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He Measured Light Pressure
(TekcTt cTartbu Ha aH. 593. — English text of
the article — p. 247)

B ncropuio Hayku NETp Jle6enes
BoOLUEJ1 KaK 3KCNepuMeHTaTop-

¢Pun3sunk, nepBbIM Uccrie[0BaBLUNI
MUJIJIMMETPOBbIE 3JIEKTPOMarHUTHbIe
BOJIHbI, U3MEPUBLLINI AaBJIeHne cBeTa
Ha TBepAble Tesia n pa3pe>XeHHble rasbl,
Y KaK opraHn3aTop KOJ1IJIeKTUBHOM
Hay4HOWV paboTbl n 60/1bLLUNX
uccnepoBartesibCkux nabopatopuii,
SBUBLUMXCSI 06pa3L oM ANs
COBPEMEHHbIX Hay4HbIX UHCTUTYTOB.
Ansg ncropun MUUT oH 3Ha4Yum eLye n
Tem, YTO CcTaJl NepBbIM 3aBeAYIOLNM
kagenpo pusnkun, n NPON30oLLIJIO

8710 B rog o6pa3oBaHuns By3a —

poBHo 120 net Ha3ang.

KrwoueBbie caioBa: nCTopusi HAYKu,

Mértp Jlebenen, naBneHve CBETAa,
MWJTJIMMETPOBbIe 3J1eKTpoMarHUTHbIe
BOJIHbI, HAay4YHasl LLKOoJia.
|
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KOJIECO NCTOP

OH uamepun
[aBJIeHue CBeTa

Ipueopvee Huxoaaii J[mumpueeun — kanoudam
MexXHU4ecKux HayK, douenm Kagpeopul
«Onexkmposnepeemuxa mpancnopma» Mockoeckozo
20Cy0apcmeenHo20 yHugepcumema nymeti coooujeHus
(MHUHT), Mockea, Poccus.

YeHBI-(OU3UK, YIEH-KOPPECITOH-
neHT Poccuiickoii AkagemMuu Hayk,
npodeccop, co3naTesb epBoi pyc-
CKOUW HaydyHoOU wmkoJbl dbusukon Iletp
Hwukonaeswnua JIeGenes poguiicst 8 mapra (24
deBpang nmo crapomy cTuio) 1866 roaa
B MockBe B KyleuecKoi ceMbe.
ITonauany rpamoTe oOydayncs moma.
IToTtom pecsTUNETHEr0 MadbuMKa OTIAU
B KOMMEpUYECKOe OTIAeJIeHNEe HEMEIIKOTO
EBaHrenmyeckoro 1epKoOBHOTO YYUJIHUIIA
ITetpa u ITaBna. [Tocye ob1eHus ¢ opue-
pomMm-anekTporexHukoM A. H. bekHeBbIM
OH, YBJIEKIIUCH (PU3UKOU U DJIEKTPUUECT-
BOM, TIepeliie B peabHOe yYUIuIie. 31ecCh
M0 CPAaBHEHUIO C KOMMEPUYECKUM OTJIeJIe-
HUEM yJaluecs nojydaiu 60Jb1Inil 00beM
3HAHUI MO MaTeMaTuKe, (PU3nKe 1 OO0~
rUu. YueOHbIl MaH BKIIIOYaI TakKXKe U3yde-
HUE XUMWU, YepUeHUsI, HEMEIIKOTO U (hpaH-
Iy3cKoTo s136iKoB. Kpome Toro, oHoIIa
OBl gonylleH B (pu3MuyecKuit KabuHeT,
YTOOBI MOMOTATh YYUTEIO, CONEPXKATH
B TIOpPsIIKE TPUOOPHI U TOTOBUTH UX K Jie-
MOHCTpalusM Ha ypokax. [Tocyiie okoHuYa-
HUSI peaJlbHOTO YYMJIUIA €My HEeCKOJbKO
MecsI1IeB JOBEJOCh MopadoTaTh Ha 3aBOJE
B KQUeCTBE TEXHMKA.



MOYEMY KOMETbI KPYTAT
XBOCTOM

bruto XenaHue MoJydyuTh By30BCKUI IU-
TUIOM, HO B MOCKOBCKUI YHUBEPCUTET MPU-
HUMaJIM TOJBKO C aTTECTaTOM KJIaCCUYECKOM
TMMHa3UU U 3HAaHWEM JIATUHCKOIO U Ipeye-
CKOTO s3bIKOB, moaToMy Jlebenen B 1884 rony
noctynuia B Mmrnepatopckoe MoCKOBCKOe
TeXHUYecKoe yuuauiie (HbiHe MOCKOBCKUiA
rocyIapCTBEHHbIN TEXHUIECKUI YHUBEPCUTET
umenu H. B. baymana). Tam npuiiioch oBia-
JIeTh, TOMUMO IPOYET0, CJICCAPHBIM, CTOJISIP-
HBIM U TOKapHBIM MacTePCTBOM. DTUM peMe-
cJlaM BIIOCJEICTBMM OH caM 00ydYaj CBOUX
COTPYIHUKOB MPU U3TOTOBJICHUU Pa3IUYHBIX
puznyeckux nprudOpoB.

