis of a single small eukaryotic
chromosome.
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FIG. 2 Distribution of FASTAS! scores for all yeast proteins (a) and for the
chromosome Il ORFs (b). The amino-acid sequence of the 968 protein-
encoding yeast genes present in the data bases and the 182 ORFs in
chr Il were subj d to a similarity search against all known
protein sequences present in the MIPSX data base using the Pearson and
LipmanS! FASTA algorithm. (MIPSX is a merged database comprising PIR-
International, SwissProt and automatic translations of both the EMBL and
GenBank nucleotide-sequence data sets.) Optimized scores were used to
compile the data. In this analysis, scores due to matches with identical
sequences were omitted and the next highest score to a non-identical
sequence was taken.

The MIPS YEASTPROT database currently contains the
sequence of 968 protein-encoding genes from S. cerevisiae. Of
these 968, a total of 251 (26%) show amino-acid sequence
similarity to other proteins encoded by the same species, giving
FASTA scores of =200. A further 286 (30%) show a similar
level of homology to proteins from organisms other than S.
cerevisiae. A survey of the 145 newly discovered ORFs from
chromosome III presents a strikingly different picture. Only
~10% (15/145) show significant similarity (FASTA =200) to
non-S.cerevisiae genes already in the databases, 15 more are
homologous with other genes from S. cerevisiae itself, and 117
(80%) show no significant homology to any previously
sequenced genes. (Figure 2 shows the distribution of FASTA
scores for the set of 182 chromosome 111 ORFs and all previously
known ORFs from 8. cerevisiae.)

The 15 newly discovered chromosome III gene products that
show significant similarity to non-S. cerevisiae proteins are listed
in Table la. Some, for example alcohol dehydrogenase and
asparagyl-tRNA synthetase, are routine housekeeping proteins,
but many others are unexpected. For instance, one of the highest
scores is given by YCL17¢c, which is homologous to the nif S
gene product of nitrogen-fixing bacteria®>**. S. cerevisiae does
not fix atmospheric nitrogen®?, yet this highly conserved gene
is essential to its growth®. Recent evidence suggests that this
gene is involved in both tRNA processing and mitochondrial
metabolism (P. Leong-Morgenthaler et al., manuscript sub-
mitted). YCL74w shows a high degree of similarity to a copia-like
protein from Arabidopsis®’, the tobacco transposon (Tnt1 ; ref.
38) and to copia® itself. Chromosome I1I contains representa-
tives of all four classes of yeast transposons®*-2%; YCL74w may
indicate the presence of a fifth class. If the set of 15 proteins
encoded by the rest of the S. cerevisiae genome that show greatest
similarity to proteins from other species is examined, then the
majority of matches are to proteins from other yeasts and
filamentous fungi and all 15 are proteins of well-known function.
These findings demonstrate that genome sequencing reveals, at
a high frequency, new functions that have not been discovered
by classical techniques and suggest that yeast molecular genetic-
ists are working on only a small subset of the problems presented
by their experimental organism.

The set of chromosome 11 ORFs that show significant similar-
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ity to previously characterized genes on other yeast chromo-
somes (Table 1b) reveals no particular pattern, except that
kinase genes are overrepresented (5/15; YCL24w, YCR8w,
YCR91w, YCR73c, YCR38c). This group includes similarities
to some genes, like YKR, which were expected to have
homologues elsewhere in the genome*’. It may be necessary to
perform several inactivations to reveal the role of genes of this
type, but the task of assigning functions to novel genes identified
by systematic sequencing is still more readily addressed in yeast
than in any other eukaryote. Of the 145 novel ORFs found in
the chromosome 111 sequences, 55 (38%) have been subjected
to gene disruption'®. For three genes this was a lethal event. Of
the remainder, 42 disruptants have been tested for other effects
on phenotype, using a standard battery of tests compiled by
P.P.S., and in 14 cases some effect was observed. The phenotypes
included heat and cold sensitivity, respiratory deficiency (or an
enhanced level of mutation to that phenotype), hypersensitivity
to various drugs, sterilitx and defects in budding, sporulation
or meiotic recombination. This leaves 28 of 45 genes tested
(62%) for which no phenotype can be assigned; Goebl and
Petes*! had previously suggested, based on a study of random
disruptions, that 70% of the yeast genome was ‘dispensable’. It
is unlikely that these genes make no contribution to the fitness
of the organism and this implies that our understanding of yeast
physiology and cell biology is lagging behind our molecular
genetic analysis.

A very small proportion of genes sequenced from S. cerevisiae
contain introns (about 2%; ref. 42). On this basis, it might be
expected that chromosome III would include three intron-
containing genes. Apart from the mating-type loci'®, three have
been detected (YCR31c and two others that are less than 100
amino acids long) by searching for the TACTAAC box and the
5’ and 3’ splice junctions*’. One of these genes, cryl (YCR31¢),
was already known; it encodes the ribosomal protein rps59 (ref.
43). A large proportion of intron-containing genes in yeast
encode ribosomal protein subunits*?, but neither the protein-
encoding sequences nor the upstream regions of the two small
intron-containing genes on the chromosome give any indication
that they are ribosomal proteins as well.

Transfer RNA genes !
Like most organisms, S. cerevisiae contains multiple gene copies
encoding iso-accepting species of tRNA. Feldmann* has esti-
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mated that yeast contains 360 tRNA genes. Four such genes
had been identified as suppressors and mapped to chromosome
IIl (SUPS3, SUP61, SUF2 and SUPIG; ref. 2, and R. K.
Mortimer, personal communication). The sequence identifies
six more (encodingntRNA“", tRNAS"™, {(RNAS'", (RNAY,
tRNAM® and tRNa'™). A total of seven tRNA genes would be
expected on a statistical basis; all of the 10 found are within
500bp of a Ty or declta element. The frequent association of
tRNA genes with such elements has been noted previously***¢
and their possible role in the amplification and spread of such
genes has been discussed?’.

Comparison of genetic and physical maps

The average ratio between genetic and physical map distances
in yeast is estimated to be 0.34 centimorgans (cM) per kb (ref.
2). Smaller chromosomes, such as I and VI, have a higher ratio
and Kaback et al. suggested that this is necessary to ensure at
least one crossover occurs at each meiosis so that these small
chromosomes can segregate correctly*’. Within chromosomes,
recombination frequency varies widely and both recombination
hot spots and cold spots have been identified'!. The sequende
of chromosome 111 may suggest some molecular basis for these
local variations in recombination frequency. A detailed com-
parison of the physical map of the chromosome (based on the
sequence) and the current version of the genetic map (ref. 2;
and R. K. Mortimer, personal communication) is unrealistic as
the latter is, necessarily, a compromise between the results of
several laboratories and also takes advantage of the emerging
physical data. Nevertheless, some instructive generalizations
may be made. The average ratio of genetic map distance to
physical distance for the chromosome is 0.51 cM per kb; this is
in line with the estimates for chromosomes I and VI (0.62 and
0.55 cM per kb, respectively) and supports Kaback's*’ postulate.
The variation in the cM per kb ratio for different intervals along
the chromosome is at least 10-fold; it is lowest close to the
centromere and greatest midway down each arm. There is thus
an approximate correlation between the pattern of genetic re-
combination and that of transcription along the chromosome®?.
An association between recombination and transcription has
been suggested previously*®, and it may be that both processes
require relatively naked DNA within the chromatin. A region
where the frequency of recombination is particularly high is the
interval between MAT and thr4 (1.12-1.27 cM per kb); this

FIG. 3 Comparison of genetic and physical maps. The physical
map has been derived from the sequence by assigning each
locus to a point in the centre of the appropriate ORF, group
of ORFs, or DNA element. Thus each locus, given as a point
on this physical map, may represent a region of the chromo-
some from 0.1 kb to 6 kb in length. The genetic map is derived
mainly from the analysis of meiotic recombination events?
fine structure mapping data (permitting estimation of genetic
length) are available for only a few genes.
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TABLE 1 Chromosome Il gene products showing significant homology to extant protein sequences

Similar sequence
Rational (database: FASTD Effect of gene
ORF Coordinates gene name accession no.) score disruption

(a) Newly discovered ORFs showing similarity to non-S. cerevisiae proteins

YCLS7w 24,752-26 887 Rat solubk il pept 1012
(Genbank: M61142)
YCR92¢ 278,640-275,500 Human DUC-1 protein upstream of DHFR 960  Nondethal, no detectable
(M_ J04810) phenotype*
YCL17¢ 93881-92,391 NFS1 nifs ni fixation protei 778  Lethait
(EMBL: J05111; M21840)
YCR2¢ 117,951-116,986 Mouse DIFF6 protein, regulated by gp9O(MEL-14) 660
(EMBL: X13303)
YCR24c 161.932-160457 E. coli asp-tRNA synthetase 550
(EMBL: M33145)
YCL74w 2816-3739 Arabidopsis copia-like protein 550
(EMBL: M53975)
YCR11c 136.474-133,328 ADP1 Drosophila white pigment protein 512 Non-lethal, no detectable
(EMBL: X51749) phenotype$
YCR63w 227,040-227510 Xenopus G10 protein, develop ally regulated 480  Slow growth§
(EMBL: X15243)
YCL43c 50,196-48,631 PDI1 Protein disulphide isomerase precursor 2501 Lethalff
(PIR JX0182; EMBL: M62815, X52313)
YCR105w 307.800-308882 alcohol dehydroge 366
(M.. M32100)
YCR27¢ 167,715-167.089 Dk d protei 309
(Em; X54291)
YCR65w 228,031-229626 Drosophila fkh homeotic gene 286
(EMBL: J03177)
YCR57¢c 221.442-220126 Human transducin B-2 chain, GTP-binding 266
(Gen Bank: M36429)
YCLilc 102,964-101,684 Xenopus poly(A) ing protei 227
(PR s12000)
YCR107w 312620-313,708 auxin-i d protei 218
(M. X56269)

(b) Newly discovered ORFs showing significant similarity to other S. cerevisiae proteins

YCL25¢c 77.880-75982 General amino-acid permeese, GAP1 1527
(EMBL: X52633)

YCL64c 16.869-15,790 L-serine dehydratase, SOH1 984
(EMBL: X52657)

YCL48w 42140-43528 Sporulation-specific SPS2 protein 941
(EMBL: M13629)

YCR67c 235,046-231852 Sec12p membrane glycoprotein 889
(Gen Bank: X13161)

YCL24w 79119-81.566 S non-f ing SNF1 protein kinase 650
(EMBL: M13971)

YCR8w 128,072-129880 Nitrogen permease reactivator, NPR1 445
(EMBL: X56084)

YCR52w 213725-215173 Gene Dk g petite type 434
(EMBL: X62430)

YCR45¢c 208,342-206870 Proteinase B precursor 429
(EMBL: M18097)

YCRI1w 273138-275315 Protein kinase, YKR 397
(EMBL: M24929)

YCL35¢c 61,142-60813 Glutaredoxin 396
(PIR: A35492)

YCR73c 245,320-241,379 Protein kinase, Ssp31 321
(PIR: )Q1118)

YCR83w 258,312-258,692 Thioredoxin Il 272
(EMBL: M59169)

YCR28¢c 171,115-169,580 Allantoate permease 256
(EMBL: M24098) )

YCR89w 266,168-270,994 A-agglutinin core subunit, AGA1 250 -
(EMBL: M28164)

YCR38¢ 197.967-196,354 Cell division cycle, COC25 protein 201
(EMBL: M15458)

Full details of similarity search procedures are given in the legend to Fig. 2. For each ORF, the highest optimum FASTA score found is listed. References

to the authors of the pre-existing sequence may be found in eoeh datab entry, the bers for which are given in the figure. The term ‘Yeast'
here indicates the conspecific group, S. isiae, S. carlsberg and S. . For the divisi S ! and non-S. cerevisiae matches

(see text), first priority was given to similarities to cther S. cerevisise sequences; thus, if a match with a FASTA score 200 with another S. cerevisise
sequence was found, this was counted even if @ match to a non-S. cerevisiee sequence produced 8 higher score.
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TABLE 1—continued

Similar sequence
Rational (database: FASTD
ORF Coordinates gene name accession no.) score

Effect of gene
disruption

(c) Genes previously sequenced but not assigned to chromosome il

YCR75¢c 247550-246,771 ERS1 ER defect suppressor, ERS1 protein 1455
(EMBL: X52468)
YCRSc 121,931-120552 cr2 Cytosolic citrate synthase 2241
(EMBL: 211113)
(d) Genes previously seq d and igned to ch il but not mapp
YCLS50c 38,775-37813 DTP1 Diadenosine tetraphosphate phosphorylase, 1,602
OTP1
(EMBL: M35204)
(e) Genes previously on chy Il but not seqt d
YCR53w 215428-216,969 THR4 Cory th ynth 759
(Gen Bank: X56037)
YCRSc 131,144-130,350 RVS161 Reduced viability on starvation, RVS161 protein 1,280
(PIR: Y01077)
(f) Genes previously d and mapped on 1]
YCL18w 90,935-92,026 LEU2 B-isopropyl-malate dehydrogenase 1688
(EMBL: X03840)
YCL2Tw 71,768-73303 FUS1 Cell fusion protein, Fus 1 2425
(EMBL: M16717)
YCL29c 68,568-69.867 BIK1 Nuclear fusion protein, Bik1 1,304
(EMBL: M16717)
YCL30c 68,299-65,903 HIS4 Histidinol dehydrogenase 3716
(emBL: V01310)
YCL40w 50810-52,309 GLK1 Glucokinase 2422
(EMBL: M24077)
YCL66W 13271-13795 H Hg!ai protein 896
YCL6Tc 13,007-12378 b +2¥a 2 protein 979
! (EMBL: V01315)
YCR12w 137,347-138,594 PGK1 Phosphoglycerate kinase 1911
(EMBL: J01342)
YCR19w 152,544-153632 PET18 Maintenance of killer, MAK32 protein 1807
(PIR: 507695)
YCRC20c 154,366-153,722 PET18 MAK31 protein 1155
(PIR: 507695)
YCR31c 176,968-176,128 CRY1 Ribosomal protein s59 617
(EMBL: M16126)
YCR4OW 199,173-199.697 MAT Matal protein 896
YCR39¢c "198,909-198,280 Mata 2 protein 279
(EMBL: V01315)
YCR42c 204,128-199.908 TSM1 Temperature-sensitive lethal TSM1 protein 6911
(EMBL: M60486)
YCR66w 230,224-231,684 RAD18 DNA repair protein, Rad18 2315
(EMBL: X125880
YCR84¢ 261,186-259,048 el Repressor protein 3156
(EMBL: M35861)
YCR838w 263802-265577 ABP1 Actin-binding 2674
(EMBL: X51780)
YCRO7w 292,568-293,051 HWR Mata1 protein 896
YCR96¢ 292271-291915 Mata 2 protein 979
(EMBL: V01315)

* Region between Clal site at 278,001 to the Xbal site at 277,004 replaced with URA3.

+ Gene disruption experiments for this ORF are detailed in ref. 36, and in P. Leong-Morg etal, ipt sub
$ URA3 inserted into Bg/it site at 134,370.
§ URA3 inserted into Xbal site at 227,218.

|| Region between BstEll site at 48,846 to the BstEll site at 50,887 replaced with URA3. The techniques used for the other 51 gene disruptions may be
summarized as: 23 insertion mutations (9, URA3: 6, HIS3; 5, MiniMu; 2, TRP1; 1, HIS4) and 28 deletion/repiacement mutations (15, URA3; 6, HIS3; 5, LEU2;

1,TRP1;1,LYS2).
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partly explains the apparent paucity of markers in this segment
of the genetic map. There is only a single discrepancy in the
gene order derived from the sequence and that in the genetic
map; the order of glkl and chal, on the far left arm of the
chromosome, is reversed. These data are summarized in Fig. 3.

The sequence data also provide evidence of past recombina-
tion events. A 245-bp sequence between residues 290,656 and
290,901 on the right arm (Fig. 1) shows a high degree of
homology with the X element found in all yeast telomeres®. A
similar sequence, 252 bp long, is found between residues 4,065
and 4,317 at the left end of the chromosome. It may be that
chromosome III was once even shorter than it is now and that
it has grown by recombination events involving its telomeres.
Both the mstabllny of linear plasmids and small artificial
chromosomes® in yeast, as well as the Kaback rule*’, suggest
that there may be selection against short chromosomes in S.
cerevisiae. Moreover, a region near the middle of the left arm
of chromosome XI has been shown by our analysis to contain
sequences homologous to both the X and Y’ telomere elements
(B.D. et al, unpublished results).

Discussion

In sequencing the entire unique 315 kb of yeast chromosome
111, we have generated 385 kb of total sequence. Thus 22% of
the chromosome has been independently sequenced by at least
two laboratories. The level of agreement between these sequence
determinations was very high, the mismatch frequency being
0.4 per kb for clones from the same strain and 6.2 per kb for
clones from different strains. In the latter case, 65% of the
mismatches in ORFs occur in the third base of the codons. A
re-check of the mismatch regions by the different pairs of
laboratories reduced the discrepancies to zero, where clones
came from the same strain, but had no significant impact on

BIOLOGICAL SCIENCES

the number of differences between strains. In an independent
check of the sequence, the restriction map predicted from the
sequence has been compared with that derived by experiment
(1. Collins and C.S.N., unpublished results). Of 504 6-bp restric-
tion sites sampled, only four showed a discrepancy between the
predicted and experimental maps (a putative error rate of 1.3
per kb). All four discrepancies represent predicted sites that
could not be identified by experiment, therefore these sites may
not be recognized by the appropriate restriction enzyme owing
to context effects or DNA modifications. The chromosome ITI
sequence is the largest data set available that has been subjected
to such independent checking and so indicates the level of
accuracy that larger genome projects may achieve using current
technology.

