
BULLETIN No. LI 

NEW MEASURE8 OF RIlDIAL MOTION IN BUN8POTIJ. 

Dnring t h u  y e a ~  of rnirlirun~n mnspot actidty, very few opp~rtaoities 
ertentling h o w l ~ k e  of thv mttvuluenW taking flaa, in rpo@ bdxtyonrl vhst 
wdm of idtrmmpf~l ~tptvfkm allhi rxetl in thck yiar t$W, whi~h I .it1 

of p ~ a r  ~\tlfinXli~111 clje tlre uvrt trn tl.r~* glib off the 
m w  t 1w c~npl~;l.*td for nullxcira t lir cbxpMrrre tim 
art!t*r k~li gtbt ~11abr Sjl~ectrl~rn irnngtr~ of tli48il~ o f  the #y~jG kh 8rrsstIv~~ 

bkuIy it) XI115 it ww Pot~~~tl. possibl~ to r~*tIuca mtat1y the exp~wam timm by 
p t l i ~ l g ,  which lw ik 1intlcI1 I U W O ~  rwlstl ima than t~ithw aP tho gr""cltEwg pf%;aHaad 
in the thin1 ~rtltv. TXL ~~cl[litiol~, dl12 Oht~rmto~ hall aagaiwtt on lmn f"f"trra t f i~  
0% 13 i r w l w  tliarnt*ttw a1111 1 .l f t ~ t a t  Focns, which I rnotlnt 4 te+mpr~r~3PiXy sun a mcr~w @ ~rrurriw C$UI paaglyal 

I I ~  i t &  intikt ikf  tht. qi~ltnnwtttt, rr, t l ~ t  whlbn 11thi.r up(xt~:~tu.r ~ ~ 1 . 1  n ~t it1 an* the lspn makt pgdtlrjla 
t t i i t  of tht4 g i t i ~ r t ~ t t t t  rrrirnw. giving ;in irmq of tllr *nu &hs,ut If) mnz tiiamc(ur rm the alir the &maro- 

dl ver-rtn-girt ~lriwcrr pr(bvitrt1~1y C?IILI)IOYLY~, anti the mL2~ i ~ M C P  givat by it 
nt.ctmtliry r~uu.~rilitbr. Thy xptr t rogrnr~ll i t ~ c b l f ,  it lnag br statlrl, rnivzniH~w the 

111 ordtvr tt , gt.1 dpwt~itl  i m i g t ~  r(s[)ridt;.nt inr[ wnf mI g~$fi:tiu~w rd sk. npch a 
wgke cerrlgtmt*ttbti. This obnrirts rtl  a p l n ~ r ~  fmmllel ciartz ~ l a l t i  ah bat 1 e m  thick o r - d  g b  erll with pklw 

cr.ll is ing,unttql ~ 1 ,  tiua it, t : ~  bs inelintrl, %kither in e vgflrtit~l t~ a 
cullltrtkllr.rl by harttilt* rnrtrt*riit*~ltlg p lw~l  iltar the @).tk-~it*kb wf a t 
iimt c b ~  &l:tnlll t~mlrr ~ ~ ( q * t r t ~ t r l  whilt i~hcjto,g~tphing the tlkinl or frkurth @nk% Thp 

rw litqkr t4# tbka slit abg pwil,lta nlt*strk.t t A  thff r it l t~%bt rrltru. l u ~ * t i f ~ ~ ~ @  : tbtgl i t  ic~mvg.1 

to tlt?rinql yurjtirkn t htb slit b,v i ncliuil~w i he q 1kt#* c r  a ~ ~ ~ ~ ~ ~ d a e  nhieh thmb agf@*~* tbr l a q g e  

withebut ultt+~lkg the diRvtittn of tht* p$k).a of tight ~ ~ k t l ~  on ~ p n t i n ~ ,  If Ifpa# fl =* wlgcipd* 
ulMa bb kVpt twm wtra4[r?rilw in &fly ckir4.ctilpn clad n4 th z rXpfMllh. fpY' th& gk*+ few rbga $'a 

it i g  gut*r, 159 mtdml 88, &@l%t%' thP v t  @& 



The image-rotating device de~cribed in the Memoirs of the Kodaikanal O b s m b W ~  V*. !i: 'Dsdp r-%( 

.was also used. This consists of a large total-reflection priem, mounted on a horizontal ' 

hypotenuse face ih a vertical plane.  he light falls normally on one side of the,boe, Bnd, @@!v 
twice, emerging from the other side of the face ; it is then rdected on to the sb Pg p @ h a '  
rotation of the prism through any angle produoes srotatim of the image on the sIit 'p&e ofw 

I t  is used to adjust the image so that the slit may bisect a spot in a direction gaseing a@ 
sun'a disk, or in a direction at right anglea to Wt. I call these seations " radial " a ~ &  
respectively. 

With these ar1'ZtngemenEe a beaut~tnl series of speotxa was seomqd at KO- of Obe sp 
the visible disk of the sun between March 29 and A p d  u, tQu, 5, latihde 21" north,' th 
during that period proving very favourable in the early mmd;ng hIonre. (Bee plate 111.) 

