
BULLETIE No, XY. 

RADIAL MOVEMENT IN 8UNSPOTS. 

DIBPLLOEME~S of the lines of hydrogen and aaloium in tho neighbourhood of sunspots, indioating violent 
in the line of sight, is a common chmaoteriatio of spot distubanoes. 8noh phenomena are frequently 

obsoned during periods of aative o h q e  in spot development, or during the genesis of a spot. Them line- 
,&if-t~ mrely affeot the ~peotro of other el em ant^ than thorn of the hlgher ohmmosphere. In  very violent 
mfbursta, in addition to the hydrogen and oaloium lines, those of Ee, Mg, Na, and somo of the enhanoed 
lines of Fe  are oooosionally seen to be affeoted, but t o  s, much leas extent than thore of H and Oa. The 
dieplacemente may be either an inorease or a deoreme of wave-length, and may amount to several ingatrbrn 
mitr, indicating movements of spproaoh or reoesaion of sevaral hundred kilometem per seoond. These 
movements are seldom mamtained for more than a few minutea at a time, and are ~8~8lb to be found 1n the 
immehate neighbourhood of spots, r m l y  within the nmbml aroa. 

Recently line-shifts of quite mother oharaoter have beon photographed hero. Those are apporontly 
permanent, d e o t  a very large proportion of the Brauuhofor absorption lines, and aro only found in the 
penumbra of spots. 

In the oouree of meaeurement of a largo number of spot speotrum plat00 obtained hero, it was noticod that 
tho position of the lines of tho true umbra1 speotrum seem usually to bo almost entirely ailaffeiIeated by motion 
in the line of sight. It is true that very slight displaooments towards tho violot appear to  be indicstod in a 
series of nmssures of eome of the best pletos, but the &mount of the displeaemcnt (about 0.004 i/l is aoaroely 
larger than the lLnlts of error of measurement. I n  these plates the scale is about 1A = 0 67 mm., and any 
movements of the so l~r  gases of less than 3 la .  per seoond would be too small for deteotion. 

I n  some spectra obtained this year, in the fourth and 61th ordere of a 3 2  inoh grating: in whioh the 
soale is 11 = 1-0 to 2 mm., the displaoement of thelines i n  the umbrm of spots is dill barely meaanrsbl~, bnt 
very obvlous displacements sro found in the penwnbrm ; and thia shift turns out to be of o. maat interesting 
abaraoter, and icl apparently a oonstsnt feature of all epob. That it should have escaped deteotion hithGrto 
is moat surprising, considering the high diepersion now employed in all spot e p e o t m  work. 

The first plate ~howing thiefeatme alemly was exposed on Janumg 7,19OR, wing the fourth order of the 
gratmg. It oovers the region h 4050 to h 4790, and the soale ie 1A = 1-08 mm. An onnsnal amcunt of 
detail is visible in the umbra1 apeotmm, whiob is no doubt due to the olearness and eteadiness of the d~ at the 

* A Rowland grbting of 3'2inohea ruled snrfaoe asd 14,468 l~nee t o  the inoh. 
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time of ~ q o ~ u r e .  The general appearanoe of the Freunhofer lines aroseing the apot is represented in the 
aaoompany ing diqram 

Umbra 

in whioh the diaplaaements are eomewhat exaggerated, to show their ohsraoter The lines appear to be about 
equally displaoed, but in opposite direotions, on the two idea of the spot. There are, however, considersble 
differences among the different lines, the atronger l in~a appearing lesa affeoted than the fine narrow onos. 

A preliminary measarement of ten of the best defined line8 gives a mean total displaoement, measured at 
the outer edges of the penumbra, of 0-027 $, indicstiog a reoeding velocity on the north-west eide of the spot 
of 086 h. per second, a d  sn approsohing velocity of the same amount on the south-east sida, the position 
angle of the north end of the speotirograph  lit being 314'. The spot photographed was in latitude 9" N, 
and wag 31" W of the central meridian 

The appearanoe of the lines in this photograph at once suggested n rotahon of the ahorbing gases in the 
spot, not a vortex movement but a rotation of the spot as a whole about a point at its oentre. The lines 
seem quite shaqht  over the spot, but inalined one or two degrees to the undisturbed lines. 

The hypothesis of oimlar motion of any kind has proved, however, to be certainly untensble. B o r n  
an examination of about 160 speotra obtained Bince January 7 and representing seven spots in the northern 
hermaphere and four in the southern, the following etatements may be made :- 

(1) All the spota examined show line-shifts of about the same order of magnitude, when et the same 
diatanoe from tho aentre of the diso 

(2) The dieplaaemente disappear when the spot is within 10" of the aentre 
(3) Tho displacements are moat evident when the apot is between 30" and 50' from the centre of the 

dim, but are diflicult to photograph when qrute near the limb. 
(4) The displaoemente are of opposite sign on oppoaite eidee of the central meridian when the slit is 

pmallel to the solar equator. 
(5) The displaoements are invariably towards the violet on the preoeding alde of a apot, towarda the 

red on the following side, when the spot is east of the oentral meridian ; the reverse when west. 
(6) Bouttiern apots show the same direction of movement as northern. 
(7) No diaplaoements are observed when the slit biseots a spot in e direction at right anglee t o  a line 

joining the spot and the oentre of the em's diao. 