The chromosome 111 sequence has revealed 145 novel protein-
encoding genes and a start has been made on their functional
analysis. The results so far indicate that there are vast areas of
yeast genetics of which we are completely ignorant and empha-
size the need for molecular genetics and physiological studies
to proceed hand-in-hand. The data also call for a radical re-
appraisal of our view of the yeast genetic map. The availability
of the sequence establishes unequivocally the locations of the
different genes on the chromosome. In consequence, the genetic
map acquires a different emphasis; it becomes much more a
tool with which to study recombination and the dynamics of
chromosome evolution. The goal of sequencing the entire yeast
genome is achievable with present technology and this sequence
will prove at least as important to the future developmem of
eukaryotic molecular biology as the cl 1 S. cer
map has in the past. The complete sequence of the yeast genome
will open up new areas of molecular genetics and establish a
foundation for the interpretation of sequence data from higher
organisms.
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Science in Russia.

IT is gratifying to learn from a correspondent that,
throughout the troubled period of the past few
years, the splendid premises and wonderful collections
of the famous Zoological Museum of the Academy of
Sciences in Leningrad have scarcely felt the breath of
war, famine, pestilence, and revolution which has passed
over them. When the English traveller walks in, and is
greeted by the famous young mammoth from Siberia,
preserved like a recently killed specimen, and sees the
rich collections illustrating the fauna of the vast
steppes and deserts of Russian Asia, he feels that he is
entering into a new world. i
During the cold winter of 1919-1920, when fuel
was unobtainable, it was impossible to heat the
Museum premises, but the staff suffered more than
the collections. Little or no looting was done during
the disorders, except that the director had some
difficulty in preventing the valuable collection of
skins from being taken to be used as furs by the
shivering population. Far more damage was done

during the severe floods last autumn, when the waters
burst into the basement and ﬂg'round floor, and at
least one member of the staff actuaily saved his
own life and that of others by swimming: the library
was badly damaged, many valuable specimens were
ruined by the water and damp, and great inconvenience
was caused by the smashing of the stores of alcohol,
which is difficult to obtain to-day in Russia, as the
supply is under strict Government control and very
limited.

The entomological collections were enriched in
1914 by the generous gift by A. P. Semenov-Tian-
Shansky of an immense collection of Central Asiatic
Coleoptera, consisting of no less than 800,000 speci-
mens : the same donor last year presented his own
collection of Hymenoptera, Diptera, Neuroptera.

The staff of the Zoological Museum consists of ten
‘“ senior zoologists,”” who form a “ soviet ’’ and elect
their own director, ten ‘' keepers,’’ ahd eight assistants.
The present director is A. A. Bialitsky-Birula, well
known from his work upon Arctic zoology, who is also
editor of the Annuaire. Birds are under the charge of
P. P. Sushkin, Member of the Academy, who is well
known in Great Britain and the United States.
Another name well known outside his own country
is that of the entomologist A. P. Semenov - Tian-
Shansky, whose many friends will regret the sad news
of his failing eyesight. Fortunately, his general
health leaves nothing to be desired, and it is to be
hoped that he will be spared with ca%acity for useful
work for many years. His father, P. P. Semenov,
was a distinguished explorer, who surveyed the
Tian Shan mountains, receiving the authority of the
Tsar to add the title Tian-Shansky to his surname.
Other well-known members of the staff are N. ]J.
Kuznetsov the lepidopterist, G. G. Jacobson the
coleopterist, A, K. Mordviko the aphidologist, P. I.
Schmidt the ichthyologist, A. N. Kirichenko and
A. M. Diakonov, entomologists.

The staff of the Museum are, of 'course, State
officials, and paid at least a living wage: the salary
of a senior zoologist is 47 gold roubles a month,
equivalent to about s5/.: this, of course, leaves
no margin for luxuries, but they are at least
happy in their devotion to science. Their chief
complaint has been the shortage of modern foreign
literature, but this is now to a certain extent being
made good. There is, however, considerable leeway
to make up, and as the postal arrangements are now
working satisfactorily, zoologists in England will be
doing good work if they bear this in mind.

During recent years it has not been possible to
publish the results of research work in agriculture
115, 397; 1925
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in Russia, since the scanty funds for agricultural
publications have been used, in the first place, for
publishing popular handbooks and pamphlets. At
the same time, research work has been carried on,
often under most unfavourable conditions, and a con-
siderable amount of new facts is awaiting publication.
The new journal (Journal fur landwnrtschaftliche
Wissenschaft, vol. i. Nos. 1-6; Moscow, 1924 (in
Russian)), edited by a %roup of leading professors
and research workers of the Moscow Agricultural
Academy, aims at becoming a medium for publishing
results of research work in all branches of agricultural
science. The five numbers (one double) before us
now include a great variety of papers on different
subjects. .

One of the most interesting papers is by A. G.
Dojarenko, on the utilisation of solar energy by
plants (No. 1, pp. 7-21), which describes the methods
used in the author’s experimental work for exact
measurements of solar energy both received and
utilised by cultivated plants, and gives interesting,

though only preliminary, conclusions. Of consider-
able general interest is a paper by A. R. Minenkov
(No. 1, pp. 29-47) dealing with the problem of chemical
determination of sex in plants and in animals; the
results of his experimental work are that both in
lants and in animals there is a definite sexual
ifference in the fermenting %Oﬁerhes of extract
?la.nts) or blood (animals) which enables one to
etermine the sex. A. D. Prianishnikov (No. 3, pp.
179-190) describes experiments on the transformation
of nitrogen compounds in plants and in animals, the
author’s conclusion being that the analogies in this
respect are very far-reaching and suggest a close
similarity of ‘Proc&sses in plants and in animals. In
a paper by V. Israilsky and E. W. Runov the ques-
tion of the action of vitamins on bacteria is discussed
and experiments described, which tend to show that
bacteria are very sensitive to vitamins. G. D.
Karpetchenko (No. 5-6, pp. 390-410) describes
hybrids between two plants of different genera,
Raphanus satinus L. and Brassica oleracea L.; an
exhaustive study of the morphology and c{ytology of
hybrids is given. These are only a few of the more
interesting Ya.pers from the journal, which represents,
on the whole, an important step in the development
of agricultural science in Russia. The value of the
journal to Russian agricultural research workers is
greatly enhanced by abstracts of current literature.

ANTIQUITIES FROM THE RUSSIAN ALTAL—Dr,
Alexis Zakharow, of the Russian Historical Museum,
Moscow, describes in the Journal of the Royal
Anthropological Institute, vol. 55, pt. i., some of the
antiquities from two cemeteries on the Katanda
Steppe, which were discovered by W. Radloff so
long ago as 1865. These antiquities, however, have
never been described. The first cemetery con-
tained 30 to 40 tombs covered with mounds of round

ebbles, and a row of flat barrows, which, however,

adloff considered to be places of sacrifice. In this
cemetery were found skeletons of horses with bits of
iron, human remains, male and female, knives of iron,
and arrowheads of iron and bone. Spearheads with
tubular sockets, and fragments of a bow, were among
the objects found with male burials; copper ear-rings
of spiral form were with the female skeleton. In the
eighth and last kurgan excavated were fragments of
garments. In the second cemetery, the most inter-
esting objects came from a large kurgan more than
seven feet high and 100 feet in diameter. The
skeletons of at least six horses were found in this
mound. *

*Abridged



PEOPLE AND POLITICS

The Closed Circuit—a Record of Soviet

In May this year Dr Zhores A. Medvedev, once head of the Depart-
ment of Molecular Radiobiology at the Institute of Medical Radiology,
Obninsk, was detained by the Soviet authorities in a psychiatric
hospital, but was rele: in mid-June after protests from several
distinguished Russian scientists. This account of Dr Medvedev's
earlier unsuccessful attempt to accept an invitation to speak at the
Ciba Symposium on ”elng at Sheffield in September 1966 Is taken
from his book The Medvedev Papers: The Plight of Soviet Science,
due to be published in English early in 1971 by Macmillan and Co.
&and St Martin’s Press, New York, in the United States). The

ussian text was published by Macmillan this week. The circum-

ﬁatlon are recounted elsewhere in this issue.

stances of this pub

My first visit to the Ministry of Health of the USSR
showed that the attitude of the Foreign Section towards
my trip to England had undergone a sharp change.
The Deputy Head of this seotion, M. A. Akhmetelli,
began to talk very vaguely about the fact that the
Agreement on Cultural and Boientific Exchange with
England had not yet been signed for 1966, and hence it
was not clear how many man-days their section would
have for official visits in 1966. Naturally, he said, if the
plan for man-days in 1966 was not very large, then they
would be able to arrange only the most important trips,
agreed at the very highest level. Another rank and file
employee of the same section, who had previously been
given the materials from our Institute for safe keeping,

hunted in his papers but could not find the file with the .

correspondence about the lecture and the resolutions of
his relevant superiors. This file, which he had formerly
had in his possession, seemed to have disappeared some-
where. I encountered the same lack of certainty in the
Academy of Medical Sciences. Furthermore, it was
necessary to start preparing an Exit Dossier again. The
forms for the Exit Dossier are considered to be strictly
accountable papers and are issued by the Foreign Sections
of departments only to individuals whose trip has been
agreed upon by the department. An Institute cannot pre-
pare Exit Dossiers for capitalist countries on its own
initiative. )

After waiting a couple of weeks without obtaining any
clear-cut decision, nor any official instructions to the
Institute to prepare an Exit Dossier, I let Dr Wolsten-
holme know fairly olearly about the uncertainty which
had arisen. I told him that the process of getting this
kind of trip approved was a multi-staged one and that a
first favourable reaction might be changed at various levels
on its way to an actual decision. I could not tell him
straight out the nature of the difficulties which had arisen,
all the more so because I still did not know precisely what
they were. It was necessary to speak in hints.

The prooess of arrangements here could be compared

[I wrote] with multi-stage chromatography and ion-
exchange. Imagine a set of columns with different
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absorbents and ion-exchangers. A definite substance
must pass through all of them. Those molecules which
have no (+) or no (—), which are chemically inert,
have more chances.

Anyone aoquainted with chemistry and biochemistry,
and this must include Dr Wolstenholme, would under-
stand that no compound could pass through a system of
both cation and anion exchangers if it had either & positive
charge or a negative oharge or both types of charges
simultaneously on different groups. Only substancee
which are completely neutral, uncharged, without pluses
or minuses, can get through.

I am not completely certain [I wrote] that I can by
my own efforts ensure my trip to England, nor whether
the relevant people will consider the personal invitations
which I have received. Taking into acoount all the
existing difficulties, I want to warn you that my trip
to England is still problematic. There are two courses
open to you to ensure the traditional lecture on ageing:
first, to invite some other scientist whose personal wish
and acceptance is sufficient g of his attendi
the S8ymposium in Sheffield; or, secondly, to transfer
the discussion of matters relating to this lecture to the
official level, which would apparently have to be not
lower than that of the Minister of Health. . . .

Aguin, as in 1960, I did not want to have to take the
sins of others upon myself. If the responsible authorities
did not reach & favourable decision, then let them conduct
the correspondence and let them take the responsibility
for the breakdown of this matter. In all events, I would
do my duty, the lecture would be written, translated into
English and sent to England, whatever the situation.
The tenth traditional annual lecture on the problem
of ageing would take place, whether or not I myself could
go to England. With this aim, I began to prepare my
first draft of the lecture; it was still too long, but I
proposed to cut it later, keeping what was most significant,
The lecture could not last more than seventy to eighty
minutes.
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The programme which I had received earlier was a
preliminary one, which had been sent out only so that
those attending could fix their plans for going to Sheffield
in September, particularly since half of them were from
other ocountries. The programme had not yet been
published, and the Ciba Foundation would still be able
to ask some other scientist to write the lecture. But, to
speak frankly, I was sure that Dr Wolstenholme would

choose the second course and would procure the visit of .

the lecturer he had already invited by top-level discussions.
A short time later, I received confirmation of this. Dr
Wolstenholme had drawn up an official letter to the
Ministry of Health of the USSR, and had sent copies of
his letter to thé Director of our Institute and to me. The
letter read as follows:

Professor B. V. Petrovskii,
Ministry of Health,
Rachmanovskii, Str. 3,
Moscow,

USSR.

Dear Professor Petrovskii,

It is my pleasant duty to write formally, on behalf
of the Trustees of the Ciba Foundation, to ask you to
give your official approval and assistance to enable a
distinguished Russian scientist, Dr Medvedev, to come
to England to lecture about his research.

The Ciba Foundation in London is an independent
soientifio and educational Trust which has been working
in the fleld of international cooperation in medical
research for the last sixteen years. We are assisted in
this work by eminent scjentists in many countriee,
who serve as our Scientific Advisory Panel. The repre-
sentatives for the USSR are Academicians V. A.
Engelhardt, A. I. Oparin and M. M. Shemyakin. Any
one of these scientists would undoubtedly be willing
to give you further information about the activities
of the Ciba Foundation.

Some ten years ago, as part of our programme of

medical research, we made a ial dffort to encourage
fresh research, internationally, in relation to the
grobloms of ageing. We have held a number of con-
erences on this subject, and each year we invite a
distinguished scientist to visit England and lecture
about his own special line of research in relation to
ageing processes.

We now wish to invite Dr Zh. A. Medvedev (Chief
of the Laboratory of Molecular Radiobiology, Obninsk)
to give the Ciba Foundation’s tenth Annual Lecture
on Ageing Research. We should very much like him
to tell us about his work, which we believe to be of
international importance, and we should like him to do
80 in conjunetion with a symposium on Ageing Research.

is symposium will be held in Sheffield early in
September 1966 and is being organized jointly by the
Ciba Foundation, the Society for Experimental Biology
and the British Society for Research on Ageing. We
hope that Dr Medvedj will come and take part in this
five-day symposium, with his own leoture (on the
second day) being the main function of the week.
Preliminary letters have been sent to Dr Medvedev
and we have ascertained his willingness to prepare a
lecture on his special subject for this occasion. We
now hope that his visit to England can be given official
sanction.

The Ciba Foundation undertakes to provide all the
necessary travelling expenses, acoommodation and living
expenses for Dr Medvedev in connexion with this visit
to England.

A oopy of this letter is being sent to Professor G. A.
Zedgenidze (Director of the Institute of Medical
Radiobiology of the Academy of Medical Sciences in
Obninsk).

We should be most grateful for your early, favourable

ttention to this matter, which we believe will strengthen

the mutual respect and cooperation of Soviet and British
scientists.

Yours sincerely,
G. E. W, WOLSTENHOLME
OBE, FRCP, FIBiol.

Three weeks after receiving this letter, I was summoned
by telegram to see the Deputy Head of the Foreign Section
of the Ministry of Health, M. A. Akhmetelli. I went in
haste to Moscow, almost sure that Dr Wolstenholme’s
letter had produced the necessary action. By this time

I had read up about the wide scale of the Ciba Founda-

tion's international activity, and I knew that the USSR
received considerable benefits from this organization,
particularly in the field of public health.

My hopes, however, were unfounded. Akhmetelli did
not receive me in too friendly a manner. He told me that
the Minister of Health had decided against my trip to
England. Akhmetelli hinted quite oclearly that the
English had done me too great an honour and that I
ought not to be striving so hard to bring it off. When I
asked who, in his opinion, was more worthy for such &
mission, Akhmetelli was evasive. Akhmetelli also said
that it was not quite convenient for the Minister to send a
refusal to Dr Wolstenholme’s letter, and that therefore
I should send a reasonable refusal to England. If I did
not do this, then their 8ection would hardly be able to
do any serious business with me in the future. This was
an obvious, although polite, threat, and it was only left to
me to tell Akhmetelli my candid opinion of him and his
department.

A few days later, the Director of our Institute was
summoned to the Ministry. He was advised, in & more
official manner, to send a short letter to Dr Wolstenholme,
which would save the Minister from having to deal with
the problem. I did not learn about this until later,
when Dr Wolstenholme sent me a photocopy of this letter
and a copy of his own reply to it.

The refusal, written in good English, read:
. 9.3.1966.
Dear Professor Wolstenholme,

I was very pleased to receive your kind letter in
which you ask my assistance to enable Dr Zh. Medvedev
to come to England to lecture about his research.

I express my regret, but I suppose Dr Zh. Medvedev
will not be able to come to England this year because
of a great pressure of work he has to do in his laboratory.

Yours sincerely,
Professor G. A. ZEDGENIDZE

Director of the Institute of

Medical Radiology of the Academy of

Medical Sciences of the USSR,

Member, AMS of the USSR.

Dr Wolstenholme’s reaction was almost instantaneous.

Dear Professor Zedgenidze,

Your letter of 9th March comes as a very great
disappointment not only to all of us at the Ciba Founda-
tion, but also to the many people gathering in Sheffield
in September who were particularly looking forward
to an opportunity of learning at first hand about this
work on Molecular Aspects of Ageing.

Dr Medvedev was also invited to the International
Congress of Gerontology in Vienna, but had decided,
correctly, that the lecture and meeting in Sheffield
would give him a better opportunity to have the work
discussed by appropriate scientists. It is a very great
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the Ministry of Health still had not reconsidered their
decision. “‘Since,” I wrote, ""the programme of the Sym-
posium has already been fixed and since my lecture forms
part of that programme, then whatever the circumstances
the Ciba Foundation will receive the text of this lecture in
English not less than two weeks before the Symposium.’’
However, I told Dr Wolstenholme, it would clearly be
advisable to attempt another try, this time a contact
between the Ciba Foundation and the Chairman of the
State Committee on Science and Technology, who, being the
Deputy Chairman of the Council of Ministers of the USSR,
was on a still higher level, and was fully empowered to
consider and reconsider any decision of this kind.