Of the  series of plates obtained eleven have been rneaclmed, the o a m  hsve been cm&y e 
uncter the micrometer microscope. The spectra obtained with 8 radial slit show larger dieplace~812@m 
been maasnred in any spot spectm hitherto photographed. the dispI!ment to reprecfent; k&$~@.(fi) 
the line o f  sight, parallel t o  the surface of the sun, the lagwt mean velocity measured for a ninm,M 1@f$n& 
af intensity 1 is 3'52 kmlaed., on the west side of the spot ; and for two of the line@, vie.., 
mounts to 4 lcmlsec. On the east side the movement is smaller, being ohy sbont Mf ae 
Most of the spectra takan with a bngent slit also s h ~ w  some eyidence of motion, which wil l  be, 
The point I wish to emghasize here is that the displacemen$ are; k g e r  with good defiqition of 
image than wonld have been tho case with an image more or leas diffuse* along the @lit by poor 
long exposnre tirns ; it is not considered that t&ia particular spot ww an nnusuaUy acti've one. 
times in thie series of aprctra range from five to thirty secohda for h l a n t e r n  pbtea, wing vith the di 
the spot from the oentro of the diak, and with the region of spectrum. For Wrstten ' ' ~ ~ W t b  
exposarea oould be reduced to a fmotion of a second, but the oontraat in these is less ss&wdry than i~1iwJ~ 

I r 

laqtern platee, pax%ly, I believe, from a defect in the pang, which, notwithstanding &0 extreme 
the third order ghosts, gives less good contrast than the Rowland mting, in which tb .gh@ are 
obbrusivclr in emission spactra. 

The; spectra were mmnnred by means or a single straight ~pider thread in ;the microplet;= qr8-1pfmi 

This was ljlacatl nearly parallal aif3 pdssible .to the spectrum lines on dthw sitleof' ths mot image, 
lins selactcd for memursment ww then bisected at four points aa seen in the field of the llniom8wga ,a 
follow0 :- 

(1) In  the undisturbed pliotosphero speCtmm, above tbe ~ p o t  band. 
(2) NCW the outer limit af the upper penumbra. 
(3) Near t l ~ o  outer limit of the lower penumbra, 
(4) In the undistnrbea photosphere apeohm, below the spot band. 

Tho positions (1) and (4) were measured at the game distance above and below the centw of &he spot, w& &@ 

penuml~ml tnensuros are ref erred to the mean of the photosphere mmures, to eliminate a I- 

which would arise from a want of parallelism between the spider thread and the apectrum -. & %- 
was adjusted so as to give very small diffei~ences between the upper and lower photo@bm~ m w k  a~ 
ontfltanding error due to the small distance of the penm~rnbrm from the centre of the spot bmme 
and not worth tho labour of correcting. Thia error wonld tend to increase the ahif$ on o 

relativo lo those on the other, bnt wonld not BtPeot the sum of the shifts. AS ia the enwsl 

were each menuurcd twice, vjs., with the red end of the spectrom to the r i a  d ief$ r 
method of measuring is the simplest for obtaining eeparab valuea of the displwaqo.m@ too 
edges of spots ; but more accurate values of the relative shifts of the different lines cod& 
positive on negati~e method, or by the method of jnxtgpoaing the two opgosite edges of the spot, 4 

hy Dr. fit. ;lolim.' 
---7 
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For   no st of thr iilmg~t;, tllc lilrcs selectecl for measurement were llmited to well defined Ee lines of 
int~nsit i~x mnging fmm O to t i o f  Rowlan~l's scale ; but in the plate giving the largest shifts some lines of Ni, 
Cr, ar~cl Ti wore also measu~ccl. 

Bchdicd ,nove?nc?ats i t i  e f ~ q t  (LIME 2068t j)~n?lr??~br@.-I will  discus^ first the sexlea of spectra obtalned with the 

radial slit, and therefor[> eiviilg the c~isplaoemeilts due to the radial movement of the spot vapours. In  the 
following tables are givfbn the observed velocities in the line of sight derived from the displacements of the 
Fe lines, in a spot which crossed the meridian on April P5, 1915, in north latitude 20a'7. Table I represents 
a plate exposed on April 3, with the spot east of the central meridian, and this is followed in tables I1 and 111 
by measarea of spectsa photographed on April li and 7, when the epot was went of the central rneridim. On 
the Gth, three radial sections of the apot were photographed @le I1 a, b, and 0). a aqd b are each through 
the wider part of the umbra, but as they show systematio differdnoes of veloeiky, my p i 3  tceabd aemte1y. 
c reprwel~ts a parallel section tkraugh a nmrower part af $he umbm. 

'l'AB%BI A# 
Date 1915, Aghil'8. 
Latitude of Spot (on ceuW meridian) + 8OVT9 

Slit; mdial. 

East W& 

4726.327 
47BaN7 

Meam for mtollsity 
Oalld 1. 

4721-171) 
4767 *77 1 

Means for intenal ty 2 

47W '27 1 
47101471 
47369081 
4741718 
47M673 

Means for intensity 8 

M e w  for inknei~ 4 I 

Xeans for inhnsiFea 
5 and 6. 1 

Reduced to horizontnl movement, the mean velocities are :- 

XIliio itit anrsity. 
East Panumbm 

kmlseo. 
0 and 1 
2 
3 
4 
5 and (3 



TABLE IIa. 
Dnt,c 1!)15, April fi. 
Lat~tutlrl of Spot (on ccutr~~l  meridian) 30°'7. 
Ccutl-ti! Distancc (su~l's ~ u l i u s  = I) 0'313 west;. 

Slit ~ i ~ ( [ i ; ~ l  t11~011gl1 w1tIilr part of umbra. 

4t;15 7-43 

4t;t'O (;!I3 
4CI:i4H\)h 
4662 14!1 

Mcaw for ~nteuslty 1 

45H7 308 
45115 540 

4Ci0-1. 735 
4t;:3c; 027 

Menns for ~ l ~ t ~ l i q l t y  'L 

45t~H 303 
-it;[ ~3 1 83 
4613 3% 

461 9 4i8 

4OCi!) 364 

Mcnils for intens~ty 3 

East Weht 1 Intel'- I Penumbra 1 Pcnunihrs I sity I kmlrcc 1 kmlsec. 

=S are :- Reclncctl to horizontal ~novemcllt, the mean vclocitit ' 

I 4107 H.31 
I 4tilH 071 

4 ( B J  ;N(! 
dl;:3rJ*l!Y3 
4(;43 645 
4647 617 

East Penurnbl-a W a t  Pennmbm 
Lino 1.1ito11~1ty krnlscc kmlsec. 

