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[Engl. transl. of Zh. Russk. Fiz.-Khim. Obshch., Ch. Fiz. 61(1929)215-217]: - T-1-

On the article by S. I. Vavilov: “Remarks on the
empirical accuracy of the optical superposition
principle”.!

K. Shaposhnikov.

Prof. Vavilov writes: “It is being said that the independence of the propagation
of a bundle of light of the passage of other bundles on its path is explained by
the wave theory of light, however, this is not so easily reconciled with the primitive
corpuscular idea”. It is extremely strange and not understandable why Prof. Vavi-
lov contrasts the developed wave theory with the “prim-
itive corpuscular idea” and does not say anything about
the more or less developed corpuscular theory.

In the following lines I will show that the superpo-
sition principle (the independence of the propagation of
waves from the encounters of waves) is extremely easily
reconciled with the mechanical (corpuscular) theory of
light.

Indeed, let us assume that an encounter of two quanta
of light occurs: one has the energy hv and the momen-

tum %" before the collision, the other hr; and h%, re- Fig. 1.
spectively. After the collision, the first one has got the
energy hr’ and the momentum h%, the second hv," and h%, respectively. In the

case of an elastic collision, the principle of energy conservation demands:
hv + hvy = h' + hy)/ (1)
or:

v+ =vi4y oo (2)

L'C. . Basunos [S. I. Vavilov]. 2K.P.®.-X.0. (4. duznu.) [Zh.R.F.-Kh.O. (ch. fizich.)]
60, 555, 1928.
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[Engl. transl. of Zh. Russk. Fiz.-Khim. Obshch., Ch. Fiz. 61(1929)215-217]: - T-2 -

The principle of momentum conservation, on its turn, gives after division by }é—Q (cf.

fig. 1).

2

v’ 4+ v — 2w cosp = v 4+ hy'? — 20"y cosy. (3)

From the last equation and from (2) follows:
vy sinzg =viy/sin® = .. ... (4)

As shown in our figure in a clear manner, the two relations (2) and (4) are insufficient
to determine the direction of movement of the quanta of light after the encounter
where the total momentum AB is conserved, but the directions of movement of the
quanta of light before and after the collision can differ from each other considerably.
As in the wave theory of light, we do not have an unique solution. However, together
with Prof. Vavilov we accept the superposition principle as an empirical fact. Do
the equations (2) and (4) contradict it?

No! Let ¢ = ¢'; then we obtain from (4) :

After squaring both parts of (2), we subtract from it the product (5) multiplied by
4. After taking the root we obtain:

v—u = ' —1v). (6)
If we take the + sign, from it and equation (2) follows:

v = Vi = .

One sees easily, that this way a passage of one quantum of light through the other
will occur what does, perhaps, not correspond to our idea of a collision. However,
if we take the - sign, we obtain by the same way:

i.e. in the collision of a quantum of light with another one a complete exchange of
frequencies and directions occurs.

Formally, this is precisely the superposition principle. This way we see, that the
mechanical theory does not capitulate in view of this “marvellous property of light”...!
We now direct attention to the following: As the above considerations are completely
independent of the dimensions of the quanta of light, reasoning about the latter

LCf. the words by Huygens, cited by Prof. Vavilov.
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[Engl. transl. of Zh. Russk. Fiz.-Khim. Obshch., Ch. Fiz. 61(1929)215-217]: - T-3 -

cannot be performed from out the superposition principle. And meanwhile, Prof.
Vavilov, apparently relying on “primitive ideas”, is solving this whole question
extremely quickly. He says at the beginning of § 2: “But if the effective size of the
quanta was of the order of the light wave, we should observe a completely noticeable
scattering of light, when two bundles intersect”, i.e. a lack of superposition. From
the above discussion it is clear, that the problem of the dimensions of quanta cannot
be solved that easily. However, we will not delve into its closer considera-
tion now but will do this, perhaps, at the appropriate point in time. We only say
this: 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 our-
selves, this idea spelled out by many sufficiently competent authors cannot, under
no circumstances, be undermined by the critical remarks by Prof. Vavilov.

Ivanovo-Voznesensk. Polytechnical
Institute
(Received at the Redaction on February 27, 1929)
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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 article by Vavilov (Zh.
Russk. Fiz.-Khim. Obshch., Ch. Fiz. 60(1928)555)) is taken from its English
translation arXiv:1708.06817.

