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Remarks on the empirical accuracy of the optical
superposition principle.!

S. 1. Vavilow.

§ 1. The following remarks concern the superposition of the intensities
of incoherent bundles of light. In the theory of wave motion this princi-
ple is being considered as an average statistical sequel of the addition theorem of
amplitudes whereby the latter theorem is either completely exact (electromagnetic
theory), or has a limited validity for small amplitudes (elastic theories). In the
following, the superposition principle is mainly considered as an experimental
fact which shall play a certain role in making judgements on the soundness of one
or the other conception of the nature of light. Huyghens® wrote on this empiri-
cal principle: “Another property of waves of light, and one of the most marvellous,
is that when some of them come from different or even from opposing sides, they
produce their effect across one another without any hindrance.”.

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. The
reproach often made in the XVIII. century to the Newtonian theory consisted just
in saying that the collisions of the light corpuscles, i.e., a violation of the superpo-
sition, should be observed. An answer to this difficulty was the admission of the
extreme smallness of the corpuscles: “I know — Lomonosov® wrote addressing the
defenders of the corpuscular hypothesis — that you divide the material of light into
such fine particles and place them in universal space with so little density that the
whole quantity can be compressed and packed in the porous crevices of one grain
of sand.”. Presently, optics is in the stage of the theoretical synthesis of the wave
and corpuscular conceptions and the problem of the limits of the realizability of
the superposition is becoming somewhat unclear again. Is it possible to assign to a
quantum centre, accompanied by a wave, a reality of that kind that in encounters,

!Presented at the session of the optical section of the VI Congress of Russian Physicists in
Moscow on August 8, 1928

2Ch. Huygens, Abhandlung iiber das Licht. (1678) Ostw. KI. Ne 20, p. 25.

3 M. B. Jlomonocos, CiioBo o mpoucxoxiernn cseta. Cobpanne pasubix counnenuit, €. 111 [M.
V. Lomonosov, Slovo o proiskhozhdenii sveta. Sobranie raznykh sochinenil, ch. III], 1803, p. 155.
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“collisions” of light quanta a perturbation of the initial propagation occurs?

If a violation of the superposition of the intensities of light bundles is possible at
all, according to the principle of energy conservation it can only make its appearance
by a change in the direction of light, its scattering, or a peculiar diffraction of
waves off other, incoherent light quanta.

Experiment and theory have established a deep analogy between material particles
and light quanta, both are accompanied by waves and the energy is concentrated
in some kernel. In encounters of atomic or electron beams as well as in encounters
of light and matter a scattering or diffraction of waves occurs. The scattering of
electrons and atoms can qualitatively be explained by the occurrence of electro-
static forces independently of the wave theory of matter. The scattering of light by
electrons and atoms has a wave as well as a corpuscular interpretation, however,
the descriptions of the two partners in such a scattering are not the same. For the
material partner the kernel is well studied and its waves are less known, conversely
the data for the light waves are very precise but the information over the quan-
tum kernel is limited to its energy and momentum. The study of the results of
encounters of light quanta should clarify to some extent the questions arising here:
Does in such an encounter a complete unhindered mutual penetration occur, or has
a peculiar “impenetrability” to be ascribed to light quanta, and is, consequently, a
“selfscattering” of light, or a diffraction of light waves off light quanta, possible? Can
the quanta any effective size, i.e., a violation of the superposition in encounters be
ascribed to as it is being done for atoms and protons on the basis of scattering?
Many times in recent years, attempts have been made to hypothetically ascribe
to light quanta linear dimensions of the order of the wavelength of light waves. If
these dimensions aspire to have some physical reality they could manifest themselves
by the “selfscattering” mentioned. At the present stage of the theory of light, the
question of the “extension” of the quanta, or, more precisely of the possible deviations
from the superposition apparently cannot be considered as conclusively solved in the
positive or negative sense and, therefore, one has primarily to turn to the experiment.
§ 2. A noticeable violation of the superposition, if possible at all, can obviously be
expected at very large radiation energy densities only. As can be calculated easily, 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 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.

Under laboratory conditions, the highest instantaneous radiation densities can
perhaps be obtained by means of the light of a condensed spark. Concentrating this
light with a lense, instantaneous values of the light energy density that exceed the
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corresponding value on the surface of the sun can be achieved easily. In this case,
the average density is small due to the short duration and rareness of the sparks,
but the hypothetical effect of the “collisions” of light quanta must be proportional
to the square of the instantaneous density, therefore, a spark turns out to be
considerably more advantageous than, for example, an arc. Preliminary experiments
with a spark the light of which met in an evacuated container did not uncover
any noticeable scattering. These observations have been carried out with
the usual precautions, in front of distant container walls covered with black velvet;
for control, the experiments have been repeated with the light of an incandescent
lamp that delivered the same average radiation density; in both cases the result
has been equally negative.

Incidentally, laboratory conditions are considerably surpassed in this respect by what
observations of the sun yield. At the surface of the sun incoherent bundles originating
from different radiating sections are intersecting each other; the intersections occur
at very large radiation densities and in a huge volume whereby for an observer on
earth the results sum up. In moments of total solar eclipse, when direct rays are
blocked and the background is very dark we meet exceptionally good observational
conditions, and the sun serves as the most convenient object for the establishment
of the limits of the satisfiability of the superposition.

This way, the considered problem immediately makes contact with the problem of
the solar corona. Until now, the nature of the corona remains mysterious in
general and in particular. ! The existing explanations for the corona as scattered
light from cosmic dust surrounding the sun, as scattering from the molecules of a
diluted gas, or an electron atmosphere, as fluorescence of a gas etc. are undoubtedly
partially correct; however, neither taken for themselves nor together these factors
are capable of quantitatively explaining the most intense part of the emission of the
corona. In particular, for the explanation of the corona by means of the scattering
in an electron gas one has to make hardly justified assumptions over the violation
of the laws of electrodynamics near the sun.

In any case, for an observer on earth the corona is an inescapable condi-
tion for the observation which places a certain empirical accuracy limit on
the assertion concerning the correctness of the superposition principle. Undoubtedly,
at least a part of the general emission of the corona consists of light scattered off
matter and, therefore, has no relation to a possible violation of the superposition.
However, the general emission allows to establish an upper bound on the cor-
rectness of the principle.

