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(Communicated at· the meeting or March 29, 1924.). 

TheJ'e l'ecently appeared an artiele I) "On the Radiation and Tempe
ratl1re of the . Exterrial Photospheric Layer's" by RAGNAR LUNDRLAD. 
Thel'e some conclusions are afl'ived at with regard to moleculal' 
scattering, absorptioll, and radiation in the outer photospheric layers 
of the SUil, and with regal'd to the temperature in these layers. The 
conclu8ions al'e decisive /tnd of a far-reaching nature. All introdl1ct
Ol'y sentence as "Starting from the observations on the distribution 
of tlle energy over the sun's disk, the optical properties of the 
photosphel'ic layers /tnd the state of radiation wit hili them are exa
mined as closely as possible with a minimum of a priori ass\1mp
tions" might, however, possibly lead one to impose too great confidence 
in Ure resulls, at least on a til'st pel'lIsal. 

I am of opinion that ,rery sel'ious objections may be raised to 
the way of treatment of this pI'oblem hy LUNDBI.AD, and to the 
conclusions communicated by him. lt is my interitioll to discUS8 the 
following points in this paper: 

1. the differential equation from which LUNDBl.AD . starts, is Ihat 
for a plane layer, and the same as t.hat ot' SCHWARZSCHILD; 2. Ihe 
limiting conditions are put so that it is a priori assumed that if 
solely molecllJar scatlering causes the change of in tensity over the 
SUII'S disc, this distribution of intensity must be independent of the 
wave-Iength; hence LUNDBLAD'S conc\usion that the influence of 
molecular scattel'Ïng is vel',Y smalI, rests entil'ely on an al'bitl'ary 
suppositioll; 3. no sufficient grollnds are advanced to support this 
supposition. 

As the furthel' conclusions of LUNDBLAD are based on the suppo
sition that molecular scattering alone cannot be the cause of the 
distribution of intensity ovel' the sun's dise, there is the same arbi
tral'Ïness in these concillsions as in the sllpposition. 

But these conclusions should also be rejerted (as I will show in 

1) R, LUNDBLAD, Astrophysical Journal, 68, 118, 1923. 
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a fOlll'!h · paragmph) heCRlIse, wh en the question is treated if the 
snn's atmosphere cannot. ronsist of deepel' layers wbich absorb and 
scatter, and an outer layer whieh only scatters, neither tbe limiting 
condition to wbieh I refel'l'ed llndel' 2, ma." be eombined witb the 
snpposition of a plane layel' mentioned uIIdei' 1, nol' tbe solution 
of the illtegl'al equations can be rOllsidered tlllfficiellt. Alld that when 
considel'Ïng absorption alolle . Ol' absorption with scattering withilI 
definite Iimits LUNDBLAD is led to ('onclusions which should be 611tirely 
eliminated, will also be discussed in the fourtll paragr8.ph, 

1, In bis above cited al,tiele LUNDBLAD writes on page 115 "sh'ict.ly 
speakillg, the quantity ~ is a funëtioll of 1" 'because Ihe allgle of 
ineidenee against the successive layers slow Iy varies as the beam 
traverses distanees w hich cannot be neglected in com parison with 
the radius of the sun, Hut sillee we need not take snch enormous 
distanees into consideratioll, we are allowed to tt'eat g as a constant", 

lf one does not want to ventUl'e a priori on a suppositioll on the depth 
of the layers in the sun, which eithel' through moleculal' scattering, 
Ol' thl'ough absorption, Ol' through their own radiation also exert an 
influenee on the emitted radiation, it is erroneous 10 treat S as a constant 
in the differential equatiun of the probIelIl. By not considering ~ as a 
fllnction of 1', the pl'oblem which would have to be put without special 
suppositiolls for a spltel'ical shell, is redllced to that for a plane layer, 

Accordingly LUNDBI. AD'S equation is pedectly equivalent to the 
equatioJls dl'awn up by SCHWARZSCHILD for a plane layer, and which 
have also been \Ised by me, 

By writing : Jj. (1', g) = b (x,i) ; a=x ; fl = a; dl' = - d.v; g = cosi; 
E=E; G=! A, LUlmOT,AD'S eqllation (1) passes fOl' s>Ointothe 
second of SCHWAHZSCHIT.D'S equations (3) I): 

db 
COl i-= (x + a) b -J, 

d .. v 

whereas, for S < 0, by assllming: JJ. (I', g) = a (:r, i); II = x; fl = (); 
dr =-d;v; + ~ = - cos i; E = E; G = ~ A, the same eqllat.ion (1) 
passes into tbe first of SCHWARZSCHILD'S · eqllations (3): 

da 
co&i - = -(x + a)a + J, 

d .. ,; 

aA 
ill which J -= - + xE, and closely related to the fllllctioll H of 

2 
LUNDBUD. 

I) K. SCHWARZI:ICHILD, Sitzungsbel'ichte der Kön, Preusl, Akad, der WisI" 4:7, 
1183, 1914, 
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That LUNDBLAD'S fllnetion G is equivalent fo 1/, A OfSCHWARZSCHIT,D 
is implied in the transformations introduced above. 