B 1887 romy, He OKOHUMB YYUJIUILE, 1O
coBety npodeccopa B. C. IllernsieBa cTyneHT
HanpaBuicsa B [epmanuio B CtpacOyprckuii
yHUBepcHUTeT (HbIHe BO PpaHLIMK), YTOOBI
u3yyaTb (GU3MKY B J1aOOPATOPUX HEMEIIKOTO
skcnepuMeHTaTopa A. KyHaTra, KOTOpbIii
BCKOpE CcTaJl 3aBenytolnm Kadenpoit bepauH-
CcKoro yHuBepcuTteTa. Jlebenes Bcaen 3a HUM
TakxKe rnepeexas Tyaa M KpoMme 3aHsATui y KyH-
IITa ciylnaa reopetudeckue jekiuu I [eapm-
royiblia. Tak Kak B CTOJTMYHOM YHUBEPCUTETE
OIISITh XK€ TPeOOBATMCh 3HAHUS JIATUHCKOTO
M TPEYECKOTO SI3bIKOB, TO B 1890 rogy oH BO3-
Bpatuicst B CtpacOypr. Tpynuicst B 1abopa-
topuu ®@. Konbpayia, rae B 1891 romy nipen-
CTaBWJI 3KCIIEPUMEHTATbHYIO U CCePTALIMOH-
HYI0 paboTy «O0 U3MEPEHUU AUDJIEKTpUYE-
CKHUX MOCTOSIHHBIX MapoOB U O TEOPUU
IN3JeKTpUuKoB Moccortu-Knaysuyca», cian
9K3aMEHbl Ha YUYEHYIO CTEIEeHb U MOJYyYUI
crartyc goktopa ¢punocopun CtpacOyprckoro
YHUBEPCHUTETA.

OODHOBPEMEHHO C HalMCaHUEeM JOKTOp-
ckoit nuccepraiuu Jledenes B 1890 romy 3a-
MHTEPECOBaJICs TeOpUeit KOMETHBIX XBOCTOB.
E1ie B Hauasie HOBOI 3pbl pUMCKUA prstocod
JI. A. CeHeka 3Haj, YTO KOMETHbIE XBOCTbI
oTkJIoHs0TCs oT ConHua. Hemenkuit actpo-
HoMm U. Kennep, anriuiickuii ¢pusux M. Heio-
TOH M Ipyrue y4deHble IIpeariojaraiu, 4To
MPUYMHON ITOTO OTKJIOHEHUSI MOXET ObITh
MeXaHMYecKoe AaBjeHue cBeta. B KoHIle
XVIII Beka ¢pusuk u actpoHoM A. Xaparcakep
yKa3bIBaJl, YTO, IO MHEHUIO ITyTEIIECTBEHHU -
KOB, COJJHEUHBIC JTy4r CBOMM JIaBJI€HUEM 3a-
MeIJISIOT ABKeHUe BoA lyHast. AHTTUACKUi
¢uzuk JI. K. MakcBel1 Ha OCHOBaHUM CBOeTt
3JIEKTPOMArHUTHOM TEOPUM CBETa BHIYMCIIUI
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TeOpeTUYECKOe 3HauYeHue AaBJeHUsI CBeTa,
paBHOE IIPH €ro MajgeHuU Ha MOIJIOLIAIOLIYIO
IMOBEPXHOCTh YACTHOMY OT JI€JI€HUsI SHEPruun
cBeTa, NPUXOJISIIEH B CEKYHIY, HA CKOPOCTh
cBeta. )15 COJIHEYHOro CBeTa, MaJalollero Ha
3€MHYIO [IOBEPXHOCTb, 3TO JaBJIeHUE COCTAB-
JIgeT nMpuoan3uTesbHo 5x 1078 r/cM?.

[IpoGieMoii CBeTOBOTrO AaBI€HMSsI, HACUM~
TBhIBABILEW TPU BEKA M OCTABABIIEUCS HEpa3-
pemeHHoI, JlebeneB 3aHsJICa cepbe3HO
n Hagonro. B 1891 rooy mosiBuiach ero 3ameT-
Ka «O0 OTTaJIKMBATEJIbHOW CUJIE JIyYEUCITy-
CKAaIOLIMX TeJl», B KOTOPOii, OCHOBBIBASICh Ha
M3BECTHBIX AaHHbIX 0 Jiydeucnyckanuu CoJi-
HI1Ia, OH BIIEpBBIe (PU3NUECKM 0OOCHOBAHHO
JIOKa3aj, YTO B Cliyyae OYEHb MaJlbIX YaCTHI]
OTTaJIKMBaTe/IbHasl CUJIa CBETOBOIO JaBJICHUS
JIOJIKHA IIPEBOCXOAUTD TPABUTALIMOHHOE ITPH -
TsDKEHUE, IT03TOMY OTKJIOHEHME KOMETHBIX
XBOCTOB, ICCTBUTEIbHO, MOXET OObSICHSTh-
Csl JaBJIEHUEM CBETA.

Torna xxe JIebeneB Bo3BpaTtuiicst B MoCKBy
M CTaJl BHELITATHBIM JlabopaHTOM, a B 1892
rOAy MOJYYMJI MECTO aCCUCTEHTA B PYKOBOIM -
moit mpodeccopom A. I. CroneToBbIM 1a060-
patopuu Gu3MK1 MOCKOBCKOTO YHUBEPCUTE -
Tta. B 1895 romy oH co3man yCTaHOBKY ISt
FeHEePUPOBAHUS U IIpUEMa 3JIEKTPOMArHUT-
HOTO U3Jy4eHUsl C [JUIMHOX BOJHBI 6 U 4 MM
(B ombITax HemMelkoro ¢usuka I. Iepua onn
obuti 0,5 M), C TTOMOIIBbIO KOTOPOIT BIEPBBIC
YCTAaHOBMJI UX OTpaxeHue, MpesioMIeHue,
MOJIIPU3aLUI0, UHTEPMEPEHLINIO, IBOTHOE
JY4ETIPEIIOMJIICHUE U IPYTUE SIBJICHUA, TIPU-



CylIKMe CBETOBBIM BOJHaM. Ero mpuGopsl
ObLIM MUHMATIOPHBIMU. [eHEpaTop 2J1eKTpo-
MAarHUTHBIX BOJIH COCTOSUL U3 ABYX ILJIATHHO-
BBIX HMJIMHIPOB 110 1,3 MM mimHOoM 1 0,5 MM
B AMaMeTpe, 3epKajla UMeln BhIcOTy 20 MM,
500HUTOBASI IPU3MA JJIsI UCCIIeA0BAHUS IIPE-
JIOMJIEHUS DJIEKTPOMATHUTHBIX BOJIH ObLIa
BBICOTOH 18 MM, mmpuHO# 12 MM 1 Becuia
okoJio 2 T (rmpu3ma lepiia mist 3Tux Xe meeit
nmena Bec 600 xr).