I no longer believed in the success of such a contect,
but the experiment had to be made, all the more since the
Head of the State Committee was Academician V. A.
Kirillin who, back in 1960, had been in charge of the
Soience Section of the Central Committee of the CPSU, and
later had been a Vice-President of the Academy of Sciences
of the USSR. In 1963, as Vice-President of the Academy of
Sciences, he had read my manuscript on the history of the
genetic controversy, and, so I was told, had been favourable
toat.

It was less than two weeks before I received from Dr
Wolstenholme a copy of his letter to the State Committee
on Science and Technology.

Dear Academician Kirillin,

I have the honour to address you as Head of the
State Committee on Science and Technics of the
Council of Ministers of the USSR, and would greatly
appreciate your kind consideration of the following
matter.

In March 19656 I wrote formally, on behalf of the
Trustees of the Ciba Foundation, to Dr Zh. A. Medvedev
(Chief, Laboratory of Molecular Radiobiology, Institute
of Medical Radiology, Obninsk) to invite him to give
the tenth in a series of annual lectures on research
relevant to the problems of ageing, which are given by
people of international importance. . . . The lecture
[is to be] part of an international symposium . . . con-
cerned with many aspects of the problem of ageing.
Dr Medvedev, from his personal point of view, kindly
accepted our invitation. . . .

Dr Wolstenholme then briefly outlined the history of
his correspondence with the Minister of Health and the
Director of our Institute, and also explained the problems
and aims of the Ciba Foundation. At the end of his letter
‘he wrote:

It is our strong wish to encourage wider recognition
of Soviet scientific achievements, and, at the same time,
to do everything possible to improve official and
personal friendship. We greatly hope, therefore, that
you would be so courteous as to use your influence to
overcome whatever minor obstacles there may be
which so far prevent Dr Medvedev from confirming his
ability to give our lecture and participate in the inter-
national symposium in Sheffield.

Academician Kirillin used his influence, but, like the
Minister, in an entirely different sense from what Dr
Wolstenholme had hoped for. At the end of May, a
member of the State Committee for Science and Tech-
nology, D. Pronskii, who was Head of the International
Section of this Committee, forwarded Dr Wolstenholme’s
letter to the Ministry of Health of the USSR, with a cover-
ing letter of his own. In this letter, he stated insistently
and in an insulting manner that Zh. A. Medvedev had
broken the regulations about ‘‘intercourse with foreign
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firms’’ and recommended that these regulations should be
explained to Medvedev. Judging from this letter he did not
even understand that the Ciba Foundation was not a firm
but was a scientific organization. But, nevertheless, his
letter found the necessary response in the Ministry of
Health. )

In the middle of June, I was summoned by the Head of
the Special Section of our Institute, and, on the instruc-
tions of the Director, I was made familiar with a letter
(of 10 June 1965) which had come to our Institute from the
Head of the Foreign Section of the Ministry of Health,
Comrade Novgorodtsev, to which was attached a copy of
Pronskii’s letter to the Ministry of Health. Repeating in
part the expressions of Pronskii, Novgorodtsev wrote in his
letter that Zh. A. Medvedev had “‘broken the regulations
about correspondence with foreign firms”’, that ‘‘he was
striving to make this trip by any means, and was involving
scholars who had nothing to do with it”’. Here he had in
mind Engelhardt and Shemyakin. Further, Novgorodtsev
expressed his doubt that Medvedev was sufficiently
competent in the problems which it was proposed he should
raise in his lecture, and he also recommended that the
necessary administrative measures should be taken to
let Medvedev know that his behaviour and his position of
opposition to the decisions of the Ministry were not accept-
able.

It should be noted that Novgorodtsev’s letter was sent
to the Institute via the Special Section deliberately, for
the psychological effect. A copy of this letter from the
Ministry of Health was also sent to the Academy of
Medical Sciences of the USSR.

Ten days later, via the same route, an enquiry came from
the International Section of the AMS, signed by & new
head of this section, Academician Kovanov of the Academy
of Medical Sciences. In this letter, he told the Institute
to let him know what concrete measures had been taken
by the Party Organization and the Institute authorities
about Zh. A. Medvedev, in connexion with his breach of
the rules on correspondence and contact with foreigners,
and a reference to Novgorodtsev’s letter on this matter
followed.

The Special Section of our Institute demanded an
explanatory memorandum from me on this matter. I
wrote them one, clearly pointing out the misunderstanding
which had arisen both in the Academy of Medical Sciences
and the Ministry of Health. I also clearly indicated my
opinion on Comrade Novgorodtsev’s power to judge my
competence in the field of gerontology. So far as I know,
my explanatory memorandum was sent to the AMS and
the Ministry of Health by the same channels which had
brought their letters, but neither an answer nor a ‘‘sorting
out” of the matter followed.

There was now little more than two months until the
opening of the Symposium. The lecture was written, and
the translation into English almost finished,. At the end
of July, my old friend Ralph Cooper was arriving for the
International Microbiology Congress in Moscow. I was
counting on him to help me edit the translation of the
text. Dr Cooper and I had worked together in the bio-
chemical laboratory of the Timiryazev Agricultural
Academy in 1958-659, when he visited the USSR under a
scientific exchange programme. He was at that time a
young biochemist. who had just finished his postgraduate
course at Oxford and had been working for about a year at
the Rothamsted Experimental Station. When he arrived
in Moscow, not knowing Russian, he was almost helpless,
particularly since our working conditions are so different
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from those in England. He was at first assigned to the
Department of Microbiology, but then he was transferred
to our Department of Agrochemistry and Biochemistry. I
shared a small study with him, and in the end we used to
coach each other in our respective languages. During the
year, we became good friends, and afterwards we had kept
up a constant correspondence. In 1961, Ralph Cooper was
& biochemistry lecturer at Hatfield College.

Ralph Cooper was coming to the Microbiology Congress
with his son Paul, who was twelve years old. During the
Congress Paul was to stay with us in Obninsk, with my
sons, the elder of whom, Sasha, could speak a little English.

At the beginning of July, another letter came from Dr
Wolstenholme.

Dear Dr Medvedev,

.. . We have received no further news from you or
from the Soviet Authorities, and greatly hope that in
this interval arrangements are going ahead favourably
for your visit to give this important lecture for the
Ciba Foundation, and for your participation in the very
interesting symposium in Sheffield. I leave for my.
holidays on 28th July and will be back in England only
a day or two before the Sheffleld meeting, so that I
hope there will be good news before I leave. In any
case my office will be in touch with me while I am away.

A room is being held for you at the Ciba Foundation
for the nights of 2nd and 3rd September. ... A room
has also been reserved for you in Sheffield . . . for the
nights of 4-9th September inclusive. . . .

If the worst comes to the worst, and you are refused
permission to come to England—although I cannot
imagine what valid reason there could be for this—
then we should hope to receive your manuscript, with
any slides, in good time so that we could arrange for
Dr Strehler to present the lecture for you.

By this time I had already sent the Russian text of the
lecture, some forty pages, for the necessary official
approval, without which not a single post office in the
country would accept it for dispatch. The procedure for
such approval had hardly changed at all since 1860.
Obtaining approval for posting, with the special form
103A, required the preliminary consideration of the text
by the Academic Council (with two representatives), a
decree of the Commission that it was non-secret, and
decisions by a certain department of the Academy of
Medical Sciences of the USSR, the International S8ection of
the AMS and Glavlit. After permission had been granted
for the text to be sent abroad, the English translation had
to be considered, and the Institute itself had to verify
that this was identical with the Russian text.

The failure of the attempt to get a reversal of the previous
decision on the trip by way of the State Committee for
Science and Technology left me only one possibility of
further action—to go to the Central Committee of the
CPSU, the final and highest of all departments. for all
decisions on foreign travel to capitalist countries.

The Secretariat of the CPSU, unlike all other bodies,
has the right to send people abroad for short periods, even
at short notice. I knew of a case of a footballer who was
suddenly required for an international match; he was sum-
moned and rushgd by air from the resort where he was on
holiday, approved by all departments, including the visa
section, delivered from Moscow to England, driven straight
to the stadium from the airport, and all this within twenty-
four hours. He was to play for the Rest of the World
against an All-England side. The idea of the match had
ceme up unexpectedly, and no preparations had been
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made for it. 8o far as I remember, England won. But this,
of course, was a special case; football, sport, the glamour,
the prestige!l No doubt the Chairman of the Exit Com-
mission watched the match himself in the English stadium
or at homo on TV. It was not a lecture on gerontology.

A preliminary discussion with some employees of the
Central Committee of the CPSU, mainly by telephone, led
me at last to the section which had it in its power to be
most helpful in the solution of the problems which had
arisen in contact with other departments. This was the
International Section for Capitalist Countries of the
CPSU. (There was yet another International Section
which was responsible for problems connected with
socialist countries of the East and West.)

At the very end of June, I was received by the First
Asgistant to Comrade Ponomarev, the Secretary of
the Central Committee of the CPSU who was in charge
of this Section. Comrade Ponomarev himself was away
at this time, accompanying the French President, De
Gaulle, on his tour of our country. His assistant, Comrade
V. 8. Shaposhnikov, met me in a most friendly manner,
and our conversation lasted more than an hour. He was
interested in gerontology, its achievements and the reason
why our country was lagging behind in a number of direc-
tions in biology. He had made himself thoroughly familiar
with my case; he promised to take all necessary measures
to set the matter right and make the visit possible, and,
in case of necessity, to interest Comrade Ponomarev in
the matter personally. After this visit to the Central
Committee of the CPSU, I had the first feeling of hope
that something would be done and the trip to England
would take place. :

However, no results were apparent in the course of th
next two weeks. When I received Dr Wolstenholme’s
letter, quated above, I once again applied to Comrade
Shaposhnikov, in writing, and at the same time sent him
a photocopy and translation of the letter from England.
In a telephone conversation, Shaposhnikov said that he
was very sorry but he had not yet had time to deal with
my business, but he promised once again to do everything
possible in the very near future.

At the end of July, my friend Ralph Cooper arrived in
Moscow. Naturally, I told him about my problems, and,
when we had considered the situation carefully, we decided
that my best plan would be to send a copy of the English
translation of the lecture by him, for safety, since the
approval to send it by official channels was taking so long.
The International S8ection of the AMB had sent the manu-
soript of the lecture first for review to the Institute of
Gerontology in Kiev, and Glavlit, whioh is not to be hur-
ried, was still to come. Cooper promised that when he
got home he would edit the translation from the language
point of view, have it retyped if there were a lot of correc-
tions, and deliver it to the Ciba Foundation by mid-August.
He would send the copy of the lecture to Dr Strehler.
Bernard Strehler was taking part in the Symposium and
I asked him if he would read my lecture in case I could
not go myself. I knew from the Biochemistry Congress
in Moscow in 1861 that Strehler was a very fine speaker
and ocould carry out this task excellently.

To take advantage of a convenient opportunity such as
this for sending the text of a lecture was not, of course,
in the bureaucratic sense, in accordance with the ‘‘rules
for intercourse with foreign firms”. But no other way
out was left to me. If I could not get the text of the lecture
to my English colleagues in good time, I should be
to blame in their eyes, I should have defaulted. No
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reasonable Englishman could ever believe in the reality
of the procedure for sending a scientific text which I
have described above. He would not believe it, but would
think that I had made it all up to cover the fact that I
had been unable to write the lecture, although I had
already written to England that the lecture was now ready.

The course of subsequent events proved that I had acted
correctly. The official procedure (and this only under
pressure from me) was as follows. The report from Kiev,
from the Institute of Gerontology, was received in August.
Fortunately, the Kjev experts did not recommend any
changes. Glavlit’s permission to send the lecture abroad
was granted on 4 September, and the text of the lecture
was sent to England on 5 September, the day before the
session when the lecture was to be delivered. It was
received in England on 11 September, when the Sym-
posium was already over.

In 1939, when Nikolai Vaivlov was refused permission
to go to Scotland for a Genetics Congress of which he
had been elected President, he sent the text of his speech
unofficially via his Bulgarian friend, Doncho Kostov,
who was going to the Congress from Leningrad. At that
period, Vaivlov was risking far more than I was. I regard
this as an example for scientists to follow, and in this
case I find no moral problem in breaking rules when they
have become ridiculous.

In the middle of August, I received from England several
leaflets announcing my lecture. These leaflets were
being distributed to the science centres, universities and
oolleges of Great Britain. They announced in large type:

THE 10th (ANNUAL)
CIBA FOUNDATION LECTURE

ON
RESEARCH ON AGEING
WILL BE GIVEN BY

DR Z. A. MEDVEDEV
(USSR)

SUBJECT:
“MOLECULAR ASPECTS OF AGEING”

on Tuesday, 6 September 1966, at 8.15 pm
in Lecture Theatre No. 1, University of Sheffield
Chairman: Professor H. N. Robson
Open without fee or ticket to all interested

It was not open only to the lecturer himself.

At the same time as he sent the leaflets, the Deputy
Director of Ciba told me that as a final means of ensuring
my trip to England, they, together with the British
Society for Cultural Relations with the USSR, had
approached the Boviet Embassy in London and asked
for their help, and had written to the British Embassy in
Moscow, 8o that, in case the Soviet authorities did request
a visa for my visit to England, it could be issued without
the delays in correspondence usual in such cases.

Once again, I sent all this material and one of the
leaflets to Comrade Shaposhnikov, enclosing a covering
letter. There was, however, no answer.

At the end of August, a letter came from Ralph Cooper.
He told me that the correction to the text of the lecture
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had been completed and that it was now in the hands
of Ciba.

The Deputy Director of Ciba [he wrote], Dr de
Reuck, sent a telegram to Bernard Strehler, to confirm
that he will be present. He also suggested that I
should go to Sheffield as your representative, and, if
neoessary, give an explanation of your ab Thus
everything necesary has been arranged. . ..

September drew near, and my hopes of being able to
make the trip finally died. Comrade Shaposhnikov was
away on leave, and it was now too late to start another
round of high-level discussions. I began to be very con-
cerned about the absence of any legal guarantees of so
important an aspect of the rights of man and of the
scientist which the freedom to travel abroad and to
engage in international cooperation is recognized through-
out the world to be. When it was clear to me that the
lecture would take place without its author, I decided’to
send a special explanation to England, making the reason

- for my absence clear. I prepared this ‘“‘explanation’ six

days before the lecture, and sent it from Moscow, from
the International Post Office, by registered express
airmail, requesting an “advice of delivery” and sending
it, for safety, to three people: Dr Wolstenholme, who
was by now in Sheffield; the Chairman of the lecture,
Professor Robson; and Ralph Cooper. I asked them to
read this text either before or after the lecture, whichever
was more convenient. I was not sure whether or not
these letters would get through to England, but, as it
turned out, only one of them went astray. The other
two reached Sheffield on 5 September, and the “‘advice of
delivery” notes were returned to me.

And 8o came the day of 6 September, a day which should
have been a day of triumph for any scientist. Early in the
morning, I set my watch to British time. My lecture
was to take place at the evening session. The morning
was given over to two sessions on problems of the ageing
of plants. In Obninsk, however, a sterner task awaited me.

In the autumn, as is well known, all city organizations
take part for a couple of months in the potato harvest. It
just had to happen that the turn of our section, that of
Radiobiology and Genetics which comprised four labora-
tories, to go potato picking came precisely on 6 and 7
September. That morning, with my colleagues from
our laboratory, I travelled 25 kilometres by bus, out to
the State Farm. In Sheffield, they were just getting ready
for the first morning session, someone else was in the
Chairman’s seat instead of me, while we were carrying
baskets and starting to sort the potatoes, moving back
and forth along the furrows. The section was assigned
to a field of some two hectares. The potatoes had to be
collected, sorted into large and small, and the large ones
loaded into the backs of the lorries. The small ones went
to the farmyard. We finished our working day at around
four o’clock. By this time the second morning session
in Sheffield was over.

The dinner in Sheffield was at 18.30, British time.
In Obninsk, I had a few of my friends coming to my home
at this time. The dinner in Sheffield did not last long, the
lecture followed it. But we, in Obninsk, had no need to
hurry, and we sat over it, talking. When, by my reckon-
ing, my explanation might well be being read in Sheffield,
I too read it aloud to my own guests at home.

Translated by Vera Rich.

© Zh. A. Medvedev, 1970.
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Andrei Sakharov

US cuts back on
official exchanges
with USSR

THE US scientific community has been
almost unanimous in condemning recent
moves by the government of the USSR, in
the occupation of Afghanistan and the
internal exile of physicist Andrei
Sakharov.

But while many support the legitimacy
of individual protest, there remains
uncertainty over how far official reaction
should undermine the network of bilateral
exchange agreements which have, in recent
years, begun to produce mutual benefits.

On the one hand, Congressman George
Brown, last week introduced a bill calling
for a one-year moratorium on US-Soviet
exchange except those essential to national
needs or a matter of extraordinary
circumstance of individual conscience.

The Carter administration, however,
while keen to make clear to the Soviet
government that it is not ‘business as usual’
for scientific exchanges, is also concerned
to maintain what it can of the existing
framework for scientific cooperation.

Thus all high-level meetings between
scientists and scientific administrators
from the two sides are being deferred.
Three such meetings have already been
postponed since the occupation of
Afghanistan, and all current exchange
arrangements are undergoing close review.