1 - 1.13 + 304 

!l - 0 %  + 8.36 

3 - 0 72 3.2% 

4 - 078 + 2-M 

5 ~ l l d  r )  - 0 70 + 202 

The same r lote and  pot as in Table IIa, but another plate in a different region of spectmm. 

32cnns for lliterisity 3 

4 
4 
4 
4 
4 
4 

Slit radial, tlirongll wider rat of nmbra. - - 

I Ewst 
1 Penumbra 
j km 'set. 

I I 

- (J 43 

- 0 Oti 
- 0'33 
- 0 37 
- 0$:! 
- 018 - 

+ 1 OD 

+ 113 

+ 0 98 
+ 0.93 
+ l.t% 

+ W 74 - 



East West 

4705 131 
4728 732 

473 leti51 
4733 77'3 
47-16 !103 

47.1 X 325 

I -4773 i Ii)7 

J lc :~ns  for ~ntchnvty 4 

4 3  )T 457 

17.31; !1(3 

M C ~ L T I ~  fOl I lltcr141ty 5 
I l l t i l  1; 

- -  - - -  

I,III(, I I I ~ ~ I I ~ \ I ~  \ I < , L ~  ~ I L ~ I I I I I ~ L I I I  ,I J V C ~  pentimbra 
k t 1  kmI\cc 

I1 , l l l l l  1 - 1 I;?) + 3 5 2  
'2 - 1 4 4  + 543 

I - 1 12 + J S J  

1. - l ( ; l  + 3 0 1  

5 :1111l 1; - 1 1 :, + 1 +1;:1 



Reduced to horizontal movement, the mean velocities are :- 

West penumbra 
kmlaec. 
+ 290 
+ 2.57 
+ 2.26 
+ 1 86 
+ 1.95 

Dntc-1915 Rpnl  7. 
Lat ltnclc of Spot i- 20°'7 (on ccn tral mericlian). 
Celltral Distt~llcc (sun's raclius = 1) 0°1;17 west. 
Slit ract~al. 

A I Intcn- I E.rsi pctlumbrnl West penumbra Inten- East penumb I * 
/ sity. / k~nlscc 1 kmlscc. 1 i t  kmi.o. 

4542 600 
4545 311 
4566 693 
4574 396 
4615 743 
4620 693 
4634 895 

Means f  or intensity 1 

4560 266 
4574.899 
4587.308 
4595.540 
4636 027 

Means for  intensity 2 

4515 508 
4520 397 
4546 129 
4548 024 
4556,063 
4598 303 
4602 183 
4619 468 
4669 354 
4683.745 

Means for  in+ensity 3 

Reduced to horizontal movement, the mean velocities are :- 
East penumbra Wed ~ ~ b r a  

Line intensify, kmlsec. Inmlim. 
1 - 1.49 + 548 
2 - 1 26 + 3 ( b 2  

3 - 0 93 + 269 

4 - 0.89 + 2.69 

5 and 6 - 0.71 + 2-43 

1 

1 
1 

1 
1 
1 

1 

2 
2 
2 
2 
2 

3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

- 106 
- 0 9G 
- 076 
- 1 23 

- 067 
- 1 80 
- 107 - 
- 092 -- - 0 67 
- 066 
- 080 
- 107 

- 070 - 
- 0.78 - 
- 0.39 
- 0'84 
- 0.32 
- 0.48 
- 057 
- 084 
- 0'38 
- 066 
- 064 
- 054 - - 058 

+ 808 
+ 2-22 
+ 2.47 
+ 2.36 
+ 203 
+ 1.83 
+ 209 - 
+ 2-15 -- 
+ 2'24 
4 1.75 
+ 1.96 
+ 149 
+ 186 - 
+ 1.86 - 
+ 1.82 
+ 182 
+ 1.50 
+ 1.44 
+ 1 87 
+ 1.53 
+ 1'42 
+ 1.65 
+ 1.68 
+ 1.89 - 
+ 1.66 

4508 455 
458.t.018 
4607 931 
4618 971 
4630 306 
4638 193 
4643.645 
4647.617 

Means for intensity 4 

4603.126 
46t25.227 
4637 685 

Means for intensity 
5 and 6. 

4 
4 
4 
4 
4 
4 

4 
4 

6 
5 
5 

- 0-64 
- 0.61 
-033 
- 13-2 
- 042 
- IL14 
- 0 74 
- 0.23 
- - 0-55 - 

- 0.48 
- 0.47 
- 0.37 
- - 0.44 

+ 1 6 6  - 
+ 081 
+ 1-92 
+ x-n 
- 

+ 1-50 

--- 



It is film:1rli;iblr t1i;it w l l i ~ ~  of tlir c(11ltr;ll rnt1rl(li;lli t l j p  0astp1.1l p . 1 1 1 1 1 ) )  I)1wil g l ~ , . ~  t~~~~ l i L p t L ' ~  ~ ( . I ~ ) ~ i t , y ,  J J U ~  
nrhrll wcsi of tlio ~nrn( l l i~n .  Illr vvlocll iu1r 1 ; t ~ r ~ b l  111 t l l ~  ~ircsi,ial*rl 11(1111111~ l)l-ii. qlll(. [iblag(l~t ( ~ 1 ~ ~ ~ ] ~ ~ ~ ( . ~ ~ ~ ~ ~ ~ t s  TvclrC. 
t h l l ~  id\~~il)% fOl1lld 011 tllc lllklb S I ( ~ ( '  Of LIlO S l ) O k  111 t h ~ ~  st11~ios of' I I ~ ~ I ; L ~ ~ ~ ~ * ~ ~ ~ .  rjl[lis lll;lhr ] ) c b  ; ~ r l  ; ~ ~ ~ i ~ ~ ~ l I ~ i t L l  circllm- 
shl1cc1, tllthough t h ~  Siullll ~~h~llOt1l~~l1Oll il1)l)Pill.S 011 S o i l l i k  of' my LIL.( 'VIOIIS 111(1it~111.(~~, 

11 1s L1villc.ntly of 11111101.t- 
aucc to xnpasure Llle shifts 011 tllr 1llrJ) iuid c r ~ i t ~ ~ r  ~ 1 ~ 1 1 1  of ;L sl~ot  s cp im~t~ ly .  

