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PROMINENCES AND RADIATION PRESSURD 

BY 

T. R o ~ n s ,  D.Sc. 

db8fyuct,-Daily spcctrol~oliogrnni~ of c~~lcitirriiriid llydrogull pxo~ni~~ences are available at Kodxikanal from the elld of 
1928, Comparison shows that qz~iosccnt; prc)miiiences are of  essentially same form and height in bath ca:cium find hydro- 
gen, as has been concludccl. by ot,her obsrrvcrs. This is nlao true of eruptive prominences in which hydrogen partakes of the 
n p w ~ d  motion evidenced in clrlcium. Sinca rxdii~tion proslluro is only oansiderablo in thc Case of C a t  atoms, this evidence is 
oppos~d to  the t l h o o ~  of ri,idiation PrcRxuro t~r, tllu Eorca sul~poxting promintnces and driving eruptive promine~lces itway from 
the sun. 

~ l ~ c r ~ ~  appelvl. to  bu t3ificronces in tho rclrthive hriglitnoss of tho K line aid the Ha lim in differant prominences, and 
frequently in differcnt p w t ~  0.1 tho BI~TWIU promin~ncc. Owing to tho cff i c t  of Doppl~tr displacements, i t  is not possible for 
spectroheliograms to give coilclusivo uviduncc as Lo whcthcr tliuse v:irixtions in brighhlness are really due to varying proportions 
of the numbers of Cat- illid I1 atoms. 

is pointed out that ostiznatos of tahn nmo~mt of rttdi~tion pressure on C:t-r- atoms should take accozult of tho rt~dintion in 
tbo ra~ersds  of the CR+ linos, Tlieac oetima,tws must t~wtlit plintometrie measures in tlze Ca+ lines. 

lfit~fiodl~ctio~z.-Tlie only blicorg which can' irz any satiafactorg way explain the existeiicp, of the cl~romo- 
spllere and of the promiilnnccv is that of Milnc who showed that selectko racliation pressure may be large 

enough to support atoms which llavo t l~ei r  r'c~sonancc. line in a part of the spectrum where. the sun is radiating 
strongly. I11 this mtly he 1laii succossfnlly explained the formation of a chromosphere of ioniserl c;llcinm, of 
prominences .sf ionised cal oium , and has also gi veil an explanation of tho enormous velocities occasionally 
attained in eruptive prominences, n problou which, till the~i, liad bafaecl solution. Notwithstanding these 
notal~le successc?s of Milne's theory, it doe# not suflice to  give a complete explanation of the observatioils made 
bn the sun's c l~~omosphc~o  and its ~rorninencc?~. It is observetl that Ca+, H il1ldHe aiVe always present in the 
chromosphere, reaching almost to tllc samc. heights, and Chat prorninel~oes illvariably exhibit the linrs of these 
three elements. It i~ ~xtromelg impxo11:ll)lc that the rntliatioir pressures exerted by sunlight on the atoms Q 

OaC, H and He and the InassPs of tlhegc atoms a1.o also so nicely acljustcd that tlie atoms of these three elements 
arc delicately billa~~ced. togetllcr at b110 snme l~c ig l~ t s  i~l~ove the sun's surface. Indt Gnrneyt has already 

pointed out that the radiation prcsruvo on 11 ytlrogen i s  106 times smaller than on ionised calcinm, and on 
helium 1013 timea firnallcr. Ir:lectrical forct:rj ma,y br ruled out as they would not operate on neutral hydrogen 
and helium. Turbulence hils alao l~c!oil i~lvolted$., but tllrrc aye serious objuctiolis to the magiiitutle of the 

Eecent O71se1-vafions.--The q~~egtion of the forms and brightness of prominences in different spectrunl 
lines has occnpicd the attention of solar observers from almost the beginning of the observation of promi- 
nences, but the question hag attracted more attpntion recently with a view to elucidating the natnre of the 