But the administration is at present
keeping the door open for low-level
contacts between scientists which it
considers to have a purely scientific or
humanitarian purpose. For example, a
scientific delegation from the USSR
studying the biological control of pests has
been allowed in — but a delegation coming
from the USSR to discuss science policy has
not, since it was lead by a deputy minister.

The administration’s determination to
keep open channels of communication,

even if limiting activities in these channels,
was supported by Academy President Dr
Philip Handler, who will be leading the US
delegation to the scientific forum in
Hamburg later this month to discuss the
progress of the Helsinki accords of 1975.
But he emphasised the Academy’s position
that the main responsibility lay on the
shoulders of individual scientists.

Uncertainty over how tough the
administration should be is reflected in the
debate over what type of strategy the US
delegation should pursue at the Hamburg
science forum.

Few currently support a complete
boycott of the meeting. And there seems
general agreement that human righs con-
siderations are central to international
scientific communication and exchange.

But given agreement that the forum
should discuss, in Dr Press’s words, ‘‘the
context within which scientific cooperation
takes place, not simply those scientific
subjects which are amply discussed in many
other settings’’, opinions are divided on
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what such discussions should aim.

Dr Paul J Flory, for example, Emeritus
Professor of Chemistry at Stanford
University and a member of the US
delegation, suggested that the scientific
community should *‘reshape its criteria for
participation’’ and lay down a set of
minimum conditions for future inter-
national collaboration. '

These might include the condition that
‘‘negotiations should be in the hands of
scientists, not governments’’, and that
participants be selected ‘‘without regard
for their political conformity, race or
ethnic background’’.

Others have suggested more modest
goals. In particular Dr John T Edsall of
Harvard University, chairman of the
American Association for the
Advancement of Sciences’ Committee on
Scientific Freedom and Responsibility, has
suggested that the forum should establish a
working group to collect and review
reports about obstacles to international
scientific cooperation. David Dickson

WITHIN a few minutes of the news of
Sakharov’s exile reaching the West, the
Royal Society sent a cautious telegram to
the Soviet Academy of Sciences, deploring
the action and asking for the Academy’s
comment. Six days later, the Academy
made its opinion known in a formal
statement by the Presidium.

The statement condemned the activities
of Academician Sakharov as being directed
‘‘against the interests of our country and
the Soviet people, actions that help to build
up international tension and bring into
disrepute the exalted title of Soviet
scientist’’. Ironically, the Presidium’s
statement accuses Sakharov of
‘‘undermining’’ precisely those ideals of
peace, arms limitation and detente that
underlie his whole involvement with

human rights. Last year, indeed, he spoke

ccer

Soviet Union responds to western reaction

out resolutely against overenthusiastic
efforts to link US willingness to sign
SALT-2 with human rights in the USSR.
Nevertheless, the statement contained
no indications that moves would be made
to expel Sakharov from the Academy.
While feelings of solidarity may so far have
prevented Sakharov’s fellow-
Academicians from expelling him from
their ranks, there is little doubt that
scientists of dissident outlook and lesser
prestige now feel themselves under
increasing threat. Andrei Tverdokhlebov,
the young physicist, who had formerly
worked closely with Sakharov in the
human rights movement was expelled to
the West just in time to testify before last
week’s congressional hearing in
preparation for the Hamburg scientific
forum. And a number of Jewish refusniks,
notably Naum Meiman the mathematician
and Aleksandr Lerner the cybernetician,
have expressed fears for their own liberty.
Meanwhile, the Soviet authorities are
attempting to counter western concern by
denying that Sakharov has been, in any
sense, exiled. ‘‘Administrative
banishment’’, said one Tass statement “‘is
neither ‘arrest’ nor ‘exile’.”” Gor’kii, said
comentator Yaroslav Khabarov on the
foreign service of Moscow radio, *‘is one of
the most beautiful towns in Russia, as well
as a major industrial, cultural, and
scientific centre with its own university’’.
By simply stripping Sakharov of his awards
and titles, and “moving him outside the city
of Moscow’’, Khabarov explained,
Sakharov has been given *‘the opportunity
to continue to work in keeping with his
profession’’. VeraRich
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Sakharov

Fiz. in June, August and September, according
to normal schedules. I am confident that the

Sir—Your journal of 11 Septemb ined a
short article by Vera Rich about a conference in
the Hague devoted to the ‘‘Sakharov affair’’.
On the basis of this article (and I have no
-grounds for doubting its accuracy, so my
grievances are not directed at the author and
editors) I was left with the impression that the
participants of the conference had received
distorted information. This information then
reached the pages of your journal. Factual
inaccuracies in the description of my situation at
the conference and other significant facts and a
kind of general demobilizing trend of these
inaccuracies aroused perplexity and anxiety,
causing me to send this letter to your journal.

I suppose that the participants of the confe-
rence and its organizers sincerely wished to help
me and others who are suffering from repmslon
but excessive haste and other errors in its
organization have almost cancelled its usefulness.

In my time I have taken part in defending the
organizer of the conference, Dr Shtern, but I
have never made his acquaintance. I have had no
communication with him during the
preparation for the conference or at any other
time. I am also not acquainted with Dr
Lozansky and did not meet him at the Jewish
seminar of ‘“‘refusnik’’ scientists in Moscow.
Shortly before the start of the conference Dr
Shtern contacted my representative abroad,
Efrem Yankielevich, with a request for him to
participate in the work of the conference.
Yankielevich declined, expressing some
apprehension concerning his unpreparedness,
though he submitted some concrete advice
about desirable witnesses (which, as far as I
know, was not used). Yankielevich also
commented on the excessively pretentious (in
his, and my, opinion) title of the conference.

The article, however, does not refer to Efrem
Yankielevich but to his wife, my adopted
daughter Tanya Yankielevich (erroneously
called Tamara), who it seems objected to
¢*garish’’ actions, as if they might interfere with
the plans of the Soviet authorities to return me
to Moscow. This is not simply an inaccuracy,
but something outrageous. A stance that is
completely alien to us is ascribed to a person
close to me, and thereby, indirectly, to myseif also.

I, and persons of a kindred spirit, regard
openness as the only weapon in the fight for
justice. The plans of the authorities are known
to no-one. Our actions and statements must be
based on fundamental considerations as we
perceive them, without accommodating
ourselves to these plans, which are unknown to
us, or to anyone's ambitions or other
considerations of the political situation. This

Politb has had nothing to do with these
publications, and, on the whole, references to
the Pohtbureau wlthout s!ltll'll the sources of
infor seem

My isolation in Gor'kii is of an entirely
different nature than appears from the
conference. There is no scientific library
opposite my home, to which I might have access.
Opposite there is only mud and piles of rubbish.
I have no contact with scientists in Gor’kii, not
because there are only secret institutes here, but
because I am in a state of almost total isolation,
deprived of the possibility of meeting anybody
at all apart from 'my wife and two people from
Gor’kii, who obtained permission for this from
the KGB, and one visit from my university
colleague, also by permission of the KGB. Any
others are kept away by a militiaman, on duty
round the clock, one metre from the door.

Idon’t even get to know about the majority of
visitors, and they have great trouble. After some
time I merely learn of people who are close to
me. Our friend and doctor, who travelled from
Leningrad, was not admitted, nor was our
82-year old aunt from Moscow. They do not
even admit my son’s fiancée, who has lived with
us nearly three years — Liza Alekseeva. The
authorities will not allow her out of the country
to join the person she loves, she is subjected to
persecution, threats of physical and legal
reprisals. Fear for her, for her life compels my
wife to divide her time between Gor’kii and
Moscow. Liza Alekseeva has become a hostage
of my public activity, and now her defence is,
perhaps, the most realistic form of supporting me.

To describe my situation, I might add that I
have no telephone and it is not possible to make
a call from a post office; I am deprived of the
medical aid of those doctors who used to treat
me; my correspondence is carefully inspected by
the KGB and only a fraction of correspondence
reaches me; in the house where I live there is a
personal radio jamming device, which was even
in operation before jamming of radio
transmissions was resumed in the USSR.

In July my wife found two KGB agents in the
flat, who had entered through a window and,
without the knowledge of the militiaman on
duty, rummaged through my papers, and erased
tape recordings. Illegal entry like this, the pur-
poses of which may be even more dangerous, has
happened before. I have not received a reply to a
single one of my letters or telegrams to officials.
Two months ago I sent a letter to the vice president
of the Academy of Sciences of the USSR, E. P
Velikhov, and would like to hope for a reply.

The Soviet press, Soviet representatives
abroad and some of my Soviet colleagues during

applies both to my defence, and to the deft
of other victims of repression, and to general
questions such as disarmament and
international security, human rights,
environmental protection and nuclear power.
Now to some concrete inaccuracies. In
Moscow, publication of preprints of my articles
in English was forbidden, and the manuscripts
were removed by the KGB from the office of the
Institute, evidently to preclude any possibility of
acquaintance with my work in the West. The
preprints were published at Stanford
University, and 1 am deeply grateful to my
colleagues there. I am also very grateful to my
colleagues in the USA and in other countries
who send me their preprints. The Russian texts
of my articles are published in Zh, éksp. teor.
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foreign missi in with people in the
West who are concerned about my fate, in an
attempt to disorganize my defence, assert that I
am against détente, have spoken out against
SALT, and have even permitted the divulgence
of state secrets; they also emphasize the mildness

of the measures taken against me. My attitude,

and open way of life and actions are well known
and show how absurd these accusations are.

I have never infringed state secrecy, and any
talk of this is slander. I regard thermonuclear
war as the main danger threatening mankind,
and consider that the problem of preventing it
takes priority over other international
problems; I am in favour of disarmament and a
strategic balance, I support the SALT-II
agreement as a necessary stage in disarmament
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negotiations. I am against any expansion,
against Soviet intervention in Afghanistan, but
in favour of aid to refugees and the starving
throughout the world. I regard as very
important an international agreement on tefuul
to be the first to use nucl

on the basis of a strategic balance in the field of
conventional weapons. I am convinced of the
interrelatedness of international security and
defence of human rights, and am in favour of
freedom of convictions and exchange of
information, freedom to choose one's country
of domicile and place of domicile within that
country, and freedom of religion. I am deeply
anxious about the fate of political pﬂmners in
the USSR, unjust courts, illegal repression. The

-‘most important aim for me is the release of

pri of ience throughout the world,
including the USSR, the countries of Eastern
Europe, and China.

I do not make it my task to give special sup-
port to the viewpoint of Western governments,
or anyone else, but express precisely my own
viewpoint on matters causing me anxiety. As for
the mildness of the measures taken against me,
they are not as severe as the terms of
imprisonment lasting many years for my friends
and scientists— prisoners of conscience Sergei
Kovalev, Yurii Orlov, Toli Shcharanskii
(Anatoli Shcharansky), Tanya Velikanova,
Viktor Nekipelov, nor as the fate of thote
awaiting trial — Aleksandr Lavut, 1
Ternovskii, Tanya Osipova and many others.

But my banishment, without trial in
infringement of all constitutional guarantees,
the isolation measures applied, interference of
the KGB in my life, are completely illegal and
inadmissible as an infringement of my personal
rights, and as a dangerous precedent of the
actions of the authorities, who are casting aside
even that pitiful imitation of legality in the
persecution of dissidents that they displayed in
recent years. Only a court has the right to estab-
lish that a law has been infringed and to define
the manner of punishment. Any deliberations
about culpability and mercy without a trial are
inadmissible and against a person’s rights.

Therefore I insist on a public trial, and attach.
fundamental importance to this. It is this that
should have been heard at the conference in my
defence, and not the greater or lesser mildness of
the measures taken against me. Unfortunately,
albeit unwittingly, the conference adopted the
formulation of the problem that is most advan-
tageous to the Soviet authorities, but even then
there were the factual inaccuracies stated above.

I do not know how the fate of others was
described (this is not mentioned in the article),
but the report concerning the only other person
apart from myself mentioned in the article — Dr
Gol'fand — is incorrect. He was not dismissed
from his work in connection with an application
to leave for Israel, but long before he decided to
emigrate. Those colleagues of his in the West
who are helping him in his struggle for the right
to emigrate will, I fear, be misinformed and will
cease their efforts after reading such a cheerful
paragraph about his reinstatement.

In conclusion I should like to draw attention
to the possibility of obtaining accurate
information on my situation and attitude
directly from my statements and from the
reports originating from my wife and from my
representative abroad, Efrem Yankielevich.

ANDRE! SAKHAROV

6 October 1980,
Gor’kil 137, Gagarina 214 kv.3, USSR
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Reforming Soviet research

Soviet research is in good shape and even good spirits, but would be more effective if its managers paid
more attention to the needs of its researchers and the framework in which they operate.

Twis brief survey of the state of science in the Soviet Union is
informed by several prejudices, of which the more obvious are
now listed.

First, science is international in the sense that even researchers
of different nationalities and with different short-term goals
(publishing a paper, malnng a bomb) have identical long-term
interests (finding out). That is why it is has been a tragic loss for
the West as well as for the Soviet Union that, for half a century,
links between the Soviet enterprise in science and that elsewhere
have been needlessly attenuated.

Second, the election of Mr Mikhail Gorbachev as General
Secretary of the Communist Party of the USSR in March 1985 is
the best thing to have happened in the Soviet Union, 70 years old
next week, for at least 60 years; it may also the best thing to have
happened to the world elsewhere since the end of the Second
World War. Mr Gorbachev wants to reconstruct the Soviet
Union and to make it prospeérous, but to keep it socialist. Can
anybody elsewhere pretend that the world would be a safer place
if the Soviet Union were bankrupt and socialist?

Third, nobody can tell whether Mr Gorbachev’s venture will
succeed. The odds of history are against him; Russia changes
only slowly. The fact that the intellectual community in the
Soviet Union seems to be solidly behind him does not assure his
success.The next few months, before the ad hoc party confer-
ence next June, will be critical.

Fourth, the Soviet government is (or should be) downcast that
the attention given since 1917 to higher education, science and
technology has left the Soviet Union with a civil industry which is
inefficient and incapable of meeting social needs.

Science and technology have been cherished from the outset
of the Soviet state precisely in the beligf that only science and
technology would create the resources required for the suste-
nance of a socialist state. Why has that calculation gone so
wrong?

The achievements of Soviet science are a curious mixture of
success and failure. Even before the revolution, Soviet science
had made a distinctive mark (remember Mendeleev?). Since,
there has been a long succession of distinguished Soviet practi-
tioners and a long yoster of practical achievements. Especially in
mathematics and physics, but more recently in other fields as
well, Soviet researchers have won great respect from their col-
leagues elsewhere. There are many ways in which the temper of
Soviet science as practised at the best institutes and universitics
is directly in the tradition of old-fashioned European scholar-
ship; undistracted by the scramble for research grants, unworried
by doubts about their tenure of office and secure in the know-
ledge that their institutions will survive, able men and women
devote themselves wholcheartedly to scholarship and the intel-
lectual welfare of their students (also a part of scholarship).

Other Soviet researchers, equally distinguished and some-
times as well-known academically, have shown the Soviet gov-
ernment the recipes for making several startling machines that
function successfully — nuclear weapons of various kinds, -

rockets that send satellites into orbit reliably and nuclear sub- .

marines apparently no less functional than those of other manu-
facturers (of which there are not many). Even those who wish
these machines did not exist must agree that they play a crucial
and legitimate part in the defence of the Soviet Union. Why
cannot a fechnical enterprise so technically competent arrange
for Moscow to have a reliable supply of toothpaste?

The failure to deliver the economic growth the Soviet state
and now (with glasnost increasingly) the Soviet people look for
is not the fault of Soviet science but of the economic environ-
ment. By declining to make science a scapegoat for obvious
economic failure, all Soviet governments since the Second
World War have implicitly acknowledged that. Mr Gorbachev's
strength is that he has gone further than his predecessors in his
appraisal of the magnitude of the Soviet Union’s economic
failure and in recognizing the dangers inherent in its continua-
tion. He puts much of the blame on the shoulders of the 15
million bureaucrats, planners and decision-makers, intervening
between the two halves of civil industry — production plantsand
their customers. What must worry him, as it does his supporters,
is the difficulty of creating a link between the two halves that will
give the former an incentive to produce what the latter want that
will not be mistaken for ideological backsliding.

If Soviet science is not to blame, what can it do to help?
Readers of the pages that follow will recognize that the Soviet
research community abounds with talented people working
imaginatively on important problems, just as in many other
places. That impression is deliberately intended. But it should
also be clear that the organization and management of Soviet
science, unfamiliar to Westerners, also leave a great deal to be
desired in Soviet terms. It is, for example, strange that a system
attaching great importance to planning should allow the distri-
bution of its talent among institutes and even geographically to
be determined largely by the chance relationships of young men
and women still at university with their teachers. There is indeed
a danger that if the economic climate in which it operates were
more efficient, Soviet science would not be able to meet the
challenges that would face it. Moreover, the academy’s pro-
gramme of modest reform (see p. 781) is entirely insufficient to
avert that risk.

Here is a brief list of some of the obvious defects of the present

system, and some suggestions as to how, in Soviet terms, they
could be remedied.
Mobility. Immobility within the Soviet research enterprise is
stultifying. Outstanding people may be able to force their way to
other institutes or even to persuade the authorities to let them
create new institutes of their own, but most working researchers
must reconcile themselves to staying for the remainder of their
careers at the institutes to which they are first appointed. The
University of Novosibirsk is even proud that half of all its physics
graduates are still working in the town (most of the rest having
been shuffled off into less exalted jobs). There is every reason to
expect (and plenty of anecdotal evidence to confinn) that people
thus placed are unlikely to be best placed, and are in danger of
going to sleep, becoming malcontents or both. Academy
adminisirators, saying there is “no problem”, list the schemes by
which people wishing to change jobs can, for example, look for
others willing to swap apartments (a lottery that may succeed in
3 to 5 years or never). Within its own terms, it is mystifying that
the academy does not follow other large employers of skilled
labour in advertising all vacancies at all levels throughout its
system and arranging that they are filled by merit from among all
applicants, providing necessary assistance with relocation.

