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Physics. - "Anomrdou9 1'e/l'action plwn01nena investigatecl with tfte 
SrJect1'oheliograph." By Prof. W. H. JULlUS. 

Accol'ding to the current interpretation of spectroheliogl'aph results, 
da1'!c flocculi indicate regions on the sun, whel'e the special gas, a 
line of which is used, exists in such conditions of density and tem~ 
perature, that it strongly absorbs the light roming from deeper 
layers, whereas briyltt flocculi show us l'egions where, in consequence 
of higher temperatul'e Ol' chemicalor eledl'ical causes, th~ radiation 
of the gas exceeds its absorbing effect. 

A few years ago 1 pl'oposed an entlrely different explanation of 
the same phellomena 1). An attempt was made to account fOl' the 
peculiar distribution of the hght in photographs, secured with the 
spectroheliogl'aph, by simply considering the anomalous l'efraction 
which waves from the vicimty of the absol'ption lines must suffer 
when passing through an absorbing medium, the density of which 
is not perfectIy uniform. 

If it proves possible to explain the observed facts on this basis, 
we shall be able to dispense with the assumphon of any very 
marked differences as to the absorbing and emitting conditions of a 
certain gas or vapoul' in contiguous regions on the sun. Moreover, 
we then migltt assume the eonstituents of the sol ar atmosphere to be 
thoroughly mixed, their proportions in the mixture only val'ying 
with the disrance from the sun's eentre. 

That our interpretation does not presuppose the separate eXIstence 
of cloud~like masses of calcium or iron Yapour or of hydrogen, 
simpllfies the conception of the solar body, and thel'efore looks like 
an advantage; but even if one were compelled, by othel' considera~ 
tions, still to believe in the real existence of slIeh separate luminous 
or dark accumulations of certain substances, it would nevertheless 
be necessal'y to considel' the effect, which anomalous dispersion of 
light in those masses must have on the appearances revealed by 
the spectroheliograph. 

Among the advantages I derived fl'om a visit to the Mount Wllson 
Solal' Obs€'l'vatol'y, in August 1907, was the Oppol'tunity of using 
the 5 foot spectroheliogl'aph ') for some experiments on anomalous 
refraetion. 

It was expected that when light, co ming from a souree with a 
continuous spectrum, travel'ses a space iJl which sodium vapoul' is 

1) Proc. Roy, Acad. Amsterdam YIl, p. 140, (1904), 
~) HALE nnd ELLERMAN. "The five-foot speclroheliograph of the Solar ObservatOl'y.'1 

Contribulions from the Solar Observatory Mount Wilson, California, N°. 7. 
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unequal1~ diStl'lbuted, particulars concerning the dis
tribution would be revealed by the spertroheliograph 
through the r'e/meting power of the vapour, 1'ather 
than through its absol'bing and emitting power, This 
expectation could be put to the test. 

As an equipment fol' the study of anomalous dis
persion phenomena in sodium vapoUl', exactly similal' 
to the one descl'ibed in my paper on "At'bitrary dis
tl'ibution of light in dispel'sion bands" 1), had already 
been procul'ed for the solar observatol'y by Professor 
HALE, the experiments were readily made, thanks to 
the laboratory facilities n,vailable on the mountain. 

The apparatus consis(s of a wide nkkel tube, 60 c. m. 
long, the middle part of which is placed in an electric 
furnace, while the projecting ends are cooled by jackets 
with flowing water. The tube contains a few gram mes 

p __ __ of sodium and lS permanently connected fo a Geryk
pump to remove the air and the gases which escape 
from the sodium dUl'ing the fil'st stages of the heating 
process. An arrangement is provided for, by which 
density gradients of various known directions and 
arbitrary magnitude may be produced in the sodium 

T 

Q--

5-1-
Fig. 1. 