* Milno, M.N., R.A.S., 84,354-1924 ; R5,111--1024 ;-86, 8-1925 ; 86,578-1326 and 87,469-1926. 
-1- Gurney, M.NI, B,A.8., 88, 577-1928, 
$ NcCren, M,N,, R.A.S., $9, 483 and 718-1920. 



forces at play. PerepeUrin* finds that the ratio of intensities Ha : Ds decreases with height in prominenoeg. 
Minnaert and Slob's rneaeurest do not agree with Perepelkin's, and the former interpret the varying ratio by 
varying self-absorption of Ha. They have also memured the inteneity ratios of H : K and of Hy : Ha : Hc 
slob$ has continued observations of tho ratio of H : K and finds a value decreasing with height, instead of 
Minnaert and Slob's oo11rjt;ant ratio. 

pettit! h a  compared spectrohelioscopic observations of prominences in Hn with apectroheliogra~ in 
calcinm K line, observing mainly quiescent prominences and those activ~ ones which were dmwn to an area 
of attraction on the sun's surface. He finds that prominences generally show the same form in Ha ag in K, 
even to considerable detail, excevt that moving ~treamerg and knots in the active prominencea are, either 
absent in HG or only represented by thin lines where there are broad' ribbons in K. He interprets theae 
differences as evidence that the attractive force is electrical in origin tlnd he also finds evidence of repulsive 
electrical ~ O ~ C F F J .  

Pvrepelkinll has aleo discaseed the radial velocities of prominences,their form and intensities hi  different 
spectral lineg. He finds that radial velocities decrease in the order ca', H, He ; in most casea prominenass 
have the same form in (la+, El, and'He but in other cases the extents vary in the following decreasing order 
OaC, H, He, metallic linea ; also that the ratio of intensitieg of the lines Ha : H is very variable, in the 
average 0'37, and decreasing with increasing radid velocity. He concludes that radiation pressure mu& plw 
animportant role in the production d prominences although quiescent prominences cannot be caused bg 
radiation pressure, 

Kodaihnal Spsctroheli~grnma~-New material for the study of the forms and height8 of prominetm8~ 
in calcium and hydrogen has been obtained at the Kodaikanal Observatory from the end of 192R. Owin# to 
the incr~aae in the sensitivenees of panohromatic plates about that time, it became practicable to photograph 
the Ha irominences by means of the Kodaikanal Ha spsctroheliograph with reaeonable expuswe ~~~, 

Since January lst, 1929, the daily observing programme haa been extended to include one Ha prominence 
photograph. The solar diameter on both Ha and I( images is sbout 60 mm. The material studied for t& 
bulletin comprises the Ha and I( epectroheliogramd of the limb of the sun from the beginning of O o t o b ~  
1928 to the end of 1931. Whenever possible, on eaoh day a K prominence plate is taken first, tJmn 
Ha photograph and finally another K photograph. In this way it is possiblr, by comparing the two K 
photographs, ta be certain what changes have taken place in the prominence before drawing conclmiopg ag 
to the differenoes ~f form and height in Ha aa compared with K. 01 course, simnltaneoas photograph 
would be still better but thia ie not poseible with the instrumental equipment at Kodaikanal. Pet it is ow, 
sidered that the study of alternate photographs is infinitely better than a aomparison of a drawing & 
with a K photograph. The interm1 between succeesive photographs is often not more than 10 rninata, 
is the majority of wea the changes in prominence form in thia interval are trifling. The time ooc~~pied  fp. 

taking the photographs does not permit of  this interval being shortened appreciably. 
Properth of Photographic Plates.-Before drawing definite conclusions regarding the differenass kg 