. The days have gone when all practitioners of Soviet
science were privileged. Now, only academicians and the simi-
larly placed are privileged. Young people embarking on their
careers are especially encumbered by the hardships of daily
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Soviet life, but the establishment seems curiously indifferent to
their hardship. Those who succeed against the odds are likely to
be exceptionally able people (although nepotism may also do
the trick, and often does, for friendships forged in adversity
endure). But even those ground into the dust by adversity
remain on the books. The official view is that, with last year's 25
per cent increase of university salaries (on a par with those of
full-time researchers), “we are hoping it is our turn next”.
Should not a large employer of scientific labour anxious to get
the best out of its workforce be more active in seeking the
removal of impediments to its efficacy?

Injustice. Thoughtful enthusiasts for perestroika say that eco-
nomic reform may be less urgent than social reform, especially
that of the Soviet judicial system. A similar truth obtains within
Soviet science. The most obvious cases of injustice are those in
which Jewish people who apply for visas to emigrate to Israel
usually (but not always) lose their jobs, in flat contradiction of
the provisions of the Soviet constitution guaranteeing national
equality (where a person’s nationality is usually defined by the
republic in which his parents were born, but for Jewish people is
defined as ‘Jew’ and so recorded in his internal passport). A
more common source of trouble is the arbitrary administration
of the system for deciding who shall travel abroad, especially to
the West. Although it seems that other government agencies
and even organs of the party influence these decisions, they are
administered (for academy staff) by the academy, which seems
not to appreciate how arbitrariness can corrode morale. Few will
deny the Soviet government’s right to deny exit visas to some of
those who apply for them, or the academy’s right to decide when
its employees can be spared to travel, but surely the government
could insist that its nondiscriminatory laws are obeyed and the
academy could arrange that its administration of its relations
with the outside world is transparent and fair. The matter is the
more urgent because of the shabby treatment of Sakharov in his
exile.

Isolation. Much could and should be done to relieve the self-
imposed isolation from which Soviet science suffers, and which
explains why Soviet science is elsewhere iess well respected than
it should be. Simple stratagems would help, such as a courier
service to the West to circumvent the delays that impede com-
munications with Western journals. (Inward mail can take up to
a month to reach its destination.) The bumbledom of the pro-
cedures for winning permission to publish abroad (increasingly a
formality with glasnost) could surely be substituted by an insti-
tute director’s fiat without compromising the Soviet Union’s
legitimate interest in commercial and military secrecy. More
flexible policies on travel would plainly also help, although it is
pecoming clear that the cost of travel will be a handicap unless
Mr Gorbachev can find a formula for currency reform that gives
rubles real value. Other urgent problems of liaison are not even
considered yet: what, for example, can be done to connect
under-computerized Soviet science with the electronic data
networks now well-established elsewhere?

Impoverishment. The performance of Soviet science is sadly
hampered by equipment deficiencies on a scale too great to be
cured by purchases from abroad, at least while rubles are what
they are. Moreover, while the interest of individuals in research
institutes is as variable as at present, it would be wasteful to
arrange that everybody has the most modern tools for research.
In the long run, this serious problem will be solved only when the
ills of Soviet industry are cured. Meanwhile, there is an urgent
need that the Soviet scientific enterprise should have more
natural access than is provided by the often arbitrary allocations
of hard currency to the international market in instruments and
equipment. Plans that academy institutes with a present interest
in the development of equipment should be free to make deals
with companies overseas will unfortunately not produce results
quickly. The capitalist solution of the problem would be for the
Soviet Union to buy an instrument company elsewhere, using it
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as ameans of selling its own designs internationally and using the
proceeds for buying what it does not manufacture. Should not
the academy be pushing for some solution of that kind?
Mismanagement. The sheer scale of the Soviet research enter-
prise means that its management must be a complicated task.
The need that research institutes must be more self-reliant than
in the West, ensuring that there is housing for their staffs for
example, is a further complication. In the circumstances, it is
inevitable that most attention should be spent on major pro-
jects, as in space research, plasma physics or high-energy
physics.

By contrast, the management of more routine endeavours
tends to be skimped. This, at least, is the best explanation why
second-rate projects appear to survive indefinitely once begun,
while there is a great deal of needless duplication within the
system. (Most bialogy institutes, for example, support prog-
rammes of cell membrane research not easily distinguishable
from each other.) It is asking too much of the academicians who
function as heads of the academy’s 17 divisions to deal with all
these issues decisively. For the long run, there may be more
promise in the scheme now being tried for supporting research in
high-temperature superconductivity by asking interested
laboratories to compete for funds. It will be interesting to see
how this first national competition for research grants is adjudi-
cated; as things are, the Soviet Union is the only major scientific
enterprise in which such competitions do not exist.

Two other structural issues need attention, of which the chief
is the conflict of interest arising within the academy’s own oper-
ations. As things are, the academy is both an agent of research
and a group of distinguished people which, naturally, has an
important (and apparently welcome) collective influence within
the Soviet government. Both functions are important. but not
easily reconciled with each other. Saddled as it is with the
research organization as it has evolved. the academy is not well
placed to diagnose its faults and to remove them. It is alsb
hamstrung by the plain truth that people chosen for their distinc-
tion in research are not necessarily able managers of the sprawl-
ing research enterprise. In the late 1960s, some academicians
argued vigorously against the temptation to let the academy
become the Soviet government’s ministry of science, but events
have gone against them. Now the academy is veering towards
the election as academicians of people whose skills are mana-
gerial, which in the long run may undermine its influence and its
usefulness. Either the academy or its masters should ask
whether it would not be more effective if it shed its managerial
responsibilities. concentrating instead on shaping the pattern of
research, perhaps by the administration of a research grants
scheme. Such a move would also diminish the often deadening
influence of grand men in the Soviet scheme of things.

A better balance between the universities and institutes in the
conduct of research is also urgently needed. The Soviet Union is
unique (even compared with Chma) inits dependence on formal
institutes rather than universities as the agents of research.
Nobody would suggest that universities should have a monopoly
of basic research, but there is now good reason why Sovict
universities should have a better crack at the whip. The potential
benefits for the quality of students’ education should be evident.
but it would help enormously to loosen the over-rigid frame-
work of Soviet research if a measure of plurality were built into
the system. Part of the present trouble is that the system is
literally self-perpetuating; the numbers of young people quali-
fying as researchers is determined by the academic influence of
those already working in the same field. In the circumstances,
breaking new academic ground is bound to be difficult. It is
remarkable that Soviet science has done so well. But would it
not be even better placed if young men and women were not
committed to some specialized field of science more or less from
the beginnings of their careers? And is this not what the spirit of
glasnost requires? [m]
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binary systems, one component of which
is a black hole. In a work of 1964 (in
collaboration with M. A. Podurets), andin
a number of subsequent papers, he con-
sidered the dynamics of neutron emission
during the formation of black holes. As a.
result, black holes became accepted as
really observable objects, and appropriate
observational programmes were worked
out and began to be implemented. These
programmes, as is well known, have
already yielded very interesting results.
Another important aspect of Zel'do-
vich’s interests (in which A.G. Doroshke-
vich, I.D. Novikov, R.A. Sunyaev, S.F.
Shandarin and others also took part) was
the formation of galaxies and galaxy
clusters. He established the nature of the
spectrum on initial perturbations of den-
sity, which have observable consequen-
ces, and he predicted singularities of the
large-scale structure of the Universe —
according to that theory, there are gigan-
tic ‘black regions’ free from galaxies and
filled with hot low-density gas of ‘pre-
galactic’ composition. There are data sug-
gesting that this is really the case, although
the question must still be considered

open.

Zel'dovich and his colleagues analysed
cosmic electromagnetic radiation and
proposed experiments to be carried out in
a range suitable for the discovery and
investigation of relict radiation. These
ideas were not generally known abroad
and were not properly exploited by those
who did know them. Immediately after
the discovery of relict radiation, Zel'-
dovich recognized it to be of enormous
importance, not only as a confirmation of
the hot model of the Universe but also as a
powerful means of investigating many
other important questions in cosmology
and astrophysics. In a number of publica-
tions (in collaboration with R.A. Sunyaev
and others) he examined the effect of
various cosmological factors on the
anisotropy of relict radiation. As is well-
known, this line of investigation has
acquired great significance.

In his last years, Zel'dovich published
works in which there was an especially
profound reflection on the interconnec-
tion of the theory of elementary particles
and cosmology, considering cosmic
domains, and cosmic structures, the astro-
nomical consequences of the rest mass of
the neutrino and other postulates of the
theory of elementary particles. He
attempted to indicate the outlines of what
he called ‘full cosmological theory’ (cor-
responding to the question of the charac-
ter of the pre-classical, that is, the
quantum-gravitational, stage of develop-
ment of the Universe, and the origin of the
qualitative and quantitative characteris-
tics of the classical stage, including the
polytropy spectrum of ‘initial perturba-
tions’).

All his life Zel'dovich was at the lead-
331,671; 1988

ing edge of science, and he was always
surrounded by people. His effect on his
pupils was remarkable; he often discov-
ered in them a capacity for scientific
creativity which without him would not
have been realized or could have been
realized only in part and with great diffi-
culty. An essential factor here was his
scientific style and personality — his
immense energy, his sensitivity to what
was new, his intuition, his striving for
theoretical simplicity and elegance, his
scientific honesty, and his readiness to
admit his own error or acknowledge the
priority and correctness of another. In
science, Zel'dovich was a humble man
(although the manner in which he some-
times took part in discussions, defending
what he considered to be the scientifically
irrefutable, could give a somewhat dif-
ferent impression). He was almost child-
ishly delighted when he had managed to
achieve some important piece of work, or
had overcome a methodological difficulty
by an elegant method, and felt failures and
errors keenly.

To Zel'dovich, it often seemed that he
was not professional enough in this or that
field, and he summoned up greater efforts
to fill in these gaps. Here, too, his
approach was creative. He often found
new, more comprehensive ways of descri-
bing and dealing with a problem. So there
came into existence numerous papers and
articles of a pedagogic nature, and mono-
graphs and books (more than 20 of them)
which always included much that was
original. His books Relativistic Astrophy-
sics, Theory of Gravitation and the Evolu-
tion of Stars and The Structure and Evolu-
tion of the Universe (jointly with 1.D.
Novikov) acquired great renown. It is
impossible to overestimate the impor-
tance of this side of his work, which helped
a great many people to come to science by
the most direct route.

Special note should be made of his book
Higher Mathematics for Beginners. In one
of his papers, Zel'dovich wrote: “The
so-called ‘strict’ proofs and definitions are
far more complicated than the intuitive
approach to derivatives and integrals. As
aresult, the mathematical ideas necessary
for an understanding of physics reach
school-pupils too late. It is like serving the
salt and pepper, not for lunch, but later —
for afternoon tea”. I whole-heartedly
agree with him on this point.

As I have already said, for many years I
worked closely with Zel’dovich. This was
a relationship of comradely goodwill,
mutual readiness to help and strenuous
work towards a common aim. There was
no negativism, hostility or signs of un-
healthy competition (this, moreover,
although the group of I.E. Tamm, to
which I belonged, had ‘fallen in’ to an
already well-established team from out-
side). In the 1950s and 1960s, our offices
and homes were next to one another, and
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several times a day we would get together
to consider a basic theme; we would also
talk about general scientific problems.
Often we discussed interesting physical
and mathematical trifles (what I call
‘amateur problems’). Sometimes we
played games, as it were, competing in the
speed and elegance of solutions (the one
who solved it first ran to tell the other at
any hour of the day or night).

Much of my own work on fundamental
science had its beginning in these contacts.
Here is one example. Once Zel'dovich
rang me up and said that he had been
lecturing to one of the Moscow scientific
seminars on his work on the cosmological
constant (described above) and had met
with puzzlement. I immediately apprecia-
ted the importance of the problem, and a
few days later I rang him up with a further
development, the idea of induced gravita-
tion. Zel’dovich received the idea enthus-
iastically, and, in his turn, wrote a paper
which treated electrodynamics in an anal-
ogous way. I, too, understood the role
played in the problem of the cosmological
constant by the compensation of the
boson and fermion contributions —
unfortunately, neither of us managed to
think the problem through as far as super-
symmetry.

I'should also like to put it on record that
Zel'dovich helped a great number of
people in a purely personal way, even in
matters of everyday life. Of course, one
should not assume that in every case
Zel'dovich appeared in the best possible
light. He was no angel.

My relations with Zel’dovich were not
always unclouded. In the 1970s and 1980s,
especially in the Gor’kii phase of my life,
hurt feelings and mutual coldness crept in.
Zel'dovich strongly disapproved of my
social work, which irritated and even
frightened him. He once said “People like
Hawking are devoted to science. Nothing
can distract them”. I did not understand
why he could not give me the help which,
given our relationship, I considered
myself justified in asking for. I know that
all this tormented Zel'dovich. It tormen-
ted me too, as described in my memoirs.
Today, the events of those years seem like
foam, carried away on the stream of life.
Unfortunately, after my return from
Gor’kii I met Zel'dovich only once or
twice, and then in company, and was
hardly able to communicate with him in
human terms. Yet another lesson is that it
is not always possible to put things off to
another day.

Now, when Yakov Borisovich
Zel'dovich has departed from us, we, his
friends and colleagues in science, under-
stand how much he himself did, and how
much he gave to those who had the chance
to share his life and work. [w]
Andrei Sakharov is at the Lebedev Physical

Institute, Academy of Sciences of the USSR,
Moscow, USSR.
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by his resolute repudiation of plant hor-
mones, and his reputation was under-
mined when the Dane Vent and the Soviet
physiologist N. G. Kholodny were
honoured for their discovery.

At the personal level, Lysenko suffered
much unpleasantness as a result of his
brother’s decision to go over to the Nazis
and then to defect to the West. In the
Soviet Union, the relatives of those who
left the country were considered traitors.
(There was a special article in the Criminal
Code to that effect.)

Lysenko's relationship with the auth-
orities was also affected, immediately
after the war, by the degree to which West-
ern society was shocked by the fate of
N. I. Vavilov, G. D. Karpechenko, N. V.
Timoféeff-Ressovsky and other out-
standing scientists whom Lysenko and
lysenkoists had publicly attacked and who
had then mysteriously disappeared. At
that time, British and American leaders,
in particular Churchill, made repeated
personal appeals to Stalin asking what had
happened to Vavilov (Yurii Zhdanov,
personal communication, 22 December
1987). Stalin knew. of course, that this
outstanding Soviet scientist had been
arrested precisely because he had opposed
Lysenko. Finally, itis also relevant that, in
1947-48, the major Soviet biologists who
were still alive openly declared themselves
against Lysenko’s new ideas, particularly
his assertion that he had found serious
errors in the work of Darwin. According
to Lysenko, there is no intra-species
struggle in nature, but mutual coopera-
tion between plants of a single species.

Lysénko’s dethronement was further
assisted by Yurii Zhdanov, head of the
Science Section of the Central Committee
of the Party and son of the influential Sec-
retary of the Central Committee of the
Party, A. A. Zhdanov. The younger
Zhdanov was openly sympathetic to the
geneticists, expressing his scepticism
about Lysenko. Among the many letters
from geneticists, plant breeders and
agronomists, criticizing Lysenko that
reached the Central Committee was a long
manuscript by Vladimir Efroimson
which set out in concise form the details of
Lysenko's scientific and organizational
errors.

The post-war change of attitude
towards Lysenko was reflected in the fol-
lowing events:

@ In 1945, A. R. Zhebrak who, after the
arrest of Vavilov and the other plant gene-
ticists, had become the most important
specialist in this field, and who also worked
in the office of the Party Central Commit-
tee apparatus, published an article called
“Soviet biology” in the journal Science.
This amounted to a careful criticism of
Lysenko. That there should be an article
had been suggested to Zhebrak by the
then Politburo member A. N. Voznesen-
skii, but Zhebrak obtained permission for
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the project from another member of the
Politburo of the Central Committee of the
All-Union Communist Party (Bolsheviks),
A. S. Sherbakov, head of the Sovinform-
buro (A. R. Zhebrak, personal communi-
cation).

1 Steps were taken to set up a new Institute
of Genetics and Cytology within the
framework of the Soviet Academy of

Sciences, as an alternative to Lysenko’s

institute. The new president of the Aca-
demy, Sergei Vavilov, brother of the
Nikolai Vavilov who had perished in
Stalin’s torture chambers and who had
been elected president of the academy on
17 July 1945, helped™ in this project. The
project progressed quite a long way — it
was approved by the Central Committee,
the appropriate documents were for-
warded to the Soviet government, the
recruitment of staff began and a source of
funds was opened up.

B Some of the new members elected to
the Soviet Academy of Sciences in 1946
were mostly people who had openly
expressed their disagreement with
Lysenko. There was even a geneticist
among them. Furthermore, in 1946, Stalin
prizes were awarded to two specialists
who were well-known for their negative
views of Lysenko: V. S. Nemchinov, for
his work Agricultural Statistics, and V. 1.
Edel'shtein for his textbook Vegetable
Growing.

