
1% tile JP;i?ii,h71/ 2,-of.ice.9 for 3 1 ~ ~ ~ 1 1  I 909 I S Z T ~  ;-L p~elirnilla~y 
3!:~0ilitt of sl.i;ne ot~stl.rvntfolzs of li~ie-ciisl~lncel~i<:~r:.ts in  the, spectr2 
of sun-sl~otYs:* ; ~ i ~ r . l .  s ~ ~ o Y - c + : ~  that thti ~yst,exnatic li:iti.~~;! of thi:se (:!is- 
p1:ice~~eilts and their. ilependi.i-ic:i~ oil the pijsition-ar.ig!e of tZle 
syer:trograt.d; slit ctj:ili3 he ai:np!y c.spl;tiued on the Ii;~potllesis of ria 
ctut~rari~ n~llial movelxeut paz'dlei t,~: tile Snn's si::.iw,. of the gases 
in tile re~e.rsing Ip,j-c:";v!:r spots. It was cccessary also to s::[pnose 
tirat the mot-emeut accelerated out7,rzrcls fry21 tile :~m%rs of s;r~ot,s, 
att,ai~lirig iz nlasimu:r: value of t l b c ~ ~ t  2 ka-:. per second a t  the cuter 
eilges oi' tt:e pen~~!nI j~ '~ .  I luve :>on. to record the results of f ~ r t l i e ~  
int-estigntious of t!ie luovements in  spots which have been carricd 
out  d ~ ~ r i x g  tT2e 7-133 L t ., -veLnr. 

At tile outset it znny be stzted that the spectrum of e-oc'y 
- ,  - collsider;il?le spot :Lj.l;;c.:irr i i l r  17 ciuri~;:,r the pear? or reapparing alter 

one 0;. 1~ic7~e rotxtioas of the Sum, lias been ptiotogr;?;,heci itt some 
I- L I I ~ ~ :  d~?~ ' rug  it,s tlG:~?sit ;it:~c~ss.the ~ ' i sc ,  and, 71-itilout exception, all 
have s l i i~~rn the sitnie 3-j-stemst-ic line-&splacerue~1t~.i. The lines 
have invariably heen fouuil to ;:lcliae totrsrds tlie red on the side 
of the ..pix 11e:~rest t!ie Sun's li~nh, axil. tovarcts t h e  violet on the 
sii.1~ newrat. tile ceirtrt. of the disc,   hat ever position the spot may 
have oci.u~.)iecli on  tile disc, if not too near tlie centm. In a ~ G F V  

instances tlie motioli has loem detected even ~r-lie;; the spot was on 
or very. uear to  tlie central rnericlian. 

If the  ciisplacer~le:_ts of the ;l~lt_is are renl1:- clue t o  mol;ion in the 
line of si;;hf 3s thert: seems no reasori to  do~tbt, t h e  conclnsion is, I: 
-tlriu.l;y incvit,s%,le thzc the ttl)ote-mi:nt~io~~ef:l 11~potllesis represents 
.the t,rutli, alld tliat uii spots are centres of a force directed radially 
olitwa~ils in  a E~orizo~it;il ~ t f ~ : . ~ r ? ,  acting continuously on the mat,erials 
of the ri.,l;eraing 1,'yer c:,~-er the entire area of a spot, and maintailied 
.i;hn~ugliont the life of 3 spi3t.f 

See iilso K ~ J ~ Z . C ~ ~ L : ~ ~ ~ L ~ ~ , ~  O?!servatni.;y Rlilletin, No. 15. 
-f. In a ? ' I : X ; E ~  read !:~c..i~jre tile Royal . A L ' s ! ~ c u ~ ~  of Sciences, Amstertlam, 

Prof*sm~. <Tuiius attt?:u 1):s ta explain the systenlttti.~ line-shifts in spot sl,er:tra 
by a~~oru;t!ous iiispersii;n. In  scre.i.:k! iis:portsi!t pz~iYi,:i~la~s, han-erer, the 
facts I 1t.ive oi-rserred L . 5  riot cr.~nform \rii.l~ the couseqnenees of this theor?. 