111 ta\)lr IIT, 1 girr? t h ~  lUl%ll \ ' ~ ' ~ o G ~ ~ I c s  011 c ' i l ~ I 1  s i d r  of tllcl spot, \\r\'llt>ll ( ' i l ~ t ,  i l l l ( I  ?vl l~n WOS~,  tile celitra1 
meridian ; from this it  1s s ~ c o  thnL tllcl pr~ponrlr~rncr  of vclocity on tlltl 11m1, silly of the spot is ~llucll rnore 
marked wllcn t l i ~  spot was rvcst t<linll wlion it lvtis ctist. 

Spot enst of C $1: (one ' 
set of rncnsures). { I 

1 

TABLE IV. 
II_----_-- --______ 

- West 

krnJsec. I km/sec. 

- 2 0 4  I - 1-21 + 8-81 
- I.rL!, Spot wrest of C.M. (four ( - 108 t 2-49 sots of  measures). - 1 1 -106 + 2-39 

Tlle velocities founcl in tlic pcr~nlrd)w of spots gtincr:iIly increase with the distance from the centrc of ~.;ldja- 
tion, the motioil being zero at SOIUC point in t l i ~  I I I I L ~ ~ ,  iiild accelerating outwards.' An onsymmetrical spot, 
tllcrefore, lnigllt be csp~cicr l  to give thc grcatcl* vclocltit\s where the pentzrnt~l~~ is more e~teiicl~ci. On &%pril 
3, the wic'lths of p c l ~ ~ i ~ l l > ~ i ~  *i'trctrc apyrosirnatchly 1(;,000 lrm. on the. east sicirl, and 13,000 km- on the ~vcist. As, 
on tllis clatc tlle velocity nt thc ontclb lin~its is greater on the eltst siiie, this is in accordance svitlr the above 
statement ; but on April (i ancl 7, whc~n tllc rrlhcity on the west sitfc is nlore than twice tlit~t ail the east, this 
same inequslity persists, a1-d is grc'titcr thtln bt4orc, tlie tl:ist p~nunlbrcz being about 19,0(~0 km. in width, TI-hilst 
the western pentzrn1)m is only 10,000 km. ill a r:itlinl srlction. 

The ilisplacelnents at equt~l clistl~i~ccs cast nntl west of the urnbra are therefore very unequal on April li 
ancl 7,  This nlight conceivably he dz~c to a l~ropcr nlntiolz of the spot a9 a whole, in a westerly d ~ ~ c t i a n .  A 
farward move~neilt equal to 0'9 kmlscc woulcl account for thr! clifferencc of shifts betvTuen tlle east ancl west 
penumbra?, If this were the cnsc, there would bc a displncex~lellt towarck red in  the lines over the umbra, 

equivalent to 0'9 kmlscc, wllich apparently tllrrc is not.  Tllr lines are here too £,lint for rncilsurment, but as 

t&y ark cllsijnctly Inore inclincyl on thr westclrn prnrnnhnl illan on tlic eastern, this points to an a b s t h ~ ~ c ~  of 

apprecialde shift in the urnl~ra. 
The eastern penumbrs is much less (lcfinitelg boundetl than ttie weuter~~, and the outlying parts on the ~ 1 s t  

side show no ~Iisyhcemellt on April 7, the greatcst shift 1)eing found at a point about 9,000 km. within t h ~  
outer limits of the penumbra (see jig. 1, page 174). At tlie point where the motto11 eeascJs, tbne is a sliglit rift 
in the penurnl~ra, ant1 it is the onler separating portion which sllows no ladla1 movement. This rtmarkitl~lt. 

absence of movement has also becn observed prevloosly, when the railial slit has passed throuyl~ a eomplrtrly 
isolated patch of penumbra. I t  would seem thirt radial motion does not occur in yen~lmbra: witllout an unlbml 
centre. 

On Aprll 8th the radial slit passed throng11 a completely detacherl penuml~ls on the east sick and over this 
the llnes are bent i n  the usual way mtlicatlug radial motion ; the photobeliog~spll plate sholvs howevt~r that 
this penumbra i s  forming a xeconc\ary nucleus and constitutes a snlall satellite spot. 

This accelerotlon, lndlcatod by the slant of the lines over the peuumbr~, is well seen m all the spectm oxcept in tlre 
east penumbra on Aprrl 6, 111 the section through the nurow part of the umbra In this 

the aPpe:irs to ~~~ nlncb 

displaced near the umbra as it IS near the outer edge of the penumbra. 



AnothPp novcl niid ~nt~crcst~lnq fcntn~*c 111 t,hc st,cc.t,l-~~~n of t 111s spot, is t11 c b  I)c.lz(li~~y of tl1(1 Irrltis 0 1 1  t l l c l  iltlj;~c*rlrlt 
photosphclrc spc~t~r~z ln ,  c lca~ly ~ntllct~tiiig ~~liov~lnchrzt outsl(lc1 t,llcl wc~stcl~~rl p(~11i1111111-;~. S o  fig. I .  'l111(1 l ) ( b 1 1 ( 1 1 1 1 / :  

