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Radial! ~1foz;eme~zf. in h'un-,sp;liots. By 5. Evershed. 

Displaceemeuts of the absorption-lines of hydrogen and calchnl 
are frequently observed in all spot disturbances where there is 
active change in  progress, and duringottle genesis of a spot. 
These line-shifts may aruount to several S n ~ ~ t r o m  units in either h". 
direction in the spectrum, ir~dicating ve loc~t~es  towards or away 
from the observer of one or more hundred kilometres per second. 
Only the elements of the higher ehsonlosphere seem to be aaFected 
as a rule, and the movements are seldom nlaintained for mitre than 
a few minutes a t  a time also they are rarely fourld within the 
penumbral area of a spot,. 

Becently line-shifts sf qnite another character have been 
photographeil here. These are permanent, affect most, if not a!!, 
of t h e  Fraunhofes lines, and are greatest in  the penumbrz. 

I n  some spectra obtained by a e  this year, in the fourth arid 
fifth orders of a Romiand plane gratilig of 3.2  ixlehes ruled surfwe 
and 14,428 lines to the inch, the lunes crossilig the spot-band 
were found to be sliehtly hart, or inclined one or two degrees as 
cornpared with the Imes in the neighbouring photosphere. The 
first plate showing this feature clearly was exposed on January 
7, 1909, in the? fourth order L P ~  the grating. It covers the region 
A4630 to X4790, and the scale is IA= 1-08 mm. The total dis- 
p!zmement of the lines uienaured on each side of ihe -penurnbra 

0 

amounts to oao27A, indicating a recerling velocity on the north- 
west side of the spot of 0.8j knl. per .eeond, and an approaching 
velocity of the same amount on the s vitL-east side. The spot was 
in  latitude go ~ l o r t h  and 1oilgifJude 3 C west of the centrill meridian, 
and the position-mgle of the north end of the spectr.ogr.;iph slit 
was 3 14~. 

The appearance of the lities on  this plate a t  once suggested a 
rotation of the  absorbing gases iii the penumbra-nctt a vortes 
motion, but a rotation of the spot as a whole about a point at 
its r -ntre. The lines are quite straig-ht over the spot, although 
illclined t o  the ~ndisturbecl lines ; and ~ r ,  the centre of the arubra 
there is no displacerner~t. The hypothesis of circulai motion of 
any ,kind has proved, however, to. be ce~tainly untenable. From 
an es-mnination of about 150 bpectra, obtained since January 7, 
and representing seven diffireilt spots in the northern hernispllele 
and four in  the southern, the following definite results have been 
obtained :- 

r .  All the spots examiued show line-shifts of about tho same 
order of magnitude when at the same distance from the centre of 
she Sun's disc 



2 ,  The displacements disappear when the spot is t~ i th in  10" of  
the centre. 

3. The displace~neats are must marked when the si;'or, 15 b - ~ t i ~ e e ~  
30° and ;oO east or west of the rneridinu. 

4. The displace~~ents are of oppos!te sign on uppri-ite sides of 
the central n!ericliau. 

5. The clisplacements are invariably ~ow-ards the violet on the 
preceding side of a spot and towards the red cn the ful!owing siLIez 
milen the spot 's east of the central ~ut:rit!ian ; the reverse mhen 
west. 

6. Southern spots show the same direccioros of movemeut as 
northern. 

7. X o  displacements are obtained when the slit biszcts n spot 
in a direction at ri@t angles to a line joining the spot and t h e  
cerat~e of the Sun's d m .  

A hypothesis which seems in harmony st;itla all the facts here 
stated is one ~ ~ h i c h  ttttribntes th.9 displacements to  a radial move- 
ment outwalrds fyom the spot centre. The motion must be essen- 
tially horizont~~l, o r  parallel to the Sun's supface ; this is shown by 
the tom1 disappearance of the line-shifis TT-hen the disturbance is 
neac the centle of the disc. The hypothesis of a vortex, or rotation 
of any kind, about nn axis perpenclicular Lo the Sun's surface, is 
negatived by the fact stated in paragraph 7 ,  f ~ r  it is evident that 
for a cirr~alar movement a nodal point should be found when the  
slit bisects the spot in a direction passing through the centre of 
the Sun's disc, the maximum dispiacement occurring in a direction 
a t  right angles to  this. This position of the node, however, diEers 
from that acxually found by about goG, 

To obtain evidence on this crucial point, advantage is taken 
of the rotation of the solar image, due to the actrsn r j f  ;he 
heliostat. Thus, in the interval between 8 A.X. and 5 P.M. 

the position-angle of the  slit, which is fixed truly vertical, 
changes through about IOO', the north end of the slit passing 
from position-angle 300' through oO to 40', being at oO 
at solar noon. Digerent sections of a spot can therefore 
be obtained by simply t a k k g  a succession of photographs at 
intervals thrunghout the day. Now, i t  has invariably bet-3 fonnd 
that the displacements diminish in amount from 8 4 . 3 ~  up to 
about I I ,  when they usually disappear en tirely, reappearing with 
opposiee sigus iu the afternoon; but the time of no dispbcement 
does not occur exactly at solar noon, a d .  the evidence so far 
obtained shows that th? line of - nodes coincides with the direction 
; ~ t  right augies t o  a Jine joining the spot and the- centre of the 
disc, as it should do if the motion is raclial. The whole of the 
e~itience obtained up  to the time of writing -xi11 be pul~lishad in 
Bulletin No. I 5 of this observatory, and need not be detailed here : 
but, in view of the importarice of the  cieter:liination of the line 01 
aotles, I vive a, table showing the results of seven independent 

3. 
4etenninatlons. 
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of Disc. 