4. Concerning footnote 1 on p. 216 [T-2|: The words of Huygens are quoted here
after the English translation of Traité de la Lumicére: |2|, pp. 21-22.
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[Facsimile of Zh. Russk. Fiz.-Khim. Obshch., Ch. Fiz. 61(1929)215-217]
m LXI M. P. D.-X. 0., u. gusuu. vin. 3

II0 TIOBOAY CTATBHU C. H. BABUJOBA: «<3AMEUYAHUS OB
BMIIUPUYECKOX TOYHOCTH ONTHYECKOTO ITPHHITHIIA
CYIIEPIIO3UIIU M ».1

K. ITanownuxos.

IIpo¢. BaBH10B muier: «He3aBHCHMOCTs PACHPOCTPAHEHHS CBETOBOTO
IyYRa OT IPOXOMKICHHA IPYIHX IYYROB HA €r0 ONYTH 00BACHIETCHA, K&E CEA3AHO,
BOIHOBOR TeopHe# cBeTa, HO HO CTOIb JErK0 NPHMHDAETCA OHA C IPHMHTHB-
HEMEH ERODIYCEYIADHHMH IIpeJCTaBICHHAMH>. YpespHuaifHO CTpaHHO E Helo-
HATHO, MoYeMy Ipod. BaBH I0B HpoTHBOmOIAraeT pas-

B
pa6oTaEHOR BOJIHOBOX TEODHH <«IPHMUTHBHHE RODPIYCEY- »y
ISpHHE UpPeJCTABIEHHSA» H HHYETO HO TOBOPHT 0 Golee ¢
HIM MGHE® paspa6oTaHHOR KOPOYCEYAADHOH TEOpHH. he ¥
C

B mocrexyomux cTpokax A IOEaRY, 4T0 NPHEEIHAI e
CyIepIOSHIHE (He3aBHCHMOCTh DacIpoCTpameHEs BoaHE c
0T BCTPEYHHX BOJH) Ype3BHYAHHO JETrK0 IPHMHDPHETCA A
¢ MeXaHHYeckoll (ROpPOYCRYyIApHO#) Teopmed cBeTa. ¢

JelAcTBETOIBHO, HOIOMXHUM TPOHCXOIHUT BCTpeYa IBYX Pmc. 1.

KBAHTOB CBOTA: OJMH IO yZapa MMeeT 3HEPrEi0 Av M Ro-

THYECTBO IBHMEHASA h—;, Ipyro#t COOTBETCTBEHHO Av, U %l ITocse yzapa mep-
BHH M3 HAX IIONYYaeT 3HEPTHIO hv' H ROIMYECTBO JBIKCHHAS h—:, BTOpO# COOT-
BETCTBEHHO Ay, m h—'c‘ 3aKoH COXpaHEHHA JHEPTHH B CIy4ae YOpPYroro yJxapa

Tpebyer:
hy + hvy =hv' + hv,’

A e T (1)

3aKkoH COXpaHOHHA KOIHYECTBA JBHKEHHA XaeT B CBOK o4Yepelp Iocle

2
CORDAIIeHAA Ha —fz— (cM. pme. 1).

HIH:

v v 2 — 2vy, cosp =v'? 4 v,"2 — 2v'v,’ cosg'.

1 C. H. Basrzxos. H.P.D.-X.0. (v. Prsny.) 60, 555, 1928.
K. P. ©.-X. O., 4. ¢nany., 1. LXI. Bum. 3. 2
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U3 sToro mocierHero paBeHCTBA W U3 (1) BHTEKaeT:

’

in2 2 — vy sin2 F
WiSIE o =vypsint 5L (2)

JByx cooTHomeHH# (1) m (2) HEZOCTATOYHO AJXS ONpejeleHHA HAUpaBile-
HNA JIBHEOHHS EBAHTOB CBeTa IOCIe BCTPEUH, UTO HATIAXHO IpPEeJICTABIGHO Ha
HAalleM DHCYHEe, TXe IOIHOe KOJHYeCTBO IBH:keHHA AP coxpausercs, HO Ha-
I[DaBIGHHEA JIBHXKOHHA CBETOBHX KBAaHTOB 0 yAapa H IOCIE MOTYT CHJIBHO OT-
IM9aTheA ApYr oT Apyra. Kak m B BOIHOBOH TeODHMH, MH He MMeeM 37€Ch OAHO-
3HAYHOCTH B pemeHnH. [IpuMem, oxHAKO, BMecTe ¢ Ipod. BaB U J 0 B H M OPUENAL
CYIePIO3HIHH KAk »sMOHpHueckH# ¢axT. I[poTuBopewar Im eMy ypaBHOHHSA
(1) u (2)