A hypothesie whioh seem in harmony with all the fach here stated, is one which attribatee the displaae- 
ments t o  a radial movement outwards from the spot-centre. The motion must be essentially horizontal, or 
pardel  to the sun's aarfaoe. Tlus ia shown by the totd d~sappearanoe of the line-SMB when the epot ia near 
the centre of the diso. The hypothesia of a vortex, or rotation of any innd, about an axis perpenhoulw to 
the sun's surfme, la negatived by the b o t  etated in paragraph 7, for it is evident that for a oimular movement 
a nodal point ~hotild be found when the alit biseota the epot in a direation pasaing thmngh the oentre of the 
BM'~ dim, the maximum displacement o m r i n g  in a direotion at nght  angles to this. Thie direotion of 
the node, however, differe born that actually f o d  by about 90'. 



To obtain ePidenoe on thie oruoial point, advantage is taken of the rotation of the solar image due .to the 
action of the heliostat. Thus, in the interval beheen 8 A.M. and 5 r . ~ ,  the position angle of the slit, whiob 
ia fixed t d y  vertlbal, ohmges through about 100"; the north end of the slit passing from P.A. 300' 
to 40°sqd being at 360' at solar noon. Different seotions through a spot oan therefore be obtained by simply 
taking a, suooeaaion of photographs at intervals throughout the day. Now it hae invariably been found that 
the displaoements diminish in amount from 8h up to about llh when they general15 disappear entirely, 
reappearing wlth opposite aigns in the afternoon ; but the time of no displaoement doea not ooour exactly at 
solar noon, and the evidence so far obtained indioates that the line of nodes ooinoides wlth the direotion at 
right angles to the line joining the spot and the centre of the diso, ss it should do if the motion is radial. 

The whole of the evicienoe obtaiued up t o  the tune of anting, is presented in the aooompmymg table. 
In this all  the photographs obtruned are entered in the order in whioh they were tiken, with the exoeptlon 
of a few duplioolte exposurea made on the same spot at the same time, whloh are omitted to save apace. The 
third oolumn gives the oaloulsted position angle of the north end of the speotrograph sht ; the fourth oolmn 
gives the referenoe number of the spot; %he suoasading aolume give the approximete latitudes, and the 
longitudes reokoned eaat or wwt of the central meridian. TLeae oo-ordinates were read off from the doily 
spot-oharte prepared at this observatory. The oolumn headed Shlft at north side of spot " indioates by the 
letters V and B the direotion of the displaoemont, whether to violet or red, and the small letters following 
give o rough ldee of the amount of displa~ement, vlz , 1 = large, m = medium, s = small, and tr = a just 
appreoiable trace. 

The following points are evident from the tsblc *- 

When the position anglo of the north end of the slit is betweon 297' and 830°, e ~ d e r n  spota always 
give a violet shift on the north side, western ~pot;s a red shift. 

Between 3300 and 360°, the ~ h i f t  is either absent, or wry  minute in elther direation. 
From P A 20' to 70°, the ahifts are, with one doubtful oare, to the red lor an eastern spot, and t o  tho 

violet for a western. 
Binally, spots new the oentre show no shift at all. 

S~,noo the position angle of the slit when no dbplacements are observed is of funclamentd importnnco in 
determining the ohmaoter of tho movement, it may be well t o  refor in dotail to tho photographs bearing on 
this point Take fiwt tha oastarn spot, No. 1695, on January 27 : suc photographs of o, central section of the 
spot were obtained at intorval~ during the day. The exposure tunoe, position angle of the slit, and o b s ~ v e d  
direction of shift are here repentod as follows :- 

P,A. Shift at 
north end north 

of &t. sido of spoB, 

The change from a violet to s red shift ooours between 8h 6Ym and 11" 2Tm, when the north end of 
the slit WEB between position angles 312" and 346". Assuming the mean angle, tho ohange would have 
oooaxred at P.A. 32g0, or 31' to the west of north. Tho position angle of tho spot, measured from the aentre 
of the diso, was Boo, i e., 60' to the east of north ; therefore, the angle betwaen the line of nodes and the 
direotion of the oentre of the duo would be 60' + 31" = 91". 

Again, taLe the western spot No. 1591 on January 28. This was photographed four times, and the 
ohange ,from a red to a violet shift oooumd between 12h 2m and lah 27m, or between P.A. 363' and 26' : 
the mean angle between these is 9' to the east of north, and the position angle of the spot wam 88" west of north, 



00 that the angle between the line of nodes and the oentre of the diso is 07 ". I summarise below 811 the 
instanoes where the shift waa obeerved on both eides of the line of nodes :- 

The estimate of the time when there is no shift must neoessdy be extremely nnoertain o~neideriq the 
=dl mount of the dieplaoements, even when at their maximum, and the aooordanoe in the above table is 
really rema,-rkeble, and teatiilea to the senaitivenese of the eye to very minute deviations from strsightnese in 
the epeotrnm lines. 