NPUIrPEJ1 MECTO OJ14 LUYPUHA

B 1896 romy JleGeneB ObuT MpUTIALEH Ha
JIOJIKHOCTB pyKOBOAMTENS Kadeapbl (GU3UKNA
B OTKpbIBaBIIeecs Toraa MmMmepaTtopckoe
MOCKOBCKOE MHXXEHEPHOE YIMJIUIIE (HbIHE
MOCKOBCKUIA rOCy1apCTBEHHbBII YHUBEPCUTET
myTeit coobiieHus ). Ero nesiTenpHOCTD B Ka-
YeCTBE OCHOBATEJISI M TIEPBOTO 3aBEAYIOIIETO
kadeapoii puznku MUUT B sHIIUKIIOTIEAMSIX
U IPYTUX U3NAHUSX (CM. CIIMCOK JIUTEPATYPhI
K CTaTbe) HE YIIOMUHAETCS, HO 10 BPEeMEHU
OHa COBIMaJIa C 3aBEePIIAOIINM 3TAIOM ITOI-
TOTOBKM MarvcTepCKOi TUCCePTAIIM «DKC-
MMepUMEHTAIBHOE UCCIICIOBaHME TTOHACPOMO-
TOPHOTO JCUCTBUS BOJIH Ha PE30HATOPBI».
ITockonbKy aKCiepMMeHTaIbHAsI 4acTh pado-
THI UMeJIa OYEHb BEICOKOE Ka4eCTBO, SIBJISIIACh
00pas3IIOM TIIATEILHOCTH U OCTPOYMHUS B CO-
YeTaHUU CO CMEIBIMU HayIYHBIMU PEIICHMS -
mu, To 3a Hee Iletpy HukonaeBuuy B Moc-
KOBCKOM YHMBEpPCHUTETe OblIa TIPUCYXKICHA
cpagy, 6e3 TIpenBapUTEeIbHOM 3aIIMThI Maru-
CTePCKOI AuccepTalliM, CTEMEHb TOKTOpa
(pu3UKO-MaTeMaTUYECKMX HayK.

INepBas yacTh AuccepTalny ObLIa TTOCBSI-
IIIeHa 3KCIIepUMEHTATbHOMY M3YYCHUIO B3a-
UMOAEUCTBUI 2JIEKTPOMAarHUTHBIX pE30HATO-
pOB, BTOpasi — TMAPOIMHAMUYECCKUM pe30Ha-
TopaM (KOJeOmIommecs: mapuku B KUIKO-
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CTH), TPeThs — akycTuyeckuM. Ha ombiTe
B COIJIACHH C TEOpUEil UM 0OHapyKeHa TOXKIIe-
CTBEHHOCTH JIaBJIEHUSI BOJH Ha MOJIEJSIX BO
BCeX Tpex cirydasix. [J1aBHbII BEIBO UCCIIENO-
BaHUs TTIOHAEPOMOTOPHOTO ICMCTBUST BOJTHO-
00pa3HOTO JBUKEHUSI, COTIPOBOXKIAIOIIETOCS
COOOIIEHNEM UMITYJIbCA MM MOMEHTA KOJTH -
YeCcTBa IBVKEHUS , 3aKJTI0YAJICS B TTPUHIIUIIH -
aJIbHOU BO3MOXHOCTHU pacIpoOCTpaHsITh
HaliIeHHbIe 00III1e 3aKOHOMEPHOCTH Ha 00-
JIaCTh CBETOBOTO M TEIJIOBOTO MCITyCKAHUS
OTIETHLHBIX MOJIEKYJT T€JT M BBIYUCIISITh TMOJTY-
yarouyecs: Ipu 3TOM MeXKIyMOJIEKYJISIPHBIE
CHJIBI Y X BEJIMIUHY.

B 1897 rony Jlebenes, ycTynuB MeCTO Ha
Kadeape MimnepaTopcKoro yuuauiia apyry
JeTCTBA U 1IypUHY (OpaTy XeHbl) A. A. Dii-
XEeHBaJIbIY, Tieperie] B MOCKOBCKUi yHUBeP-
cuteT, rae B 1900 roay cran npodeccopom
(GU3UKYU ¥ TO3/IHEE B XONIE OMBITOB OOHAPY-
JKWJI, @ TOTOM ¥ U3MEepWJI JaBJIeHUE CBETa Ha
TBEPIIOE TEJO, MOATBEPAUB TEOPETUUECKOE
npejackasaHre Makcsea.