Her! Ilyets ¢ =¢'; Torza moxydaeM us (2):
VW=V oo N )

BosBexsa o6e wacTm paBeHCTBa (1) B KBajpaT, BHUTEM H3 HOr0 yUueTBe-
peEHHne npom3BefeHud (3). Ilocie H3RIeYeEHS KODHA HOJYJIaeM:

y—y, == —v).

Ecxm B34Th 3HAK -, TO OTCIOZa W M3 paBeHCTBA (1) CIEIyeT:

Jereo BAAETH, ITO IPH 3TOM GYAET OPOHHKHOBEHHE OAHOTO KBAHTA CBOT&
yepes XPYyroi, uTO, MOXeT GHTBH, He COOTBETCTBYET HANIHM IIPEICTABIEHHAM 00
yaape. Ho ecim MH BO3bMEM 3HAK-—, TO TAKHM e [yTOM IIOXYIHM:

T. €. IPH YyJXape OXZHOTO KBaHTa CBeTa O APYrof OpPOMCXOAHT HOJIHHHE O00MEH
YaCTOTAMH X HAIpPaBICEHAMH.

®opMaTBHO 3TO TOT Xe NPHHOWN CYOepHO3MUHU. MH BHIUM TakHM o6pa~
30M, UTO MEXaHHIeCKad TEOPHd HEe CTAHOBHTCA B TYUHEK Iepe] «yIHBHTEIbHeH-
OIHM CBOHCTBOM CBETa»...!

O6paTeM Teleph BHHMaHUe Ha Cleiylmee: Tak KaK OpeIHIYIEe C000-
pPaxeHHAS COBEPIIEHHO He CBA3AHH C DasMepaMH KBaHTa CBETa, TO O MOCIEIHHX
Helb3s CYIHTh C TOYKH 3DeHHA IPUHNHNA CYNEPHO3HIMH. A MeMAYy TeM Ipod.
BaBuioB, 0YeBEIHEO OOHDPAACH HA <«IPUMHTHBHHE INpeJCTaBISHHUS», peliaeT
upe3BHYAHHO GHCTPO Bech aToT Bompoc. OH roBopHT B Hadale § 2: «Ecim 6u
a¢ppeKTHBHHE DasMePH KBAHTOB OHIHM HOPANKA CBETOBOR BOJHE, MH JOIZHH OH
Ha6I0JaTh BIOJHE 3aMETHOE DacCesHHME CBETa NPH IePECeYeHHH IBYX IYIROB»,
T. €. OTCYTCTBHE CYNepUHo3HIHH. M3 IpeXHAymero aCHO, 4To BOIPOC O pasMepax
KBaHTA He MOmeT GHTh TaK OpocTo peureH. OZHAKO BXOXMUTH B €ro mojpo6HOe

1 Cm. croBa o firerca, DpaBofAMble Hpog. BaBH I 0B B M.
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oGcymjenne MH cefiuac He 6yIeM, HO, MOXET GHTH, CIEIAEM 3TO B CBOE BpeMA.
CraxeM TOIBEO CIeIyloIee: MeXaHHYECEad Teopud TpedyeT, 4TOGH IHHEHHHE
pasMepH NONEepPEeYHOI0 CeYEHHS KBAHTA GHIM GH TOpPAAKA IIHHH BOIEH. 9Ta
WIesd, BHCKA3aHHAA MHOIHMH B JOCTATOYHOH Mepe KOMIETGHTHHMH aBTODAMH,
HY B KOeM cCIyJae, Kak MH YOeIHIHCh, HE MOXeT OHTb NOKOJE6I6HAa EPUTH-
YEeCKHMH 3aMeyaHHAMH npod. BaBEI0BA.

Hranopo-Bosrecenck. TlorATexHAYECKHAH
HECTHTYT.
(Tlocrynano B Pemaxnawo 27 despaxs 1929 r.)



	English translation of the article (T-1 = P-3)
	Supplementary information
	Translator's notes
	Acknowledgements
	Literature
	Full details of the cited literature
	Further references


	Facsimile of the original article