LA critical analysis of the different theories of the corona is given in the works of And erson:
Wilhelm Anderson. ZS. f. Phys. 28, 299, 1924; 33, 273, 1925; 34, 453, 1925; 35, 757, 1925;
37, 342, 1926.
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For an approximate estimate of this bound one can rely on the fact that half of the
total emission of the corona, as photographs show, is distributed within a distance
of half of the solar radius taken from the edge of the sun. For a more accurate
calculation one can make use of the empirical formulas for the decay law of the
coronal intensity with distance. For example, according to data for the eclipse of
June 29, 1927 by Balanovsky and Perepelkin ' the coronal intensity I at
distance R from the center of the sun (R — expressed in terms of solar radii) is given
by the formula:

N 0

(R —0,849)3

From this, it can easily be calculated that one half of the general emission of the
corona is concentrated within the range of 0,4 of the solar radius. The total emission
of the corona approximately amounts to 1-107% of the solar radiation. > One half
of this amount, i.e. 5-1077, is being scattered within a distance of 0,4 of the solar
radius, i.e. on a path of 2,8 - 10! e¢m. This way, on average on each cm of its path
near the sun the light ray loses due to all sources of scattering existent

-7
there % , i.e. roughly

1,8-10717

of its energy. This is the upper bound on the accurary level of the superposition
principle near the sun, i.e., under exceptionally favourable conditions for its assumed
violation. Even in the absence of any competing sources for the “selfscattering”
of light one could associate 1,8 - 10717 of the energy to intersecting, very intense
light bundles only. From this it is clear how difficult if not hopeless in general it
is to observe such a scattering in the laboratory, even if it would be real. With
a condensed spark one can easily achieve within a short time of roughly 1 - 1076
sec. a light flux with an intensity of 10! %sec., such as near the sun. In the

most favourable case, the light scattering per second into all directions could
amount to (at 100 sparks per second) 1,8-10717- 1011 . 107%-10% = 1,8 - 1071 ergs
per second. Practically, a quantity tens or even hundreds times smaller than the
visual stimulus threshold would have to be observed.

This way, the weakness of the emission of the solar corona shows that the superpo-
sition principle, at least for visible light, is one of the most precise fundamentals of
optics.

1. Balanovsky and E. Perepelkin. Monthly Notices of. Roy. Astr. Soc. 88, 740, 1928.
2Cf. Miiller- Pouillet, Lehrbuch der Physik, B. V, 2-nd part, p. 157.
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§ 3. Is it possible to firmly establish such wide limits for the applicability of the
superposition and at the same time to see in the solar corona an argument in favour of
the existence of the “selfscattering of light”? If some astrophysical theory suceeds in
giving a convincing explanation for the most intense part of the corona the question
of course disappears; as long as it does not exist and the theory of light has not
yet assumed any concrete form, the hypothesis of the “selfscattering” has apparently
the right to be discussed on an equal footing with other proposals. As has been
explained above, unfortunately a direct manner of resolution, an experimentum
crucis on earth, can hardly be realized.

Certain characteristic features of the corona find a simple explanation from the
viewpoint of the “selfscattering” hypothesis. The coronal intensity quickly decays
with distance from the edge of the sun. Some empirical formulas expressing the
dependence of the intensity on the distance exist, ! these formulas strongly differ
from each other. For small distances from the sun, in some cases the formula by
Turner 2 is well fulfilled:

Ay

I:ﬁ

(2)
where R = == (r — distance from the center of the sun, ro — solar radius). Becker
proposed the formula:

Ay

= xRN (3)

The cubic formula (1) has been given above. For large distances, the results of
observations sometimes agree well with the formula by Bergstrand:
Ay

]—(R_1)2.................. (4)
Apparently, until now it has not been clarified if such a variety of formulas cor-
responds to real changes in the corona or is a result of the imperfection of the
measurements.
From the viewpoint of the hypothesis of light quanta collisions, the intensity of
the scattered light at a given point should be proportional to the number of the
collisions of quanta, i.e., primarily it should be proportional to the product of the
square of the radiation density and the relative velocity of the colliding quanta.

'Cf. W. Anderson. ZS. f. Physik 35, 757, 1926.
2Cf. E. Pettit and Seth. B. Nicholson. Astrophys. Journ. 62, 202, 1925.
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Let the line ED on fig. 1 connect a point under consideration A near the sun with
the earth E. We denote by ry — the radius of the sun, by r — the distance CG (the
perpendicular from the center of the sun onto the line ED), by  — the distance AG.
The radiation density in the point A is proportional to: !

2
1 — /11— =51
- +r

The average relative velocity of quanta colliding in the point A is proportional to
sin of the angle formed by the average bundle of the cone of rays meeting in A
and the axis of the cone.

Therefore, the average relative velocity of the quanta colliding in the point A is
proportional to:

_To _
x2+r2

The rate and direction of the scattering of
light quanta can turn out to depend on
the angle between the colliding quanta.
Nothing can be said about this depen-
dence because the phenomenon of “colli-
sions” of quanta itself is completely hy-
pothetical and unspecified. Formally, we
characterize this dependence by means of
a certain function

Fig. 1. f(r,x).

The scattering from all volume elements lying infinitesimally close to the solid angle
related to the vertex on earth merges for an observer on earth in perspective into
one point of the corona; the number of volume elements growths proportionally to
the square distance from earth, in turn the scattering intensity reaching the earth
from these volumes decays inversely proportional with the square distance; this way,
the distance from earth does not enter into the expression for the total scattering.
In accordance with the assumptions made, the emission at a certain point of the
corona at distance r from the center of the sun is expressed by the formula:
2

i 2 2
_ "o "o
I = A5/ (Ll B Y el B RN
0

ICf. W. Anderson, loc. cit.
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Here, the assumption has been made that the radiation from all elements of the
sun’s surface is equal (this, of course, is not exactly the case) and should read

As = kE?, . . . ... (6)

where F — is the solar constant.

We assume that f(r,z) does not depend, or weakly depends, on 7.

Furthermore, we restrict ourselves to distances from the edge of the sun at which
the average value of z* + r* under the integral is considerably larger than rZ. Under
these conditions the equation (5) assumes the simple form:

Ag
ﬁa

where R has the same meaning as before.

An exact comparison of the empirical formulas (1), (2), (3), (4) with the theoretical
formulas (6) and (7) makes no sense. The empirical formulas do not agree with each
other, on the other hand a certain part of the emission of the corona is without any
doubt caused by light scattering in matter and, therefore, the theoretical formula
cannot fully be applied to the corona. Under these provisions,

D= 25 (7)

TABLE 1.

R 1@ 6@ 0

181116 | 21,0 [20,0 | 6,1 | 7.7
20| 65 | 104 | 10,0 | 3,9 |50
251 22 | 29 | 27 | 1.8 |20
300 1,0 | 1,0 | 1,0 | 1,0 | 1,0
35| 0,55 | 0,40 | 0,45 | 0,64 | 0,54
40| 0,31 0,18 | 0,24 | 0,43 | 0,31
45| 0,20 0,09| 0,14 | 0,32 | 0,20
50| 0,14 | 0,05| 0,18 | 0,25 | 0,13

however, one may speak of a satisfactory agreement between the theoretical and
experimental formulas. In Table 1, the relative values for the intensity of the corona
from R = 1,8 to R = 5,0, calculated by means of the formulas (1), (2), (3), (4),
and (7), are listed, where the values for R = 3,0 are taken to be equal to 1. From
the table, it can be seen that formula (7) well agrees with the most recent empirical
formula (1). The agreement in the upper figures will increase if one does not confine
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oneself to the approximate formula (7), but calculates the values I according to
the fundamental formula (5) by assuming f(z,r) to be constant. An acceptable
agreement also exists with formula (4), on the other hand the formulas of Turner
(2) and Becker (3) sharply disagree with (7).