B On 9February 1947, at a plenary session
of the Central Committee devoted to agri-
culture, Lysenko’s taboo on hybrid maize
was revoked, his proposal to replace
winter by spring wheat in the Ukraine was
reassessed as “incorrect” and it was noted
that there were no good varieties of winter
wheat for Siberia (although Lysenko had
been trumpeting that such varieties had
either been created already, or else were
in the process of being created by him
personally).

B According to Zhores Medvedev’, A. A.
Zhdanov went to the Organizing Bureau
of the Central Committee with a proposal
that the leadership of the Academy of
Agricultural Sciences should be strength-
ened. This, in bureaucratic language, was
a proposal to find someone to replace
Lysenko as president of Lenin’s Academy
of Agricultural Sciences.

M In 1947 and 1948, scientific conferences
at Moscow University were attended by
enormous audiences (up to 1,000 people
at the last of them) at which Lysenko’s
views on the reform of darwinism were
subjected to searching criticism.

B The final chord of the whole anti-
Lysenko symphony was a speech by Yurii
Zhdanov, head of the Division of Science
of the Central Committee, at a seminar of
district committee and provincial commit-
tee lecturers in Moscow. Zhdanov’s
lecture was almost entirely devoted to
criticism of Lysenko™. Zhdanov said that
Lysenko “to a great extent is struggling
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against shadows of the past”, and that,
based on his
very narrow-minded conceptions, he defini-
tely delayed the usage of new hybrid corn in
our country. | that in this pl
we have new theoretical narrow-minded-
ness overgrowing into definite material
detriment. And we are compelled to
consider critically one or another new
supposition proposed by a school of
Lysenko.
Zhdanov spoke about the failures of
. .. the attempts by Lysenko to ‘hunt out’
new plant varieties for 2 or 3 years, as well
as his promise to select for Siberia winter
wheat which will be resistant to frost and
which will not differ in their stability from
domestic varieties.
Zhdanov characterized Lysenko’s claims
as ‘“undesirable accusations” which
brought harm to Soviet agriculture. One
of the most important requirements of
the lecture was the denial of Lysenko’s
favourite thesis: the wish to divide the
Soviet scientists into bourgeois and
socialist specialists.
It is wrong to think [Zhdanov said] that
there is a struggle between two bourgeois
schools, one of which represents Soviet
views and another bourgeois Darwinism. I
think that such a contradiction should be
rejected, because discussion takes place
between the scientific schools, both of
which belong to Soviet science, and neither
of these schools can one call as bourgeois.
The final sentence of this lecture was as
follows:
It is necessary to liquidate the attempts to
establish the monopoly in one or another
division of science, because every mono-
poly leads to stagnation . .. Trofim
Denisovich tried to do many things, and we
say to him: Trofim Denisovich, you also did
not do many important things. Moreover,
you close your eyes on the whole set of new
forms and methods of the reorganization of
nature.
Such lectures were then of exceptional
significance, for they brought to the atten-
tion of those responsible for the current
Party line the latest resolutions of the
leadership, as well as providing ideological
directions for the immediate future.
Zhdanov’s sharp criticism was taken as
clear evidence of the inevitable and
imminent downfall of Lysenko™.
Immediately after this lecture, Lysenko
decided on a desperate step. Once again,
he showed that he was by no means a
coward and was an excellent psychologist.
Lysenko wrote to Stalin and to the senior
Zhdanov saying that he was willing to give
up the presidency of the Academy of
Agricultural Sciences, not because there
were fatal errors in his work, but because
all his life geneticists and other opponents
of his science (“Michurinist science™) had
prevented his proposals from being put
into practice, had slandered him and were
now thriving to such an extent that they
had even persuaded Yurii Zhdanov to
support them.
Lysenko plainly planned his reply to
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Zhdanov’s criticism carefully. He wasted
few words on the principal offender,
Yurii Zhdanov. The chief emphasis in his
letter is his undisguised request to be
allowed to deal with those who held dis-
senting views. That was completely in
Stalin’s style. .

Lysenko’s letter embodies a double
distortion of the truth. He represents him-
self as an unfortunate little lamb against
whom the reactionary geneticist-wolves
are sharpening their fangs. (This, of
course, was a blatant lie; the geneticists
were still reeling from the arrest of many
of their leaders, the death of N. K.
Kol'tsov and, after the 1936 and 1939 dis-
cussions, the general weakening of their
position.) But Lysenko also sought to
convey the impression that, because of
this situation, it was difficult for him to
“press forward” with the application of his

Is.

The self-pitying tone of the letter is deli-
berate. His self-abnegation was calculated
to demonstrate his humility and his readi-
ness to carry out instructions unquestion-
ingly. This, he would have known, would
have been the safest way of obtaining
carte blanche to deal with potential and
declared enemies.

Significantly, Lysenko did not conceal
his intention of dealing with those with
dissenting views. That is the relevance of
the concatenation of two of his complaints.
First, he said, he had been “accused more
than once” of having applied “administra-
tive blocks” in the interests - of the
“Michurinist direction to which [he]
subscribe(d)” to the “other, contrary,
direction”. But then, he continued, “for
reasons outside [his] control, this, unfor-
tunately, was far from being the case”.

Lysenko’s suggestion was that he was
not in a position to launch a pogrom
against his opponents. His calculation was
that the leaders of the Central Committee,
Stalin and Zhdanov, who had a propensity
for crushing their opponents, would not
fail him. He was seeking their agreement
for a pogrom in genetics. He understood
quite well how to approach Stalin and
Zhdanov senior.

Although Yurii Zhdanov’s lecture
created a considerable stir, it led to no real
unpleasantness for Lysenko. But, equally,
‘there was no immediate response to his
letter to Stalin and Andrei Zhdanov. So
Lysenko resolved on a second course of
action. Through the Minister of Agricul-
ture of the USSR, I. A. Benediktov, he
obtained a transcript of Yurii Zhdanov’s
speech. On 11 May 1948, he returned it to
Benediktov, attaching yet another note
‘which ended with him suggesting that he
should resign as President of the Academy
of Agricultural Sciences®.

Lysenko began by saying that the tran-
script had been “somewhat toned down”
compared with what he had heard, and
continued:

Lysenko’s appeal to Josef Stalin

To the Chairman of the Council of Ministers of the Union of SSR, Comrade Josef
Vissarionovich STALIN “To the Secretury of the Centrul Committee of the VKPV,
Comruade Andrei Aleksundrovich ZHDANOV™

from Acudemicisan T. D. Lysenko

1t has beconic very difficult for me togoon
working, both as President of the Lenin
Al-Union Academy of Agricultural
Scieaces and even as a scientist. There-
fore, 1 have decided 10 turn to you for
help. A most sbnormal situation has
arisen in agrobiological science.

‘That there hus been, in this science, and
still conti
metaphys
line is well-known; that | consider normal.

Al present, for obvious reasons. me

and "

neo-D
Mopled unew strategem. Without chun;-
m; mylhm; in lhﬂl :cm\ee they h-vt
0

Michurin and have :ecu.scd us, who wb
scribe 10 Michurinist science and who are
developing it. of having’ restricted and

.pervertcd that science. 1t is also obvious

why ali this pressure from the Weiss-
munists and nco-Durwinists is aimed finst
and foremost at me penmllly

Under these dii ly

opponcnts. Ttis clear to me that the ullega-
tions put forward by this lecturer — the
Head of the Science Division of the Propu-
ganda Section of the Central Commitice
of the Al-Union Communist Puny

-(bolsheviks) — were accepted us the truth

by the large audience of Party regional
committee lecturers. So the falschoods
he and
neo-Darwinists will have even greater
cffect in the provinces, both umong scien-
tific workers and umong agronomists and
leaders of agriculturul practice. And for
the scientists whom | lcad, the road to the
practical application of their results will be
beset with great difficulties. This hus come
us a greut shock to me; it is difficult for me
to endure it
Thus | am twrning 10 you with a request
which is very imporiant for me: if you think
it appropriate, give me your help in this
matter, which scems to me 10 be of no
small importunce for our work in agricul-

dl/ﬁcull for me, as hudo/lhe A:dcmy.
180 on working.

Up to i point, ull this has seemed to me
normal and understandable. The test of
the validity of the objectives and methods
of scicntific work in our country is the
degree 1o which they assist socialist agri-
cultural practice. This was the principle
from which 1, as heud, drew the strength
to develop Michurinist science and to

“assist practice as much as possible. This

was aho the best means of combatting
metaphysical arguments in

In spite of the luck of scientific objec-
tivity and, often, the downright slanders
to which the opponents of the Michurinist
persuasion have resorted, and although it
has been dilficult for me, druwing inspira-
tion from collective and state-furm prac-
tice, | have found the strength in myself to
resist the pressure and 1o go on improving
my work in theory and practice.

But now a situation has urisen which has
really mude me lose heart. On 10 April this
yeur, the head of the Scicnce Division of
the Propaganda Scction of the Central
Committce of the All-Union Communist
Party (bolsheviks), Comrade  Yurii
Andreevich Zhdanov, delivered u kecture
ut wseminar of Party p

turul and sience.

It is untrue 10 say thut I cannot take
criticism. This is 50 fur {rom the truth that,
in the present case, | will not discuss it in
dutail. 1 have always submitted all my
work, both theoretical and practical, to
criticism; (rom that, | have learned 10
draw what is useful for the cause, for
scicnce. All my scientific life has been
conducted under criticism, which has been
# good thing.

The lecturer had never sent for me, and
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which 1 support,
suasion.

1 do not belicve 1t is an overstatementaf
I say that personally. as a scientific worker
und not as president of the Academy of
Agricultural Sciences, 1 have by my own
scientific and practical work given no little
asistance to the growth and development
of Michurinist scicnce.

The principul sorrow and difficulty of
iy work as presideni stems from un obligu-
tion pluced on me which 1 am profoundly
convinced is incorrect — 10 ensure the

P of dilfcrent n
science. (It is not a matter of different
branches of scicnce, but specifically of
different persuasions. )

For me. this obligation cannot be
undertaken. But | have not been able to
block the oppusing view, first because
such questions in scicnce are not solved by
administrative  mcans  and,  second,

the Michurinist per-

_because the neo-Darwinist defence has
been so strong that | could not have
blocked it.

Michurinist persuasion, whie
clear minority in higher scientific circles.

The ditficulty has been that, as presi-
dent of the Academy, | have had 10
present the scientific and practical work of
the representauves of the Michurinist per-
suasion (a clear minority in the Academy)
asthe work of the enuire Academy. But the
anti-Michurinists have not spent their ime
on creative work as much as on random
attucks und calummes.

1 can assist the development of the most
diverse branches of agricultural science,
but only within the context of the
Michurinist  persuasion,  that  which

hud never spoken to me
although the whole criticism of his lecture
was basically simed ut me. | was refuscd »
ticket for the Jecture and I listened 1o it
carcfully, not in the auditorium, but in
another room. on an ¢xtension-speaker in
the office of Comrade Mitin, the Deputy
President of the All-Union Society for the
Propagution of Political and Scientific
Knowledge.

The essence of the lecture, in my under-
standing, may be judged even from the
very fragmentary notes | made of the con-
cluding part of the lecture. These | enclose
separately.

1 huve been gccused more than once of
putting — in the interests of the Michuri-
nist persuusion in science to which | sub-

lecturers on the subject “Debutuble ques-
tiony in contemporary Darwinism™.

In this lecture, the kecturer poured out
personally, by name, the
ations of my anti-Michusiniat

scribe — ud di in
the way of the other opposite persuasion.
But in fact, for rcusons outside my c
trol, this, unfortunately, is far from being
the case. The contraints that have been
imposed have been on the persuasion

ledges the transf of living
naturc arising from the conditions of hile
and which acknowledges the inheritance
of acquired characteristics.

Long ago | accepted and | now sub-
scribe to and am developing Vil'yam's
studies on agriculture und Michurin’s
studics on the development of organisms.
Both these studics belong 10 a single per-
SUASION.

1 should be happy if you could find it
possible to provide me with the oppor-
tumity of working only in this ficld. Here |
sense is my strength and | would be able to
make a useful contribution to our Soviet
science, 10 the Ministry of Agriculture and
10 our Collective-and-State farm experi-
ence in its dilteren fields.

Forgive iy clumsy siyle. It is due largely
10 my current suuation.

ACADEMICANT.D. Lysenno
President of the Lenin All-Union
Academy of Agricultural Sciences
17 Apnil, 1948

..the lecturer presents as from him per-
sonally the old calumnies of the anti

including the training of scientific workers.

Michurinists-Morganists-neo-Darwinists.

This criticism was made in secret from
me, so that I would not be able to object and
refute it either verbally or in print.

In the corrected transcript, no references
are made to the titles of my works, nor to
the pages from which the quotations are
taken. Hence the reader cannot compare
what the lecturer said on each question with
what I said. I have already stated more than
once that, in these conditions, into which I
have been thrust, it is impossible for me to
work as President of the Lenin All-Union
Academy of Agricultural Sciences.

For the good of agricultural science and
its application I seek to raise the question of
my release from the post of President and to
be given the opportunity of carrying out
scientific work. I should then be able to
accomplish considerably more to the bene-
fit both of our agriculture and for the
development of biological science of the
Michurinist persuasion in various branches,

The tone of this letter is quite different,
from which one may cautiously conclude
that, by then, Lysenko had some infor-
mation of Stalin’s reaction to his first
letter, and that he wished to speed up
events. His categorical accusation of Yurii
Zhdanov as incompetent and even unscru-
pulous is a sign of that.

There were good reasons for hurrying
events. The Academy of Agricultural
Sciences needed to fill several vacancies
left by those of its members who had
perished in prisons and labour-camps as
well as those who had simply died natur-
ally. These were to be the first elections in
the history of the Academy of Agri-
cultural Sciences, and many of Lysenko’s
scientific opponents had been nominated
unopposed. If they were elected, Lysenko
would certainly lose control over the
Academy of Agricultural Sciences.
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Two years earlier, Stalin had
summoned Lysenko and given him a little
bag containing the seeds of an unusual
branchy-eared wheat, asking him to con-
sider whether the wheat could be
improved. The burst of attention paid to
this wheat in the Soviet Union, and
Stalin’s own sudden interest in it, were
typical of that time. Once again, there
gleamed the prospect of solving the
complex and urgent problem of supplying
the population with food simply and
cheaply — by introducing just one
miracle-variety.

Interest in branching wheat had flared
up even before the Second World War,
when the news was carried all over the
country that a simple woman working on a
collective farm in Central Asia, Muslima
Begieva, had obtained a wondrous
harvest by sowing branching wheat. But
after the war, according to Begieva her-
self, things had gone wrong, and the wheat
had stopped branching. However, to
make up for this, in Georgia, Stalin’s own
birthplace, the seeds of this wheat had, it
was said, been renewed and improved.

The moment at which Lysenko received
from Stalin’s own hands the packet of
seeds of branched wheat is crucial for the
understanding of Lysenko’s personality.
When Lysenko heard Stalin’s wish that
branched wheat should be improved, he
ought to have refused the request; he
already knew perfectly well that this was
an impossible task. Stalin, naturally, did
not know what a real expert on wheat, as
Lysenko always made himself out to be,
would have known — that interest in
branching forms went back more than a
century, both in Russia and abroad.

The Russian scientists N. Shcheglov
(1828), M. Spafariev (1837) and many
others had described this wheat in detail
and had shown that it could not be used to
increase the yield per unit area, because
its plants would develop normally only if
they were sown further apart. So great an
authority on wheat as Professor A.M.
Bazhanov wrote in 1856 that, “multi-
eared wheat, like a pampered child,
requires, in addition to rich soil, well-
spaced sowing. It cannot endure even
slight frost and suffers more than other
simple kinds from smut and rust.
Although each individual ear yields more
grains, compared to the ears of simple
grains, when one considers the total yield
of all the ears for a known area of land, it is
always found that multi-ear wheat has no
advantage over the ordinary kinds™*.

Lysenko, of course, most probably did
not know this. He was not conspicuous for
his erudition, and had failed to read not
only earlier but even much later works.
Nor had he paid attention to a number of
publications by the pupils of Vavilov dur-
ing the 1930s. But nevertheless, there are
data to show that Lysenko knew quite well
that the advantages of branched wheat
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were purely superficial.

First, the journal Yarovizatsiya (Verna-
lization), which Lysenko himself edited,
had published in 1940 an article on the
properties of branching forms”. Second,
in 1938 the newspaper Sotsialisticheskoe
zemledelie (Socialist Agriculture) had
published a photograph of Denis
Lysenko, Trofim's father, holding ears of
branching wheat in his hand. The caption
made it quite clear that the two Lysenkos,
father and son, had set their sights on this
wheat, and had studied its properties, but
understood that nothing useful would
come out of it.

Yet when Stalin approached Lysenko,
his affairs were in such a bad state that he
had nowhere else to turn, and he decided
to resort to bluff. So as not to have to
refuse straight out to carry out the task, he
promised Stalin that he would start work-
ing on branched wheat. When the earth
began to shake under his feet, he turned to
direct deception and informed Stalin that
the seeds he had been handed two years
earlier had been improved so much that,
in the coming year, the production of
grain would be increased fivefold.

This promise gave Stalin grounds for
putting an end to Lysenko’s downfall.
Only recently I have learned that, in May
1948, Stalin urgently summoned the whole
staff of the Politburo of the Central
Committee and in very sharp form critic-
ized the organizers of Yurii Zhdanov’s
lecture (D. T. Shepilov, basically) and
Zhdanov himself (Y. A. Zhdanov, personal
communication, 24 December 1987).
Stalin repeated again and again one
phrase: “Who dared to offend such a good
person!” (D. T. Shepilov, personal
communication, 8 January 1988). In July,
1948, the innovator was summoned to an
audience with Stalin, during which
Lysenko persuaded the leader that the
work with branched wheat was almost
concluded, and that it remained only to
produce more stocks of the variety before
distributing it into the boundless fields of
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Russia. Lysenko sought and obtained
permission to name the new varieties
“Stalin branching”.