of the liilcs out~itlc t(llc3 spot spclctrn~n can illso p~bol,;~l)ly ~~latlcl out, in  t 11 tl llalf -tolkil 1~(*1)r.o(l!ret 1011 111 1)1:~1 ( I  1 11.) 
On this sltlP of t411cl spot,, tllcj Iliqlirst, v~loei ty  OCC~II'S, its IS 110~11l1;~lly ( 1 1 ~ ~  C:LS(', i ~ t  t I l ( 1  o ~ t ( 1 1 ~  (vlg,~(& of  t h (*  l)or~~~rljl)l 'il, 
where i t  rcacli~~s almost 4 1anlsc.c for soulc of t,llc1 wclal;(~ Illlchs I I I ~ I H P ( ~ I ; L ~  V I  y I)cbyon(l t 11 IS 1)oi I I ~ ,  011 t 1 1 ~  1)110t0- 
sphere outsiclc, t'llc lilies assumti t!lrc)ir 11orlrl;~l \vitl(h, 1,111 riot t l~cl~r  1l01'11liiI l)ositioi~, for f!l('y ( * I I ~ v ( '  s I I : ~ I ~ ~ I J  f);l~li 

to  ZL point about S,MIO kin. ot~tsitle~ ihc l~cbi~ulrll)ra, 1v11c~r.c~ tllc~y r(hgillll t l ~ t l ~ i .  1101*111;11 I\ ~ L V ( ' - ~ ( ~ I I : :  ~ I I S  *I1 t 110112 !I illca 
radial motion is thus contl~~uclcl wit11 (111111111~1ii1lg ~(blocity Sill' o~1ts1tl(~ tli(1 ~ ) ~ ' I ~ I I I I ~ ~ ) I ' ~ L ,  t t l t ' ~ ' ~ '  IS I I ( ' I  i '~+tll(*l(*~c;, i t  

re ry  ~narlrcd kinli in thc lint, or cliangcb of vchloclt y, ilt t l l c b  L I O I ~ U I I ~ I J I * I L I  Iirnlt. Forb lint s of in  tclisl ty .I, t11v 
appearance 1s as in  fig. 1 esccl)tll~g tlir~t the lineas over spot al0c1 lcbss c l i ~ ~ . I <  x11t1 tllc~lr. c.llgchs nlucll rrlore 
diffuse than ln  tlie woodcut. 

to violet. 

F 1 Course of Fe llne clSosc;nlg spot-April 7, 1915. 

Outside the spot, the lines are of normal width nght up to tllc rilge of the penumbla, where t11t.r~ is a 
wdden bend or shoulder. Insick the penumbra, they sr*c in sonle cases twice the nonnnl \~~id th ,  with a t e ~ i d e ~ ~ ~ ~  
to diffusioll in  the cllrection of cllsplacement, indicating vclocitivs still hiq1it.r tli:~n those mensorrel for a portion 

of the absorbins gas. The shoulder-lilre bend is best seen in  lines of iutmsitg mil 4 ; in weaker lines the 

curvature outside the penumbra is well Seen, but the Increase ill ~ l d t l l  at the s l l o n l ~ k ~  is llot SO ~~ic l r r r t .  
The curvature of the lines is well seen in all tlie plates titkt111 after tile lneriillen P:lSSWl' of the Spot, via,  

on April 6, 7, 8 and 9. It is also indicated in the spectra oi April 3. 
RadmZ mot? o n  r t ~  relal~ on to lzne r tt te,~srty.--The meall velocities obtninecl by avt.1';'ig111q t h ~  results frtlm 

east and west penumbra do not. vary much on the different elates ~ 2 1 ~ 1 1  spectn of this spot wrrc obtained. 
I therefore give in table V the mean results for all the five sets of measures cleta~led in ti~hli~s I, I1 and 111. 



Mean Velocities of East and West Penumbra. 

Mean Velocity 
Line intensity. (5 aets o f  measures). 

0 and 1 
2 
3 
4 
5 m d 6  

The velooitiea here shown do not differ materially from those obtained from the earIiast rahial motion 
plates measured by me id the year 1909.' They are however about 2.7 times larger than those found by 
St. John for the corresponding line intensities. These are from spectm photographedin the yeam 1910 and 1911 
(see table VII " The Iron Scale " in his paper on " Radial Motion in SnnapobtY' Astrophysid Joornsl XXXVII, 
pages 332-353). This large discrepancy is probably mainly acoounted for by the d l  size of the ~ p o b  
photographed by Bt. John, which averaged 34" in diameter on the meridian, or mghly 25,000 km. across 
the radial seation, wheeas the spot of April 1915, corrected for foreshortsning, was from 44,000 to 48,000 h. 
mragg the radial gection, excluding the outer portion of tihe astern penranbra which &&wed no rnoliioa. 

Aa the velocitie$ at the outer limib of the penambrae are nmaUy rougMy pmportioml tq t.ha diameter of 
.the spot, tihe @pot of April 1915 should give neaxly double the: velocitiw foand by St. John, M y  Q ~ I x ~  ip. 
table V may therefore be compared directly with those given in St. John's Iron scale," which 
~ m r n  of the velocities at the t;wo edge$ of tha ape*, and are therefore b 6 c a  tphe maan valnw of east, a d  w e  
penumbrae. The comparison shows a mndderable outstanilbg bgarerc b ~ n g  about 18 
times larger than St. John'$. T h i s  may poasibly be due to real velocity between the ~ 2 8  

concerned, bnt is more probably the resalt of d i i i o n  of the krnage ga tihe: &it plate, inevitable! in 
long exposures required in St John's photopphs, which were obtained W%J tm ttllboUimathg 
of long focus. This would certainly diminish the apparent CJhiftr of t$a l h ~ .  

The relation between fihe intensity of the lines and the velocity of &e mation, given in st, J O ~ ~ B  

" ~ron'~cale," ia satisfactorily c o n k e d  by my results, a4 will be sean by dividing my Bgores by the constant 
1'36. The agreement is than very olose, although my results are derived drom a vary limited region of 
tram and small,numb& of l i n ~  of each intensity. The correspondence is indeed closer than might have 
antioipated, considering the large individual variations, accidental or otherwise, ahown in tables I, II and nI. 