P~ofi.r;.;or Jnlius states that ~vtlen the <lit bisects the  sirot in the  direction 
al tho cotltse o f  tli? disc t i id F m i ~ ~ i h n f ~ r  lines must be IritIre or Iess curveti i n  
the sitape of  the lecter S. Tliis I: li:tre 1:ever oiiszrri?ri, except i~ the casc: of 
tix ceutro! ~thsorptioii-1i:izs O F  I3 arid 6. All the line: lines of  t h e  specrruni 
are q:iitc straight, al:i~rrz~g;.lt. irl{:!li:ed, ()\-el. spots .  AISO tile great n7zjoritp of 
the lines art! as sll:~.r.{rly ~lifiljed zt t h e i r  f.r!gtas ovel. the ~-,rc~-lmbnc where the 
displace~tiel~t id  g;lrcatt.st as olt t h e  grriera.1 snrhce  of tiie Sun,  being displzced 
bodily from tlicir norinal lwhitions, Xrlorb:afoas dispcruion irould, homerer, 
.cnur;e a uiarkrd widritii?g and inde5niteness at il:e edges, a spreading 
towsrdu t,be violet om the side aesredt tile centre of tbc disc, and towards ttle 
red o ~ i  r l ~ e  limb sitfe. 

Profc~ssor duliils' hix~(l:srnisnt;l.l assumption that the gtises a?m-a the photo- 
spl-ieric !e~al  have Jeusitirs -:utficieilt to  give aplireciitbie refraction e i i c t s  
seems t o  nit: t o  be, on sevel.al grc~unde, higi~ly intprc~balle. 
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. - 
~ ; ! , q f i  c : t ~ : i ~ ~ ~  fycrp\ xj.]i:c:!; ':p> for  l l i ~ l l t ? f d  tit a time curltilln~o.rlsly 
: ; i 1 I S  t l ~ e  X U O S ~  pri~bntrle . . 
soilrc:.c t o  ! . i ! .  il; e il;t,e~ic!i ~.e::ions inlincl.liiiii:l~ bene:: :!!I tile rcrersilig, 
?;iyer, or i ! t . l ' : ! i i k $ 1 ~  beiow :Ilft pllotospiltjrc, 1 have atte?nptec.i to  c h -  
coyer verlic;~i motion ili t l ~ e  un:brz of q:ints, a welliug ny of gases 
fram I>elo~r. An up-irnz.i; n.+it-emen.t a t  all cornpilrtihle with the 
radial u~otiiili ~ruuld he e;isily detected by line-disp1ac:sments which, 
unlike those due ti, horizo~itr~l movements, vould attain a r n a s i r n ~ ~ ~ u  
l-iilue for spots a t  the ccntre of the disc, diminishing tritil linear 
distance fro111 the centre. 

It. is n t  once evident fibom a mere inspeetion of spcl.ctr.c~m phito- 
p p h s  o,f epot,s near the centre of the cliei: that this vertical motion 
1s in all cases very small in comparison n~it~il the horizontal motion. 
X good series of spectra ~li-)tai~led specitilly 1~it.11 a view t o  deterrniu- 
in; ~er t ica l  motion has not yet been sei;ured, but some measures 
have been made of the lines in 5r.e different spot ,u~nbrze more or  
less well sitxaied as regards the centre of t l ~  disc. S o  motion of 
ascent c~illci, L o ~ e ~ e r ,  be ciet,ecteci in any of t,l~cse ; on the contrary, 
after correcting the n~easures for snnuli dispitlcernelits which 1 
believe to be due t o  pressrrrt: ~H'ects, s sinall resicl~~al ~ ~ ~ s ~ ~ I ; I . ~ : ( ~ ~ I ~ F : I  I tt 
was obtained t.o~arcls the red, intiieati~lg a nloveme~lt of descent in 
the umhm of the order: of 0.4 k111. per seeonci (details of these 
meashes art: given in i21ernoim qf f It c. h'odaikcinnl Ohsci-catoq,/, 
v l  I, p :  i. If this result slrould be collfirlnecl by future measxxres, 
and a motion of descent found to be gener:li in spots, the inference 
x~uxld be t,tlat the source ;rf :supply n-as in the higher cilrol~losphere, 
perllaps erltirely outside the S~rn.  This roulil favour the views 
espessed by 31s. Sex$-all in his rzcent Presidential ailclr6ss." 