As is clear from above, in the formulas (5) and (7) the constants As or Ag are
proportional to the product of the intensities of the colliding bundles. If the radiation
from the surface of the sun would be allover equal, A5 and Ag would simply be
proportional to the square of the solar constant, what is also put as basis of (5).
Due to the inhomogeneity of the emission of the sun the values of the constants
As and Ag should fairly strongly differ for different radial directions of the corona,
staying, however, practically unchanged along a given radius what agrees with ob-
servations'. From the point of view of the considered hypothesis, in the case of
a homogeneous emission of the sun the total radiation of the corona should be
proportional to the square of the solar constant, but for inhomogeneous radiation
be proportional to an even higher power of it. This conclusion also agrees with
observations, as can be seen from table 2, taken from the work of Pettit and
Nicholson?: the variation of the total emission is considerably larger than the
variation of the solar constant.

TABLE 2.

Eclipse | Energy of the corona | Solar constant

1918 | 2281078 Gl o2 | 1 g4 €l .2
min. minmn.

1922 | 165 1,89
1925 | 214 1,93

The “selfscattering” hypothesis could furthermore explain the remarkable lack of
Fraunhofer lines in the corona layers nearest to the sun. The vanishing of
these lines might be effected by the Compton effect during “collisions” of light
quanta thanks to which the details of the spectrum should be washed out and vanish
practically.

It is without any doubt, that a significant part of the coronal phenomena, the radiant
structure, the line spectrum, and others cannot have any relation to “selfscattering”.

ICf. H. Ludendorff, Sitzb. d. preuss. Ake. d. W., V, 1925, also. I. Balanovsky and E.
Perepelkin, loc. cit.
2E. Pettit and Seth B. Nicholson, loc. cit.
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These phenomena should be explained by the influence of matter surrounding the
sun.

The arguments in favour of the “selfscattering” hypothesis given in this paragraph are
of course not decisive. It is perfectly possible that other astrophysical
theories will give a better justified explanation of the same facts and then one can

raise the degree of accuracy by which the superposition principle can be stated and
also diminish the hypothetical “impenetrable” extension of light quanta.

Moscow.
Institute of Biological Physics.
Received at the Redaction
on November 14, 1928.

REMARKS ON THE EMPIRICAL ACCURACY OF THE OPTICAL
SUPERPOSITION PRINCIPLE.

By S. I. Vavilov

Summary.

1. The present theory of light leaves the question open yet, if the superposition
principle can be assumed to be of unlimited validity, or, if in the case of very large
radiation densities also a peculiar scattering of colliding incoherent bundles, as a
result of “collisions” of light quanta, or the diffraction of light waves off other quanta,
is to be expected.

2. For estimating the empirical upper validity limit of the superposition principle
the situation in the vicinity of the sun’s surface is most advantageous. As the
total intensity of the solar corona shows, in collisions of light rays near the sun at
maximum 1.8-107!7 of the energy per cm can be scattered. If one could attribute the
total radiation of the corona to “selfscattering” of light, the superposition principle
near the sun still would be fulfilled with an accuracy of 1.8 - 10717,

3. Up to now there is no satisfactory theory of the solar corona, consequently prelim-
inarily also the hypothesis of “selfscattering” of light near the sun can be discussed.
Some properties of the corona, the gradient of the emission, the large variation of
the total intensity of the corona, the small variation of the solar constant, etc., can
be interpreted, at least qualitatively, from the point of view of the hypothesis.
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Supplementary information

Translator’s notes:

1.

Given the copyright situation in the Soviet Union at the time of publication
(1928) of the original article it seems reasonable to assume that the article is
in the public domain.

The numbers on the right margin of the English translation refer to the page
numbers of the original article. A facsimile of the original article is appended
(see p. P-19).

Concerning footnote 2 on p. 555 [T-1|: The translation is quoted here after
the English translation of Traité de la Lumiére: [3], pp. 21-22.

Concerning footnote 3 on p. 555 [T-1]: The translation is quoted here after:
[4], specifically p. 251.

The content of the present article constitutes an essential part of part 2,
chap. 1, § 2 of the book Muxpocmpyxmypa ceema (HUccaedosarua u ovepru)
[Mikrostruktura sveta (Issledovaniya i ocherki)]/[The Microstructure of Light
(Research and Essays)] by Vavilov [5].

Noticed misprints

In the original article, the following misprints have been noticed and corrected in
the English translation:

Footnote 3 on p. 555 |T-1]: The footnote should read correctly:

M. B. Jlomonocos, CiioBo o npoucxoxkjaeHuu ceeta. [lonnoe cobpanue coamne-
muit, a. 111, 1803, crp. 105. [M. V. Lomonosov, Slovo o proiskhozhdenii sveta.
Polnoe sobranie sochinenii, ch. III, 1803, str. 105].

Footnote 1 on p. 558 [T-4]: The journal page number should read correctly:
740.

Footnote 2 on p. 559 [T-5]: The journal page number should read correctly:
202.

Item 2. of the Summary on p. 563 [T-9]: In the second sentence, sm should
read correctly: cm.
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SAMEYAHHUSA OB SMIUPUIYECKON TOYHOCTH OITHYECKOTO
IIPUHIIMIIA CYIIEPIO3HIINMU. !

C. U. Basusos.

§ 1. HmxecIeAyomue 3aMOUAHHS OTHOCATCA K CYI@PIO3HIHE KHTO H-
CHBHOCTeH® HOKOTOPDEHTHHX CBOTOBHX NYYKO0B. B yueHHHd o BOI-
HOBOM JBAMROHHH 3TOT NPHHIHI PAacCMATPHBAETCA EKaK CPEXHOO CTATHCTHYOCEO
CIGJCTBHE TEOPEMH O CJIOXCHHM aMIIATYJ, IIPHUIEM IOCIEAHAA TeopeMa JuOo
BIOJHE® TOYHA (IEKTPOMATHATHAA TeOpHA), IHO0 HMEeT OrpaHHYCHHYI LDHME-
HAMOCTh JJISA MaJXHX aMIIATYZ (YUDYTrHe TeopHH). B XaibHelmeM NpHENAI
CYNEPIO3HIHE DACCMATPHBAETCA TIABHHM 00pasoM Kak ONHTHHE $akT,
IOMKOHCTBYOIIHHE HrpaTh HEROTOPY pOIb LPH CYXRICHHH O CIPaBEIIABOCTH
TOr0 HIH HHOTO BO33PeHHA Ha IPHPOAY cBeTa. (6 5TOM SMIHDHYECKOM IPHH-
nume 'mérenc? macar: «YiuBHTeIbHeHmee CBOHCTBO CBETa COCTOAT B TOM,
YyTo Iy4H, HAyMHe H3 Da3IHYHEX M JaKe NIPOTUBONOIORHHX HaIpaBleHui,
NPOXOZAT OXMH CKBO3b Apyro#f, HHCROIBKO HE IPENATCTBYS OGOOIHHM xol-
CTBHAM»,