At the same time, Lysenko also won
Stalin’s consent for the final administra-
tive elimination of all his critics, for a final
ban on genetics in the USSR and for the
cancellation of the elections in the Aca-
demy of Agricultural Sciences. Instead of
the elections, Stalin simply co-opted 35
new members to the academy, most of
them supporters of Lysenko. The appoint-
ments were announced in Pravda on 28
July 1948.

Among the new members were S. N.
Muromtsev, an officer of the KGB
(NKVD) who had previously been head of
the special prison for arrested scientists.
He took his job so seriously that he
personally took part in the beating of two
professors, Zdrodovsky and Zilber. Two
days later saw the beginning of the August
1948 session of the academy, which
destroyed genetics in the Soviet Union.

A week later, Pravda published a letter
from Yurii Zhdanov to Stalin renouncing
his earlier position and saying his errors
were due to political immaturity and a ten-
dency to substitute “scientific objectivity”
for “Party principledness”, which was a
great sin. Yurii Zhdanov wrote™:

Lenin stated more than once that a recogni-
tion of the necessity of this or that pheno-
menon conceals in itself the danger of fall-
ing into objectivism. To a certain measure,
too did not avoid this danger.

Immediately after the session, about
3,000 scientists were dismissed from work.
Russian genetics, which had produced
splendid research recognized by the entire
world, ceased to exist. Darkness fell on
biological sciences in the Soviet Union.
Nobody at that time could know how long
that night would last — or whether he
would survive until dawn. [m]

Valery N. Soyfer is at Ohio State Biotechnology
Center, Ohio State University, Columbus, Ohio
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The physicist and the Soviet citizen

E. L. Feinberg

Few people have had such wide and deep influence as Andrei Dmitrievich Sakharov. Here E. L. Feinberg reflects on
Sakharov's life and work. On page 13 Maxim Frank-Kamenetskii recounts the circumstances of a first encounter with
‘a man to remember’, and on page 14 Valery Soyfer tells of Sakharov's battle against lysenkoism.

SAKHAROV — an outstanding scientist, a
man of the highest moral standards, and a
courageous fighter for human rights, and
for a better, peaceful world. One cannot
say which of these sides was predominant.

Blography

Andrei Dmitrievich Sakharov was born in
Moscow on 21 May 1921, a hungry year.
His father taught physics at high
school and then university, and
published several text books.
Father, mother and no less
grandmother greatly influenced
his spiritual development; they
belonged to the finest layer of the
Russian intelligentsia and impart-
ed its traditions to him.

Sakharov started formal educa-
ion only at the age of 12, before
that being taught at home with an
annual examination at school. In
1938 he entered the physics faculty
of Moscow University, graduating
in 1942 when the university was
evacuated to Ashkhabad in Mid-
dle Asia. Like all the Soviet
people, he suffered from hunger
during the war, and moreover
went through a dangerous bout of
dysentery. In 1942-44 he worked
in a laboratory of a military plant
on the Volga. Here he came up
with four invenions for production
control (one of which was patent-
ed) and, even though he had no
contact with other physicists,
began his research in theoretical
physics. At that time he married
Klavdiya Alexeevna Vikhereva, a chemist
whose education in Leningrad had been
interrupted by the war after four years of
study. They had two daughters and a son.

Sakharov sent the results of his early
researches to the well-known physicist 1. E.
Tamm, head of the theory department
of the P. N. Lebedev Physical Institute of
the USSR Academy of Sciences in Mos-
cow. In January 1945 he became a post-
graduate fellow at the institute. It was then
that I first met him. Living conditions
were hard; with a newly born child and a
tiny grant, and without a permanent place
to live (his parents’ apartment had been
bombed and destroyed), he hclped to
support his family by lecturing at the
Moscow Power Institute. He defended his
thesis for the degree of candidate (the
equivalent of the Western doctorate) in

November 1947 and joined the department
as a permanent member. After that his
living conditions improved considerably.
At that time Tamm formed a small
group of talented members of the staff,
including Sakharov, to investigate the
possibility of building a weapon based on
the fusion of light nuclei. In 1948
Sakharov proposed a most important idea

which, together with another essential
concept generated in the group, made
a solution to the problem seem practical.
Sakharov and Tamm were transferred to a
special institute where Sakharov worked
until 1968 (Tamm returned in 1953). Later
he himself wrote that he was “the author
or coauthor of several key ideas”. Almost
20 years — of a period of life most valu-
able for any theorist — were consciously
sacrificed mainly to develop and improve
the weapon, although at the same time
Sakharov did a great deal towards the
peaceful use of nuclear fusion. He was
generously rewarded by the government
— with three Golden Stars of the Hero of
Socialist Labour, among other orders and
prizes — and in 1953 was elected a full
member of the USSR Academy of Sci-
ences. He earned the admiration and

affection of all his colleagues and of every-
one else who knew about his work.

In 1961 Sakharov started to come into
conflict with the government, in particular
with N. S. Khrushchev, over further bomb
testing. By and by, his political views were
changing. In 1968 he published abroad his
first famous ‘manifesto’ (“Meditations on
Progress, Peaceful Coexistence and Ihtel-
lectual Freedom”) which brought
him the enmity of the nation’s
rulers. He was dismissed from his
position. Shortly afterwards, in
March 1969, his wife died unex-
pectedly from cancer at the age of
49. This was a hard blow for him.
Sakharov donated almost all of his
money to an oncological hospital
and to the Red Cross; he was fru-
galin his ways, and thus accumula-
ted large savings. The same year
he returned to Tamm’s department
at the Lebedev Institute with
which he had renewed scientific
contacts in the early 1960s, a time
when he had begun to work on
pure physics.

In 1972 he married Elena Geor-
gievna Bonner, a physician, who
also had years of dissident activi-
ies behind her. Persecution by the
security service, and by the press
and other agencies of official
prapaganda, was on the increase.
Nevertheless Sakharov continued
to have a leading part in the strug-
gle for human rights, and in 1975
was awarded the Nobel peace

; prize. After his open protest
against the Soviet invasion of Afghanistan
he was exiled to Gor’kii and put under 24-
hour surveillance by the security service.
Any contact with him was forbidden (he
even had no telephone), save for his wife,
children and colleagues from the Lebedev
Institute, of which he formally remained a
member of staff. We were permitted to
visit him from time to time for scientific
discussions. Later his wife was sentenced
to exile with him.

In December 1986 M. S. Gorbachev
called from Moscow (the telephone was
specially installed) and invited Sakharov
to return, together with his wife, “to
renew his patriotic activity”. He was then
free (except to travel abroad) and became
a leading political figure, still trying to
continue his scientific work. But there was
less and less time for it, especially when in
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1989 he was elected a people’s deputy. His
heart, which had been in bad shape even
before his exile and his hunger strikes,
could not withstand the strain, and on 14
December he died suddenly from a heart
attack.

As was his will, Sakharov was buried in
an ‘ordinary’ cemetery, Vostryakovo,
where his first wife and the mother of his
second wife had been buried. His death
spiritually uplifted people throughout the
country, uniting them in mourning and re-
awakening the sleeping consciences of
many

Science

Throughout his life, science was an abid-
ing passion for Sakharov. His changes of
direction — from research in pure physics
to technological problems, as in the period
of work on nuclear fusion in 1948-68, or to
humanitarian and political activity from
1968 onwards — were each time a neces-
sary sacrifice to the urgent needs of
humanity as he understood them. But at
all times he tried to carry on with funda-
mental physics. In these conditions it is
remarkable how many important ideas he
put forward, although he undoubtedly did
not fully realize his extraordinary talent —
a talent, I should add, that was manifest
equally in his work on pure physics and on
its technological applications,

‘Preliminary’ period. Among the four
papers he wrote during his time at the
Volga plant, one deserves especial notice.
Perhaps after reading a report on chain
reactions in a uranium-moderator mix-
ture, he realized that uranium must be
prepared in blocks instead of being homo-
geneously mixed. This principle, which
makes the chain reaction with natural
uranium possible, had already been dis-
covered but was classified.

This episode was typical of Sakharov —
throughout his life he used to formulate a
problem and solve it without publishing
the result (maybe because he was not
aware of its novelty). He called them
‘amateur problems’. The subjects varied
from number theory to one that attracted
his interest when he helped his wife in the
kitchen: in chopping cabbage there arise
polygons of different sizes and with dif-
ferent numbers of vertices. He found,
first, that the average number of vertices is
four; and, second, that the ratio of the
square of the average perimeter to the
average area is 47, exactly as for a circle.
Solution of some of these problems is far
from simple. For him they constituted a
special kind of relaxation, the equivalent
of playing chess.

During his postgraduate fellowship,
Sakharov published three papers: on high-
energy pion production, on optical
determination of the temperature of hot
plasmas, and on the transition between
states of zero angular momentum in the
nucleus. They show a sound knowledge of
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the theoretical techniques of the time, and
the last one — a summary of his thesis —
deserves special attention because it is a
fundamental contribution and bears the
glittering marks of his intellect.

The fruits of this early period may seem
rather modest, but one should mention
that the papers were produced during only
two years of work. I can testify that his
extraordinary abilities emerged during
numerous discussions with colleagues.
The very trend of his thought was unusual.
Moreover, when expressing his ideas he
often used to omit some intermediate
clements which seemed obvious to him-
self. Accordingly, at times his arguments
at first scemed inconceivable and even
plain wrong. Only after further, some-
times rather lengthy reasoning would it
became clear that he was right.

Nuclear fusion. 1 have already described
how Sakharov came to work on the
hydrogen bomb. He himself greatly dis-
liked being called ‘the father of the Soviet
thermonuclear weapon’, saying that many
outstanding scientists took part in the
enterprise, that they put forward many
of the most important ideas and solved
innumerable complicated physical and
technological problems. But at the same
time everyone who worked on the project
acknowledged his outstanding, if not
leading, role.

Sakharov’s work at that time was far

from being limited to the weapon. His

pioneering ideas laid the foundations for
all further research into the peaceful use
of fusion. them is the concept (and
detailed theoretical elaboration) of the
magnetic thermonuclear reactor (MTR),
proposed by Sakharov and Tamm in 1950.
In the MTR, both heating of an ionized
gas of light atoms (deuterium and tritium)
necessary to overcome mutual repulsion
of nuclei, and its confinement (preventing
collisions of ions with the walls of the huge
toroidal ‘vessel'), are effected by a system
of magnetic ficlds. This is the ‘tokamak’,
upon which the subsequent attempts to
obtain controlled energy-producing fusion
have largely centred. As proposed by
Sakharov in 1951, the toroid can be
covered by uranium in which neutrons
liberated in the process of fusion can
produce plutonium and fissionable
uranium. Another way to the same end is
Sakharov’s idea of ‘mu-catalysis’. It is pos-
sible to overcome the electrostatic repul-
sion of, say, deuterium and tritium
without heating by using a peculiar
phenomenon, first discussed in quite a dif-
ferent context by F. C. Frank: a negative
muon in combination with deuterium or
tritium forms a system akin to a hydrogen
atom, but some 200 times smaller. Being
neutral it is not repulsed by another
nucleus and can approach it so closely that
fusion becomes possible. Again, the
uranium blanket can be applied, as for
the tokamak. Recently a committee of
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experts in the United States concluded
that successes obtained with this scheme
make it as promising as the traditional
approaches to fusion.

Finally, the third method which is now
developing — laser-induced fusion — was
also first proposed by Sakharov, in a
classified talk.

In 1951-52 Sakharov came up with
‘magnetic cumulation’, an ingenious
method of obtaining extremely strong
magnetic fields. The technique involves
compressing a moderate magnetic field
(say, within a cylinder) by ‘imploding’ the
enveloping substance (chemical or
atomic). In this way a group of his col-
leagues obtained record magnetic fields of
16 million gauss (in some experiments, 25
million gauss).

Return to pure physics. In the ecarly
1960s, when his involvement in fusion was
becoming less necessary, and his controv-
ersy with Khrushchev accelerated the
change in his political views, Sakharov
turned to pure physics. Elementary parti-
cles, field theory and cosmology were
topics that had always interested him
above all. The years spent on other prob-
lems had left gaps in his knowledge, how-
ever. He began to come to Moscow, to
participate in Tamm’s seminars more and
more often, and overcame his drawbacks
surprisingly quickly. His most important
papers appeared after 1965.

As an example, I will describe the strik-
ing idea of the origin of so-called baryon
asymmetry in the Universe; that is, why
the Universe contains only matter — both
baryons (protons and neutrons), and
leptons (electrons and photons) — and
practically no antimatter. This is surpris-
ing because in the beginning of its expan-
sion the Universe was so hot that particles
and antiparticles had to be produced in
equal quantities. The answer, proposed
by Sakharov in 1966, is that because of
violation of CP symmetry (symmetry in
respect to simultaneous change of particle
charge and parity), discovered two years
before, decay of a baryon is not a mirror
reflection of decay of an antibaryon, and if
we suppose a certain mechanism of
baryon transformation the antibaryons
decay faster. In a universe that is expand-
ing fast enough, antibaryons could not
survive until the present.

With extreme boldness, Sakharov
proposed a hypothetical example of such a
mechanism leading to instability of the
proton (although with a very long life
time). Such a construction seemed sheer
fantasy then. But a decade later the de-
velopment of the unified field theory led
to the same conclusion, and the search for
proton decay was proclaimed the ‘experi-
ment of the century’. Several groups have
tried to find it but failed. This failure may
mean that the accepted version of the
unified theory must be modified. Never-
theless the entire scheme proposed by
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I FIRsT met — or, more precisely, saw —
Andrei Dmitrievich in 1951 or 1952.
Although I was still a child of 10or 11, I
have never forgotten that meeting.

At the time we were living far from
Moscow, in an old Russian town that
had been stripped of its name and was
impersonally referred to (as it still is) as
the ‘facility’, or the ‘mail box’. The town
itself wasn't large, and its surrounding
fields and forests, rivers and villages
were encircled by a ring of several rows
of barbed wire and ploughed-up strips
of ground. Specially trained, fierce
Alsatians roamed between those rows of
barbed wire, and watchmen stood guard
on towers.

This was the ‘zone’, yet another
name, in this case a local one, by which
it was known. People would say,
‘beyond the zone’, and ‘inside the zone’'.

But it was not a camp, or even a
special research-institute-type prison.
Inside that large zone there were
numerous small zones where prisoners
lived and worked, since everything that
was built at this facility was, naturally,
built by their hands. But the people who
were working on the atomic project
were free people — to the extent that
people could be free under Stalin — who
were merely involved in strictly secret
work. Among those who worked on the
atomic project under the direction of
Khariton and Kurchatov, and under the
vigilant supervision of L. P. Beria and
the overall guidance of J. V. Stalin, was
my father, David Albertovich Frank-
Kamenetskii, a physicist.

Our family had come there almost at
the very beginning, when the facility
had just sprung up, in 1947 or 1948, so
at the time of the events I am describing
I was already a long-term resident. In

A glimpse of Andrei Dmitrievich

terms of living conditions, we were
pretty well off. Our family had been
given half of a special, two-storey, com-
fortable cottage. Although it was a
wooden building and not very large, at
the time it seemed big to me, as it did, I
think, to many others. It was a luxury
for those times: five rooms, a large yard
and a garden where Papa raised flowers
and Mama raised vegetables.

Father liked to have conversations
with his fellow workers and colleagues
outdoors when the weather permitted.
He would lie in the hammock, his visi-
tors would sit nearby, and they would
all talk about something or other. Don’t
get the idea that these were seditious
conversations. I think people at the time
were afraid of carrying on seditious
conversations even with themselves,
much less with each other. (But there
were . My father told me that
when the ‘doctor’s affair’ got started in
1953 he was on a business trip some-
where having something to do with the
atomic project. He was lying in his hotel
bed at night, and a full-length portrait
of Stalin in his Generalissimo’s uniform
was hanging before his eyes on the wall
at his feet. Father couldn’t get to sleep
the whole night and, gazing with hatred
at the portrait, kept repeating to
himself: “You ought to drop dead!”. He
would smile when he told about this
later: “And he listened to me!”.)

So, he would talk out in the yard, as
I understand it, because the idiotic
system of secrecy did not allow people to
discuss their work anywhere away from
their immediate work place. But scien-
tists cannot help talking about their
work, discussing it, thinking about it.
They would call ‘uranium’ ‘selenium’
and use various other conspiratorial

tricks in order not to attract the attention
of the state security officers, who were
ever vigilant and ready to initiate a
‘case’ at any moment. In that way they
would deceive them and do their work
— even better if they did it in spite of
Beria and his hangmen. They were con-
vinced that they were engaged in a very
important undertaking; besides, these
were people who simply did not know
how to work poorly.

And so once a visitor came to see my
father. He was tall, very thin and un-
gainly, dark-haired and much younger
than my father. They talked for a long
time; meanwhile I was hanging around
in the yard. When he left, my father,
who had grown intensely pensive, called
me over and said: “Remember that
man. He’s a genius”. “Who is it?” 1
asked. “That’s Andrei Dmitrievich
Sakharov”.

Maxim Frank-Kamenetskii
Maxim Frank-Kamenetskii is in the Institute
of Molecular Genetics, USSR Academy of
Sciences, Moscow 123182, USSR.

Sakharov still dominates consciousness of
particle physicists.