Ou. the  ot,llle Bancl, it is perhaps unriccessary to  assume :my 
appreciable ascending motion, consiclering the p~obable enormous 
increase of density with tJie depth of the gases at the level of the 
photospltlere. A practically unlimited quantity of the* rarefied 
vspours of the reversing lager might be suppli~d fxom 'Ciie denser 
regions a very short clistauce below, without any apparent move- 
ment up~mrds. 

2i'a.ciic.i Motion in the Hi!ghe;. Chronsosp7j,e?-e,-I have said that 
the spectrum-lines are invariably found to l.}e displaced to-sards the 
red on the ~icle of the penumbrae neal-'. . U  the limb, and to the 
violet on t l ~ e  opposite side, thus indicating an outward movement. 
There are, llox-ever, tvo  notable esceptions among the host of 
absorption-lines in the, solar spectn11r1. The central absorption- 
lines known as K3 and L3 (possibly also the underlying emissioxl- 
lines HEI, anJ K,), when clearly defined in the penmmfjr;~:, are dis- 
placed cn exact$ the opposite sense in every case I have e-xamined, 
z11a.t is, to\v::rds the violet on the limb side of the spot, ~ h u s  
iudicating an indrauyllt of the calcium vapour of the higher 
cl.somos2here. 

JfmzthZy i%otiw, I&z. 333. 



Ir! I I L P  folloi~-in!g ttnhlt., I give :L f c ~ r  measi1ri.s ~f relative ~ o t l ~ ~ r i  
.)TL ol j l jc~s i t~  sicl~s !jf t l i t ?  s p ~ t s ,  sllt~x~lrij; t! l :~t  tliis i ! i~aciI .  movemt?n.t 
i ?  I.]!(*, 3:lVllC i l l ' i lC! l '  o f  l~lqnit~lil(: CiS tlll? 0tlt\i7:~L'.i :lifj5-e:ll~ilt Of the 
e r  : 'l'hc Iilli2.i I-%:< :lac1 I<, ~ey~resent,  ti- is \yell l:?-i(.)~vn, a 
rcgitji~ extending ri~i~,!~i.lll-j- ijetwtit:;~ 3" i~ncI xo" ahi~~.-e t'lle pill-jt~i- 
;~herc ,  'i;-llilst. the hi;!!; of t,he F~;~nohofer li11t.s si~~:l.l:-inl_~ the (:jut- 

, - . - \\:arc? m!:~vr:n~ciri'; ttre ~:~rt)dneed in n region not e?;?:c:cun:,. 3 ;n height. 

!i i!,~:? k' i , i~  S;ds, /~ . i i J t  Slit iia Di,,ecfiair of C1e;%,!trs c i f  Disc. 

Centrzl Belativ$ DDi~place- Deduced Horizontal 
Date. . ~ ~ : . J Y o x ~ I I ~ ; L ~ ~  I,;ititu,.lC. mants in h or1 opposite Velocities. 

Radius = r . sides ( f Spot. M e a n  of I3C and 'F;. 

1~09. H. K. I i n ~ .  per sec. 
i t j~r .  I '63 33. 4- 9 0'037 0.039 2'1 

Average horizoatal relocity = 1-83 km. per set. (711 each ~icii. of 
z spot near outer 1inl;tu of p2n;;rnh~a. 