HesaBECHMOCTh DPACHPOCTDAHCHHA CBOTOBOIO Iy4KA OT IPOXOEACGHHA JpY-
THX IYYKOB Ha €ro IyTH o0BACHAETCH, KAk CKAa3aHO, BOXHOBOH TeopHel cBera,
HO BO CTOAb IETK0 IPHMHPAETCA OHA C IPHMATHBHNM KODIYCEYIADHHM IpOJ-
cTaBIeHEeM. Ympek, EoTopui B XVIII B. yacro zerainm HbOTOHOBCEOH TEODHH,
3aRI0YaICA HMOHHO B TOM, YTO JONKEH OOHAPY:KHBATHCA COYJAPEHHA CBETO-
BHX KOPIYCKyI, T. €. HapyIleHH® CYIEDHO3HOHH. BHX0Z0M H3 3aTPYXHOHHS
OHIO JONYmPHHe KPalHe# MAaJOCTH KOPHYCRYX: «3Hal,— nAcaX JJoMoBOCOB?
10 aApecy 3allHTHHKOB KOPIYCKYAAPHOX TANOTE3H, — UTO BL Pa3feldere MaTe-
DPHIO CBeTa HA3 TOIb MAIHe YACTHOH H TOIb DEARO OHYI II0 BCOMHDHOMY IPO-
CTPAHCTBY HOCTaBIfETe, YTO BCO OHOE KOIMYECTBO MOKET CEATHCA H YMECTHTHCA
B NOPOKHHX CKBARHHAX OJHOH IeCUMHEH». B Hame BpeMd OUTHEZ HAXOXHUTCH
B CTaAHH TEOPETHYECKOTO CHHTE3a BOJXHOBOIO H KODIYCKYIAPHOTO BO33PEHHA H
BOOPOC O mpefeNaX BHOOIHHMOCTH CYLIEPIOSHIHH CHOBA CTAHOBHTCA HOCEOIBRO
HeACHHM. MOXHO JH NIPANOHCATh KBAHTOBOMY IEHTDY, COIPOBOAIAEMOMY BOIHOM,

! Noxoxeno Ha 3aceAaEHm onTEYeckolt cermmr VI cpesga pycckamx ¢uaEroB B Mockse
8 asrycra 1928 1.

2 Ch. Huyghens Abbandlung iiber das Licht. (1678 r.) Ostw. KIL. N 20, crp. 25.

M. B. ToMorocoB, CioBo 0 nponcxoxjendd cBeta. CoGpaEBHe DA3HEIX COYHHe-
meit, u. I1I, 1803, crp. 155.
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PeaIbHOCTh TAEOTO POXA, YTO IPH BCTPEYAX, «COYAAPEHHAX» CBETOBHX KBAHTOB
IOpPOH30HZeT BOBMYIIEHHE NEPBOHAUAILHOTO PACIPOCTPAHEHHA ?

Ecma mapymemne cynepmosEnmEA HETEHCHBHOCTeH CBETOBHX IIYIROB
BOOGIIE BO3MOXKHO, TO 110 3aKOHY COXDaHEHHWSA SHEPTHH OHO MOXKET IPOABHTHCH
TOIBPKO H3MEHEHHEM HANDABICHHS CBETAa, 6T0 pacCCeAHHEM, HIH CBOEOGpas-
HO# pupdpakmEedl BOXH OT IOCTOPOHHHX, HEROI@PEHTHHX CBETOBHX KBAHTOB.

OOHT ¥ TeOPHA YCTAHOBHJH TIYGOKYH AQHAJIOTH MOX]IY MATEPHAIBHEMHA
YACTHIAMH H CBETOBHMH KBAHTAMH, T H ADyIHe COOPOBOXIAITCA BOJHAME H
5HOPTHA COCPOAOTOYeHA B HEKOTOpoM gzxpe. IIpE BCTpede ATOMHHX HIH 3JEK-
TPOHHHX IYYKOB, & TAKKO® IPH BCTPeYe CBETA H MATEPHH NIPOHCXOJHT pacccd-
HHG, HIH IRdPparuEs BoIH. PaccesHHe 5I6KTPOHOB H ATOMOB MOXKeT OHTDH
EAYeCTBEHHO O0BACHEHO NPOABIOHHEM 3JIORTPOCTATHYOCKHX CHJI HE3aBHCHMO OT
BONHOBOH TeopHH MaTepHH. PaccegHHe cBEeTa JIGKTDPOHAMH M aTOMaMHM HMeeT
H BOIHOBYIO H KODPIYCKYIADHYI0 HHTEPNDPETAIIMI0, OXHAKO CBOAPHHA O JBYX
DapTHEpaX UPH TAKOM DaCCOSHHH HE OJHHAKOBH. Y MAaTEPHAJLHOI0 HApPTHEpa
X0pomo H3Yy4eHO AAPO H MOHEe H3BECTHH Oro BOJIHH, Hao60poT JaHHHE O CBe-
TOBHX BOJHAX OYeHb TOYHE, HO CBEJGHHS O KBAHTOBOM fAApe OrPAHHYHBAIOTCH
ero smeprue#l H mMOyascoM. M3yueHHe pe3yIsTaTOB BCTPEYH CBETOBHX KBAHTOB
JOIXHO HECKOILKO Pa3bACHHTL BO3HHRAOIIHE 316Ch BONPOCH: NPOHCXOXHT IH
IPH TAaROH BCTpeue MOJHO® 0eCOpPEnATCTBEHHO® B3aHMHOe NPOHWRAHHO, HIH X6
CBETOBHM KEBAHTaM CIOAyeT IPHIHCATh CBOEOODA3HY <«HENPNHHIAEMOCTH?», &
CI60BATEIBHO BO3MOXRHO «CaMOpPacCedHHe» CBOTa, HIH JAPPpPARUEA CBETOBHX
BOIH OT CBETOBHX KBaHTOB? MoOmHO JIH NDHNHCATh EBAHTY KarHe-IHO60 3pder-
THBHHE pa3MepH, Tak ke Kak ITO JEIaeTCAd B OTHOIIEHHH aTOMOB H TPOTOHOB
Ha OCHOBAHHH DaCCOAHHS, T. 6. HaPYMEHHA CYNEPHO3HIHH IPH BCTPeIax?

M=uoro pas sa mociejHHEe IOAH JEIAJHCh NOOKHTEA THOHOTETAYECEH IPH-
IACATH CBETOBHIM EBAHTAM IHHEHHHS DasMODH HODPAJXEA NJIMHH CBETOBOR BOIHH.
Ecxm aTH pasMepH NpPOTeHAYIOT HA KaRKyIO-IHGO PH3AUECRYI DPeasbHOCTh, OHH
MOTrIH GH IpOABIATHCA YRA3AHHEIM «CaMopaccesHHeM». IIpEm COBPeMEHHOM CO-
CTOAHHH TEOPHH CBETa BOIPOC O «pasMepax» KBAHTOB, HIH, TOUHEO, O BO3MOXK-
HHX OTEJIOHEHHAX OT CyOepUO3HIHH, HOBHAAMOMY, HEIb3d CIHTATH OROHYATENHHO
PaspemeHHHM B YTBEDAHTOIbHOM HIH OTPHOATEIbHOM CMHCI® H II09TOMY
IpeRIe BCEro CIAyeT OOGpPATHTHCA K ONHTY.

§ 2. BaMeTHOro HapymeHAA CyIePUO3HIHH, €CIH TaKOBO® BOOOIMIE BO3-
MOXHO, CIOJyeT OXHIATH, 0Y6BHAHO, TOIPKO IPH OYGHH OOIBPIMHX IIOTHOCTAX
xyincTolf sEeprum. Ho ecas O6H 3QPeRTHBHEHE Da3MepPH KBAHTOB GHIH IOPAJIKAS
CBETOBOX BOIHH, TO IPH CAMHX CEDOMHHX HCTOYHHEAX CBeTa, Kak IETEO pac-
CYATATh, MH JONKHH GH HAOIOZATh BIHOXHE 3aMETHO® DACCOAHHO® CBETa UPH
IepeceYeHHH JABYX IYYROB. JTOro HET, H, CIEJOBATEJBHO, PA3MEDH TaKo# Belm-
YEHH BO BCAKOM CIyJae (H3HYECKH MAI0 DEaJbHH, HIH HMEIT YCIOBHHH,
CHMBOIHYOCEHH XapaxTep.