vapour. I 

Sunlight co ming from the 60 feet mirror M (fig. 1) 
of the Snow telescope~) passes through the tube Ton 
its way to thé slit S of the spectroheliograph. The 
distance between Tand S is about 560 r.m. A lens 
L 1 gives an image of the sun near the middle of the 
tube T. P is a diaphragm with an adjnstable slit, of 
which the lens L, projects an image in the pIane of 
the diaphragm Q. Just behind the Jatter is a lens La ; 
in combination with L, this forms an image of a 
section of the tube in the plane of the sHt S of the 
spectroheliograph. In th is image (fig. 2) the rertangular 
windows of the caps of the tube wW of course come 
out with somewhat blurrerl edges, as only a section 
lying somewhere between the caps would show sharp. 
In A and Bare pro.iected the narrow nickel tubes 3), 

1) Proc. Roy Acad. Amsterdam, IX, p. 343. (1906). 
2) Described in: Contributions trom the Salar Observo.tory 

Mt. Wilson, Cal., Nos. 2 and 4. 
3) See descriptian in: Proc. Roy. Acad. Amsterdam/IX, p. 345. 
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of which, fol' producing the required denslty gradients, the tempel'atnre 
may be varied at pleasure by forcing an electric CUlTent or an air 
current through them. 

Oooling one of the tubes by an air current causes sodium vapour 
to condense on it; so, in course of time, drops of molten metal wiU 
hang from the tubes and fall off again. 
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When a photograph is made, the first sht 8 of the 
spectroheliograph moves across the image in the dil'ec
tion of the arrow (fig. 2), and at the same tIme the 
second fllit moves across the photographic plate. 

Let us suppose the openings in Pand Q (fig. 1) to 
be so adjusted, th at the image of the slit in P exactly 
coincides with the slIt in Q. Then all the light which 
passes through Pand traverses the "aponr along 
straight lines, is transmitted by Q and therefore con tri-
butes to the intensity of the image of the tube-section. 

F' 2 Waves ho wever tbat deviate so mnch in the sodium Jg .. 
vapour as to be intercepted by tbe screen Q, will be absent from 
the spectrum of the transmitted light. 

If the furnace is slowly heated to 3800 or 390°, tbe density of the 
vapour is pretty uniform in the middle part of the wide tube and 
falls off towards the ends; but as the direction of these denSIty 
gradlents nearly coincides wIth that of the beam of sun-light, even 
the waves subject to anOl1lalOllS dlspersIOn will hardly deviate from 
the straight path. The D-lines in the spectroheliograph l'etain about 
their normal appearance. If now we blow air through the tube B, 
density gradients are produced all around it in directions perpen
dicular to the axis of that tube. The D-lines no longer show 
the same appeal'ance throllghout the field. In the spectrum of those 
pal'ts of the field where perceptible gradients occur, the D-lines 
now appeal' winged; they are indeed enveloped in dispel'sion bands. 
As the wldth of these bands depends on the magnitude of the gradient, 
lt will, in our case, vary along the lines and reach a maximum at 
the place in the spectrum which con'esponds to the plane passing 
through the axes of the tubes A and B. And wtth increasing distunce 
between 8 and B (fig. 2) the width of the bands will diminish. 

Let us considel' the monochl'omatic images of the tube-section 
pl'oduced by the spectroheliogl'aph if the camem sbt is set at different 
distances from the D-lines. 

With the camera slit at ? 5850, oulslde the l'egion of q1e dispersion 
band of DJ the illumination of the field is umforrll (see tbe Plate, a); 
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nothing is visible of the density gradlents existing l'ound the cooled 
tube B, uecause light of this wave-leng til Ll'avels along straight lines 
thl'ough the vapour. 

Pl'oceeding to À 5870, we are still at sneh a dlstance {rom D2' 
l-n 

that the valne of 6 = B en repl'esenting the index ofrefraction, 

6. the density of the vaponr) is moderate. Steep gl'n.dients of the 
density are required to make the rays deviate sufficiently fol' missing 
the slit in Q, and sneh grn.dients n.re only to be found very near 
the sUl'face of the tnbe iJ. We thel'efol'e obtain the image ~, in 
which B n.ppears sUl'l'onnded by lil narl'OW dark region. 