The 1.1irection of motion is in all cases olle of iipproach on t . t ~  
side _ienreat the 11111;1t, and cf recession on  the side marest the 
centre of the disc;: :~llcl the createst ~ r t o t i o ~  is foul~d near t~he o u t t ? ~  
edge of the penumhr;e. 
Sow i t  is ;v:teres:iu~. to rlote that vhilst the lines of the n 

~eversiug l s p r  appear perfectly straight, but inclined, 'vhere t s i l e ~  
cross a sl>ot,. there being 311 appreeia!jle lirealc or jolt in the lines at  
the pfiinr;;;: wlzere the:- Pass from tile pell~lnlbm on to the sur~onnd- 
ing 1)1~a:jt1 ~ J ~ ~ F : I ' v : ?  this i s  not the case TI-it11 I-I. ancl Ji: which generally 
form regular sirnunus c1ir.re.s itver ??;pots F V I ~ A ~ Z  t7,-13 slit lies in the 
directioi of t l x  :::in's r;entre. Ti-ith the slit in the  opposite 
direction they, in com~uon with the other ahs~rpt~ioa-lines, remain 
perfccit,ly stmight and unrlisplacecl provided tliat no e r u p i v e  
~ l i ~ t ~ ~ l j l j a ~ l ~ ~  is zn plto~rcss.  The follon-iug dinssam (i~g. I )  ivill 
give a general idea (much c-\;1.~seritt~iI.) of the behviour  uf I3 ancl 
I< as ct_mt,rasted n-itll. ix line of iron .it-hea the slit is in the clirectioll 
of the ceritrc, o r  radial at the limb. 

Irt tile table it xi11 be notict:cl titat PS. : ~ n d  K in some cases give dis- 
r.ordalic r a l~ iea  of t h e  ci,i*placerx~e~it, This is due to tIie c!iEctllties of xeasnre- 
lrient. : f~rc!nrntly the narrow al).oiption-lines R: ,cnci [is are a l jse~~t  on one 
side of t?~.' spot, and the set'ings have then to be rliarle on the rnuch nlore 
tiift'tue enli~sion-line.; arid I<,. 
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ilia cspf:1~1:1tion of this v.ontrnst.ed 'I,c3-?,-tvio1tr of the Ca a t d  Fe 
l i ~ e s  is s\~ggt:st.ec.l hy I'rofcssor 3f ichie S>i;ith : i t  .is that tlle low- 
lyi~lg mct.tlllic vapoltrs in zJlt?ir 1xot:on out,w;~rcls yenetratt? into or 
c?vexl perlin;.)s brncatll the Lxllfe(l-up fac~~I;% snrronncling the? spot, 
so tl1a.t tllert: is an ny~-)art.~ltly srrdden s.toypage of tht. ulotioli at 
t,!lc tilnjts of the pcr,rrlnfzra.. TIM calcium vapour of tho higher 
region, on the! other llani'i, in its ~ u o v e ~ n e n t  i11\\-nrt'2s toll-ards tlre 
u11ihm,, n1eet.s w-it,h IZU such ohstructio~l ; the motion can the.rt..fore 
be traced from a consiclerat~lt: cIistance outside the penumbra. 

Fro. I. 

The inclination of the calci'11m lines crossing the spot u-odd 
seem to indicate a diminislfing velocity towards the umbra, just as 
t h e  opposite inclinatiou of the other lines indicates an accelerated 
movernent. This,'hotvever, cannot be affirmed until it has been 
sho\vn that there is no vertical motion in the calcium vapour, It 
would seen1 natural t o  suppose that the calcium rapour is d r am 
dovnwards as tvell as inwards, and 1 cannot at  present say whether 
this is SO or not, a~t11011gll some of my nzeasures indicate such a 
downdraught. 

Sfrirnl' ,$fof im of the O U ~ ~ I , N . ' ~ ? L ~  Gu.ses.--In the preliminary 
account of these researcl~es already referred to it was slated that 
ihe greatest line-ilisplacomeuts were founc-l x~hen the sl~ectrograplx 
slit bisected a spot in the direction of the centre of the disc; and 
that if the Pun's imge @ere timltcl t l ~ r o u ~ l ~  go", so that the slit 
\r.m parallel to the tiillgent a t  the, nearer limb, the cl ihlairtcelnctn t s  
disspl~mred. This nodal position of tlre slit implies an outward 
mo vvcment in straight lines from the unrbrx, whereas any slight 
r'fisplaceu>ent of the nodes from go" .would mean tl;,it, superposed 
upon the radial rnove~eut,  t h q e  v a s  a relatively SLOTF. rotation. 