appment brightneae of different p a $  of prominences in Ua+ and Ha photogmphfl, it has to be remomberpd 
that theee photographs are not taken on &he wme kind of plates. For Ua+prominencee, rapid glateg of5 tb 
ordinary type are used, whereas for Ha prominences rapid panchromatic plates are employed. T h ~ e  two- 
kinds of plates do not have the same chamteristic properties. A study of their sharacteristias baa bw~ 
made with light of the same wavelength to which they are exposed in the spoctroheliographs, the a*. 
mebic mmures beiug made with a Hartmann photometer. The photometric plates were treated pkd5  
developed in a manner as similar a poasible to  the spectroheliogtamg. It is found that the gamma 
of the panchromatic plate expo8ed to Ha light ia nearly three times that of the ordinary rapid plate srrpog& 
t o  K light. This has an important bearing on the interpretation of the fainter parts of a prominence. 
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account of the higher gamma va1i;le the contrast between tlie fainter and brighter part8 of s prominence in an 
Ha photograph will be greaber than in  a C)a 4- ph.otogral~li. Assuming equal effective exposure in the bright- 
er~t parts of prominences, i t  follows that faiilt details will be lost in  Ha photographs mucll sooller thalx in Ca 

photographs. Conseqncntly we see that at least parl of the explauaiion of the absence from Ha  photographs 
of thg faintest ~ ) R P ~ S  of ~~romiizenc~fl lies in the different ~hotographic propt-rties of the plates used, Never- 
theless, not all the clifferences bct~vcen Hcb and Ca promineilc~s s ~ c  dur t o  this, as may be seen especially 
clemly in figures 7, 8, 9 and 11 wllere the relative brightness in crliffe~eiit ~ i t r t s  of tlle Ca, ~~ronrlinen~es sho~vs 
that tho abse~ce frorn tile RCL p180tnilleixct! is not a Inert! co i~ t~c~s t  effeci,. 

Eflect of 5 % ~  Ct)?~ddtio??,s,--It shoul(l also 1 ) ~  i*e~lztlmberc~cl that slry conditions at the time of observation 
dso 8ffect the visibility of the faintel. cIt4ails of 1~rorniixenc.s. For instr~~mrntal reasons tllc, effect of poor 
slries in extinglrishing faint clctail is gile&ter in thp case of thii E(od.,tiI<:lnal I(: spectroheliograms than for Hu 
spectrollrliograins, i.e., the elrect is ill i~hc opposite clirection to that of the ~haract~eristic propellties of tile 

pl~otograpllic plates as mentionecl ill t1.10 l2covious pnPagra~~li. I n  all of tlze photographs reprocluced in lslates 
I and 'I1 accompanying this I~ulletin the sky colzditions were at least fairly good so t11'at any effect of this 
kind may be left out of consicl~~ratiou in comparing these photographs. 

hlflgcl of D(g3pleli D/ztv~~lccce~~~c~ntts O T ~  ~,Sjr~ccJ/~ol~c~lioy~~a~~z~s.--As is well known, the apectroheliograph, from its 
nature, cano.at give u true pictnre in t,llc yl'eseuce of Dopp le~  (rlisplaceuneats. Tlzis defect is serious in the 
study ~mde~tnkeu in this bulletin, i~anlrly 013 thc t ~ u e  form of pi*ominences. If n part of the gro~uiixelico is 
moving i11 the lli1s of sight to the axtoi~t o f  ( l i sph~ ing  the line ofl the second slit of the spectrohelio~raph~ 
this lwrt of tlze prominence will hc xnissing in t;he yliotograyll. Xltl~ougll both the Cs ancl Ha spectrohelio- 
grams will be snl>ject to this effect in a giruliliir wt~y, i t  is not prnclictlble to awange that the effect will be of 
exactly the same amount in the two ~ p ~ c t r ~ l ~ ~ l i o g r ~ ~ ~ l ~ s ~  The lvitlth o f  the secouc2 slit of th I<odaikaaal Ha 
rrpectrobeliograph is 2 X 0'15 A, co~reapond.ing to a Doypler clisplacctrleilt clue to 7 km/sec in either clirection 
whe~ens in the I< instrnri-acnt tho wiclth of  thr accond slit is 2 X 0.25 A, corrcsponrling to 20 km/sec in either 
clirection, hltbongll Dol3lrlor sllifts of Ihclse amounts will not sulficc to (lisplace the lines completely off the 
slit on account of the wicltlls of t l ~ e  lines t;laclnselvc.s, yet it is clcar t lz~~t  l)oypler displacements will have a 
greater effcct on tho IIn spectrol~oliograir~s tllan on hhcs Cn sl~ec.trollc,liog~'a~~:ns~ 

