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Reply to the remarks by K. N. Shaposhnikov.'

S. 1. Vawvilow.

Concerning my article on the empirical accuracy of the optical superposition princi-
ple?, K. N. Shaposhnikov considered it necessary to publish remarks apparently
directed against this article but in essence having no relation to it at all.

K. N. Shaposhnikov defends the “mechanical” theory of light quanta in which
the quanta a cross section of the order \? is ascribed to. In my article, purely
empirically the question of the effective, i. e. accessible to observation, “impene-
trable” dimensions of the quanta is being studied which could be observed through
the “self-scattering” of light. I write: “If the effective size of the quanta was of the
order of the light wave, we should observe a completely noticeable scattering of light,
as can be calculated easily, when two bundles from the most modest light sources
intersect. This is not so and, therefore, in reality the magnitude of such a quantity
in any case has to be physically small or has a formal, symbolic character”. K.
N. Shaposhnikov saw in this phrase, cited by him without the last sentence, a
criticism of his “mechanical theory”. In fact this phrase only contains the empirical
finding that an effective dimension of quanta of the order A is not being observed,
which, K. N. Shaposhnikov, as I hope, will not deny. In my article, confining
myself to the empirical side of the question I have deliberately not dealt with the
manifold hypotheses concerning light quanta known to me, among them also the
hypotheses of K. N. Shaposhnikov. I completely understand that in these or
those theoretical constructions it is reasonable to ascribe to quanta sections of the
order A2, however, this section will either necessarily be conditional or inaccessible
to any direct observation. In empirical respect one could speak of quanta of the size
A only in that sense that the determination of the coordinates of the quanta to an
accuracy better than the wavelength is impossible by virtue of the limited resolution
capability of optical devices. From this discussion it is evident that the subject of
the remarks of K. N. Shaposhnikov and the theme of my article do not coincide.

I'K. Ilanomuukos [K. Shaposhnikov]. 2K. P. ®.-X. O., 4. dusuu. [Zh. R. F.-Kh. O,
ch. fizich.| 61, 215, 1929.

2C. . Basuaos[S. I. Vavilov]. K. P. ®.-X. O., u. dusuy. [Zh. R. F.-Kh. O., ch. fizich.]
60, 555, 1928.

393

394



- P-4 -
[Engl. transl. of Zh. Russk. Fiz.-Khim. Obshch., Ch. Fiz. 61(1929)393-395]: - T-2 -

K. N. Shaposhnikov believes that the superposition principle “is extremely eas-
ily reconciled with the mechanical (corpuscular) theory of light”. In my article
which has a purely empirical character, naturally I have not dealt with this ques-
tion but here I am allowing myself to make some remarks concerning the delibera-
tions of K. N. Shaposhnikov. For reconciling superposition and corpuscles K.
N. Shaposhnikov reproduces a part of his work published some years ago. *
Precisely from the equations of energy and momentum conservation (at the speed
of light) follows that in the general case the superposition principle is ... being
violated. For the salvation of the superposition one has to assume that the quanta
either are completely penetrable for each other, or in collisions they exchange fre-
quencies and directions. Such ad hoc hypotheses hardly represent an “easy” way of
reconciling the fact of the superposition and the corpuscular hypothesis and is it not
easier to simply ascribe to quanta vanishing small dimensions in order to prevent
collisions? To K. N. Shaposhnikov it appears to be “strange and not under-
standable” why I “contrast the developed wave theory with the primitive corpuscular
idea and do not say anything about the more or less developed corpuscular theory”.
I did not apply such a contrast in view, I reminded the reader of the old corpuscular
ideas in historical respect only, and further then dealt in §1 of my article with the
modern state of understanding of light corpuscles.

In passing it should be mentioned that for reconciling superposition and corpuscles
K. N. Shaposhnikov better should have relied on “primitive” representations
than on the “mechanical theory”. Indeed, if one assumes that the masses of the
corpuscules do not change in collisions and the velocity is preserved, then from
the laws of energy and momentum conservation completely uniquely the mutual
penetrability of the quanta will follow, i.e. the superposition, or vanishing small
effective dimensions of the quanta. Authors in the past did not draw this conclusion
for the reason alone that they assumed a change in the velocities.

“Easily reconciling” corpuscles and superposition, K. N. Shaposhnikov writ-
es: “As the above considerations are completely independent of the dimensions of
the quanta of light, reasoning about the latter cannot be performed from out the
superposition principle”. Indeed, the effective dimensions of the quanta which I
only talked about in my article can be estimated from the rate of the violation of
the superposition only.