The thil'd photograph, y, has been made with Î. 5877. For these 
l-n 

waves the expresóion T is gl'eater than fol' Î. 5870, so that smaller 

vall1eó of the gradient snfiice to give to the l'ays a perceptible in
cur"ation. The result is a broader dark region all ronnd B 1). 

The photo~raphs ó and E have been secured with the camera slit 
on À. 581'31 and Î. 5885 respectively. This time the tube A has been 
eooled instead of B. We see the dal'k "aureole" gl'OW as the wa Ye
length we are nsing approaches À.D2 = 5890. Getting nem'er still, the 
whole field would finally beeome dark. 

Similar results are obtained if we approach Dl from the óide of 
n-l 

the fP'eate1' wave-Iengths, thus nsing waves for which -r;- has 

inereasing values. 
By a slight change in the arrangement of our experiment we 

may obtain the opposite effect, to wit, that merely rays, suffering 
anomalous refl'aetion, do enter the spectl'oheliograph, whereas the 
normally reti'arted lIght is prevented ti'om reaching the slit. We 
have only to open the slit in P very wide, and to put a vertieal 
bar (n. match fol' inslanee) in the middle of it, the i mage of which 
now falIs exactlyon the slit in Q. Under these circumstances 
light, issuing from the divided opening in P, can only be transmitted 
by Q if it has been detlected in the vapour. 

In th is way the photographs ~, 11 and e were obtained, the second 
slit being set on Î. 5884, 1.5886, 1.5888 respectively. If th ere had 
been no density gradients, the whole field would ha ve shown darkj 
the bright regions, however, now prove the existènce of the gradients. 
When taking ~ and "J, the tube B, and when taking e, the tube A 
was cooled. 

1) In tbis image tbc lower rigbt corner was cnt off by a rubber tube accidentally 
crossing the path of the beam. 
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The following general statement is bome out by these expel'imenlg. 
lf an illuminated absorbing vapollr is investigated by means of 

the spectroheliograph, and the camera-::llit of the instrument is set 
on the edge of a dispersion band, marked irregularÏties in the 
brightness of the field will only appeal' at those places in the image 
which eorrespond to regions with la1'fJe density gl'adients in the 
vapour. Setting the slit nertrer to the middle of the dispersion band, 
we shall get evidence, in the image, also of regioJls with smaller 
gradients, a.s.o. Pal'ticulal'S l'egal'ding the distribution of a vapour 
are thus clearly shown by the spectroheliograph through anomalons 
1'efraetion, even in cases, whel'e the absorbing or emitting power of 
that medium would have failed to reveal its structure. 

The bearing of these inferenees on astrophysical pheJlomena has 
now to be considered a little more closely. 

Suppose we have a large mass of absorbing vapoUl' of sneh 
average density, that, if it were uniform, its absorption lines would 
appeal' rather narrOWj and of such tempm'ature and condition of 
lumineseenee that its emission !ines are very faint. As soon as the 
density of this mass becomes irl'egular, some parts of it may give 
rise, when traversed by light from anothel' SOUl'ce, to the appearance 
of dark or bright dispersion bands, greatly exceeding in width and 
strength its absorption or emission lines. 

It is therefore possible, that anomalous refraction plays a very 
essential part in the production of those phenomena which the 
student of astrophysics observes with his spectroseope or spectro
heliographj we must inquire how far this is also p1'obable. 

One might be inclined to objec5t, for instunce, that in OUI' experi
ment the use of a nal'row and sharply limited source of light, 
placed at a fair distance behind the vapoul', seemed to be a necessary 
condition for obtaining any marked dispersion effects, and that in 
the sun similal' circumstances are very unlikely to prevail. Indeed, 
the bulk of the sun - whatevel' the nature of the photosphere may 
be - is a large incandescent mass, closely surrounded by the absorbing 
vapours, so that the "source of light", if considered from a point 
of the chromosphere, subtends asolid angle of nearly 2.7l'. The 
reversing layer and the chromosphere have sometimes been rompared 
to a thin, transparent layer of selectively a.bsorbing varnish, covering 
a IUll1inous (e. g. phosphorescent) globe: the photosphere. It seems 
very improbable that refraction in density gradients of such a trans
parent envelope should be able to distul'b to any perccptible degree 
the uniform brightness of that globe. 