The only way of elinlinilting tllc c~ffcicts nf DoppXcr tlisplacevnci~ts in prominence photographs is by 
p'habogmphing promiwcnccrj during a tot;al rclipse wit11 an c~hjedtivcl prism. This has bern dolie 011 many 
occasions and all the nvsilnblo cvidoizco seoxms to be Glut the form tilad lzeigllt of ~~rominences is the same in 
at; least the elemctxlt,~ Cn'" FI aaizcl Hc. On t~cco~zizt of the ilzEreyuc?izcy of eclipses, tlie amount o f  evidence 
olntdnerl in this way is not great, 

Plates I and 11.-A few of tha pvornineacos 1,hotog~nphed. in Ca4- and Hn ]lave been chosen for 
ill~~stratiolz in Plates I and IT :~ccornpfin ying t"c,lis bnllctin. An tdequate iae~~reseatation of all the types of 

prominences photograyllotl i r k  three yetzras woulcl rccyuire a large n ~ ~ l n b e r  of places bnz; the examples chosen for 
reprotll~ction have bcen selecte(,l in o ~ c l c ~  to s l ~ o ~  not on ly  typical prolnin~nces but als? smne of the extreme 
cases. Plde I slmws chiefly =prolzliaencrs wlle~e the rcsj~rrblaizce between the Ca, and the Hn Forms is very 
c1,ose. Figure I sllows tlzrh wlzolc limb of the snn, o n  thc! 27tl-3. Pehrt~arg 1!329, with the calcitlm photograph 
almost in2istingui~hablc &om the? hyclrogcn photogiaph In Pig. 1 the photographs are lap~r0cl~~cecl 
on the same,scal.s as tho original. The rexxluining figui:es arc c~nlilrgcd 8'9 times. Figs. 2 to 6 illust~ate promi-, 
nplacrs all of the qniescent type, excoyt the one on the right of Fig. 6- With this exception, these 

promillencee are n.11 of the soli~l massive type, es~ccial ly in Ha, and 'it is seen that the outlines and heights are 
practically identical in Ua and in  Ha. Figs. 2 and 4, eapecirtlly, indicate that the E[n photographs, are not 

fiuffe~in'g from underexposure rel~t ive to the calciun~ photographs, for in these the 13a ~rolninellces are 
relatively more dense amcl compact. Types of p~orninences which occur more frequently than the number 
eb osen for illustration woald indicate aro s1~own in fiyum 7 and 8. Here ux~ssive ~rominences ill light 
show only in skeleton form in  Ha, altlzougb thcre is nothing to su,ggest ulxclerex~osure in the latter. Whilst 

generally it is the strongest ~ m t s  of the Ca prominence w l i c l ~  form the skeleton stra~cture in Hn, this is ]lot 
2 



invariably the case. I t  would appear that in prominence0 of this type the ratio of the number of Oa : H 
atoms is not the Hame in  all portions of the prominence, but conclusive evidence is not available in aonse- 
qnenoe of the possibility of Doppler displacements, although no radial motion w ~ s  noted in visual obaevations 
i s  Ha. The differences between Oa prominence and i$ Ha skeleton would appear to be due to differenoes of 
brightnas lather than to any essential difference in the forms of the prominence in the two elements, 
Essential differencer~ in the form of a prominence in Ca and Ha have only been noted in prominences of the 
type illa&rated in Fig. 9, where the arm indicated by the arrow in the Clo, prominence, although one of the 
strongest pmts of the prominence, is entirely misaing in Ha. Its abeence is not due to changing form as it is 
aho present in the Ca photograph taken before the Ha. Presumably this ie the type obaerved by Pettit*, 
but in Xodaikanal experience clear oases of such phenomena are comparatively rare, Fig. 10 illushates a 
prominence, ernptive in parts, in which portions are relatively faint in Ha. Generally in ernptive promi- 
nences, the Ha counterpart irr relatively fainter than in the cages of massive quiescent prominences and the 
degree of faintness varies considerably in different carres. Uornpare Figs. 6,10,12, 1% and 14 in this re~peoli, 
Probably Doppler shifts dne to radial motion are responeibla for some, at least, of these effects, I n  Big, 11 
the high streamer is missing in Ha although not eo extremely faint in Ca compared to portions whiah are 
reproduced in Ha. Figs. 12,13 and 14 illustrate type of eruptive prominences. Fig. 12  ia the jet or forintain 
type over a Bunspot and changes are taking place rapidly in itcJ form. There is, however, nothing to hdiapta 
essential differences of farm and height in the Ba photographs. In Rgs. 13 and 14 the ohanges are sloww 
and apart from differences of brightness there appears no easential difference in the forms and heights of the 
Ca and Ha photographs, It would have been easy to multiply examples of eruptive prominences. In we8 