K. N. Shaposhnikov writes that I “consider the superposition as an empirical
fact”. I am allowing myself to mention that the aim of my article consisted in
establishing limits for the empirical accuracy of the principle, which I indeed did.
In principle, in the theory of light quanta the superposition should be violated

L' K. Schaposchnikov. ZS. f. Phys. 33, 706, 1925.
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as a consequence of the gravitational deflection of one quantum in the field of the
other (if there are not any further causes for aggravating this deflection). Of course,
this deflection should be negligibly small what, however, does not deprive it from
its significance in principle. !

The objections of K. N. Shaposhnikov finish with the phrase: “The mechanical
theory demands that the linear extensions of the cross section of the quanta should
be of the order of the wave length. As we have convinced ourselves, this idea spelled
out by many sufficiently competent authors cannot, under no circumstances, be
undermined by the critical remarks by Prof. Vavilov”. Once again I repeat that
I did not intend to criticize this idea, what concerns the competence of authors
defending it one should remind oneself that the “primitive” corpuscular theory has
been defended by the no less competent Newton, Laplace, Poisson, and Bio,
and the wave theory by Huygens, Fresnel, and many others.

Moscow
Institute of Physics and Biophysics
(Received at the Redaction on June 10, 1929)

L' T am indebted to Ya. I. Frenkel for this remark.
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Supplementary information

Translator’s notes:

1. Given the copyright situation in the Soviet Union at the time of publication
(1929) of the original article it seems reasonable to assume that the article is
in the public domain.

2. The numbers on the right margin refer to the page numbers of the original
article. A facsimile of the original article is appended (see p. P-9).

3. The English translation of the quotes from the preceding articles by Vavilov
himself (Zh. Russk. Fiz.-Khim. Obshch., Ch. Fiz. 60(1928)555) and by Sha-
poshnikov (Zh. Russk. Fiz.-Khim. Obshch., Ch. Fiz. 61(1929)215) are taken
from their respective English translations (see subsection: Full details of the
cited literature, below).

4. On p. 394 |T-2], in footnote 1 the name: Schaposchnikov, should read
correctly: Schaposchnikow.
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[Facsimile of Zh. Russk. Fiz.-Khim. Obshch., Ch. Fiz. 61(1929)393-395]
m. LXI H. P. @.-X. 0., u. fusuu. goin. 4.

OTBET HA SAMEYAHUA K. H. ITAIIOIIHUKOBA 1.
C. . Basusos.

ITo moBoxy Moe#t cTaTpH 06 SMIOHDPHIECKOH TOYHOCTH ONTHUECKOTO NpPHH-
nuna cynepro3undd 2 K. H. lJanomEAROB cYel HYRHHM OOYOGIHKOBATH
3aMeYaHHdA, ¢ BHOIIHe# CTOpDOHH HaNpaBIGHHHe OPOTHB 3TO# CTAThH, HO IO
CYTH JelJa He HMOIIIHe K He# OTHOMIEHHI.

K. H IMManomBEXROB 3aMHAMaeT «MEeXaHAYECKYK» TEOPHI0 CBETOBHX
KBaHTOB, B EOTOpo# KBAHTY IODHIHCHBAETCS HONEPEYHOE COUCHHE IOPAXEA A,
B Moei#t me craThe YHCTO SMIHDHYECKH pa3bEpaeTcd Bompoc 06 3PP e KTH B-
HHYX, T. 6. JIOCTYIHWX HaOINJeHNI0, <«HENPOHHAIAGMHX» Da3Mepax KBAHTa,
KOTOPHO MOTIH OH 00HADYMRHTHCH <caMopaccedHHeM» cBera. S mmmy: <«Ecau 6u
3PeKTHBHHO Pa3MEPH KBAHTA OHLIM NODAAKA CBETOBOH BOIHE, TO MPH CAMHX
CEDOMHHX HCTOYHHEAX CBOTA, KaE JEIKO PAaCCUYATATh, MH XOIXRHH OH HaOIo-
IaTh BIOIHE 3aMETHOe pacCesHHE CBeTa IPH NEPECEUYeHAH JBYX IyYKOB.
JTOr0 HeT, H, CI6J0BATEIbHO, DA3MEpPH TakKo# BEIHUYHHH BO BCAROM CIyd4ae
QH3MYECKH MAlI0 PeaJbHH, HIH HMEIT YCIOBHHH, CHMBOIMUECKHH XapaETep».
K. H. IlanomHEuEOB yBHAAI B sToft ¢pase, METHpyeMof HM Ges mociex-
HEro mpeilOXeHHA, KPHTHKY cBoeHl «MeXaHHYeCKo# TeopmH». B jpe#icTBHTOIR-
HOCTH 3Ta (pasa COJEPEHT TOIBEO SMIHPAYECRO® YTBEpEIEHHE B TOM, 4TO
opdeKTHBHHO pa3MepH KBAHTA IOPAAEa A He HAOIOJANTCH, 9ero, HaJeHCh,
K. H IlamomHEHXOB oTpEEATh He Oyxer. f maMepeHHo He kacalics
B Moe# CTaThe MHOTOYHCIGHHHX H3BECTHHX MHE THOOTE3 O CBETOBHX KBaHTAX,
B ToM yHcle B rumores K. H. lllamomEHROBA, OrpaBHYMBIIACH TOJIBKO
MIMPHYECKORX CTOpOHON jAera. Bmoime Zomyckam, 9T0 B TeX HIA HHHX Teope-
THYECKEX IIOCTPOGHEAX IEIeCO06PasHO IPHIHCATh KBAHTY CEUeHHE HOPAXEA A%
3T0 ceueHHe 6yIeT, OAHAKO, HOH30EEHO YCIOBHHM, H60 HEAOCTYIHO HOIOCpes-
CTBEHHOMY HAOIOIEHHIO. B 5MOADHIECKOM OTHONIEHHH O KBAHTaX Pas3MEpPOB A
TO03BOJIATEIBHO I'OBOPDHTH TOIBRO B TOM CMECIe, YTO OHOpejeleHHe ROOPAHHAT
KBaHTa HEOCYIIECTBEMO TOUHee, WeM A0 ANHHK BOIHH, B CHIY OrPaHHYEHHOCTH
paspemalome# CIOCOGHOCTH ONTHYECEEX HPH60poB. W3 CKa3aHHOTO BHJIHO, ITO