C;olzzl.)!.li~~lg two ~noveuloiits, there \VOU!L~ rusult a spiral motion, 
the gasca !'lowing oiit,~vnrc~s irz Illore or less c l ~ r ~ c ~ ~ i .  :iaes. 

I I  1 ht: evamii~a~lioi~ of geed spcci,roilrliograyh ii~lag:.sn, visual 
,ol?~t.rvtttiori of t l ~  zadral filsn~euts in. the pennnlbre of spoh, 
suqqestcicl <. , that i ~ r  i l l a ~ ~ y  CC~SCS txt. ttny rate She lllotioll is curved 
lines, if these fi~nrilc~lts r<:present, as I ilkink they mrzst do, the 
.:t(;t11a1 btrealll-lilles of t!.1:3 :110~ilig matter. To test 
~ : L V C  selacietl frorll our col1ei:tion of photographs a few spectra fcir 
measurement in wllic'll the fouowing conditions ]lave been fnl- 
filled :-- 

r .  Spmt~ograph slit exa.ctly normal to direction of centre of 
clise. 

2. Spot not less than half ~ v ~ i g  f r i i s  the eceztre tu~asds $he 
limb. 

3. d "cnospheric conditionk. goact. 
. Scale of spectra not less than i mm. =A. 
If there sllould be ' a disp1ac;ernent of the Line of nodes of 

.several ciegeus in either direct.ian from the normal (tangent slC 
the lirnb), ipinute but measurable &splacements of the lines on 
each side of a spot should be found. 

The nlethotl adopted in measuring the plates was in most cases 
similar to that used for determining piessure shifts in spot spectra 
(described in 3Iemoir 3-0. I of t h e  Kodnikanal 03servato-ry), using 
a sliding screen placed over the negative to limit the field of view 
alt~rllatelg to separate pnrts of the Image, and using a single bhrsad 
placed psrallel td tlie spectrum lines In txvo spectra it was found 
at-lvantageous to rrzeasure the clouble displacements resulting from 
the gupcrposifion of a pair of positive copies of each negative by ;z. 
laborious metl~od, .tvhieh, howe~er,  gives srndeer probable errors ihaa 
the direct bethoci. 

In sl the spectra measured,. uxraisizkable e~5daace of small 
displacements of the lines at the north ariJ south edges of the 
penumbra? was found, indicating a displacement of the Line of nodes 
: t . r ~ ) o ~ . r l i i . i ~ ! ~ :  in the to al>ou$ 8". 

I. givc in Table 11. the results of these measures,. expressed in 
km. per see. I have assumed that the observed motion is the3 
component irt the lint: of sight of a motion p d e l  to toe Sxxn's! 
.surface. 3ly justification for  this rests, it must be k~hi t tec i ,  on 
very Ine2grt: ne3ctive evicience, having so ,far found nc; sppreci~ble 
ver$ical. m~t , ion  in t,hc pe :~~rni l~r : '~  .t:.l:?n sitnatecl near t h  centre of 
the tlisc,  the^ oF>served velocities may be founcl by mn.1 tipIjiilg the 
tabulated velocities Ir!y tlxc figure given in colrtrl~n 2, wh.i~l1 is the 
sine of the angular ~ l i s t ~ a ~ ~ c e  of the scot .from the centre of the 
disc. Tho ohservr;c'f velocities are alv-ays a little smaller, accoriiilpg 
to the distance of 'the spot from the limb, ~vflttre the c;omp.rn~ntl i n  
kht: line of siglit of a horizontal n~ovement becorms unity, 
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l imns 0.26 0.3 5 
,\hf~. -TRY ra1tie;i 01~tai?)etl i l l  t21e first a n d  S C C O T I T ~  drtc.rrliii~ntinrts ( 3 I ~ ~ ' i i  

6tl1l zre t 'be ?:lean ii~ove~uer:ts of thc rtorrh a:)d suuth cclges of t h e  1ier1u:ut~r;t.. 
Tlic! 1111 tfiod of ~r~e;!su~ing dot's 110t in ihese cases adnlit of spl,arart? estimates 
a t  tlic. two  bides (lf' t h e  s[)ots esve j l t  as r~~gart'ls sign. Tlie same rrnliwks 
a~qdly a?st)  tcj the me:i:ilirement of raiiisl n!tltion o : ~  JuIg 2Sth given ill 

T a i h  111. 