where rapid motions of ascent are taking place it is eagily verified that the Ha form is ascending with the 
calcium. Even in the c u e  of the remarkable prominence of 1928 November 197 the form is, np to the 
limite of the plate at 8' above the mn'a snrfaoe, identical in Ha light (in the only Ha photograph taken) wi$h 
the Ca counterpart. Indeed if the H atom did not partake completely of the same motion as the Ca atom, 
there aould not be the eimilarity of form and height as is evidenced in eruptive prominences. For even if 
the form were ~imilar in tht, beginning, a difference in the speed of ascent wouonld goon cawe them to sews 
to bear any resemblanoe to each ather at t h e  mme heights above the sun'$ surface. The mere faot k t  
wencling prominences have esslentially the same form and height in Ca and in H would suffice t o  indiaate 
that the motions of Ua and H mnst be identioal. The easential identity of eruptive prominenoes in the& 
form, height and motion in Oa and I3 haa a most important bearing on the radiation pressure theory, Pwe- 
pelkin $ finda, on the other hand, that the Doppler dieplaceuents of (la + and He are not equal, the mtio of 
radial velocities for Ca + : HE being greater than unity, but these relate to movements in the line of siehti 
which m y  not be mused in the same way w movemenh of w e n t  or descent in the sun. 

Fig, 15 is an extreme case of the difference of brightneae of Ea in different prominences, The mid&@ 
fitomhence id  very much fainter in Ha than its brightnese in Ca would warrant. A0 a Doppler disp1wwm 
men€' amonntihg to 1'6 A m observed visually in the middle prominence, it is probable tmhat the fbiaintnea~ h 
Ba is dne to this came. 

Sslective 'Radiatim Fr~sure on Ionised 0abium.-Notwithstanding the fact that radiation p r e w e  
mi r i o t  anpport %he titoma of H and Be in the sun's chfomoaphere, yet it mnnot be denied that eelwti~q 
&htiori preabure must operate st least on the atoms of Ua + in acaordance with Milne's theory.  mil^^ 
 m own f th& the amount of preeeure of radiation from the sm'a photosphere is of the order requirtad bo&$k 
pht am'&  + ~hromospb.ere, any local enhanwmwt of photospheric brightness driving out the Ua + atoms +@, 
&&h a prbdinmlce. The calculated amoant of the radiation pressure has been modified from Mihe's o m  

I 'bjt taking more &cwte  wcount of the axact amount of energy absorbed in the 0s ".I@&& 
B-Wfi'W be pdt&dd out that the energy absorbed by Ua + is still incorrectly estimated becauee t h e  ba-: 
U" , * , , , , , ,. , * 