'K. llanomerkoB. K. P. ®.-X. 0., 4. pmamy. 61, 215, 1929.
(. U. Basrxos. K. P. ®.-X. 0., u. dmu3mq. 60, 555, 1928.
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npexmer 3amedaru# K. H. llanomEnkoBa I TeMa Moe#t CTaTbH HE COB-
najzamoT.

K.H. IITanom E®KE0B I0IAraeT, YTo IPHHNHAN CYIEPHOSUIUH <IDPE3BH-
Ya#HO Jerr0 NpUMHpAETCA ¢ MEXaHHUYECKOH (KOpHmycEyiIdpHOH) Teopme# cmera.
B moe#t craTthe, HocuBImIe# UHCTO SMIHDHYECKHI XapakTep, f, €CTECTBEHHO,
He KacaJcd 3TOr0 BOIPOCA, HO 3AeCh I03BOII cebe cAelaThb HEKOTODPHe 3aMe-
ganua no mosoay paccyxiern# K. H. llanomumkoBa. [Jid IpEMBpeHHA
cynepnoznipi ® kopunyckyld K. H. IIlamomHEHXEOB BOCHDOM3BOZHT YacCTh
paccysmaenu#i cBoefi pabOTH, HAIEYATAHHOH HECKOIBKO JeT ToMy Hasax. !
Vvenro w3 ypaBueHHE coXpaHeHHA 9SHEPTHH M HMOyIbca (OPH YCIOBHH
CKODOCTH CBETa) BHBOJHTCHA, YTO B 00IEM CIyiIae NDHHIHUI CYHePIO3HIHH...
HapymaeTcd Jid cnaceEHd CyNepHO3HEIHH IPUXOIHTCA LPEJNOI0EHTH, YTO
Id60 KBAHTH BIOIHE NPOHHIAEMH JIpYyr AJXd JPyra, JIHGO OHH OGMEHHBANTCA
YaCTOTAMH H HANPABICHHAMH Ipu coyjapermu. Takme rmmoTesn ad hoc exsa
¥ ABIAIOTCA <«JIETKEM»> CII0CO60M IIDHMEpeHHS (aKTa CYIEepPHO3UINHH H THIO-
Te3H KODOYCKYJX, H He IPOIe XM IpOCTO IPHIMCATP KBAHTAM HCUE3aIMHe
MaIxse pasmMepe Bo usGemamme coygaperun#? K. H. IlanomBHEOBY
KA®eTCA <«CTPAHHHM ¥ HENOHATHHM», NMOYEMY S <«IIPOTHBOIOIATAK paspado-
TaHHEOX BOXHOBOH TEOPDHH NDHMHUTHBHHE KODOYCKYJApHEE IpeiCTaBICeHHHA
K HHYEr0 He ToBOPI O Golee HIM MeHee paspaGoTaHHOR KOPIYCEYAAPHOH
TeopHu». TaKoro TPOTHBOIOIOKEHHS S HE Jelal, YIOMAHYI O CTAPHX EKODIY-
CKYIADHHX BO33DEHHSAX TOIBEO B HCTODHYECKOM AacleKTe, & B JalbHeHImeM
KODOTEO KOCHY.ACA B § 1 Moe#f CTaThbH COBDEMEHHOTrO COCTOSHHS YUGHHS O CBE-
TOBHX KOPIYCKYJIax.