Ensa am He caMne OOIbIIHe MTHOBEHHEHE IJOTHOCTH DaJHANHHA B
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71a60paTOPHHX YCIOBHAX IONYyYaloTCA LpPH IHOMOMHA CBeTa KOHXEHCHDOBaHHOR
AckpH. KoHneHTpHpYS 3TOT cBeT IHH30H, Jerko JOOHTHCA MTHOBEHHHX 3HAYe-
HEH IJIOTHOCTH JYYHCTOR 3HEDrHH, NPEBHIIAIOMEX COOTBOTCTBYIMHE SHAYCHHS
y noBepxHOCTH Coinma. CpeaHAd ITOTHOCT B 3TOM CIy4ae MaJja BCICACTBHE
KDaTKoO# XIATeIPHOCTH H PEAKOCTH HCKp, HO THIOTeTHYECKH# adeRT «coyzape-
HHH> CBETOBHX KBAHTOB AOIKEH OLTh NMPOINOPUHOHANBHHM KBa XPaTy MIHO-
BEHHOH# IIOTHOCTH, IIO3TOMY HCKPa OKA3HBACTCH 3HAUHMTOILHO BHIOLHEO, UEM,
fganpuMep, Ayra. IIpexBapuTenpHHeE ONRTH C HCKPOH, CBET KOTOpoH cxoxmica
BHYTPH 9BaKyHPOBAHHOLO COCYJa, HO OOHAPDYMHHIH 3aMETHOTro pac-
ceaHud. HabroieEHd IPH 3TOM NPOH3BOAUJIHCH € OGHYHHMH IIPEXOCTOPOXK-
HOCTAMH, Ha (oHE JalICKO OTCTOAMIHX CTEHOK COCYXA, OKJEOHHHIX UYEPHEM Oap-
XaToM; XJIf KOHTPOXA ONHTH IIOBTOPAIHCH CO CBETOM JaMOH HAKaJHBAHHSA,
KOTOpad 4aBaja TaKyl Xe CpPeXHHI0 IIOTHOCTh DAJHAIHH; B 060HX CIy-
4afgxX pe3yJpTaT OHI OZFHAKOBO OTPHIATEIHHEIM.

Bnpouem, 1a60paTOpHEH® YCIOBHA B 3TOM OTHONIGHMH 3HAYHTEIBHO Upe-
BOCXOXATCA TeM, uTo Jaior Habmzogenus Coarma. ¥V moBepxHoctH CoiHia mepe-
CeKalTcd HEKOTepeHTHHe IYUYRH, HCXOIAIIHEe H3 PA3HHX CBETAMMAXCS YIACTEOB:
IepeceYeHHs MPOMCXOXAT HPH O0YeHEh GOJBIMIAX IIOTHOCTAX pAJHAUMA H B
OTPOMBOM 00hEME, IIPHYEM pE3YIABTATH 1A 36MHOr0 HaOJXOJATEId CYMMHDPYIOTCH,
B MOMEHTH NOJNBHX COXHEYHHX 3aTMEHH#, KOrZa IpAMHE IYYH 3aJepXRaHH H
¢oH ABIAETCA OYEHb TEMHHM, MH HaXOXHMCA B HCKIOYHTEIHHO XOPOMHX YyCJIO-
BHaAX Habxoaenuda, u Corrme cryxuET Hambolee yIOOHHM OGBEKTOM HJf YCTa-
HOBJEHHA IIpejeJ0oB BHIOIHHMOCTH CYHEePHO3HIHH.

PaccmarprBaeMas npo6ieMa, TAaEKHM 00pas3oM, HENOCPOACTBEHHO CONPHKA-
CaeTcda ¢ BOHPOCOM 0 COTHeUYHOH® KopoHe. IIpHposa KOpOHH X0 CHX IOD B
ofmeM H B YaCTHOCTAX OCTaeTCA 3arajouHoi.! CymecrByompue 06bACHOHAA
EOPOHH KaK DacCefHHOI'0 CBOTa OT KocMHYecko# muuam, oxpymaiome#t Coimme,
EaK DacCceaHHA OT MOJEKYI Pa3pedmeHHOr0 rasa, HIH HIEETPOHHOH aTMocdepH,
Eak (QIOPECHeHNHH Ia3a H T. X. HECOMHEHHO YAaCTHYHO CHPaBEJTHBH; OJHAKO
H NOpPO3Hb M BMecTe 3TH (AaKTODH HE B COCTOAHHH KOIHYECTBEHHO HCTOJIKOBATDH
HanGoJlee MHTEHCHBHOH YaCTH CBEYEHHA KODOHH. B WacTHOCTH A1 0GHACHEHHA
KOPOHH paccesHHEM B JJEKTPOHHOM Ia3e NPHXOXHTCA JAOJIATh MAaJI0 UPABAOIO-
TOOHEE NPeiNoJOXKe U 0 HAPYMEeHHH 3aKOHOB 3JeRTpoIHHaMAKH BOIu3H ColHIA,

Jag seMHOTO HabXi0ZaTeId KOPOHA BO BCAKOM Clyiae—HeEeH36eEHOE
ycaoBrme HaGIOIeHHA, KOTOPO® CTABHT HOROTODHHE 3sMNADHYECKHH Ipe-
Zel TOYHOCTH YTBEDKIEHHSA O CHPaBeIIHBOCTH NIPHHOHNA Cymepunosuuud. He-
COMHEHHO, 4TO II0 Kpalime# Mepe uyacTh O6UIETO CBEYEHHSA KODOHH dABIAGTCA
paccesHHeM CBeTa B MATEDHH, a IOOTOMY He HMEeT OTHONEHHSA K BO3MOMHOMY
HapYIIeHHI0 CYINEpIO3HIIHH.

! KparAdeckHfl aHAIAW3 pPA3TWYHHIX TEOPHA RODOHM JaH B paGotax AHgepcorva:
Wilhelm Anderson, ZS. f. Phys. 28, 299, 1924; 88, 273, 1925; 34, 453, 1925; 36,
757, 1925; 87, 342, 1926.
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O6mee cBeweHHe NO3BOIAET, OXHAKO, YCTAHOBHATh BEDXHHE mpejgel
CIPABEJJIHBOCTH IDHHOANA.

Ja1s TpEGIHREHHOro MOoACYETa STOr0 INpelela MOXHO HCXOXHTh, M3 TOTO
¢akra, 4TO CYMMapHOe CBOUCHHE KODOHH, Kak IOKa3HBalT ¢oTorpadHHE IpH-
MEpPHO HAa TOJNOBHHY HCUGDPIHBAETCA HA PACCTOSHHAX B LOJOBHHY COJHETHOTO
pazmyca or kpad Coxnma. Juasa 6oiee TOYHOTO PACYETa MOMKHO BOCIO.JB30BATHCS
SMIHPHISCKHMH (ODPMYIaMH JIf 3aKOHA YOHBAaHHS APKOCTH KOPOHE ¢ PaCCTOH-
gneM. Hanprmep, no ZaEEHM BarxaHoBcko#f u Ilepemexruuo#?! pig
3aTMOHAA 29 HIOHA 1927 T. APKOCTh KOpPOoEH / Ha paccTosHH# R oT meHTpa
ConHua (R — BHpaXeHO B COIBEYHHX DalHycax) ompereiserca popmyrod:

Ay
1=m:m.....-...-...-.(1)

Orcioza JeTKO0 BHYHCIHTH, YTO IOJOBHHA OOMEro CBeUYeHHA KOPOHH CO-
cperoToueHa B mpegerax 0,4 coxHeuyHoro pajmyca. CyummapHO® CBeYeHHE KO-
POHH COCTABIAET HPHOIASHTENBHO 1 - 107® o6me# coxneumo#t paxmamum.? Ilo-
IOBHHA STOF0 KOIAYECTBA, T. €. 51077 pacceuBaeTcA Ha NMpOTAxeHuE B O 4
COIHEUHOr0 pajuyca, T. e. Ha myTtd B 2,8 - 101 em. Tarum o6pasom, B cpefHeM

Ha EaXJIOM cam NYTH O0kol0 CoaHIA CBeTOBOH JIy4 TepdeT IO BCOM cyme-
5.1077

CTBYOIIHM TaM OPDHYHHAM pacCedHHA 58,100

T. €. 0KOIO

1,8 - 10717

cBoelf ameprmu. Taroit BepxEM# ODpejaex TOYHOCTE BHIOIHEHHSA IPHHIANA CY-
nepno3unau BOXE3E CoIHmA, T. €. B YCIOBHAX, HCEINUHTEIbHO (Iar0JpHATHEX
LIS ero IpeJHOJOKHTeIbHOI0 H2PYLIeHHS. Jame B CIyuae OTCYTCTBHAA ROHKY-
PUPYOIIUX OPHUHH <«CAMOPACCEAHHIO» CBETa MOMKHO OLiJO G NPUIHCATH TOIBLKO
1,8 - 10717 pHEPrHH NMEpPECEKAMHXCA BeChMa HHTOHCHBHHX CBETOBHX HIYYIKOB.
Orcoxa fCHO, HACKOIBKO TPYAHO, ©CIH BOOGmEe HE G6Ge3HAJNOXHO, OCHADYHKHTH
B 1360paTOPHH TAROe PACCeAHHE, €CIH 6H OBO M 6HIO peatbHHM. C KOHJEH-
CHpPOBaHHOR HMCEpOH# Ierko JNOOGHTHCA B TEUEHH® KODOTKOTO BDEMEHH OKOJI0

ope.

1.107% cex. cBeTOBOTO IIOTOKa MOMHOCTBI B 101! ol cex., TaRoE Re, EKak

oroxo Coxnma. CBeTopaccesnne B CeKYHAY BO BC® CTODOHH B IpPeJeJbHOM
6IaroNpHATHOM CIyJae MOrJIo 6 cocTaBUTh (IpH 100 HCKpPax B CeKYHAY)
roxpko 1,8 -10717. 101 . 107%.102=1,8 - 1071° aproB B cexyHay. PanTHUeCKH
HAGIOJCHAKN NOXJIeXaNa OH BeIHYHHA B JECATKH HJIH Jaxe COTHH pPa3 MeHb-
masg TOpora 3PHTEIBHOL0 PasipaiReHHd.

t . Balanovsky and E. Perepelkin. Monthly Notices of. Roy. Astr. Soc. 88,
748, 1928,
* Cp. Miiller-Pouillet, Lehrbuch des Physik, B. V, 2-te Hillte, cTp. 157.
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Cra6ocTb CBeUeHHS CONHEYHOH KODOHH HOKAa3HBAaeT TAKHM 00pas3oM, 9TO
OpHANHAI CYNEpHO3HIHH, N0 KpalHe# Mepe XIA BHAEMOIO CBETA, SABIAETCS
OJHAM H3 TOYHEHIMHX NOXOMKEeHHHE ONTHKH.

§ 3. MoxHO 1H, YBEDOHHO YTBO[HEKIAS CTONb IIHDOKHe NpEIelsl IpHME-
HUMOCTH CYIEDIC3HI(HH, OXHOBDEMEHHO BHJIETh B COIHEYHOH KOPOHE APIYMEHT
B IOXL3Y CYIIECTBOBAHHA <«CaMOpaccedsHHA cBeTa»? EcrE kako#-i1m6o actpo-
¢msuveckoil TEOPHH yIaeTcd JaTh YOeIUTEIbHOe O0BACHEHNe KODOHH B €e Ha-
H0OJee HHTEHCHBHOH YaCTH, BOIPOC ECTECTBEHHO OTHAJaeT; X0 TeX IOp IOKa
9TOT0 HET H NOKAa TEeOpHA CBETa HEe NPHHANA KOHEDETHHX (OpPM, IHIOTE3a «Ca-
MOpacCeAHHA» Kak OyATO GH HMMeeT IPaBO XUCKYTHPOBATHCA HADAaBHO C ApY-
THMH NpeXnoJoxeHHAMH. K comalenHio, mpaMofl myTh peNmIeHHA, 3eMHOf expe-
rimentum crucis, Kak 0GBACHEHO BHIIE, €IBa IH OCYIIECTBHM.

HeroToprie xapakTepHHe CBOHCTBa KODOHH HAXOXAT IPOCTOE TOIKOBAHHE
¢ TOYKH 3DeHHA THIOTEe3H «CaMopaccedHHd». fprocTh KOPONH GHCIPO YOHBaeT
mo Mepe yaaIeEHsa ot kpag CoxEma. CymecTByeT HECEOJBKO 3SMIHPHUECKHX
¢opuys, BHpakaOmuUX 3aBACHMOCTh ADKOCTH OT paCCTOSHHA, ! 3TH (HOPMyIH
CHIBHO OTIHYAKTCA OXHA oT Apyro#t. Jusg marnx paccroanuit or CoiHma B He-
KOTOPHX CIyuasX Xopomo BHNoXHAeTca ¢opmyra TapHepa?

4,
I=_R_°,.'.......'-.‘...(2)

e R =rL (r — paccrosnne or meHtpa Coxsua, r, — paauyc Coxnma). Bex-
[

EepoM mpeAroxeHa (opMyIa:

—_ A3
I_(_H'lo,—'m)‘ 3)

Ky6uuecraa ¢opmyna (1) mpuBefeHa BHume. Ha Goapmux paccTOAHHAX
Pe3yIbTaTH HAOMIOJEHHH HHOrZA XO0pOImo corracyiorca ¢ ¢Qopuyrof Bepr-
cCTpaHpua:

A

I=g"1y

R 7))

Jo cEX TOp, MOBHAMMOMY, HE BHSCHEHO, COOTBETCTBYeT JH TaK0e pa3HO-
o6pa3ue ¢opmyx AeHCTBUTEIPHHM H3MOHEHAAM B KOpOHE, HIH ABIAGTCA TOIBKO
Pe3yIsTaTOM HOCOBEDUIGHCTBA H3MEPEHHIL.