B ero npubope cBET OT BOJBTOBOI /€K~
TPUYECKOI AYTH TIa1a)l Ha JIETKOE KPBLIBIIIKO,
MO/IBEeIIIEHHOE HAa TOHKOI HUTU B CTEKJISTHHOM
OajsToHe, U3 KOTOPOTO ObLT BEIKAYaH BO3IYX.
BakyyMm mocTurancst moJorpeBoM Karuii pTy-
TH, Haxonseics B cocyne. [lapsl pryTn
BBITECHSLTA BO3yX, OTKAYMBAaEMbIii HACOCOM.
ITocne cHUXXeHUs TeMrepaTyphl JaBleHUe
OCTaBIIMXCS B 0aJUIOHEe PTYTHBIX MapoB
YMeHbIIaIO0Ch. Tak JOCTUTAJICS HAUBBICIIUIA
B TO BpeMsI BaKyyM. DTOT IpUeM, IPUMEHEH -
HBII BITOCJIEJICTBUM B HacOCaxX, HOCUT UMSI
amepukaHckoro ¢usuka M. Jlenrmiopa.

ITo 3akpyynMBaHUIO HUTHU OTPEIETISIOCH
CBETOBOE JaBJIeHUE. DTO ObUIM KPYTHIIbHBIC
BECbl HAaMOOJIBIIEH JJIST TeX JIET TOYHOCTH.
KpBUIBIIIIKO COCTOSIO M3 IBYX Tap TOHKUX
TUIATUHOBBIX KPY>KOUKOB Pa3TUIHOM TOJIIIIM -
Hbl: 0,1 10,01 MM, 4YTO MPUBOAUIIO K OBICTPO-
MYy BEIpaBHUBAHMIO TeMIiepaTypbl. OOIuH 13
KPYKOUKOB KaXT0i Tapbl ObLT OJIECTSIIMM
¢ 00erX CTOPOH, Y IBYX IPYTUX O HA CTOPOHA
TMOKPBIBAJIACh IJIATUHOBOM YepHbI0. J17151 TOTO
YTOOBI UCKJIIOYUTH ABUKEHUE (KOHBEKILIUIO)
rasa, BO3HUKAIOIIYIO TPU Pa3Iuyuu TemIle-
paTyp KpbUIbIIIKa, MOTJONIAIIETO CBET,
U CTEKJISTHHOTO OaslJIoHa, CBET HaIlpaBJIsIICs
TO Ha OJIHY, TO Ha IPYTYIO CTOPOHBI KPBUTHIIII -
Ka. B oboux ciydasix KOHBeKI1Ms OblIa OIu-
HaKoBa M pa3HUIIA TTOJTy4aeMbIX OTKJIOHEHU
He 3aBuCeIa OT ABMXKeHUs ra3a. Paqmomerpu-



yeckoe neiicTBre (MOJIEKYIIBI Ta3a OTOpachl-
BaIOTCS C O JILIIIMMU CKOPOCTSIMU OT OCBEIIIEH -
HOI CTOPOHBI IMCKa, YeM OT TeHEBOM, U BbI-
3BIBAOT IOTTOJIHUTETHHYIO OT/Ia4y, B HECKOJTb-
KO pa3 MPEeBOCXOISIIITYI0 CBETOBOE JIaBJICHUE)
ocnabsIoch yBeIMYeHEM o0beMa OajToHa
¥ YMEHBIIIEHUeM JaBieHus. Paqnomerpuye-
CKUE CUJTbI YIUTHIBAJIUCH CPABHEHUEM PE3yJTh-
TaTOB IPU TaJCHUM CBETA Ha TOJICTBIN 1 TOH-
KUWii 3auepHEHHBIEC KPYKKH.

O cBoux onbiTax Jlebenen pacckazan B 1900
rony B ITapuxe Ha BceMupHOM KoHTpecce
¢usukoB. Ha cienyromuit ron B HEMELIKOM
XypHasie «<AHHaJIbI QU3UKW» ObLJIa HarleyaTa-
Ha ero ctaThsl «OTBITHOE UCCIe0BaHNE CBE-
TOBOTO JIaBJIeHUsI». PaOOTHI y9eHOTO 10 M3Me-
PEHWIO aBJIEeHUs cBeTa Ha TBEPIOE TeJo
TPUHECII MY MUPOBYIO CJIaBY U BITUCAJIM €TO
WM B UCTOPUIO IKCTIEPUMEHTAIbHOM (hr3u-
k1. B Poccum 3a 3TH OMBITHI OH TTOJYUYWII
npemMuio AKageMur HayK v ObLT U30paH B uJjie-
HBI-KOPPECTIOHACHTHI. Jl0Ka3aTeIbCTBO CY-
IIECTBOBAHMST CBETOBOTO NaBJIEHUS MMEJIO
(unocodckoe 1 MUPOBO33pEeHYECKOE 3HAYEC-
Hue. M3 ¢pakra cylecTBoBaHUS JaBJIeHUS
3JIEKTPOMATHUTHBIX BOJIH, TIOMUMO TTPOYETO,
CJIeloBajl BHIBOM O TOM, YTO OHM OOJIafaloT
MeXaHUYeCKUM UMITYJTbCOM, a 3HAYUT, U Mac-
COI, TO €CTh OHM MaTepUaJIbHbl U MaTepust
CYIIIECTBYET HE TOJIHKO B (hOpMe BEIlleCTBa, HO
U 3JIEKTPOMATrHUTHOTO TIOJISI.