Lines of intensity less thaa 1 cannot be measured with any apprmh to - m y  in m y  plaw exwptjng 
tn a few w e s ,  where lines of intewity 0 have been i&luded .with those of intensity 1. 
' b o n g  the lines I have mewred there are seven enhanoed lines of imn. The individnal radial rnotjoxm 

-8 be compared in tablea 11,111 and VI with the mean radial motions &$yen by other h e s  of 
&a ssme intensity. The lines snd their intensities are given below, with a mfarence to the tables in w . &  

M y  may be found, vise- 

Enhanced Fe lines. InbnsiQ- 

4508'455 4 
4515'508 3 
4520'397 3 
45227302 2 
4558'063 3 
4584'018 4 
4629'521. 6 

Table. 
I11 axld VI. 
I11 sad VX* 
111 md VI- 
VI* 
III and mEl, 

I11 8lnd VI, 
I3s asld IIa 



can l~ar 'c~ but sllkt~ll woiglit C ' O I I ~ ~ I ; L ~ + ( * ( ~  \vitlk St. tIo l l i~ ' t ; ,  ~v \" l~ ic~h i iyt* I ~ i t ~ t 1 { I  (11i t~ Iitrgrr rttrrrllrt*r.  t r f  rlicbat.urtls. 
A')~rr*/r~rr,lr r ! f '  ( ! r l ) ! i ) ) ( t l l t ' r , t i  ~$ l / fo / .  -It i~ 01' i l l t ( h ~ i * ~ t  t r )  (-tiIlilr;bcbt* t l l c ~  ~ ( l i t~c*f l*u~~i  01' l i l t +  j\l~illpilr;lj ~j)l , t ,  ri\ Iljt.jk I 

will ciill s l ~ t  A, wit11 111:1t of i L  tbo~nlcil l iol i  sl)tat iblo~t~ly i ' t ) l l t t \ i  illg i t ,  \\. l l i ~ l l  I tvilI t * i ~ l i  sl)of I $  I W V *  pEtlttl J.111, prJlli~ 

' ~ ' ~ 1 3 i ~ 1 4  TI. 
Datt--lt\)lT,, .i~)ril 7, 
I,utitrxclo of Sljot: t l t i  ( rrn cc~nC1~1 n~clririian). 
Ctlntrul tliutanmt (sun's ritflitts = 1 ) IS4t)ii west, 

Slit xqulial. 
-_____ - _ _ _  -** 1 "-"- --- - ---- - --- --- v - -  I __ __ 

I I Em t ?Yccht 
A A 

I 

m m  p*numltra 
i 1 km/m, , kau 'smi>r*, 

I I i 
I -_*_. . .. - -- * -- *.* -- a ...,..--- 

4505.0( J:J 1 - + 1 ~ 1 1 1  -i51s ! i t ~  

' 

4529.841 1 - (I%H 45 1 Yb7t ~2 
451% l i t  M )  t - l81G 4521 1*3\17 
456500;! I) - 140!) 45M1 I24 
45GG.6113 1 - 1'14 Jt55t; l -IL.f$ti 1 - - 
4567*046 1 - 1.52 l'vfunns for ir~tca~ity - 0-H -+ r.27 
4574311t; 1 - OH(; 448t1*!111 

1 4584'110($ - ( 1  (33 - 4tOx. 455 - MY + 124 

Moans for ~nta~ ix i ty  I! . - 1'1)5 4584.018 
and 1. - - 

4490.942 2 - 141(1 3leans for intensity 4 - i +fk$q$ 

4P2k 802 2 - 0'63 44947% 
45S1* 801 'L - 0.97 4525.3 14 

456@'2GG 2 - 0 116 453 1-8'27 

46748'39 2 - I0(]O - Meozn~ for inbetalrity fi 
a11d 6" 

Means for ~ntensity 8, . .. - O.t1,7 

_"_ .-_ I p___I .--.---- 1- 

1 Rudlul Motlon in s u n ~ p o h .  11. m p h ~ i d  ~ ~ ~ a l  XXXWI* 







1Zcckltcccl to lzoriaon tal niovtwlra~tt, tlr c b  vcloc.i t itbs alyC"- 

Thia is the only plstc oht;tlint~tI 111 t 11 t b  gI*rhrhjl I.( w io11 trf r l i t* sptbetr"nrrj ; zizltl ~;~lthoagl~ tjlr ~*-YPC~SU~I+J xv~\rer~ 
thirty seconds' clxxrtltion, the sy,r-~ctiv itrra xxrltlt*~*-cl\rl rtl~trl. ,I " I ( o ~ * t ~ l  Htar~tliwl Orthr~ " pk&tct \vats uscyl, ant.1 u. gola- 
tian of kvasine to cut out tlrcb fn~.ri*tIl o ~ . * c I t ~  vir~lr~t. ' l ' l~ t ,  cltlfir~itio~i of t E l c b  ltt'n111111)17~ IS goo(1. 011 tl lp  SfilIlp, 

day, two hours later, two nrolvL ~gchc.trit wit11 a tangcat slit ~ ( ~ i * c ~  ohtuintltl : t l ~ ~ s t ~  inolntll. tilt- rrk!nti &;a(; to 4785, 
Tht? definition of t l ~ c  pt'nxzml)r~! icr raoi ~o gootl its ill t l i ~  t*;.tr1itsr plnkx, ~ ' 9  tile yr;zdity of thc seeing at I(;$ s,m, ig 

al.rvuys inferior to tflat 8 ;~.m. ?'ltcscb 8r)t'~fl'iL ~tqII'('~~lllt 2L ~t'L&ic)ll  lightly t0  the @ ~ t  of the cllrrtgy of the spat, 
and not passing through the \~ctlgta-gl~i~l)t lt  1 iritlt*r~tat ion. In 1joth spcctl'a thr~c* is :L wry slight shift to ~aptl aver 
the whole spot, including proIjd)ly tllta u m b n ~  itsc4f. although t l ~  lint* htlw nndclr-~xpwctl ant1 tIifficalt to 
measuree. 

It would seem that the: tlisplac~llzt~t first o l , s~~vt l t l  t~t* the slrouthtarn limit of the south pt.t.~~~tn~Bm in d l  
apoctra pbqtograplietl at H a.m. 11a(2 sprcatl oviJr tllc c.nCirc mot ttt 10 n.m. It caunc~l. r e p ~ ~ n t  lil i*&&io& 
movement in the spot, since both sides are rxloving in the st~xnc r*lircctio~~. %hr> riisplac~mca id of" c~mme 1.~18- 
tive to the photosphere a short tlistallcc outsitltl tlrcl a l~ot ,  uixd may bra ilitc3rprt*tect in tlliEereut 61'tqs : there m y  
be carrents U U ~ M ~ ~ L !  tl1c spot, rnovillg ill a wcsttirly di~ection, or the spot a whole m y  be &&iag 
or the movement may be normal to the surface, pycl illclicttte a geurrrtl descent of the gwes over t 
finally therr may be a combination of these movezuents. If tlre moremrut is piuallrl to the sun7% 
amounts to 0*4(; km/sec ; hut if i t  is normal to the surfaoe, it intfimtrs u ~Lsoc*nding movement amounting to 
O'fjC, km/sec, The mean velocitie~ in the line of sight from fourtt.1.n ye linc8 of &VPE%rrP intmsity $1 are.= 
f ollaws :- North Ponurnbm &nth Pcnazmb1.a. 

Qbservod velocities .. . .  ... . . . + 0'37 kmIacc, + 0.89 k1~$8m. 
Reduced to horizontal rnovemexlt . . . . + 0.45 kdma, f 0'47 m/m. 

On the next clay, with the $pot at 0.711 east from the centre, the. disykdercrment is all in the north pttn~lt&tr$~ 
and i s  &ll towards red. the spot was then about 45' from the ctmtrc of t h ~  clise, the tl~ctnerd ~eiocitieg 



g i~n~ l l r l  to or llo1'111t'~l to t l l ~  nurfitcc itn. tlrc Hi\~lic, 1111d 8111011211; to as I ~ I I C ~ ~  iLS ()'!I ICII~/S(T. T11~ 11l(~tlll ~1*10citi(ls 
from t~velvc Fc  1int.s of ;tvtllvagc iiltrhnsitg 3'0 arc ns follows :- 

Nort 11 Pctln~nl)r,~. S[)llili l'e11111uf )r,t. 
Obscrvetl vclociti~s . . . ... . . . . . + O*G5 1~111/s~c. - 0'07 km/src. 
Recl~zcctL to llol*izontal ~novtl~llcltl t . . , .. . + O'!ll kx11lsc.c.. - 0'1 0 krn /~ t~c .  

The tnngcnt slit sp~ot l* i~  of spot i\. obluinrcl nchiw the. chnstcm l i~n l )  iu(licatib t l~ t~r t~fore  considelublu move- 

xnellts of P C C P S Y ~ O I ~  of it11 i r r c ~ g ~ ~ l ~ w  c ~ l ~ l i l c t ~ r ,  ~11i1 littlc 0~ 110 I I ~ O V P ~ P I L ~  of i ~ l ~ p ~ ~ i l ~ l ~ .  They give no evidence 
of rotntio~l of tllc gitsrs at thc ltLstll of thr rtivcr~illg li~yc.1; tun4 it is not yossil~lth tl; say wli~htllcr tllr moven~ents 
~ P C  pailallcl io or ilcz~nlal to tlic solat, s~irfactl. 

bftthr t1lr i n r l ~ i ~ ~ i a n  ll;lsS:lgth. iulll \ ~ l l ( ~ l l  tllr spot w,ls i l ~ ~ ; i i * i i ~ ~  Lht i  wvxt<lnl lilrll) 011 r i l ) r i l  !), tikll~eflt 8pcictw 
girl11 n iliif th~mlt nbsult . The l i m t t ~ ~ ~ l  plat tb  spcatn~ ~ i o t  ~rirasul*rd, as tli(hy give poor ilrfi~li tion of tllc 
prn~unbrtv, 1)ut a IVcktti.~~~ " I.~rninlll:ulliol~s " pkrtv i~sl)osi~il SOY stlcon(1 in tlir rtsgion 4450 givchs iL distinct il~litgth 
of thta spot, im(l in  this tllerr is 0.r ~ t l t ~ ~ ~ c o  xvllicll ~ n e y  l ) ~  iiitrrl)wti~(l :is a rotation of g;taAs ovcbr t l ~ ~  spot, sincis 
oppositt. sit\ilc; of tllc spot uitth ol)l)osltti 1k1ovi1~llk1~lts. Tllt'rt' is tl vtbiay (Iistintbt 11is1>1:tci~rnt~nt to violet at about 
thr micltllc of the soutll i~r~imlll~r;t .  111th 1iilt.s on l r  tIuh ootvr l~nriicln bthi;ig nnil~apl~~ct.(l. Th t~ r r  wars ;L srnalI 
fslttbllitl. spot 011 t l ~ e  sonill t5c\gib of thcb l~onuml)rit, i~11t1 t h i ~  llt~int wlli~r(1 t l l t b  t l i~l) l i t~c~mt~nt  c i h t ~ ~ i i ~  appears to h t ~  tht. 
j ~~nc t i on  b~ltrnthr11 tllr y t ~ i u u l l l ) ~  of t l ~ u  s;itt&llitv spot iul(l t l ~ ( *  ~ll;rin prw~unl)ra. 011  tlir north sidc*, the tlisplncc- 
rllcllt to\viubtls ~wtltl is cIi$iilct, 11111 l t ~  in anuount tlum ilit t  violct drift (ui tlict sr,utll sitltk. 'i'lii~ o t l l ~ r  bgt11lt slit 
s y t ~ t w  takc.11 oil tliis (littth show tllct sinrt4 tlis~)lacc~r~ic~i~ts, 1)11t lvss {Iistinc*tlg. 