The vidlocities fo~.irlrl art: a11 of t,'tle sanlft order of rnagnit.u~-tt:, 
and inqlii.:ite, a11 2venyc ~uuvement of ubont 2; of a 1;ilometre per 
secorlil un ciadl side of :i spot. TLt: nlrasures >!-ere ~nctde a t  the 
outer l i~ni ts  of t l i~ j)t!,~-i~:~ilhra i n  each case, xllere the clisplaeement 
of tlrc? Iil~tls is :,.reatest.. 

Tliis tnovclnc:lrt, fo1:lit.l ttt tlict tixtrt+nlit,i~s of a diameter nornlal 
t~ t l l i ~  ctirc.c:t,ii~~l of t h e  Su~i ' s  centre, ~ ~ i l t l  n~nghly  lrortfi auit sonth, 
~)roI);il,ly i1rtlic::ttt~s n rc3t:ttioli oi' tile :,r;lsc:s :it ill? outer edges of tilt? 
~ . , t ~ ~ ~ ~ l i l ~ l , r a - .  l h t .  i t  ru;iy 11le:m si~nply :t11 east~rly nr \crtstcrl~ drift 
o~t. t l l r ~  tiortll and ~01i;t.li s i t l~3 ::c,f s q,i)t, Thr. t l t ~ e s ~ i ~ n  c:an only bc 
ciecicic~cl 17;; 111t-;1.11:: t ~ f  +iinil:ir ~l ieast i~t- '~ ln:.icle 611 spots sitrnated near 
tliv c.c~lltnt2 :i~vritli:ili. ~ . r l~ r l l  :t nonnal ti) the tlirection of the centrt: 
will Isi5cv.t the! s ~ , . . ~ t  ill all east :ultZ wt~st clircic:.titxt. If the moti6n 
at, tlir c~xt r i~ l~t i t i t~ , ;  cjf : t i]  tt:~st :t~1(1 IVS:S~  ~iiitl1lt'tt:r were f(:mntl t o  be 
tile .";;iil~c: zts i ~ t  t i l ~  ~ l t > r t l ~  : i ~ j : l  sc.)utll, .:I cl~t;uhrtiug ~z~ovt:ulent ccjufcl 
lrtl rittinrictl. 1 Tr~fc)rt~~~i:trt.ly, thch clislrlilctbill~nt of the lilli:~ is too 
niilliltc~ to b e  tletcc:tett c.sc-t.pt wit11 a s lo t  sitxlated ruore than lialf 
way frojll the  eelltre tu\~-;ir+ls thti 1ilill.r. 

The ~iio~irnlr:ln't nlr~iix\~rc:tl ~ .u~ i i lo t  1 rc clt~e to the relatire motion 
it'hic;l~ ~ t - u u l ~ l  ttt, :ic.(lrril.c.l l Ily l , ;~rt i1.11.5 Ili uv%g ra(lia1l-i. from tile 
spot ill  3 ~ r ~ r t l l  i i l l t l  r ; d ~ t l l  cliri.c;tivil (;~rl;~lr:t:;r:~i;s to the cledection of 
the tr:i:lc. .\vi~l,l:: 011 tilt. I,::irtii), f c ~ r  t1ii.i i:t.i~~ltl l i ~ t  ttx~:~trcil 0.015 li-r:~. 
per SNC ai'trr t l . ; ~v r l l i~~g  o~\.i.r I' uf svlxr lat.it.~.~clit, or :t ?listanCt: 
n\,out. ~ t ~ ~ ~ i l  IQ the  r;ltIiti? c i f  i i  ~tiodt.r:ttc~-si%i:i.~ i r l t ~ t , .  3lort?ort.r, t h r .  
~not , i~u  \~0111d Ilt' oppc.,sitc' i l l  (lire(:titl~! ti) tlmt al.:tii;llly fo11rit3. ; that 
is to sag, for :A nc8rtll qwt:  t l ~ ~ e  ~voxl1i.I h c ?  a n-estt-1.1y drift on tlie 
llortll sitit': :mcI 811 i?aitia~ly 11rift~ (:IH th+: ~irllth sjilt?.. 