• - ---___ """""'==~=öIiiiöiIöii=;;;;;;;;;;;_ 
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The comparison, however, is entirely misleading, because, so far, 
an essential relation between absolute size and density gradients is 
ovel'looked in it. But if carried through properly, it wilI lead us 
to the opposite conclusion, namely that refl'action in the sol ar 
atmosphere must alter the distrihution of the light on the disk 
entirely. 

If we wish to form an image, on a redueed Beale, of the sun 
eonsidered as a refracting body, we have to reduce the radii of 
eurvature of the rays in the same proportion aS" we do the diameter, 
for instanee 1010 times (so as tu make the diameter of the photos
phere 1J: cm.). Ey the genera] equation 1) 

db. 1 
(I) 

we know that, for a given value of the refraction constant R, the 
radius of curvature Q of a beam of light is in reverse pl'oportion 

. db. 
to the density gradlent - in the direction toward the centre of 

ds 
curvature. In our image, therefore, the density gradients have to 
be taken 1010 times as great as they are in the sun. 

Let us suppose that at a certain level in the solar atmosphere 
il'l'egular density gmoients occur, which are of the same order of 
magnitude as the radial (vertical) density gradient in our earth's 
atmosphere, viz. 16 X 1010 

'). At the corresponding points in our 
db. 

image we th en have to put - = 16. If the Jayer of "varnish" 
ds 

were really travel'sed by many density gradients of this order of 
magnitude, it would be very dijferent from ordinary transparent 
val'nish, and certainly be able to disturb the uniform brightness 
of the background, like a layer of glass beads or swollen sago 
grains. Even normally refractect waves would perceptibly deviate 
in an envelope of this kind. For if in our equation (1) we put 
n-l ~ db. 
--= R = O,t) and - = 16, we get Q = 0.125 cm., so that the 

, b. ds 
average enrvature of sueh l'ays is al ready sufiicient for producing 
sensible changes in the divel'gence of beams on their way through 
a shell not thicker than 0.1 cm. 

1) Proc. Roy. Acad. Amsterdam, IX, p. 352. (190fJ). 
2) The frequent occurrence of density gradients nearly perpendicular to the 

radii of the sun is rendered more probable still, since incrcasing evidence has 
been obtained by Prof. HALE of the existence of solar vortices, in which the con· 
veclion C'lrl'ents (especially in sun-!:Ipots) are sufficiently strnng to produce magnetic 
splitting of absorption lines. (Cf. Nature, Vol. 78, p. 368-370, Aug. 1908). 
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Waves, snffet'ing anomalous l'efractioIl, will of comse be much 
more scattered by the Rame medium. Let us considel' an absorbing 
substance whieh, at a certain level, oceupies say only 1 percent of 
the solar atmosphere, taken as a perfect mixtlll'e. lts density gradients 

1 
will then be on]y 100 of those of the m ixl ure. The refl'action constant, 

on the othel' hand, for waves neal' one of its absorption lines, may 
attain values as high as 1000 Ol' 2000. With R = 1600 (as aetually 
observed in sodilllU vapoUl', Proc. Roy. Acad. Amst. IX, p. 353), 
our equation (1) becomes 

1 db,. 1 
-- -
100 ds 1600 Q 

In a level where, in OUl' image, the il'reglllal' density· gradients of 
db,. 

the envelope were sllpposed to have an ave rage value - = 16, 
ds 

the eqllation gives 

!! = 0,004: cm. 

It is evident that under sueh cil'~umstances rays may easily deviate 
90 degrees and more in the thin shell of transparellt matter co vering 
our globe, and thus give ri se to a very unequal distribution of the 
light in photogl'aphs of it, secured with the spectroheliograph. 