: , " P&i, .$of @!b, 3 Perepelkin, loc. cit. 
t .'Boy&, I6.N $A.H., 80, $6-1928, § Milne, Ioc. dt. ' Y ' h r t ,  z.'% PBgsik, 46,810&;' - dne'dd$ A'$$. 69,209--1939, See Mem~l, M.N., BA.8, $1) 6!28L1$& 



of  radiation from wllicli the Ca + chromospliere is absorbing ligllt is nor the continuous spectrum from 
the ~ h o t o s ~ h e r e ,  nor even the continuous spectrum after passing through the layer absorbing the wings 

of the Ua * line$. Taking the I< line, it is well lrno~vn that Ca atoms above the photosphere are go 

conditioned as to give rise to the portions of the line known as K,, K. and K,. The XI absorption in the 
wings of the line comes from the dnrpest layers, the reversal is caused by conditions in s. higher 
layer not yet sati~factorily explained and the XS absorption in the centre of the line is caused by the 

higllest layers. If the sun's clwomosphere absorbing IC, radiation were removed we should not see, in 
the centre of tlie I< line, either the sun's colltinnous spectrum from the photosphere, nor this after 
absorption in the layer. What we should see wonld be a bright line whose wing8 we know as ItT and 
I(,,' How briright would be the centre of the I<a line we d o  not h o w ,  bat presulnably it would not be leas 
bright Chan the observnd Ka wings. Now tlie I&, reversuls vary enormously in brightness in different parts 
of the sun. Evcn over the nndistnrbed areas of the sun, Ka is not uniformly bright as the Ca spectro- 
heliogrms show. The normal brighter and darker network in these photographs possibly appeus with 
greater contrast than the actual variations of brightness of tlie KP line in quiescent regions of the sun. There 
is, however, no obs~~vat ion to suggest t l~at  the height of the chromosphere at the limb ~ar ies  in a 
corresponding mnnizer, a fact which is possibly due to the foreshortening of the close network at the limb of 
the sun. Besides this normal variation of the I(I line in undisturbed regions of the sun, the E8 line is very 
much brighter over disturbed areas of the sun, giving rise to the oalcium flocculi. Indeed I& can be very 
much brightcx than the undimmed continuous ~ p c c b ~ u ~ n  from the photosphere. So we see that the fCb 

absorbing laysr can bc; subject to radiation pressure whioh may vary between very wide limits over different 
parts of tho Hun. If the nollmal brightness of IL is just sufficient to support the chromosphere against 
gravitation, the brightest states must fhrco thc Ca -1- atoms above it completely away from the Bun, Exact 
estimates must n wait pho tometric Yncasurea. 
If the redidion supporting Oa -" atoms comes from tlte K, layer as mentioned above, there will also be 

a furhlier eEeet when the prominonco ascends, A$ explainecl by Milne, an ascending prominence will 
C 

absorb light from tho wings of t l ~ s  Ca line owing to Doppler displaczment of the abgorption line, Owing to 
the K, reversals, however, tho prominence will be sabjxb to a decreasing radiation pressure as the absorption 
moves oE t11e KV line. I n  undisturbed regions of the sun this minimum radiation is at about 0'26 A on 
the violet side of tho con t r~  of the line, correspoi~cZi~lg to a velocity a£ ascent of about 20 km/sec, but in 
disturbed, regiol~s tho minimum radiation will bo only rcachecl by greater velocities* Should this critical 
velocity be o.verallot, then tho ascending prominence will be s~~bject  to an ever-increasing pailiation presfiure, 
as originally co~~coivod by Milne, until the aljsorption is displaced beyond the K, wing. 

Cunclusiuns.-1. The comparison of photographs oP promineilces taken in calcium and in hydrogen 
light shows that the forms of quiescent prominences are essentially the same in these two elements, even to 
oonsiderabla detail. Tliis is in' agreement with the conclusion$ of 0th er observers. Since radiatliotion pressure 

can only exert an apprecial~le force on t ho  atoms of Oa+ and not on atoms of R, this evidence is not in 
favour of the theory of rndiation yresaure as the forco supporting prominences. 

2. 13ven in the case of eruptivo prominences where the relative brightness in Ha is generally less than 
in other type$, tlxe essential similarity of form and of height attained is maintained and the motion of ascent 
of Ua ' a t o w  is also partaken of by the atoms of H. This evidence is also not in favo~lr of the theory of 
radiation pressure as tihe propelling force in eruptive prominences. 