This \st~uld be(:uj~lv, for a spt)t & I  1 1 1  ~~,{.b:tt.l~i~~:; the \ rest lit111)~ ~1. 

rttcessiuu i i r l  the  ~lilrt l!  dtltt 313(i ~ 1 1 1  : t ] l j ~ l . r ) : t , . i i  I . l l t  t j t t ~  s r ~ ~ : t l ~  side of 
tilt;! spat, ycI$ t i~c ,  of Ct>lll'Pt-, LO tilt: 81LP1.+-:i: l . I !  i Ti,: i i i ; ' ;  i . ~ !  tll'jiyc.\ surfact? 

the  S~tll. Oil rc5fPrri~ig to  l':iF)li+ I I ., it, is at o~ict! srstlll t,t;:lt t,ile 
t,\.o ni.rrthc-rri tjj.~>t:: givtb :r 3 :it(:t\-can~r:llt. :i~111 t11,. t i l r t?~ ~ ~ ~ t l ~ c ? r l i  
spots a - nlov~xilellr i j r l  thi.ir il~rr~l.1er11 sides. . . 1f wt? ;tss.rtzt~t~ :t rr.i!.;;tio~lzil, ~~~ovct t t ier~t ,  trlle c:liuugc- of slgn,2; 
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;.t!vr,:~lccl in the u~easurec: in  pz~s~;ng from a norti~ern to i l  s n ~ i t t ~ e r n  '. 
i;])ot, is ilkt8c,-s.i:stgin;; as ill(licrtting w l i  0p~j0siti: ciirct~ti!jll of rotnti~jn in 
ilre t71-cj Itt:~~lisl)il.crr:s, the dircy,ction bt:ing clockq-isr: i l l  tIlc so i~t l l .  

Yt:?r comp:trison with th~: above, I give in Table 1 I I. tile 
iiliri~ontal rotlinl velocities of t.he sal~lt: spots, ; f + l l l z p r j  f r ~ n i  
i i i i ' n s ~ i ~ t ~  of ~pt:rrtr:: t:ikon x-itl-~ ihe slit: ill ttir. clirec>,t.ion o f  the 
crl.:ltre ~f thr:  disc. IZew \ye Iltrue, no cllarigc. i:f sign n-it!l c]laugth 
t i : '  I~elilisphere, but; i th~i1a-s a l1ii3t.i0fi of :~pliroat:l~ on tlie east and 
rcc:o8aio1~ o n  the si;-est sicies oE spots nenring the \vest limb, ttl:~t 
is, of :i.l.tyrrc-jr\i:'r~ one the sirib i:t:r\~e~t tht; ;;ei~tre gf the clis.::. Tilis is, 
1.1f cor~rsi.,' tlitt r5ffi:i:k of r~cili:tl ~ l i ~ y ~ ' l ~ l ~ ~ l t  ; ar~(-! proof t.ll;lt it 
ill :dl Jir.c:ctio~la f ~ m n  tt11i2 s ~ ) i > t  1~ns ixen  obtair:t:lf 13.- otjst.rri;lg the 
iiisplnccluents ill spots on tfi?? cen t r~ l  1!1i?riiliarl, 2.111,:I in atilitr situa- 
t i m s  011 the disc. 

T A B L I ~  111. 

C"t!~tr:tl Z?istttnce. Latitude. H<~rizoutal 3liotic~a. 
Date. Ita.Zius = z. Degrees. Kt,: per see. 