This conclusion holds jnbt as weil with l'egal'd to the real sun. 
It follows directly fi'om our only assumption, that in some level of 
fhe ~un il'l'egulal' density gl'adients exist, comparable in magnitude 
with the vertical gl'adient in the eal'th's atmoRphere. At 10wer levels, 
gl'eater gl'adients, at higher levels, smaller gradients may be expeeted 
to prevail. As the validity of this assumption can hardly be doubted, 
we may infer th at the existence of some important influence of 
anomalous dispersion on astl'ophysical phenomena is not merely 
possible, but exceeclin,qly probable, in spite of the absence of narrow 
slits as sourees of light. 

Althongh we are fl'ee to admit that the phenomena, obsel'ved with 
the spectl'oheliogl'aph on the solar disk, are pel'haps in part dlle to 
selective l'adiation, dependent on various conditions of temperatlll'e 
or luminescence, we may nevertheless inquil'e into some consequences 
to whieh one is led if only the effects of l'efraction in a mixture ot 
vapours are considel'ed. 

The composition of the solar atmosphel'e cannot be the same at 
all levels. As we get lowel' down) the percentage of heaviel' mole
cule~ is Iikely to increase; but we ~hould not prefmme too much 

15 
Proceediugs R<aya.) Acad. Am:ateruam. Vol. XI. 
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as to the order in which the elements will come into evidence, on 
account of possible condensation, and becanse thc pl'essure of radiation 
counteracts gravitation to a degl'ee that depends on the size of the 
particles, and, therefol'e, on nnmerous unknown conditions prevailing 
in the sun. 1 

Yet fol' each element a cel'tain level must exist, in which its per
centage in [he mixture is a maximum. Accordingly, the l'efractinp; 
proper ties of successive layers wilt be governed by different elements. 
A photograph, made with the spectl'oheliogl'aph in a hydrogen line, 
shows a structure which, of course, depends on the distribqtion of 
all the hydrogen present in successive layers, but is chiefly determined 
by the density gl'adients in a l'ather high level; whel'eas a photo
graph, made with an equally strong iron-line, reveals more especially 
the btructure of lower l'egions. This explains the difference in character 
between iron- and hydrogen plates. 

It must be possible, on the other hand, to obtain almost identical 
photographs with different lines, provided they belong either to the 
same element, or to elements that are most in evidence at about 
the same level in the sun; but then another condition has also to 
be fulfil1ed, viz. that the camera-slit transmits rays of the same 

He( 

(H) 

Fig. 3. 

refrangibility in bath cases. If for instance Fig. 3 represents the 
dispersion curve near HCJ. anel neal' H~, the width and the position 
of the camera-slit onght to be so chosen, as to let in only waves 
corresponding to parts of tbe CUl've, enclosed between equaI ordinates 
in the two dispersion bands 1). 

1) Waves, Iying more or less symmetrlcally on eiLher side of an absorption line, 
and answering tbe relation n-l = i-n' hetween the indices of refraction n and n' 
of tbe medium for them, must give ne~rIy tbe sam(' spectroheliograph results on 
tbe greater part of tbe disk. This follows from a discus sion of tbe various possi. 
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Recently it has been fOlmd by Prof. HAI.E tha.t, while the Hf3-, 
H I - and Ho-lines give vel'y similar results, photographs with the 
much sb'ongel' line H(/ are widely different in some l'espects 1). 
Bl'ight floccnli appeal' on these plates at points where no corresponrling 
objects are shown by Ho. Moreover, the dark H,,-flocruli, while 
showing a general agreement in position and form with those of 
Ha, are stl'onger and more extensive. In some instauces, howevel', 
smaIl areas appeal' dal'k in HrJ which are absent or fainter in _ HO'. 

Slleh differences are of rhe same charactel' as those observed 
between photograph" made with the slit in the bl'oad calcium-bands 
H Ol' K at various distances from the central line. They may find 
a cOl'l'esponding explanation if we assume that the rays, used in the 
H(/ photographs, were on the avel'age refracted to a higher degree 
than those, used in the Ha-photographs, but both by the same system 
of density gl'adients. 1t is not improbable, therefore, that in the 
wings of H(/ waves may be selected so as to give spertroheliograph 
results, closely resembling Ha-plates. 