3. The relative brightness of the calcium B: line and of theHa line may vary in different prominences 
and even in diEerent parts of the same prominence. Owing to the possible effects of Doppler displacements 
spectrohcliograms cannot offer conclusive evidence as to whether these variations in brightness are really 
due to varying proportions of the numbers of Ca -" and of H atoms. 

4, congpqu~nt on the conclugiong 1 and 2 above it seems quite clear that whatever force raises 

atoms into prominences, and sometimes driyea them away from the sun, is also acting, either directly or 
indirectly on hydrogen atoms also (and presumably on helium atoms as well).  hat railiation pressure on 



Ca + atom is appreciable cannot be denied. Whether it is possible for Oa + atoms to be raised by .rad+ipn 
pressure into prominences and for other atoms to be carried along with Ua + atoms, by collieion@ or in $om;! 
ather way, is a subject for invegbigation, 'but if radiation pressure on Oa + atoms ie the ultimate force KRiw 
H and He atom d o ,  the weight t o  be sappsrted by radiation pressure must take account of these rrtoms a 
well aa those of oslcinm. It wonld not be of much help to find a new came for $upporting and Be 
Werent from that supporting Oa a+ , Pinae it is unlikely that any euch effect wonld be just sufficient to 
support H and He to exactly the same height arr radiation pressure does Ca +. 

5. It is ahown that calcalations of the radiation preseure on Ca+ atoms mnst take account of tb6 

radiation in the revereale of the Ca %nee, but the effect actnnot be exactly calculated until photometdo 
mwnrea are available. 

PABTIGULUB OF TEE  PRODUCTIONS IN PLATES I AND 11. 
dl1 thb pbkograpba we paeitirrs. F i p e  1 is raprodwed on ,tho same a d e  aa the orifid and figures 2 to 16 8'9 

h t 9  enlarwemts. One in.& in Qure~  ? to 16 represents 3.6 m i n n t ~  of Rrc, or 96,000 miles, or 162,000 km. ve %&@ 
given blow are the times of tramit of the aentre of wn'e dim and are in Indim SCaudsrd Time, (51 hours fsbh @v@*i?Yq 

- Date. laxtout, Ca photqraph 
taken at " E%P 
H. M. H. M, 

$k. ,1 . ,, am. .,. 1929, Beb. 27. Entire limb. 8 o a !H 
Fig, 2 ,, . . .  .,. 193D, Apr. 9, 13"SVto36"f3W. 8 M S a& 
, 3 . ... ,,, ... .,. 19!89,D~cl~lO. WBWk87*BW. 8 56 8 4& . a, . a,, ,be 1980, 3- 11. 1WNE to 86WE, 8 18 8 .A1 
. 4 . .. ,., ... . v., 1930, Apr. 23. %OSN to ~ O ~ M I I .  8 17' 8 d 
Fig, 6 . ,  . .. *., ... 1929, 8ep. 12. 16°SW to 60"BWb 8 20 8 '18 
Fig, 7 ,., ... ,.. .., is. l@l, Peb. 7 1 5 " ~ ~  to WNE 8 46 '8 2& 
Fig. 8 r.+ ai. m.. ..a lW,Bar4 22VE b WNE, 8 4 8 29 
fig. 9 a m .  ,b .el .,. P93O1I?eb.6. 6"SW to 3O0SW. 8 52 8 ell 
Fig, 10. ,, I., ,,. .,. ... 1928, Dec, 16. 1VNW to 2PSW. 9 13 8 a 
@ig. 11 ... ... ... ... ... 1930, Deb, 6 IFSW to 43"8W. 7 I34 8 119 
B@.fZ - ..a ... ,.. ,.. H20,B~.10.  TBEto16"NEr 8 66 8 dll  
,E!'ig, I& p, -1. ... 1929, Dm. 10, PNW to 20"SW.. 8 66 8 41 
F*. 14 ,ad .,. . ,, $929, Jag. 14. 10"NE to 36%B. 8 45 
Fig. 15 . a .  ... ... 1930, Jme 24, %%w to 2mW. 11 8'l It1 437, 
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