X. JV. 
rgog llarch 4 '43 TIT. - 9 t 3 - o g  -3‘50 

i ?  , 6 '57 IT. . -4- 3 + 2-60 - x -9s 
: April 7 -77 57. - 10 t 1.26 - 2-34 
,, J d y  28 .SO \IT. + 7 f 1'30 - 1-30 

Summariain;; tthese remits, we have a mean rotatiouistl moue- 
.;erlt of 0.3 j 1;m. per s ~ . ,  aud s radial xnotion ,if :thotrt 2 k r : ~  per 
ec. Uombming them, w e  get a spiral or cflcharine-l.c-11~::t~l r-uu-c-enlt,iut 
~pposite h t i ~ c  t,t\--o De:::iaphs+s. Tiiis i s  rrj\rtscnii:i.l griipiiiaiiily 
n t,he a.ppendec! ding~rltu (fig. 2 ) ,  ~~-hicl.r shon-s the itil ::ctlons of $he 
trearn-lines in a northern and in s southern S I ~ O ~ .  

It inigllt he supljuscd that, a spiral ~ I ~ O Y ~ I X I C ~ ~ ~  stlCh as that llclrt 
iil\istri~tetl would betray itself ill the dispositittrl of the calciuzv 
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It is 1)f'rll:11~" Itlore ~-'riali:it)ft? tfltxt tile cllar;tcteribtic movement,, 
(rittli:~l sll~l rotiitional) takinS illace in the perlnmbrz are seconclar-y 
>fre(:ts, ;lllcl t l ~ t  thtl clertric vortex is el~tirely \,elleatll tile reversklg 
l s y t ~ .  tsrofe~sor Hale has found that the niagnetie fielcl decreases 
r:rpictlg ivith height above t,):~? yhotos~[>heric level :- 

"The do.rblets and triplets of iron give the strongest fields 
Ilitherto nkeahured ill sun-spots. The D lilies u i  .,odium and the 
b lillcs (J:' inagnrsium, svhich are produoec! at  a higher level in the 
solar rrtniosyher~, inclicatr: :I much weaker field. The 1~yilniq:n 
line over sun-spots, rtlprest:ntimg tl, still higher level, give no indica- 
tion uf a magnrtic field." + 

There is a rexnrtr'kable ancl perhatx sig~lificant analogy in this 
~v,t.iMz the ratlial-motion effect. I have founci that the greatest 
itlotion of z tt, 3 klu. per src. is foullcl i11 the region of iron absorp- 
tion. Tlre line Ill of sociiurn is scarcely, i f  at  all, affected un the 
few plates 1 l~ave taken of this region of the e ~ e c t r ~ u n  (D, is 
appark:utly ~xnati'ectecl, but an interfering atmospheric line at 5890-10 
%-ill perhaps acc,)~ult for this).?- The b lines of magnesium are 
aifectecl more tll;~n Dl, bnt much less than the neigl~k~omring iron 
lines. Hytlrogen, if atfectccl a t  all, seems to show traces of an 
opposite movement, as is shoivn by the lines H and K of the higher 
c:liromospllere. - 

L t  may be well to state here that in rneas~ring the displacements 
d11cs to radial motion I have usually selectecl lines having an 
intenuity nut greater than q on K.owlancl's scale. Tbese are msstly 
iron lines, but include also the lines of Go, Ni, Cr, V, and T i  
bIodt of the stronger lines appear to %eve much smaller values of 
the motion, anti there is 3 tendency among the fainter lines to give 
,z rather wide range of values, even among lir~es of the same element. 
l'robably the lnoveluent varies enormously with level, and the 
values I have giver1 in Tables II. and 111. must be taken to represent 
the region of greatest motion. 

A thorough irrvestigation of the differences found among the 
different lines of an element, as well as between. those of the 
differkt elements, is very desirable; but propeas in this direotion 
hits been slow, partly owing to  the numerous other lines of inqtury 

cT work, opened up, and-also to the laborious nature of the measurin, 

Loc. cit. ,  page 207. 
The sodium lines at 5682.869 and 5688'436 give much larger values af 

the radial motion thau D,, but not so Iarge as the average of the iron lines 
measured. 


	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif

