
BULLETIN No, XXII. 

NOTE ON THE MAGNETIC FIELD IN THE SUNSPOT OF SEPTEMBER 1909. 

Photographs of the red end of the speotmm of the luge spot of September 1909 were obtained hew on 
September %rd, 24th, and 26th, using e Miohelson 6-inoh grating in the 3rd and 4th orders. 'l'he soale of 
the 4th order pl~tetes ie abc~le 1 1 = 2.3 mm and the lines 8173.56 and 6302.71 are shown in these ss triplets, 
whilst the iine 6818*64 apgears as a olearly resolved double over the large umbra. 

The mount of separation in the triple lines is dBoult t o  estimate ss the side components are very wide 
and ill d e h d  under the miorom~tor mioroeoope. The oomponents of the line 6213*64 on the other hand ere 
fairly well deflned and thia seems to be e very suitable lino for gauging the effeot of the magnetio field in 
sumpots, and the approximate strength of the field in the region of iron absorption. 

Measures of the separation of the oomponents of this line give seensibly oonstant values on the three 
suweesive days as ie &own below :-- 

Cheenwloh Oivil Time. A A Dietanoe of spot from the 
oentre of &so. Bedim = 1, 

1909Septembea23d6h07m ... .. ... Qd112 0.25 E 
J) ,, 24 4 18 a . * .  ... OwlO1 -20 W 
9 9  ,, 26 6 05 * . .  , b e  ... OeI04 m26 W 

These value0 are distinctly smaller than the r e d t  given by Prof. Hale. In  a oornparison of iron 
doublets: photographed in the laboratory and in sunspots he gioes the value A X = 0.136 for this line in 
spots, * presumably meamrod in  pots situated not very far from the oentre of the m ' s  dim, or observed 
apprurimately along the axis of the ass~lmod oleotrio vortar. 

Uy results would seem therefore to  indioate fox thie partiou3ar spot a magnetic field of less intonsitg than 
that estimated by Hale, which ie presumably an average value. W3de it is certain that the magnetio fields 
observed in spote me muoh too small to have any &iroot eff eot in producing megnetio storms on the earth, it 
is pahaps surprising that a spot wbioh wos sssoointed with one of the greatest storms on woord should be 
oharaoteri~ed by a relatively weak field. 

But it may be questioned whether the mngnetio field is really a oonstant qusntity in spota. h examining; 
reoently some plates of the H and IC region in the speotrum of this same spot, I osme aoross an interesting 
piece of evidenoe whloh tends to show that at times when &re is s great outbtust of game the magnetio field 
map be very largely increased. 

On the date September 28th, between 10h 30m and 11 30m Indian Standard T h e  (bh to tih Gheenwiah 
O l d  Time) the firat assistant, Mi.  Sitamma Aiyar, was fortunabe enough to witness auch an outburst direouy 
over the umbra of the spot, and aouompanied by motions in the line of sight ettaining t o  100 km. per seoond 
in the direation of approaoh. This eruption &o appems very distinotly on our serie0of K8 apeotroheliograms 

' A~hphyeioal Journal, -IT., 888, The wave lewth of the 1u.e M given by Hale and by King BB1S.14, bnf t h e  
eppetars to be a mistake. 



vhioh show the entire spot region to have suddenly beoome oovered with intensely ~uminous caloium vtlpour. 
Thie remarkable outburst and the acoompsnying mgnetio disturbme which was registered on our magnoto- 
graph has already been described in detail by Prof Miohie Smith * 

At 10h lm, about half an hour before the eruption was first noticed, I obtained a photograph of the spot 
peatram in the H and R region, and at l l h  9m and 11h 1 2 m  I obtalned two more images on another plate, 
fortunately before the &sturbance had entirely subsided, The earlier plate shows no&xng at all wmarkable, 
but in th; later plate tho H and K lines are intensely bright over the umbra and with an edremely narrow 
absorption line in their o e n h  They are not displaoed from their normal posltlons but there is s faint 
indioation of wings, eapeoislly on the more refrangible side of ehch ; and tho hydrogen line e whioh is bright, is 
distinotly winged on both sides, the vinge extendmg about 1 towards the red and rather more towards the 
violet. 31he moat interesting featurs of this plate oonsiats however in the Zeeman effect whioh oan be seen in 
both the images in a few of the lines The iron lines at 3923m06 and 3930.46 &re distinotly doubled over the 
umbm, the  mount of ~epmation of tho oomponenb being 0-19 and 0*18 1 respeotively. The iron lme st 
8928.07 seems to be diffused and dispkaed towards tho  more refrangjble side, possibly it is also donblod but 
the line at 3928.23 would interfere with the red oomponent l"ina1ly the silioon line at 390566 appears t o  be 
doublod, but the spectrum at this point is muoh under-exposed and i t  is not so easily deteoted. The s p a o h m  
extend0 from 3899 to 4010 and in this r a g e  no other lines but those mentioned are doubled; the Fe line 
8920941 ie much widened and the Fe lines 3890 86 and 3903.09 appear t o  be weakened and diffnsed over 
the umbra. 