C TOYRH 3peHMA THIOTE3H O COYIApPeHHAX CBETOBHX KBAHTOB MHTEHCHB-
HOCTh PACCeSHAOT0 CBETa B JAHHOM MeCTe JIONKHA OHTh OPONOPNUOHAJIbHOH
9HCIY COYJapeHHH# RBAaHTOB, T. ©, NPekIe BCEro IPOH3BeNEHHI0 KBajxpaTa
MAOTHOCTH DPAAHAIIMH H3 OTHOCHTOIBHYID CKOPOCTh COYIADPMIOMHXCH KBAHTOB.

1 Cp. W. Anderson. ZS. f. Physik 35, 757, 1926.
$Cp. E.Pettit und Seth. B. Nicholson. Astrophys. Journ. 62, 222, 1925.



560 C. H. BABHJIOB

Ilyers aunaa ED na puc. 1 coeguHseT pacCMaTPHBAeMyl TOYKY A OKoOIO

Coxema ¢ 3emuien K. O6osmaumM dgepes r, — pagmyc CoiHma, uepes r — pac-
crosage CG (mepmenamkyiap us uentpa CoxEma Ha Juamio ED), uepes o —
paccrogane AG. ITxoTHOCTH pagwauuu B TOUKE A IPONOPIHOHAIBHA: !

CpelHAs OTHOCHTOIBHASA CKODOCTh KBAHTOB, COyJapAIMHXCA B TouRe A,
OpPONOPIHOHAIbHA Sin yria, o6pasyeMoro cpeXHHM IYIKOM KOHyca ayueH,
BCTpevYalomuxcsad B 4, C OCBI0 KOHYCA.

Otcoga cpejHAs OTHOCHTEIAbHAS CEOPOCTh BCTPEYAlIIHXCA B Touke A

KEBAHTOB HPONOPIHOHAJbBHA:

Bernyura ® HanpaBieEHe pac-
CedHUA JIA CBETOBHX KBAHTOB MOXeT
OKasaThcHd 3aBHcAme# oOT yria, o6pa-
3Y6MOT0 BCTPOUYAIIHMHACA KBAHTAMH.
CkasaTh 4TO-IHG0 06 3TOH 3aBHCHMOCTH
HEIB3d, NIOCKOIBKY CaMO SBIEHHE «CO-
yAapeEHHE» KBAaHTOB ABIAETcH COBEP-
IMeEeHH0 THIOTETHYECKHM H HeolpeXeleH-
HHM. PopMAIBEHO MH XaDAKTOPHU3YEM 5TY
R 3aBACHMOCTh HEKOTOpo# $ymrmme

Pmec. 1. f(f', ).

Pacceanne oTo BceX 3IeMEHTApPHHX 06HOMOB, JeXallUMX B mIpegerax Gec-
KOHEYHO MAJOL0 TeJEeCHOr0 Yyria ¢ BepmHHOH Ha 3emle, CKI&IHBaeTCA JIJIS
3eMHOT0 HaOIlZaTeld B IIEPCIHEKTHBE B OJHY TOYKY KODOHH; BEJIMYHHA 3Ie-
MEHTAPHHX 00BEMOB PACTeT HPONOPHHOHAIBHO KBAIPaTy PACCTOAHHA OT SeMIH,
Ha060p0T HMHTEHCHBHOCTh pPACCeABHA, JOXOXANIAA JO 3eMIH OT 3THX 00BOMOB,
y6EBaeT O0GPATHO IPONOPIHOHAJHLHO KBAIPATaM DACCTOAHHA; TaKHM 00pa3oM,
B BHDAaXEHHe JIA CYMMapHOr0 pACCeSHHA DPACCTOSHHe OT 3eMIH He BOHzer.
CBe4eHHO® B HEKOTOpOH ToUKe KOPOHH HA PACCTOAHHE 7 0T IeHTpa Coxmma co-
TTaCHO CHOJAHHHM IPEXION0EEHAAM BHPA3HTCH GOpPMYIOH:

/_,4f[1_]/1_w2 Ve ran e @

IIpz sToM cCHeNaHO UpeINoXOKEHHe, YTO Pajmalud CO BCEX JJIEMEHTOR

1 Cu. W. Anderson, loc. cit.
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COXHEYHOH IOBOPXHOCTH OXHHAEOBA (9TO, PasyMeeTCd, HO TOYHO) H, CTAAO GHTS,

A5=kE2,o ....... .-....--(6)

rge K — coxneunad MOCTOAHHASA.
IIpexnozoxuy, yro /(r,&) He 3aBHCHT HIH MAaJ0 3aBHCHT OT f.
OrpaEHumMCA Jajlee TaKHMH DACCTOAHHAMH oT Kpad Colmma, mpu KOTO-
PHX cpefHee 3HaUeHHe 2% - r® MO HATErpaloM 3HAYHTEIbHO Goasme r,2. Ilpu
TARAX YCIOBHAX PopMyXa (5) IPHMET IPOCTOH BHA:

Aq
[=F, e )

rxe R uMeer mpexHee 3HAUCHH®.

He Momer GHTh D6YH O TOYHOM CDAaBHOHHH SMIOMPHYECKHX ¢opMyx (1),
(2) (3), (4) ¢ TeopermueckrMH QopMylamH (6) H (7). OMOIHDEIECKHE (OPMYIH
HE COTIACYITCH MemAy coGoif, ¢ Apyro# CTOPOHH HEROTOPad YacTh CBEIOHHES
ROPOHH HECOMHEHHO BH3HBAOTCA DAacCedHHEM CBeTa B MaTeDHH, H NOTOMY Teo-
PpeTHUYecKad (opMyla He BOOIHEe IPHMeHAMa E KopoHe, C TAKHMH OroOBODEaMH

TABJIHUIOA 1

———
R | @ & @B O

1,8 1116 | 21,0 1200 | 61 | 7,7
20 | 65 | 104 | 100 | 89 |50
25 | 22| 29 | 27| 18 |20
30| 10| 1,0 1,0 | 1,0 |10
35 | 055| 040 045| 064 | 054
40 | 031| 018| 024| 043 | 031
45 | 020] 009| 0,14| 032 | 0,20
50 | 0,14 005| 018 025 | 0,13

MOMCHO, OXHAKO, TOBOPHTH O JOBOJXBHO YJOBIOTBODHTEIBHOM COINIACHH TEODETH-
YOeCKHX H IMIHPAYeCEHX (opMyl. B Tabimme 1 COHOCTABIGHH OTHOCHTOALHEIO
3HAYGHASA APEOCTH KOPOHH 0T R=1,8 1o R=25,0, BHUHCIGHHH® 10 $OPMY-
xam (1), (2), (8), (4) u (7), upmueM 3HaueHHS OpH R=—3,0 mpEpasEeEH 1.
W3 Ttabruom BHIHO, 9To dopMyra (7) XOpomoO Corracyerca ¢ caMo¥ cBemel
sMnEpHYecKof gopmyrof (1). CorxacEe B BepxHHX IuEdpax OyzeT Iydmie, eCIH
H® OrpaHHIABATHCA HpPUGIMKEeHHOH $opMyrof (7), HO BHUMCIHTH 3HAUYeHHA [
mo ocHoBHOH (opmyze (5), momaras f(z,r) mocTosHHOH. CHOCHOE COTIAcCHEe
HMeeTCA Takke ¢ Gopmyroik (4), ¢ Apyro#t cTopoHH ¢gopmyss Taprepa (2) u
Berrepa (3) peseo pacxoxarca ¢ (7).
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B dopuyrax (5) B (7), KaE ACHO H3 IPEIHAYIIETO, MOCTOAHHHEe A, HIH
A TPONOPIHOHAIPHH NPOH3BEJEHHI0 HHTEHCHBHOCTOH BCTPOYAKOIIAXCA IIYIKOB.
Ecan O m3IyIeHH® COIHEYHOH MOBEPXHOCTH BCIAY OHJIO OZWHAKOBHM, TO Ajp
A Ag OHIH OH NPOCTO NPONOPHHOHAIBEH EBAXPAaTYy COITHEYHOH IOCTOAHHOH,
9TO H IOJOXKEHO B OCHOBY (5).