The. estimate of the time when there is no shift must necessarily 
j e  exszemelg. uncertzin, co:isidesinp the  small amount of the dis- 
?lacen~ents, even when a t  their gsea.test and the accordance in the 
shove table is really surprising, and. testifies to  the  sensitiveness of 
:fie eye in estimating very minute deviations from straightness in 
the spectrum lines. 

Since these determinations viere made, a device has been acided 
LO .,the spectrograph, by which the Sun 's  image 6811 be made to  
rotate on the slit plate through go", and the results cibkairled 1,; 
this means ieare nu dsjulit whatever as td the position of t& 
line of nodes ; for x-hererer a spot ma.y i1:qipen to be situatled (2;: 

t h e  disc, outside the limit of roo  f r o m  the centre, at rvhich the shift 
becomes inapprecinl?le, the displacernetc?; is d i b - a y ~  foi.rnd to be 
greatest ~vkbell the slit tisects a spot; in the direction of the centr:. 
of the d i ~ c .  If the imagtc. is turned through 90': s:, that i l i d  

hise~tiort is a t  right angles t o  the direction of the  centre, uo shift 
is obtained: the iines l.ernaiuing absolutely straiglit across the 
spot-bald. 

The, constalr~cy of the dispiace~nent in  all the spots axsmineci is 
most reksrkahle ; and the  fact that i t  has not, to rnT knowletigts, 
heen observed yl.eaionsly is difficult to explain, esce;It by sup- 
posing that syut spectra a1.e usually oStai~;lei-'; wlieri near the eentrui 
merigan, or with thi: slit :ipprosimatelj in the line of nodes. 

I t  may be well, perhaps, t o  mention that a test of tile reality of 
these :uinute line-shifts wits made by photogral~kir>g tile spot 
spect.rum in the red, in the region inclndin? the well-kaon~n grol-l!, 
of solar and telluric liues r 2 -  1 by D1in6r and Rt~iln ixt their 
detern-linrttions of the solar riitation. In this group, the telluxic 
oxygen lines are verj .  narrow and well defined, whiis5 the sctlar 
iroll Iines are eonlpamtively broad, aud a x  indeed much widened 
in s p ~ g s .  Sirice the displacements are liiuch more conspicuous 
in tile 6ner lines of the si)cctram, the oxygen lines shoulii sllow 
the effect strongly if spurious, but in the photogrny~l~s they are 
found to be absolutely straight, d i l s t  the  iron iines beside them 
are  inclined. 

The masinluru' total ~1isy:~lacerrient obtained with the slit in the  
direction of the centre of t he  disc for a spot 40' west of the cent:..li 
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meridian noti o" riortli is o-oqa Atisitrom units at ~ 4 ~ j 3 .  ' r ie  
colupor~enl oE veIocity in: the line of sis'ilt from $!?is is 1 . 2 ~  kill. 

per secollii ~ O W ~ T C I Y  aml away from ch,: ul~server. or1 tile fc!icawinz 
rzid preceding aides cl' tile pennmbrit respectively. nividirlg illis 
by the si~ie of the angul:xr drstarlce of the-spot from the ce, \re c.E 

the tiis(: (sin 42' = '67) qfves an actiiai m o t ~ t k  parallel t o  the SEIL's 
sct-face of  1.9 lcm. pas secc7atti each my. But the motion seem< to 
vary directly ns the 8'-tance from the spot centre, anit tile caille 
iound is for thc: orlcer 1' nits of the -benum'ors, ur a t  an aciusi 
distance of about 32,000 k ~ n .  froill $,GI, i a t r e  of the spot. -kt 
intermediate distacces, the motion will be less in  proportion. 

-r 
b t  is sornesvhat disappointing, perhaps, that the h y p o ~ h e s i s  of a 

radial woverment, which is so strongly supported by tbeae obserc.i- 
fions, s e e m  entirely out of harmony %he splendid  discover^- 
of the Zeeman eifect irl SUU-spots, made by Professor Hale. This 
seems to  dzlnaind a vortex, or at  an? ram a circuins -iiovement, in 
sun-sijots ; anil i t  T Y ~ S  only after a consitlerable amount c;f evirlence 
had accumrrlated that the preconceit7ed crxiviction %ha: the n io t i~n 
must hi. c;ircnl:;r lvvris abandoned. 

A cunscling iceature of this new theor. of s p t  r n o ? - e ~ e n t  is that  
it seems to exylain the radial structure of the filscnents in the 
penusni>rz of spots, rend the ra~ltal <;-position of the calci;~m 
floceuli iinniedistely surrounding a weil-deseiopecl symmetrical 
spot. fe  also harmonaises vith the well-known tendenzy of the 
principal spots in a group to separate, the leader advancing and 
the folomer r eeeding. 

A difficiilty shoul~l also be mentioned. JYi3efi the slit centrally 
1 .  olseck a ss:,luruetricril spot in a ulreetion al)proxien~ting t o  that 
~ i a l n g  tile greatear; s l ~ i i t ,  the displncetl fines appear  quite straight, 
as betore racntiorred, un1-l incline& t:, cbr undisturbed lines, the 
greates~ shift occurring a t  the outei limits of the pelininbra. This 
seems ts im1,ly '$3 2cce14rating moverne~lt from the centre of the 
spot owirds  ; yet at  the linlits of the petlurrlbra the motion anpal-  
er~l ly  ceases ,.bruptly. It is hoped thax further resenrch ~ r i i i  throw 
ligllt on illis and n f h ~ r  n : 2 w ~ ~ e  points. 
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