KOCMWU4YECKUE CBA3U CBETA

B 1902 roay y4eHbIi BBICTYITIIT Ha Che3/Ie
HEMEIIKOTO aCTPOHOMMYECKOTO 00IIecTBa
€ JOKJTaJIOM O KOCMUYECKOI POJI CBETOBOTO
JaBJICHMSI, yKa3aB, UTO NEWCTBUE CBeTa Ha
MOJIEKYJTy 3aBUCUT OT €¢ U30UpaTeIbHOTO
MOTJIOLICHUST: JUTS JIy4eid, TTOTJIOIAaeMBbIX Ta-
30M, IaBJICHUE OOYCIOBIICHO 3aKOHOM Mak-
CBeJlJia, a JIy9H, He TMOTJIollacMble ra3oM,
JIeiiCTBYE Ha HETO He OKasbIBatoT. Torna ske M
OMyOJIMKOBaHAa CTaThsT « [epMO3JIEMEHTHI B ITy-
CTOTE KaK MPpUOOP JIJIsT UBMEPEHUST JIyIUCTON
aHeprun». [IpUHIINIT TepMOAIIEMEHTA B BaKYy-
yMe ceifyac yCTeIHO MPUMEHSIETCST B BOCH-
HOW TEXHUKE.

B 1907 rony JleGeneB namepust naBjieHue
CBeTa Ha pa3pekKeHHbIE Ta3bl, YTO UMEJIO TIpe-
JKJIe BCero 3HaYeHWe MPU OLIEHKE KOCMUYe-
CKUX SIBJICHUI. B ero MUHMaTIOpHOM TIpHUGO-
pe Ta3 Mo AaBJicHWEM IOTJIOIIaeMOro cBeTa
MoJTy4all BpalllaTeJIbHOe TBMKEHUE, Mepeaa-
follieecsl MaJIeHbKOMY TOPIITHIO, a OTKJIOHE-
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HUE M3MEPSUIOCh CMEIlleHNEM 3ePKaJIbHOTO
CBETOBOTO «3aiiumka». KoHBeKIns rasa
B Ipubope Oblia MpeoaoJieHa MoAMeIlIMBaH U -
€M BO/IOpOJia, KOTOPBIN SIBIISIETCSI XOPOIITUM
TTPOBOJTHUKOM TeIljIa ¥ OBICTPO BEIPABHUBAET
HEOIHOPOIHOCTHU TeMITepaTyphbl B cocyse. s
U30aBJEeHUS OT paIMOMETPUUECKOTro a3 dhek-
Ta UCTIOJIb30BaHa KaMepa C JIByMST KaHaJIaMM.
B 1909 romy yueHsblii iesiaet coobiieHre o mo-
JIydeHHBIX pe3dyabraTtax. CIycTsl TOIl OHU
OIyOJIMKOBaHBI B «AHHaJIaX GU3UKW». 32 9TU
OIIBITHI IO U3MEPEHMIO CBETOBOTO JIaBJICHUS
Hara3sl bpuranckuii KoponeBckuit MHCTUTYT
n3bpai JlebeneBa CBOMM IMOYETHBIM YWIECHOM.

Jle6enes cran B Poccuu pogoHayaabHUKOM
OOJIBLION KOJITIEKTUBHOI UCCIEN0BATETbCKOM
pabotel. OH opraHu3oBajl B MOCKOBCKOM
yHUBepcuTeTe (GU3NIECKyI0 TabopaTopuio
C OTHOCUTEJIHO OOJIBIITUM YUCJIOM COTPYII-
HukoB. Eciu B 1901 rony y Hero paboralio
Tpoe, To B 1910-M 4ynCI0 COTPYAHUKOB AOCTU-
1o 28. Um B 1911 romy B razeTHoit cTathe
«Pycckoe 00111ecTBO M pycckre HalmoHa b-
HbIe JJabopaTopru», OMyOJIMKOBAaHHOI B « Pyc-
CKUX BEJIOMOCTSIX», 00OCHOBBIBAETCSI MOJTh3a
1 HEOOXOTMMOCTh CO3MaHUSI KPYITHBIX UCCIIe-
JloBaTeJIbCKUX JabopaTtopuii. DTo ObLIa, MO
CyTH, TIepBasi B CTpaHe JeKIapalusi CUCTeMbl
OpraHM3alluy HayKU.

B ronm BeIXOoma cTaThu B 3HAK MpoOTECTa
MMPOTHUB PEaKUMOHHBIX IEMCTBUI MUHUCTpA
npocereHus1 JI. A. Kacco, cBSI3aHHBIX ¢ TPU-
TECHEHMEM CTyIeHYeCTBa U OTpaHUYEeHUEM
YHUBEPCUTETCKOI aBToHOMUM, [leTp Huko-
JlaeBUY, KaK U MHOTHeE JApyrue mpodeccopa
MOCKOBCKOTO YHUBEPCHUTETA, IO JTUYHBIM
MOTHMBaM ToJajl B OTCTaBKy. BMecTte ¢ HUM 13
BY3a YIILJIM COTPYIHUKH ero jabopaTopuu. OH
TYT e TIOJYIWJT TIPUTJIAIIeHUsI OT 3arpaHud-
HBIX HayYHBIX YUPEXIACHUI, HO OCTaJICs Ha
Ponune.

B TsKeBIX yCIOBUSIX Ha YaCTHBIE CPEICT-
Ba, BbIIeIeHHBIE OOIIIECTBOM OTIBITHBIX HAYK
W WX MPaKTUIECCKUX IMTPUMEHEHUI NMEHU
X. C. JleneHuoBa, Oblj1a OpraHM30BaHa HOBasI
¢dusnueckas nabopaTopusi B MOJABaJIbHbBIX
MMOMeEIIeHUsIX Topojickoro HapogHoro yHu-
BEpPCUTETA UMEHU JTUOEePaTbHOTO NesTess
obpazoBanust A. JI. IllaHsBckoro. 3aech UM
B CBSI3U € OTKpbITUEM B 1908 rogy amepukaH-
ckuM actpoHomoM /JI. B. Xeil10M MarHuTHO-
TO TIOJISI COTHEYHBIX TISITEH ObLJIa HauaTa, HO
He 3aBepllieHa TOCEIHSIsI er0 9KCIepUMeH-
TajbHas paboTa Mo MPOBEPKe TUIOTE3bl aH-




riuiickoro usuka CesepiieH1a OTHOCUTEb-
HO TiepepacrpeieeHus 3apsiioB B TPOBOTHU-
Kax Mo AeCTBUEM TPaBUTAIIMU.