For 1) 

+1 0 +1 

G = ij JA (r,~) # =!J JA (r,~) dg + ij JA(r, 1:) dl = 
-1 -1 0 

1T 1T 

2 :I 

= ~ J a (z, i) sin i di + iJ b (;c, l) ,in i di = i A. 

ij 0 

2. LUNDBLAD'S integral equations (7) and (8) (also LUNDBUD has 
been obliged to split up the solution for the cases ~ >0 and .~ <0, 
and has accordingly practically introduced SOHWARZSCHILD'S b-radiation 
and· a-radiation later) are not entirely eqllivalellt to SCHWARZSCHILD'S 
integral equations (6) and (7). 

This is owing to the fact that LUNDBUD, before he wriles down 
the solntion, makes a second supposition, i. e. that the effective 
optical Illass it! infinitely great. Consequently the term that indicates 
in SCHWAI{ZSCHIJ,D what is still present in the emitted radiatioll of 
the same directioJl, of rhe intensity incident on the effecth'6 mass 
that is not thought intinitely great, aftel' it has penetrated the atmos
phere, is not found in LUNDBJ.AD (~>O) . lf in SCHW A RZSCHlLD H = 00 

is taken, the integral equations are again perfectly equivalent, as 
appears pretty easily when the above-given transfOl·mations are taken 
into consideration, and in conneetioll with the signiticance of the 
"optical mass" introduced by LUNDBLAD (cf. !llso SCHWARZSCHILD loc. 
cit. p. 1187). 

This second supposition of LUNDBI.AD (", = 00; loc. cito p. 117) 
al ready includes Ihat if the pal"ticulal· ease of a merely 8cattering, 
but not absorbing, nor itself radiating layer is considered (LUNDBI.AD; 
loc. cit. p. 126), an intensity must be found that has the same ratios 
fOl· all wave-Iengths for the different places on the disco FOT then 
the wave-Iength plays a part in mand as the optical mass has 
been put 00, the layer is tltickel' for the great wave-Iengths than for 
the small wave-Iengths. 

The distribution of intensity over lhe disc very certainly not being 
the same for different wave-lengths according to the observations, 
the second suppositioll could not but lead to the conclusion that the 
significallce of the molecular scattel"Ïng must be eliminated. 

SCHWARZSCHILD has made Ihe observation (Ioc. cito p. 1197) thaI 

I) J. SPIJKERBOER, Arch. néerl., lil A, V,l, 1918. 
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already for H = 00 (henee fOl' an "optical mass" 8) the distribution 
of Ihe emitted intensity over Ihe diffel'ent directions will be equal, 
except fOl' a few percentages, to the dislribution which would be 
fOllnd for the limitilIg case H = 00, 

3, lt is elear that this second sllpposition has a far-l'eaching in
flnence, partieularly in connection with the fiJ'st pI'emise, For if in a 
consideration on the phenomena of radiation ill the photospheric 
layel's the theol'y of a plane layer, without conectiol18, is to be 
premised, it must be borne in mind that the thicklless of the layeJ' 
is !Imall with I'espect to the radius of the sun (cf. mJ thesis for the 
doctol'ate); if aftel' this a merely seattel'Ïng atmosphere is to be 
treated, for which the optieal mass is infinit.ely gl'eat, at any rate 
greatel' than 8, this implies that this optical mass must be thought 
crowded in this layer of relatively slight Ihickness; if besidesthe 
sllpposition of Ihe infinitely gl'eat opliea.l mass fol' all wave-Ienglhs 
is to be pI'emised, it must be assumed thai even fOl' the least sh'ongly 
scattered kinds of radiation, hellee for the infra-J'ed, the mass can 
be so tl'emendous in that layer of compal'ati\'ely limited dimension, 
while for the stl'ongly scattered wa"e-lenglhs (violet) it is then, of 
course, a fortiol'Ï infillilely great. 

As I think I have shown, on such premi!;es it is uttedy useless 
10 examine whether Ihe resllits of the observations of the distriblltioll 
of lighl, as they have been made amollg otheJ's at MOllnt WilsOIl, 
al'e in concOl'dance wilh the theoJ'elieal results. lt is known befOl'e
hand that this camwt be the case. 

4. Whell LUNDBLAD (Ioc. cit, p. 128) treats the case th at the slln's 
atmosphel'e wOllld consist of cteepel' layel's, whieh absol'b (and radiale 
as a blaek body) and sealtel', anti all exlel'nallayer which only scatters, 
the limiting conditioll '-' = 00 is certainly as questionable as regards 
Ihe snpposition thai the layel' is 10 be considered as plane as in the 
case considered in paragraph 2. 