'l11lti lntiasnrtis of tlli~tceil Fc liilvs of 111t3a1 iiltcwsity 1'7 giui !hi& folIo.c~illg rcksult~ :- 
North Penuml+rtl F ~ u t h  PetrumLra. 

Qbscarx-etl vt4ocitit.s . . . ... ..* + 0'5ti krli/stlc. - 0'7ti km/rsvc. 
Retl~zcthtl to llol*izorrtul nlovt~rnililt . . . , . + Om(;.? E E I ~ ~ ~ ~ C T .  - 0'88 kx11[8ec. 

'I'hc spot ctla~rlthtcz* nltlasnrthrl froirl tlttk points of gr.vatr*st #]lift 41,000 1~111. Aissurrring u cuntilluous 
rotation rnovrnlt~ni, at :L 111v:til sl)iwl of 0.77 I~TII~/SCC', ; ~ t  t l i ~  t ~ t t i ~ r  tbclgth, tilt: ~ ~ ~ l i i ~ e ~  spot IYOUICI C O I X ~ I C ~ ~  1 ' 0 h t i ~ ~ l  
in abon t At; l i ~ ~ l r d ,  thth iiortll t~~an~xltiblstl 111oving ttc )\van ld wwt, tll;tt 1s it oIoc.kwist~ robtiol~. This ifj not tht5 
(Iirrctio~l fo~ui(1 1)s L'ilof. IIa1t.l fro111 tilt* nliig,rriibt ic: 1)olarity o f  sI)trt<. ILL' statt*,.; that " in iji-polar groups of 
k~titutle, thcL p ~ i ~ c r ~ t l i i l ~  sk~ot-vorf;ictls rotaha co~llltcil--clockivist* 111 tllc ntrrthrnk ht*lnisplit~rc.'' Tlw spot ~i~;kg tllr* 
p~~t~cetli i lg int~~rll)chr c i f  t hci gronl), i~pl)r(~xi~~lt~t(hLy ilk lit tit^^( li1 4- 2 1". 

It is vary tlon1)tf'ul wllcbtlier t1lt.s~~ linil (li~1~1t~c(~lrltl1fts x't*itlly int1ictiCt~ r.olt;~tioxl of thta gases over the spat. Tllt.rt.b 
is 110 tavitlthlietl of rotatioil in tllcb sllalw of tllr s ~ ) t ) t  it,";blf i ~ l t l  i t s  iiutlyi~lg ~t~ti*Ilittbs, i~ ~ 1 1 0 ~ ~ 1 1  ill OUP l % l r ~ t o l ~ ( t l i ~ g ~ ~ ] ~  
platt~s. Tllc* 1t1111,m of tllc prthcr(ling spot is of ratlrcii* irrvgnlar  son^ 011 A\l)ril I; it~ld 7 (stbe ph~tta III, figs" 
1 a11(1 2 1, I)ut it  asslzlzli3s ail ~~ll ipt ic i~l  slit~ptl with 1 ~ ' ~ s  ~ u i l r l i ~ ~  1 i~~r(~g~ili\ri t i i~;i  '1s tlre ~ \ ~ t ~ s t  liillb is apyru.acBrr1. 
Tlzls is nluinly tlue to ft~ri~shortclliug, the Long :.~xig ol' the c~lllpsc~ Btbi~lg pnixllt*l t o  tile lirnt~. There is, 1lolt-ever. 
21 wi(l(. iiltlt~ntittion oil thtl nal*tll-c~ast sitlc of thch unll~l.it \vl~icli occul)itw tht* sitllc* ~~osi t lan on the ik,-trts April 6, 7, 
S .,tilt1 !I .  Tlit~ ptl~lnlnbl.a is grpatly r*xtrildclI, 0x1 t,lics nortli side or thr spot, as ivcbil to the s o u t h - t ~ t  : but 

thlnoagllont tllt~ nlttbyval of four clays tllerc is no h ~ l l g t '  ill the positioll ilngltl of Ult.se outlying rrE ibr 

spot. If t l ~ e  gases of t ~ t .  rcvchrsinp, 1;ej er al)ove thts spot 8Ilit~e i n  thr rotatioxlit1 1noremcilt of   he nl~derl$-ilrbr 

apot rortrx,  oi~t* would expect to find cl~wlenae of luti~tion in tlir ~nilrki~iua of the spot itstJlf, ~ ~ L i e l l  should 
tul-n 11:~lf  1~017iitl in il day, from tllc eviclance of the li~lo-sllifts. Hut the spo t -~~drk i ixs  do iiot show this rob- 

tiou, although the ~ndrnl inovclaei~t of tlze overlying vaponrtl % nlost distllletly indicated. in tile mdial stroetntv 
of t l ~  p~ ,u rn l ) r a l  fjlarneilts. 

Flbo*n tlzci wholc of the cvideilce do far obtainrd with tlze tingent slit, I concluck that ir~"t~gultlr mowments 
at rig)lt angles to tllc radial movement may occur in  the pennml~rse af E ) ) o ~ ,  and th*  if; a robtion m@vt*m@ut 

exists in some upoh, i t  i u  not u consta~lt and regnlar feature, as ia the mclial rx~vement. 

- --  - -. -.- - - -- -. _. -_ -_-- -- - -  - - a -  - -- - - -  - - ."-- 

I Aununl Report of Mout~t Wilsou Schr  O h a r ~ ~ ~ t o l ~  for 1916. - - - - < - 
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