ITo 3T0if TMTIOTE3€ B TUTAHETaX W 3Be31aX
TIPOVCXOMINT «BbIIaBIMBaHUE» JIEKTPOHOB U3
BHYTPEHHUX 00J1aCTe, TIe JaBJICHUSI BEJTUKH,
Ha MOBEPXHOCTb, M3-3a YeTO BHYTPEHHUE
00J1aCTH 3apsIKAIOTCS TIOJIOXKUTETBHO, a TI0-
BEPXHOCTh TeJI — OTpHUIIaTeIbHO. BparieHue
TEJI BMECTE C IepepacIpeeIMBIIMMUICS B HUX
SJIEKTPUYECKUMU 3apsiaaMu JOJIKHO TTOPO-
JKIaTh MarHUTHBIE TIOJIs1. JIeGeneB BHIIBUHYIT
uneto: eciu rurnorte3a CesepiieHna BepHa, TO
TpY OBICTPOM BpaIIeHUHU DJIEKTPUIECKU Heli-
TPAJILHBIX TeJl IIEHTPOOEXKHbIE CUJIBI, KaK
Y TpaBUTAIIMOHHBIE, BBI3OBYT Iepepacipee-
JIEHWE 3apsiIoB M JTOJDKHO BOBHUKHYThH Mar-
HuUTHoe mnoJie. MckoMoro agdekra odHapy-
KUTh HE yIaJoch, Kak TEMepb SICHO M3-3a
HEJ0CTaTOYHOI YyBCTBUTEILHOCTH YCTAHOB-
ku. [IprurHa 3aKioyanach He B OTCYTCTBUU
a(ddexTa, a B OlIeHKE ero JJsi MarHUTHBIX
rmoJieit, KOTOpble OKa3aJuch 3HAYUTEIbHO
3aBBIIIIEHHBIMU.

YacTHBIMU TMTOKEPTBOBAHUSIMU B KOHIIE
KOHIIOB OBIJIM COOpaHBI CpeaCTBa JUISI ITO-
CTPOUKM (PU3UIECKOTO MHCTUTYTA TIO TIJIaHY,
COCTaBJICHHOMY YY€HBIM. YBBI, 3laHUE J0-
ctpowu B 1916 romy — cIycTst 4eThIpe roia
TI0CJIe CMEPTH aBTOpa MpoeKTa. B aToM 3manum
B Halre Bpems romemtaetcss Ousnueckuit
uHctutyT uMenu I1. H. JlebeneBa Poccuiickoii
AkanemMuu HayK.

* * %

VYueHniit crpanan 6osesHblo cepaua. Ie-
peXUBaHUS TI0 MTOBOAY yXOIa B OTCTaBKY

OKOHYATEeJIbHO MOAOPBAIN €ro 3JI0POBbLE.
YMmep IMetp Hukomnaesuu 14 mapra (1 mapra
Mo crapomy cTuito) 1912 roga B Bospacte 46
JieT. OH ObL1 MOXOpOHEH B MockBe Ha AJlek-
ceeBcKoM kiaaouiue. B 1935 rony B cBs3u
¢ ero qukBUaamueit npax Jlebenena nepeHe-
cnu Ha Kiianouiine HoBogeBUUbero MOHaCThI-

pe.

B 1969 roay yupexnaeHa 3oj10Tas Meaaib
umenu I1. H. JleGenesa, kotopas mpucyxaa-
erca Poccuiickoil Akagemueil Hayk
(mo 1991 r.— Axkanemueit Hayk CCCP) 3a
BbIJalONIMECsT pabOThl B 00JaCTU (DU3UKMU.
DTHUM CBOUM IIIATOM Hay4yHasl OOIEeCTBEH-
HOCTb ITOATBEPANIIA MPEXIE BCETO AaBTOPUTET
Y 3HAYMMOCTb CAMOTO ITPAPOUTEIISI HATPAIbl,
a BMeCTe C TeM MPEeeMCTBEHHOCTb U IMPOY-
HOCTb TPAAULIAI OTeUeCTBEHHOUN (DU3NUECKOM
IIKOJIBI.
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HE MEASURED LIGHT PRESSURE

Grigoriev, Nikolai D., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Pyotr Lebedev has entered the history of science
as an experimenter-physicist who first investigated
millimetric electromagnetic waves, measured
pressure of light on solids and rarefied gases, and as
an organizer of collective research and large research

laboratories, that can be deemed as a model for
modern scientific institutions. For the history of MIIT
University he is significant due to the fact that he was
the first head of the department of physics, and it
happened in a year of establishment of MIIT
University, exactly exactly 120 years ago.

Keywords: history of science, Pyotr Lebedev, light pressure, millimetric electromagnetic waves, scientific

school.

Background. A physicist, Corresponding
Member of the Russian Academy of Sciences,
professor, founder of the first Russian scientific school
of physicists Pyotr Lebedev was born on March, 8
(February, 24 old style) 1866 in Moscow in a family of
merchants.

At first, he studied reading and writing at home.
Then a ten-year boy was sent to the commercial arm
of the German Peter and Paul Evangelical church
school. After talking with the officer electrician
A. N. Beknev he, fascinated by physics and electricity,
went to a technical school. Here, in comparison with
the commercial department the students received a
larger amount of knowledge in mathematics, physics
and biology. The curriculum included also the study
of chemistry, drawing, German and French. In
addition, the young man was admitted to a physical
office to help a teacher keep in order equipment and
prepare it for demonstrations in class. After graduating
from secondary school he was able to work a few
months at a factory as a technician.