That the obvious doubling of the two iron lines 8923 and 3930 impl~es a very atrong temporary magnetio 
field in the spot ie shown by the fact that these lines are not even appreciably widened in tho plate exposed 
ran hour earlier, nor are they at all nffeoted in EL plate of thic rogion taken on September 23rd and exposod 
about one hour before the plate showing the Zeeman effeot in the line 6213.6. 

I have since examined a lmge number of plates of the H and K region in vsrioua large spots which ham 
appeared daring 19OB and later but have failed to d~teot any eimllar oaae of doubling, or even of widening of 
these ultra violet lines. But none of the photograph were taken during a great eruption euoh as that of 
September 28th, 1909 It appsm then that undor normal conditions the megnetio field is muoh too weak. to 
affeot any of the iron lines in the region near E. 

It ia possible to form an esthete of the strength of the field in thia exoeptional case if we may apply 
A - oonat. to the two lines 3923 and 6213. T&11g Eale'e value of a h for the line Preston's law, - - La 

6213, whicb ie 0-136 the corresponding value for the line 3928 will be 
3B23= x 0e136 X = ------- = 0-064 %. 

6213" 
The ob~orved value is 019 A or 3 5  timen greeter, Aooording to Hale's resulte the approximate ~trength 

of field aorreeponding t o  hia value of 4 X in the line 6213 is 2,900 gsusses. The etrength of the 
field in tho geptember spot on the 28th of the month and at a time when a great eruption had just taken 
plaoe would therefore be of the order of 2,900 x 3.6 or say 10,000 gaaaaes But this involves the asamption 
that the two lines belong to tho same series. 

A direot comparison with the resulte of measures of Zeeman sepasationa recently published by Dr. King + 
and whioh inelude the lines 3928 C6 and 8830'46 gives a smallor value of the field (8,300 gaussea). The 
speotrnm in King's work was observed smom the lines of form, and the separations mesaured in these lines 
refer to the side oomponenta of triplets, whioh however Bre said to be the eame as the eeparations of the 
doublets observed along the lines of foroe. 

As the epot line8 appear to be doublets it b to be presumed that the light came more or less along the 
lines of foroe in the solw msgnetio field The spot was near the west limb and 69" from the centre of the 
diek, &oP whioh it may be inferred that the d e  of the temporq  eleatric whirl must have been very fa 
from being normal to the em's mrface. 

+ Monthly Notioes of the Eloyal Aetronomiml Boc~ety LXX,, 28. 
t Astrophy~lio&l Journal, XXXI,, 4141. 



Notfiatfinding the strong mapetio ~ f f e ~ t  reoorded on the plate, no apparent ohange seems to be 
roducod in tho normal radial outflow of the gmes of the reversing layer in the spot. The plate is however 
nsuitablo for measuring this effeot aa the slit of the speotrograph made an angle of about 45' aith the line 
lining the B P O ~  and the oentre of the mn's dim, whereas the greatat effect is feud with the slit 
early in the direotion of tho centre. Also the sun's image wae very poorly defined on the d ~ t  plate so that 
o ol~m image of p ~ n u m b ~ ~  18 Beon on the photograph, but any large mareaee in the ra&al movement 
rodd probably be notioeabl~ m an unuausl dieplaoement of the lines on esoh side of the nmbra. 

The interesting photograph of September 28th emphaslaes once again the great need of seaurlng reoords 
f solar phonomona as continuously m possible by oo-operation of observers in different longitudes, and 

during periods of apot aotivity. 
During tho great magnetio storm of September 25th, 1909 whioh began at about 6 P.Y. loo81 time, no aolar 

bservatiom were mado a t  ttkis observatory. Our photograph of the Zeemau double hne at 6213.6 was 
btainad 5* h o w  before st a t ~ m e  when there was no epeaiel disturbme in the spot. SO far as I can 
boover no apootrosoopio obs~rvat~ons of tha apot appear to hove been made at any observatory a t  the time of 
egianing of the great storm. 8poctroheliograms were obtmned by Dr. Slooum at Yerkes Observatory during 
he progress of tho a tom and sovo~ul h o w  after ih commenoement and these show nothing remarkable The 
bservnh~ons of W J. S. Lockyor* and of Fowler f on the previous day show that there was an outburst of the 
rme chsraoter as that dosoribed above on that day, and this eruption is aonneoted by Dr. Lookyer with the 
lsgnetio storm whioh began 26 hours lster, but whekher the m p h o n  W ~ B  aaoompanied by inoreased Zeemm 
Lfeots it is not posaiblo to soy. 

It would be of great intorest to ostsblish the oonnection s~ggostea in ow photograph of September 28th 
e t ~ e e n  solar eivptiona and simultsneous magnetic effmte, not only on the earth but duo m the sun itaelf. 

Monthly Notiae~l LXX., 17. t Nature 81,396. 

J. EVEBBHED. 
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