JolxeH 3aMETHTh BIOpOUEM, YTO AIA IPHUMHPEHHS CYNEepIO3HOHU H EOD-
myckyx K. H. IlanomBEXKOBY BHrogHee OHIO GH BOCIOIB30BATHCH <«IIPH-
MHTHBHHMA> TPEICTABICHHAMH, UYeM «MeXaHWUeckof Teopmeii». B camom rexe,
€CIH IPEJNONOKHTH, UTO MACCH RODIYCEYX IpPH yIape He MEHJITCd, H CKO-
POCTb COXpPaHAETCA, TO H3 3aKOHOB COXDAHEHHS SHEPIHH H HMIYyIbhca OyIeT
CIeZ0BATh BIOJHE OJHOSHAUHO B3aMMHAA IPOHHIAEMOCTh KBAHTOB, T. €. CYyIep-
TMO3WNHA, HIH HCUE3alIIe Maine 3ppeKTHBHHE DasMepH KBaHTa. CTapHHHEE
aBTOPH He IeJalH 3TOr0 BHBOJZA TOJBKO IIOTOMY, 9TO OPEANOIATaJH H3MEHEHHE
cKopocTei.

«Jlerko NpHMHPEB» KOPUyCKYXH H cymepmosunmio, K. H. Il anmomuu-
K OB IHIIET: «Tak Kak NPeIHIyIEe COOOPaMEeHHA COBEDIIEHHO HE CBA3AHEL
C pPa3sMepaMH KBAaHTa CBETa, TO O NOCIENHHX HeIb3d CYIHUTh C TOYKH BPEHHA
IPHHINANS CYyNepIosumuH». B meficTBATeNbHOCTH 06 30 PeKTHBHHX pasMe-
pax KBaHTOB, O KOTODHX # JHIIb X TOBOPEX B Moeil cTaTbe, MOMKHO CYIHTbH
TOXIBKO IO CTONGHH HADPYIIEHHS CYIEPIO3HIIHH.

K. H. IlanomEX k0B NHIIET, 9TO I «CYATAI CYHEPHO3UIHNI0 SMIHDH-

' K. Schaposchnikov. ZS. f. Phys, 83, 706, 1925.
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geckEM QarToM». I[03BONI ce6e 3aMETHTH, UTO Ielb MoeHd cTaThH OHIA B yCTa-
HOBIGHHH IpeIel0B 3MIMPHIECKOR TOYHOCTH NPHHOHNA, YTO A H BHIOIHHAIL.
IIprEIANHAIEHO B TEOPHH CBETOBHX KBAHTOB CYIEPHOSHIHA XOIXKHA HAPY-
mMaThCd BCIGACTBHE I'DABHTAIHOHHOIO OTEIOHEHHA OXHOIO KBAHTA B IOXE XPY-
rEx (eclId HeT ele JPYrHX OpHYHH, YCYTYOIAKIIUX S5TO OTKIOHEHHe). Pasy-
MeeTCHd, 5TO OTKIOHEHHE JOJKHO OHTh HHYTOXKHO MAIHM, YTO He IHIIAET ero
NPAEOUIAAIGHOI0 3HAUEHHA. !

Bospaxerra K. H. Ilanomur k 0Ba KoEYaoTcA pasodf: «Mexamude-
CRaA TEOpPHA TpebyeT, YTOOH IHHeHHHE DPasMepH HONEPEYHOro CEYeHHS EBAHTA
OHJIH OH NOPAXKAa IJHHH BOIHH. OTa HJIefd, BHCKA3aHHAA MHOTHMH B J0OCTa-
TOYHOHX Mepe KOMIOTEHTHHMH aBTODAMH, HH B KoeM CIyJae, KAk MH YOeXHIHCH,
He MOxeT OHTh NOKoIeOJeHa KDHTHUECKHMHE 3aMeYaHEAMH 1pod. Bdsnm-
10Ba». Eme pa3 moBTOpAl, YTO KPHTHEOBATH 3Ty H A €10 A He HaMepeBaJcd,
9TO K6 KacaeTcAd KOMIOTEHTHOCTH AaBTODPOB, ee 3alIHIABIIHX, TO J0JKEH
HAIOMHHTB, 4TO <«IPAMUTHBHAA» KOPIYCKEYIApDHAA TeOpDHA 3alHINAIACh He
MeHee EoMueTeHTHEMH HploroHoM, Jlanmnacom, IlyaccorEoM ® Bmo,
a BoIHOBadA Teopud I'iofireHcomM, PpeHereM H MHOTHMU JDPYTHMH.

Mocxkga.
HucraryT ¢u3ekm B 6ROPH3AKE.

(ocrynmxo B Perakmmo 10 mioma 1929 r.)

! 9rem 3amevandeM 4 of6g3aH . U. Pperkenro.
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