Objective. The objective of the author is to
investigate life and work of a prominent Russian
scientist Pyotr Lebedev.

Methods. The author uses general scientific
methods, historical-retrospective analysis.

Results.

Why comets twist a tail

Pyotr Lebedev had a desire to get a university
diploma, but Moscow University accepted only people
with public school certificate and knowledge of Latin
and Greek, so Lebedev in 1884 entered Imperial
Moscow Technical School (now Moscow State
Technical University named after N. E. Bauman).
There he had to acquire, among other things,
plumbing, carpentry and turning skills. He taught his
staff afterwards to use those crafts for manufacture
of various physical devices.

In 1887, not graduating from college, on the
advice of professor V. S. Scheglyaev a student went
to Germany to the University of Strasbourg (now in
France), to study physics at the laboratory of German
experimenter A. Kundt, who soon became the head
of the department of the University of Berlin. Lebedev
followed him as he moved to Berlin and besides
classes of Kundt listened to theoretical lectures of
H. Helmholtz. Since the metropolitan university again
required knowledge of Latin and Greek, then in 1890
he returned to Strasbourg. He worked at the
laboratory of F. Kolraush, where in 1891 he introduced
the experimental thesis «On measurement of
dielectric constant vapors and the theory of dielectrics
Clausius-Mossotti», passed exams and received an
academic degree and a status of Doctor of Philosophy
of University of Strasbourg.

Along with writing his doctoral dissertation in
1890, Lebedev became interested in the theory of
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comet tails. At the beginning of a new era the Roman
philosopher L. A. Seneca knew that comet tails deviate
from the sun. German astronomer J. Kepler, the
English physicist I. Newton and other scientists had
suggested that the reason for this deviation can be
mechanical light pressure. At the end of XVIIl century
physicist and astronomer A. Haratsaker pointed out
that, according to travelers, the sun’s rays with their
pressure slow down the Danube. English physicist
J. C. Maxwell on the basis of his electromagnetic
theory of light calculated theoretical value of light
pressure equal when it falls on the absorbent surface
to quotient of division of light energy coming in second
by speed of light. For sunlight striking upon the earth’s
surface, this pressure is approximately 5 10-¢g /cm?.

The problem of light pressure, stretching back
three centuries and remaining unresolved, Lebedev
was engaged seriously and permanently. In 1891 his
article was published «On the repulsive force of
radiating bodies», in which, based on known data
about sun radiation, he first physically reasonably
proved that in case of very small particles repulsive
force of light pressure must exceed gravitational
attraction, so the deviation of comet tails indeed, may
be explained by the pressure of light.

Then Lebedev returned to Moscow and became
a part-time laboratory assistant, andin 1892 got a job
as an assistant at the physics laboratory at Moscow
University led by professor A. G. Stoletov. In 1895, he
created an installation for generation and reception
of electromagnetic radiation with a wavelength of 4
and 6 mm (in the experiments of the German physicist
H. Hertz, they were 0,5 m), by which he first set their
reflection, refraction, polarization, interference,
double refringence and other phenomena inherent in

.14,Iss. 2, pp. 242-249 (2016)




light waves. His instruments were miniature.
Electromagnetic wave generator consisted of two
platinum cylinders 1,3 mm long and 0,5 mm in
diameter, mirrors had a height of 20 mm, ebonite
prism for study of electromagnetic waves refraction
was 18 mm high, 12 mm wide, and weighed about 2 g
(prism Hertz for the same purposes, having a weight
of 600 kg).

Cherished a place for his brother-in-law

In 1896, Lebedev was invited to head the
department of physics at the then opening Imperial
Moscow Engineering College (now Moscow State
University of Railway Engineering). His work as a
founder and first head of the department of physics
of MIIT in encyclopedias and other publications (see
the list of references to the article) is not mentioned,
but at the time it coincided with the final stage of
preparation of the master’s thesis «Experimental
investigation of ponderomotive action of waves on
resonators». Since the experimental part of the work
was of very high quality, exemplified rigor and wit,
combined with bold scientific decisions, then Pyotr
Lebedev at Moscow University was awarded, without
prior defense of the master’s thesis, a degree of
Doctor of Physical and Mathematical Sciences.

The first part of the thesis was devoted to
experimental study of interaction of electromagnetic
resonators, the second to hydrodynamic resonators
(oscillating balls in the liquid), the third to acoustic. In
the experiment in accordance with the theory he
discovered the identity of wave pressure on models
in all three cases. The main conclusion of the study of
ponderomotive action of wave-like motion,
accompanied by the message of impulse or angular
momentum, was a fundamental possibility to spread
found general laws in the area of light and heat
emission of individual molecules of bodies and to
calculate the resulting intermolecular forces and their
magnitude.

In 1897, Lebedev, gave a place at the department
of Imperial College to his childhood friend and
brother-in-law (wife’s brother) A. A. Eichenwald,
moved to Moscow University where he became a
professor of physics in 1900, and later in the course
of experiments found, and then measured the
pressure of light on solid, confirming the theoretical
prediction of Maxwell.

In his experiment light from volt electric arc light
fell on the wing, suspended on a thin filament in a glass
bulb from which the air was pumped. Vacuum was
achieved by heating mercury drop in the vessel.
Mercury vapors displaced air, evacuated by a pump.
After lowering the temperature the pressure of
remaining mercury vapors decreased. Thus the
highest degree of vacuum was achieved. This
technique applied subsequently in the pumps, was
named after the American physicist I. Langmuir.