The scale of Sakharov’s thinking on
cosmology can be illustrated by his idea of
the ‘reversal of time’s arrow’ and of the
‘multisheet Universe’. Sakharov accepted
the point of view according to which
expansion of the Universe is only a stage
in an infinite pulsation, with many turning
points (on the time axis) of maximal den-
sity of matter. For one such point he
assumed that time starts to increase not
only in the adjoining stage of expansion
but also in the adjoining stage of ‘contrac-
tion’ (and therefore this is actually not a
contraction but also an expansion). Here,
therefore, the arrow of time is reversed.
Interchanging stages of contraction and
expansion are connected with each other,
thus forming a ‘multisheet Universe’. This
hypothesis, of course, makes one giddy.

Also, there is the important work of

1967 (further developed in 1975) in which
gravitation is explained as a result of quan-
tum fluctuations of the vacuum (‘induced
gravity’ as it is caled by many authors
of subsequent papers). So altogether we
have three cosmological papers, based
on extremely bold hypotheses, which
Sakharov himself included (in 1980) in the
list of his six works which he considered
most important.

Still another striking hypothesis, put
forward in 1984 when he was in exile,
assumes that the so-called signature of
metric may arbitrarily differ from the one
known to us (one dimensional time plus
three dimensional space); that is, signa-
tures may differ in different parts of the
Universe because of ‘phase transitions of
metric’. This idea has elements in common
with those to be found in papers by
A. Vilenkin, and by J. Hartley and
S. Hawking.

Sakharov did not include in his list his
1965 paper in which formation of inhomo-
geneities (stars, galaxies) is explained by
quantum fluctuations of metric. The idea
was not upheld at that time but a decade
later it found supporters. But he did in-
clude in it a series of four papers on semi-
empirical formulae for baryon and meson
masses based on analysis of their quark
structure. This is quite a different sphere
— elementary particle physics.

Political evolution

Although Sakharov was never a member
either of the communist youth organiza-
tion or of the party, his political views
were in accordance with official ideology
almost until 1956, the year Khrushchev
revealed Stalin’s ferocious crimes. This
may seem inconceivable to those in the
West but such was the case. One should
take into account, first, that the ‘scientific’

344, 11; 1990



120

Against Lysenko

SAKHAROV’s name first achieved wide
currency among biologists rather than
physicists. These were the years of the
bitter struggle against Lysenko who had
set Soviet science back decades. Para-
doxical as it may seem, the ‘healing’ of
Soviet biology began from the outside,
from a direction not under the control of
Lysenko. The rebirth of genetics, and
later of many other biological discip-
lines, was assisted by physicists. At this
stage, Sakharov — with conviction, and
with specifically sakharovian thorough-
ness — began his struggle against
Lysenko.

In 1959 he published a large article
entitled “The Radioactive Carbon of
Nuclear Explosions and Nonthreshold
Biological Effects” in which he criti-
cized the view of Edward Teller, who
had declared that the adverse effects of
hydrogen-bomb testing were “the
equivalent of smoking one cigarette
twice a month”. Sakharov made a pre-
cise mathematical calculation of the
disturbance of the hereditary molecules
from neutron action and estimated the
various side effects of irradiation. In a
very concise way he showed the role of
mutations in the appearance of here-
ditary diseases, and the possibility of
increase in cancer and leukaemia, of
decrease in the immunological response
of organisms, and of damage done to
mankind because of an increase in the
mutability of bacteria and viruses.

Having investigated the effect of
radiation on heredity, Sakharov was
able, in addition, to clarify for himself
the damage being done by lysenkoism.
That done, he boldly joined in the battle
against Lysenko and the lysenkoites,
especially against Lysenko’s protégé,
N. Nuzhdin. By this time Tamm and
Sakharov had become legendary figures
in biological circles.

It seems to me that the struggle by
Andrei Dmitrievich for the interests of
science was a turning point for him. It
brought to light something in him that
singled him out from among many col-
leagues: a capacity for public activity,
fearlessness and adherence to the high-
est moral principles. In the years when
he was speaking out against lysenko-
ism, he had not yet proved to be a fighter
for the ideals of humanism — some-
thing that was to bring him world
recognition. This was perhaps his first
test of strength. But it was a test that
clearly showed the character of this
amazing man. Valery N. Soyfer

Valery N. Soyfer is in the Department of
Molecular Genetics and the Ohio State Bio-
technology Center, Ohio State University,
Columbus, Ohio 43210, USA.
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structure of marxist ideology had a great
appeal for Russian intellectuals. Second,
experience shows that families within the
Soyiet Union who themselves managed to
avoid becoming Stalin’s victims, would
remain loyal to this ideology — the twen-
tieth century has been not so much the
century of the atom or the electronics
industry, as that of the realization of the
immense possibilities of mass propaganda.
As Machiavelli knew, a ruler must
“inspire terror in such a way that if he does
not deserve affection, he does avoid hate”.
Third, since 1948 Sakharov had been
working with enthusiasm behind the cur-
tain of secrecy. He was involved in work of
the utmost importance (according to his
own views) for the preservation of world
peace. It was only later, when he came to
realize that the nation’s cynical and politi-
cally unacceptable leaders had exploited
him for their own ends, and when he
learned more about the suffering of ordi-
nary people, that his views began to
change. It took a rather long time. But
when his mind cleared he came to a new
and deep understanding, and from then
nothing could stop him immersing himself
in political activity.

Disarmament
It is absolutely wrong to think (as many
people do) that Sakharov’s political activ-
ity was a kind of repentance for the ‘sin’ of
participation in the bomb making. At that
time, as well as later, most physicists
believed that the world would not be safe
if one power had a monopoly on nuclear
weapons. Even in 1944, Niels Bohr was
greatly troubled by this, as later were
Albert Einstein and Bertrand Russell. [
remember Landau (who himself had been
jailed under Stalin, but who nevertheless
took some part in the thermonuclear pro-
ject) saying to me many times in the 1960s:
“Good for physicists — they saved the
world from war”. )

Sakharov was of the same opinion.
There was perhaps a moment of doubt in
the period when his political views were
changing. I remember a conversation with
him, some time in the early 1970s. He
made a remark that caused me to exclaim:
“What? You regret that you took part in
making the bomb?”. He answered: “You
know, there are certain questions about
which it is better not to think too much”.
But this doubt was temporary. Later his
struggle for disarmament was intensified
because of the danger of the accumulation
of stocks of nuclear weapons and of their
proliferation. I heard at second hand that
during his meeting with Edward Teller
about one year ago he said to him some-
thing of the kind: “Essentially, you and I
were solving a common problem”. On
another occasion I myself heard him
say, “Teller is a tragic figure”.

Sakharov’s belief was that one should
struggle for non-proliferation, and for
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reduction of nuclear arsenals as well as of
conventional armaments. But he saw this
as being possible only in the open world
with human rights truly secured. In sum, I
am sure that his political and social activi-
ties would have followed the same course
even if he had not been involved in the
making of the bomb.

Human rights

The great significance of Sakharov's
struggle for human rights lies not so much
in the practical results of dissidence as in
its tremendous moral and spiritual effect.
For the first time in many decades people
of my country saw a man of extreme
honesty, sincerity and nobility who fear-
lessly faced the state machine — both in
proclaiming large-scale political ideas and
in defending individuals. He was devoted
to his fellow fighters for human rights. He
was ready to struggle for every one of
them, and never missed a chance to call
attention to those who were in jail or exile.
The names of such people were included
in his Nobel lecture and in his letters to the
government. When Gorbachev told him
that he was free he immediately respon-
ded that all of them also should be libera-
ted. When later he was told that his
honours (of which he had been deprived
when sent to exile) were to be returned to
him, he refused to take them back until all
dissidents were rehabilitated.

This indivisible combination of deep
feelings for humanity as a whole and for
single individuals was the most remark-
able feature of Sakharov’s personality.
Together with his absolute inability to say
anything that did not correspond with his
convictions, with what he actually thought
and felt, it explains why both ordinary
people and the political leaders of the
world listened to and trusted him. At the
same time he did not claim to be a deity.
Once, in the middle of the 1970s, I said to
him: “You know, Andrei Dmitrievich,
some of your admirers nevertheless believe
that neither yourself or Solzhenitzyn should
give recommendations concerning con-
crete political and economic problems
since you are not professionals”. He
exclaimed: “Of course, I am not a profes-
sional, of course, I make errors. But what
am [ to do if nobody else can or dares to
say a word?”.

A year or so ago, I asked him whether
certain recollections about his younger
years were true. He became indignant:
“All this is a myth to make a superman of
me. I am a man like others”. It would be
unjust to suspect that here he was postur-
ing; he simply meant that although he
knew his worth, he did not want to feel
himself to be apart from other people.
And he was not. We have lost one of the
finest examples of humanity. (m]
E. L. Feinberg is in the P.N. Lebedev Physical
Institute, USSR Academy of Sciences, Leninsky
Prosp. 53, 117924 Moscow, USSR.
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Recipe for ex-Soviet republics’ science

The republics that were formerly part of the Soviet Union embark on a journey full of hazard: sooner or later they will
have to transform the structure of science left by Mr Mikhail Gorbachev.

WHETHER Mr Mikhail Gorbachev, who left the Kremlin
last week, was a greater success than a failure is a version
of the old difficulty of comparing very large numbers:
both his successes and his failures were huge. His use of
the absolute power he enjoyed six years ago to dissolve the
Soviet empire in Central Europe, his doctrine of glasnost
(which has at least allowed his downfall last week to be
fully chronicled) and his willingness to negotiate deals on
arms control in Europe and more generally, driven though
that may have been by the ruinous cost of sustaining
global strategic power in the shambles of the old Soviet
economy, are memorable. (The course of recent history,
and even Gorbachev’'s career, might have been even more
cheerful if President Ronald Reagan’s advisers had let
him hold to the plan for getting rid of all nuclear weapons
to which he had briefly agreed at Reykjavik in 1987.)
Gorbachev’s outstanding claim on public attention is that
he brought an unprecedented degree of personal intelli-
gence to public life, and gave it almost free rein. That in
the process he changed the world is not disputed.

Gorbachev’s failures stem from two conspicuous er-
rors, of which the chief was his failure to distance himself
from the Communist Party of the old Soviet Union.
Although his first power base was that of general secretary
of the Party, by 1987 he was also president of the union;
itis mystifying that such a clever person never sensed the
conflict of interest between that national office and the
supposition that the Party should have a constitutionally
‘leading role’. Yet the regular bruising meetings of the
Politburo and the Central Committee were the means by
which brave plans were emasculated by tawdry compro-
mise. (The enmity between Gorbachev and Boris Yeltsin,
now the president of Russia, dates from such a meeting.)
Gorbachev's other serious error has been his failure, over
seven years, to grasp the nettle of economic reform. His
consistent argument was that legal and constitutional
reform should come first, but that has proved to be a recipe
for bankruptcy.

Bankruptcy

Bankruptcy is the most perplexing of the legacies
Gorbachev’s successors will inherit. In Russia, the reform
process is due to begin today (2 January) with the unfreez-
ing of all prices in the retail trade and something like a
fivefold increase in the cost of fuel. Unless this change
unlocks previously unknown hoards of food and other
supplies, it will exacerbate an already dangerous situa-
tion. Market prices are those that strike a balance between
supply and demand, but if the supply is physically insuf-

ficient to keep the people alive through the winter now
begun in eamest, those on the edge of starvation will not
be comforted that their plight will send a strong economic
signal to those responsible for next year’s harvest. Yeltsin
and his fellow-presidents will need more than mere nerve;
they will need a convincing demonstration that they will
be in better shape during the winters ahead, if they are to
command the fortitude of their electors in the hard months
ahead.

Ignorance

How far-sighted will they be? One danger is that the
nationalist scramble for the assets of the old union (Ilyushin
aircraft, for example) will obscure simpler economic
truths (that capital assets are of literally no value if they
cannot be used, for example). Another, more serious, is
that the republics are bent on embracing what they call a
market economy without a proper sense of what is en-
tailed. After 75 years, understanding of the interplay
between capital and labour seems to have been thoroughly
obliterated. Despite Das Kapital and all that flowed from
it, the notion that capital costs money remains mystifying
(and, when understood, is as often resented).

The civilities indispensable to a stable market economy
are non-existent. There is, for example, no way of collect-
ing income tax except by deductions from the salaries of
those who happen to be on government payrolls, the new
sales tax (at a rate of 28 per cent) will test the honesty of
Russia’s retailers to the full — and there is no system of
social security for relieving the hardship of those thrown
out of work by economic change. The republics now
rushing towards reform may be likened to a group of
people embarking by light aircraft on a journey across an
uncharted continent without navigational aids or even an
understanding of aerodynamics. Let us hope they enjoy
the luck that they will need.

The hazards of such a journey may require that many
valuable things will have to be jettisoned on the way. The
international scientific community should have a payticu-
lar regard that an early casualty may be the distinctive
Soviet scientific enterprise. The prospect seems to be (see
Nature 354,499; 19 December 1991) that the structure of
the Soviet Academy of Sciences will kept going, perhaps
hand to mouth, as the Russian academy. As a stopgap, that
is probably necessary, but outside help will be essential if
able people are to remain productive (or even where they
are). But the structure will not suffice for the long run if
the Russian government endorses even a small part of the
old Marxist rhetoric about the importance of science in the
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modem state. Radical upheaval will be required.

Here is why, and how. The present system in which a
network of research institutes (now truncated by the
departure of the Ukraine) is supported and managed
directly by an academy embodies an intolerable conflict
of interest. Especially in such rough times, the interests of
the academy are indistinguishable from those of the
directors of its institutes, traditionally personal fiefdoms
in which the power of personal patronage, even if moder-
ated by the notion that the institutes will be collectives,
will now be greater than ever. These are hardly the
circumstances in which basic research can flourish, nor
will they help to create a research enterprise of the kind
that a would-be modemn state such as Russia needs. The
academy’s complacent assumption that only its own
institutes are worthwhile is at once mistaken (many of its
institutes are second-rate) and a recipe for the indulgence
of self-interest. (The old academy’s attempts to set up a
system of competitive research grants might have been
more successful if its own payroll pensioners had been
less influential in its councils.) When this transitional year
is over, it should withdraw from the direct management of
research.

There is plenty of other work to be done. What, for
example, is to happen to the universities which, despite
the efforts of Gorbachev s able minister Yagodin, are still
{argely cast in their Stalinist mould, itself a means of
keeping students away from knowledge judged irrelevant
to their immediate needs as well as from the traditional
subversiveness of teachers? Anacademy with the national

interest (Russia’s now) at heart could have a decisive

influence on the overdue restructuring of the universities
— and on the encouragement of research therein.

There is a similar need in the new republics’ reconstruc-
tion of the apparatus of industrial research. During 75
years of central planning, production ministries have
maintained research institutes to serve the needs of their
own production plants, while the Soviet academy’s insti-
tutes were regarded as a source of radical innovations that
might, after negotiation within a labyrinthine bureau-
cracy, be scheduled for production at a factory whose
managers might not previously have known what was in
the wind.

There could hardly have been a mechanism for what is
called technology transfer less suitable for matching the
performance of new products to market needs. The notion

- that academy institutes, functioning as collectives, may
now make deals with production enterprises may help a
little, but that random process will do little to equip Russia
or any of the other republics with the skills in research and
development they will eventually need. What, in the
meantime, can be done to keep alive and to improve a hard
core of industrial research and development? The Russian
academy could more easily bend its mind to that important
issue if it were freed from the anxiety of keeping its own
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institutes in being.

To blame Gorbachev for not having resolved these
problems while still in office would be unfair. He had
other things on his mind. But it is a fact that nothing much
was done in his time to change a structure of research so
cumbersome and unsuited to its declared purposes that it
is almost miraculous that so much talent has survived in
spite of it. With all the social upheavals now in prospect,
the decades ahead will not be so lucky unless reform
comes soon.

Opening for US science

US scientific organizations want (and need) to find ways to
help colleagues in the former Soviet Union.

THE crisis in the republics of what was the Soviet Union
presents a special challenge to scientists in Western
nations who want to see science not only survive but also
improve as an enterprise during the coming years. The
new Russian Republic, home to the majority of the most
able Soviet scientists, is of special concern, particularly in
the light of reports that as many as half of Russia’s most
cited scientists have left the country. What are the imme-
diate needs? What can be done?

Although the organizational structure of Russian sci-
ence is indisarray (former Soviet colleagues are no longer
in positions of authority or lack resources), various groups
of US scientists are trying to maintain contact. Recently,
the US National Academy of Sciences (NAS) sent a
delegation from its committee on dual-use technologies to
talk about future industries. Concern about the fact that
Russian scientists (like those imr the Ukraine and else-
where) have no currency to purchase essential reagents,
spare parts and the like, has led to conversations between
the NAS and the US government, as well as the Royal
Society in Britain, about ways to help. But no decisions
have been reached.

On 10 January, a group representing wealthy US foun-
dations, including the Rockefeller, Carnegie, MacArthur
and Ford Foundations, will leave for Moscow on an
exploratory mission. With the ruble virtually worthless,
contributions of even a few millions of dollars could have
amajor impact on the professional lives of Soviet scientists.

The American Academy of Arts and Sciences, whose
headquarters are in Boston, is also thinking about ways to
help. One plan under consideration is to form a clearing
house for information on grants and potential collabora-
tions. Provisions in certain US research grants, for in-
stance, permit as much as 5 per cent of funds to be
allocated to work with scientists from other countries.

These and other ideas for helping scientists in the new
republics during this period of hard transition are in a
nascent stage. It is essential that as many as possible come
to fruition very soon. O



