I lIlay be allo wed 10 refer hel'e to the latter pari of my thesis 
for the doetorate (p. 162-166) 1), where I ha\'e COOle to Ihe con
elusioll by diffel'enl waJs that layers of the SUil lying very deep 
(l'oughly calellialed lying down 10 i/U of the radius of the sun 
below the photospherie limit) cOlltdbute to the total l'adiatioll for 
red and infl'a-I'ed. And yet Ihere is IlO question there of an optical 
mass = 00; it is put no more than 8, 

But it 8eems to me thai the tl'eatment of this special case by 

I) J, SPIJKERBOER, Proefschrift, Utrecht, 1917; Arch, néerl., lil A, V, 
108-112, 1918, 
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LUNDBT.AD must besides be considel'ed as incompatihle with the scheme 
of his solution of tbe inlegt'al equatiollB, 

}1'Ol' LUNDBLAD puts (Ioc. cit, p, 117) that his "emissivity-functioll" 
N 

H is a polynomium of the Nih degree, H (m) = ~ ai mi, and says 
i=O 

that it f'ollows fJ'om the physicnl meaning of H (m) th at H is a 
cOlltinuous function of Ut with a limited lIumber of maxima and 
minima. He is of opinion that an approximation wi\l therefore probably 
prove vel'y good even for a comparalively smalIlIumbel' N, Though 
this is in geneml correct in my opinioll, it should he uorne in mind 
th at in the special case considered here for smalt val lies of m (i. e. 
in Ihe outer t'egions) tlte layer may only be scattering, whereas for 
g1'eater values of nt (i. e. in tlle deeper layers) scattering and absorp
tion must co-operate. 

This condition can only be thought 10 be satistied when in the 
polynomium above mentioned the coefticients fl of the fit'st terms 
(of the lower powers of m) chiefly express the intluence of the seat
tering and perhaps in a small degree the influellce of the absorplion, 
and if the coet'ticienls of I.he higher poweJ's of m illdieate the iJl
flnence of ahsol'ptioll and auto-l'adiation Ol' perhaps Ltre also partly 
determined by the illflllellce of the scattering. 

AccOl'ding to the equations of 9, 14, and 15 of LUNDBLAD (Ioc. 
eit. p. 118 and 119) Ihere exists a simple relllotion between the 
coefticiellts aj of tbe polynomiuUl uIIdei' consideration and the coeffi
ciellts bi of a second polynomium whicll illdicates what the distl'ihu
tioll of intellBity is over the sun's dise in its dependence on the 
place on the disc o ft Beems impossible 10 me to come to another 
conclllsioll thnn that in the special case considered in this paI'agraph 
whet'e the outet' layer is considel'ed to be merely scattering, less or 
notlting will be fOlllld about the coeflicients a which determine the 
influence of tlle ahsorption alld auto-radiatioll according as the optical 
mass of the outer merely scattel'ing layers remains more or less far 
helow SCIIWARZSCHII.D'S critical value 8 mentioned in pat'agl'aph 2. 
And Ihell also this pal't of LUNDBLAD'S train of reasoning contains, 
thel'efot'e, an Rt'bitral'y supposition, viz, tllat the optical mass in the 
merely scattel'ing layer lIllISt be eompamtively smalt (mllch less than 8), 

'rhat ft"om the observatiolls 011 the distribution of intensity over 
the disc, as they have beel1 made at MOllllt Wilson, only the four 
coeffieients of the lower powel's of TIl can be determined, renders 
the whole treatment for this special case hazardous even apart from 
this arbitrary suppositioll. 

When LUNDBLAD has calculated, for different wave-Iengths, tbe 
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values of the eoefficienls of the four powers of m in queslion, he 
del'ives from this llle funclion Hand lhe function G for Ihe same 
wave-Iengths and for different values of m, And from the values of 
these fnnctiolls he tlren concludes to an lIppel' limit for the coeffi
cient of scattering, if. the whole almosphel'e were absol'bing and 
scattel'Ïng, As Ihe nllmel'ical I'esults fol' Ihe absol'pt.ion and scattering 
coeflicients have been obtained only aftel' the cases of scattering 
alone Ol' scattel'ing aione in the outel' layel's have been el'roneously 
eliminated, while the calcnlations of the fUllclions Hand Gare 
founded on lire supposition of an infinite optical maas and a plane 
layel', no practical value can be assigned to these nurnerical values 
eitlrel', 

BefOJ'e long 1 hope on ce more 10 discuss the fl'equently still 
incorrect views of the nalur'e of the scattel'ing in extensiv~ gas 
masses, also in connection with an al'ticle by ABBoT, which appeared 
all'eady eal'lier and which tI'eats, besides the scattel'ing in the sun's 
atmosphere the shal'p solar limb, 

It is not superflIlons to point out hel'e that LUNDBLAD does not· 
take the irregulal' I'efl'action illto account at all. 

Bussum, Febl'ual'Y 1924, 