By twisting thread the pressure of light was
determined. These were the torsion balance of the
highest accuracy for those years. Winglet consisted
of two pairs of thin platinum circles of different
thickness: 0,1 and 0,01 mm, resulting in a rapid
equalization of temperature. One of circles of each
pairwas shiny on both sides, in the other two, one side
was coated with platinum black. In order to prevent
movement (convection) of gas that occurs when the
difference between the temperature of the winglet
which absorbs light, and the glass bulb, the light was
directed to one, then the other side of the winglet. In
both cases, the convection was the same and the
difference of deviations was not dependent on gas
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motion. Radiometric action (gas molecules are
dropped out with larger speed from the illuminated
side of the disk than from the shadow, and cause more
impact, exceeding several times the radiation
pressure) was weakened by increasing the cylinder
volume and decreasing pressure. Radiometric forces
were taken into account when comparing the results
of incidence of light on the thick and thin blackened
circles.

Lebedev reported about his experiments in 1900
in Paris at the World Congress of physicists. The
following year, in German journal «Annals of Physics»
he published the article «Experimental study of light
pressure». The work of the scientist on light pressure
measurement on a solid brought him worldwide fame
and wrote his name in the history of experimental
physics. In Russia, for these experiments he received
the Award of Academy of Sciences and was elected
a corresponding member. Proof of existence of light
pressure had philosophical and ideological
significance. Because of the existence of pressure of
electromagnetic waves, among other things, a
conclusion followed that they have a mechanical
pulse, and hence mass, thatis, they are material and
matter exists not only in the form of substances, but
also as electromagnetic field.

Cosmic links of light

In 1902 the scientist made at the congress of the
German Astronomical Society a report on cosmic role
of light pressure, indicating that the effect of light on
the molecule depends on its selective absorption: for
rays absorbed by gas, the pressure is conditioned with
the law of Maxwell, and the rays not absorbed by gas,
do not have the effect on it. At the same time he
published an article «Thermal elements in a vacuum
as a device for measuring radiant energy». The
principle of thermal element in a vacuum is now
successfully used in military equipment.

In 1907, Lebedev measured the pressure of light
on rarefied gas that was particularly significant in
assessing cosmic phenomena. In his tiny instrument
gas under the pressure of absorbed light received
rotary motion transmitted to a small piston and
deflection was measured by shift of mirror light «sun
twinkle». The convection of gas in the device was
overcome by mixing the hydrogen which is a good
conductor of heat and rapidly equalizes temperature
inhomogeneity in the vessel. To get rid of radiometric
effect the camera with two channels was used. In
1909, the scientist makes a report on the results
obtained. A year later they were published in «Annals
of Physics». For these experiments to measure light
pressure on gases British Royal Institute elected
Lebedev an honorary member.

In Russia Lebedev became a founder of a large
collective research. He organized a physics laboratory
at Moscow University with a relatively large number
ofemployees. Ifin 1901 he had three employees, then
in 1910 the number of employees reached 28. He in
1911 in a newspaper article «Russian society and
Russian national laboratories», published in «Russian
Vedomosti», justified the use of and need for creation
of large research laboratories. It was, in fact, the
country’s first declaration of the system of science
organization.

In the year of publication of the article in protest
against reactionary actions of the Minister of
Education, L. A. Casso related to harassment of
students and restriction of university autonomy, Pyotr
Lebedev, like many other professors of Moscow
University, for personal reasons, resigned. Together



with him members of his laboratory left the university.
He immediately received invitations from foreign
academic institutions, but stayed at his home country.

In difficult conditions using private funds allocated
by the Society of experimental sciences and their
practical application named after Kh. S. Ledentsov, a
new physical laboratory was organized in the basement
of the city People’s University named after liberal
activist of education A. L. Shanyavsky. Here he in
connection with the discovery in 1908 by the American
astronomer G. E. Hale of magnetic fields of sunspots
started but did not complete his last experimental work
on testing the hypothesis of English physicist Sutherland
with respect to redistribution of charges in the
conductors under the influence of gravity.

According to this hypothesis, the planets and stars
have «squeezing» of electrons from interior regions
where pressure on the surface is high, due to which
the inner regions are positively charged, and the
surface of bodies — negatively. Rotation of bodies,
together with redistributed in them electric charges
should generate magnetic fields. Lebedev put forward
the idea that if Sutherland hypothesis is correct, then
in rapid rotation of electrically neutral bodies
centrifugal forces as well as gravitational, will cause
redistribution of charges and a magnetic field should
emerge. The desired effect could not be found, it is
now clear, due to insufficient sensitivity of the
installation. The reason was not a lack of effect, and
its evaluation for magnetic fields, which were
unreasonably high.

Private donations were finally gathered to serve
as funds for construction of the Physics Institute under
the plan, drawn up by the scientist. Alas, the building
was completed in 1916 — four years after the death
of the author of the project. Tis building today serves
as location of the Physical Institute of the Russian
Academy of Sciences named after P. N. Lebedev.

Conclusion. The scientist suffered from heart
disease. Worries about retiring completely sapped his
health. Pyotr Lebedev died on 14" of March (1% of
March, Old Style) 1912 at the age of 46 years. He was
buried in Moscow at Alekseevskoe cemetery. In 1935,
in connection with its liquidation the remains of
Lebedev were transferred to the cemetery of
Novodevichy Convent.

In 1969 the Gold Medal named after P. N. Lebedev
was established, which is awarded by the Russian
Academy of Sciences (until 1991 — the USSR
Academy of Sciences) for outstanding work in the field
of physics. By this step the scientific community
confirmed above all the credibility and importance of
progenitor of award, along with continuity and strength
of traditions of the national school of physics.
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