Beaexcrsne HepaBHOMODHOCTH cBeueHna ColHIA 3HAUYEHHSA TOCTOAH-
HHX Ay H Ay JOIEHH JZOBOIBHO PE3KO OTIAYATHCA 10 PA3IHYHHM paTHATb-
HHM HAIPaBICHHAM KODOHH, OCTABAACh, OJHAKO, NMPAKTHICCKH HOESMEHHHMH
BIOJb JNAHHOIO pajHMyca, 9T0 COrIacyeTca ¢ HabloieHuaMH !. CyMMapHOe CBE-
YeHHE KODOHB, ¢ TOUYKH 3DEHHA DAaCCMATDHBAEMOH TIHIOTE3H, IPH paBHOMED-
Holt pagmamuH COJELA XOIKRHO OHTH IPONOPIHOHAIBERM KBAJDATy COIHEUHOH
NOCTOAHHOH, a NPH HepaBHOMEDHORX pajHandH elme 60Jee BEICOKHM CTEHEHAM.
IT0 CIEACTBHE TAKEe COTIACYeTCsd ¢ HaOXOJeHHAMH, KaK BHIHO H3 TAGIHIH 2,
B3aToif M3 pa6orh IlerTHTa W HuEkoIZbrcoma? RoTe6aHHA CyMMapaOTo
CBeYeHHS 3HAUHTEIBHO Pi:39e, 4eM KoJe6aHHA COIHEYHOX MOCTOAHHOH.

TABJHIIA 2
3aTMeBRe Oueprad kopors | CoxH. mocTodHHEAA
s BB g Eal. o
1918 . 228-10 g, 1,94 wam
1922 » 165 1,89
1925 » 214 1,93

THmoresa «caMopaccesHHS» MOraa OH Jalee OOBLACHHTh INPHMEYATENb—
HHE QarT oTcyTcrBHs IMEAH ®PpayHrodepa B Grmmalimux k Cormmy croax
KopoHH. VIcuesHOBeHHEe 3THX JHHHH Morio 6K BHBHBaThCA oddertoMm Kowmn-
TOHA NPH <«COYJAaPeHHAX» CBETOBHX KBAHTOB, 6Iarojapd 4eMy JeTalH CUHERTPa
JOMKHH PasMHBATHCA H IPAKTHYECKH HCIE3ATh.

HecomMuenHO, 9T0 3HAUATONbHAA JO0XA KODOHAIBHHX HABIeHHH, JyYHCTAA
CTPYRTYpa, JHHeHHHH CHOKTp H IIp. He MOXKeT HMeTh HHEAKOIC OTHOINEHHSA
K «CaMOpPACCEAHHI0». OTH SABAGHHA JOIKHH OOBACHATHCA JAeHCTBHAMH MaTe-
puHE, oxpyxanmel CoxHme.

IIpuBeaennse B 3TOM maparpade HEKOTODHE JOBOXH B IOXb3Y THIOTE3H
«CaMopaccessHHA> CBeTa, KOHEYHO, He MABIAKNTCA pellalOMHEMH. BecbMa Bo3-

1 Cp. H. Ludendorff Sitzb., d. preuss. Ake. d. W, V, 1925, tarwe. I. Bala~
novsky und E. Perepelkin, loc. cit.
2 E. Pettit and Seth B, Nicholson. loc. cit.
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MOKHO, UTO JPyrH® acTpopHSHUECKH TEOPHA AanyT Goiee IpaBAONOX0GHOE
o6bAcCHeHHe TeX ke (PaKTOB, M Toria yjacTcAd ele HOBHCHTh CTeNeHb TOYHO-
CTH, ¢ KOTOpO# MOXET YTBOPIKIATHCA NPHHOHI CYNODPUOSHIHH H eINe NOHH3HTH
THIOTTTHYOCKH® «HOIIPOHBIAeMHE» DPasMeDH CBOTOBOI0 KBAHTA.

Mockea.
HacraTyr Grozoradecrofi (HIHRH.
ITocrynazo B Pexarnaio
14 moaA6pa 1928 r.

BEMERKUNGEN ZUR EMPIRISCHEN GENAUIGKEIT DES OPTISCHEN SUPER-
POSITIONSPRINZIPS.

Von. . 1. Wawilow.
Zusammenfassung.

1. Die gegenwirtge Theorie des Lichtes lasst es noch unklar, ob das Su-
perpositionspriuzip als uubegrenzt giltig angcuommen werden darf, oder bei
sehr grossen Strahlungsdichten auch eigenartige Zerstreung der zusammen-
treffenden inkoherenten Biindeln zu erwarten ist, infolge der «Zusammenstdssen»
der Lichtquanten, oder der Diffraktion der Lichtwellen an den fremden Quanten.

2. Zur Schitzung der empirischen oberen Grenze der Gultigkeit des Su-
perpositionsprinzips sind die Verhaltnisse in der Nahe der Sonnenoberfliche am
vorteilhafsten. Wie die gesammte Intensitit der Sonnenkorona zeigt, kann bei
Zusammentreffen der Lichtstrahlen in der Nihe der Sonne grésstens nur 1,8.10—17
der Energie pro sm zerstreut werden. Wenn man die gesammte Strahlung der
Korona der «Seldstxerstreuung» des Lichtes zuschreiben kénnte, so wirrde doch
das Superpositionsprinzip in der Nihe der Sonne mit der Genauihkeit 1,8.10717
erfallt.

3. Bis jetzt gibt es noch keine befridiegende Theorie der Sonnenkorona,
so dass vorlaufig auch die Hypothese der «Seldststreuung» des Lichtes in
der Nahe der Sonne diskutiert werden kunn. Einige Eigenschaften der Korona,
der Gradient des Leuchtens, die grossen Schwankungen der gesammten Inten-
sitat der Korona dei kleinen Schwankungen der Solarkonstante u. s. w. kdnnen
vom Standpunkte dieser Hypothese wenigstens qualitativ gedeutet warden.

OrsercrBenHH# pexarrop A. ©. Hodige.
I, 2i. Tz Ne 29549/m. Jennarpanckrit O6xactanT Ne 20834, Tapax 1000 6/, x.
Tunorpagua «Ilevarsnit JBope, Jermrrpat, [aTanackaa 26.
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