That also !ines of clUlerent elements may give very similar resnlts 
with the spectl'oheliograph, is exernplified by the case of calcium 
and iron. Among the beautiful collection of photogra,phs secured on 
MOlmt Wilson I saw several iron-(J. J045)-plates rather closel,v resem
bling certain calcium-( H1)-plates of the same daily series. As the 
atomie weights of calcium and iron are not so very different, and 
their levels of maximum density therefore probably not far apart, 
the refraction caused by these elements may bring out the density 
gradients of neady the same layer of the solar atmosphere. It will 
do so by showing a similar distt'ibution of the light in the two 
photographs - provided that rays of the same refl'angibility are 
used in bath cases. And this condition may be fulfiUed by setting 
the camera slit on corresponding regions of tl:~e spectrum, in the 
sense as illustrated by Fig. 3, if we imagine it now to' bear on the 
calcium-(H)-line and the iron-().4045)-line. 

With a calcium- and a hydrogell-line such similarity could not be 
found. 

Far more evidence wIllof' course be l'equired before we sha11 be 
able to decide whether Ol' not anomalous dispersion is the principa.l 
agent in determining the floccnlent appearance of the sola1' disk. 

bilities regarding the relative position of density gradients and souree of light. 
Consequently a Ha-p!ate, obtained with the call1ela-~lit centrally, so as to embracé 
the whole width of that rather narrow dispersion band, will scarcely differ, át 
first sight, from a photogra ph made with only one of the wings, 

2) HALE, "Solar vortices", Conlrib. from the MI. Wils on Solar Obs. No. 26. 
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Plat es secured with many 11nes of various elements will have to be 
compal'ed. The mighty 30-foot spectroheliograph of the "tower 
telescope" of Mount Wilson is excellently adapted io work of this 
kind, not only on account of its great dispersion permitting the use 
of finer lines, but chiefly because it is- provided witlt two camera 
slits, so that perfectly simultaneous photographs with different' lines 
may be secured. By this arrangement, really comparable mono
chromatic pictm'es of the sun are obtained, since the otherwise con
fusing influence oÎ the variabie refraction in our atmosphere is thus 
rendered harmIess. 

I 
I feel gl'eatly obliged to Prof. GEORGE E. HALE for having procured 

for me 1he opportnnity of making an investigation at the Monnt 
Wils on 80Iar Observatory, but more still for his keen and stimulating 
interest in the problems, suggested by the application of the prin
ciple of anomalous refraetion in astrophysics. I am also very much 
indebted to the kindness of Mr. F. ELI,ERMAN, Mr. W. S. ADA:l\IS 
and Dr. OH. M. OLMSTED for valuable information and assistanee in 
connection with the inquiry here r~ported upon. 

Physics. - "The ZEEMAN-Ejlect oj the stl'ong lines oj the violet 
spa1'k spectnt1n oj iron in the I'egion .I. 2380-.1. 4.416." By 

M~'s. H. B. VAN BILDERBEEK-VAN MEURS. (Oommunicated by 

Prof. P. ZEEMAN). 

The concave ROWLAND grating used in the experiments here com
municated has 14438 lines pel' inch, a width of 8 e.m., and a 
radius of curvature of 304.96 C.m. The grating is mounted according 
to RUNGE and PASCHEN'S method. 

The spark passed between the iron poles of the mag'net in the 
direction of the line of force. It was originated by the dischal'ge 
of the secondary coil of a Rum'lKORI~'F, a self-induction and condenser 
being placed in parallel. 

Furthel' details will be given in my 'thesis fol' the doctorate. 
The time of exposure varies from 30 to 120 minutes. 
In order to determine the field strength I made simultaneous ex

posures of the iron and zine spectra. The amount of sepal'ation of 
tho zinc line 4680.33 was compared with the result of the measu
rements of OOTTON and WEISS (Journal de Physique, June 1908), the 
strength of field being supposed proportional to the arnount of 
sepal'ation. 