It m y  be well to mention here that testa of the reality of these minute line-ahifte have been applied in 
two wars First, by photographing the spot ep~otrum in the red, in the region inoluding the well-known 
poup of and tellurio lines need by IIonBr and Helm in their determinations of the solar rotation. In t l J ~  
p u p ,  the tellurio oxygen lines are very narrow and well-defined, whilst the solar iron lines are comparatively 
broad, and are indeed muoh widened in spots.' Sinoe the displaoemente are muoh more oonspic~uous in the 
finer lines of the epeotrum, the oxygen lines should show the effeot strongly, if it is spurious. In the  
photographs, however, they me found to be absolutely straight, w h l ~ t  the iron lines beside them arA bent. 

The seo~nd test wae applied st a time when the slit was approximately in the position angla of the ]me of 
nodes for a spot whioh was east of the oentrd meridiau, and photographs of a, oentrsl eection of the spot 
ahowed no ahift. Photographs were then obtained of the preceding and of the following edges of the 
penambra Eere the line-~hift ahould be at a m a m u m ,  and, as expeoted, the linea were found to be evenly 
bulged, to the violet on the pwaeJing edge and to the red on the following edge. 

It i a  bomewhat disappointing, perhaps, that the hypothesis of a radial movement in spots, whioh is so 
stronglv supported by these observations, seems entirely out of harmony with the splendid discovery of the 
Zeeman effeot in sunspots made by Profesaor Hale. This seem to  demand a vortex, or at any rote a oiroular 
movement in eunapofs ; and it was only af ter a oon~lderable fumunt of evidence had accumulated, that the 
preconoeived oonvichon that the motion musl be oirculsr was abandoned. A comoling feature of this new 
theorv of apot movement 1s that it seems to explain the radial etruotu~e of the filaments in the penambrm of 
spots, and the mkal disposition 03 the oalcium flooouli imme&atdy surrounding a woU-developed symetrioal 
spot. It also harmonizes with the well-known tendenoy of the prinoipd spots in B group to  separate, the 
leader advanoing, and the follower receding. 

A dif6oulty should also be mentioned. When the sht centrally biseote a aymmetncal spot, in a direotion 
approximating to that giving the greatest shift, the displaced lines appeai quite straight, as before mentioned, 
and indined to the und~aturbed lines, the greatest shift ooonrring at the outer limits of the p e n h a .  This 
seems to imply accelerating movement, from the oentre of the spot ontwmde, yet at the limits of the 
penumbra the motion apparently cesees abruptly. It is hoped that further researoh will throw light on this 
and other obsmre points. 

The $9 h e  a,* 0802'709 le seen t o  be beauhfully doubled in the thud order epeotrum of all epote examined by me. 
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shoe these obsematione were made a dovioe has been added to the speotrogrsph by means of which the 
am's image oan be rotated on the slit through 80'. The resulta obtained in this way lcave no doubt whatever 
as to the position of the line of nodes, for wherover a spot may happen to be situated on the disc, outside the 
limit of 10" from the cemtre, where the ehift beoomes insppreoiable the motion ia alwaya found to be greateat 
when the slit biseda a apot in the direotion of the oentre of the diso, and to disappear altogether when the 
slit ie st right angles to this direotion. 

The greatest shift observed with the slit in the direotion of the oentre of the diso was on a plate exposed on 
February 4, representing a spot in longitude 41' west, and latitude 7" north The spootrum inoludes 100 unifa 
between AX 4782 and 4885, and dl the lines in this region show the motionshift, with the probable exoeption 
of Hb, which is as usual narrowed in the spot, but seems othermee unaffeoted. All the linoe are not equally 
nffeoted, but a lmge proportion are inol~ned over the spot s little more than one degree oompared with the 
normal direation of the undisturbed lines. Thie oorreaponds to a maximum displaoement at the outer edges 
of the penumbra, on esoh side, of 0-017 $ indiosting a velocity of spproeoh on tho following side and 
reoession on the preoeding ride of the spot of 1.05 km. per seoond. But this is the oomponent of velooity 
in the direotion of the earth. The aotual velooity passllel to  the snn'a m f a m  is found by dividing the 
observed velooity by the sine of the angular dist~noe of the spot from the oentre of the disa, whiah wm 4%'. 
1.~8, 1 05/(1-67=la57 km. per saoond. This represents for the majority of the linee tho maximum speed 
8tkined by the projeoted matter on reaahing the outer limih of the penamhrs. some of tho lines, howevw, 
indiaato a epeed of over 2 km., and others undw 1 km per seoond, whilet it i e  possible, from the behsviolv of 
ad that the elements i n  the higher ohromosphere do not ahare in the movement. 
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