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I I 
A b e k ~ c r .  

1 1 1 1 5  ni~ l l l l l  i b l t h ~ ~ i l n t l  ill thk ptbpor mu hlwd in1 n~ou~iwamtlts rmds au l B Y O  aehcted H,,dart markiny during th. cyflh 1886 
1 ~4: l  nnd r lrt~  rlnnrly ntnh-type prorni~rsnmr OW, of ths psriod 1008-1040. 

p I t lut l1rl1tt la*ialll~ of t b n  l 1 cc dtwk n~tbl~liin~ was o~klnuLtkhNled by mstsuring it. "apparent brsndtl~" and multiplying it bv B f6oMr 

1(.;4, \vlurrt4 It, iu llln rwlilln bl le  *nhr i- un(l d ir the dialania of  the marbly from tbe r:antm of ths sun a di& The ratlo 
181 i,lub b111yttlJ l l r  lllnb ilmrki~ip: Lo l w  lsuo hei(lliL wlls tl~an nl~tained tinrl it nu found that bhs r t i a  ars most bquently 2 : 1. 

.I ~rb"~IJtd i l l ~ f * h i ~ * ~ l i t ~ ~ ~  td' W i n  LLam/Jl~ighb ratin d a n l h - t y ~ n  li111l pruminance~ a h  dowed thsl tlre momt freququant ratio w u  
n g ~ b i ~ ~  2 : 1. 

#illl:n Id1l1111. lH t i l .  ~Ile111 I~~~~~~~~ 8ouuhi in Itdy fugt oqlMLised pr0p-e of ~gfibmtio obsmation of promi: 
tu;luTw 1 1  1 I I I ~  H ) ) ( I ~ ? ~ I H U I  110, U. V ~ H ~ I  ~ I ? ~ ( I U U ~  01 o b g e r v ~ t i ~ a ~ l  p~kting to the varied fssturea of Pro&Bn08s 
h i k t 4  l 1 ~ t 9 1 1  irnldl(!(d~fL ; fi ld ~ i l l ~ t \  C~OH* ~ ( !J I~H of taho belt uolltnrg these vip~l obmvatiom a d  d-a-8 of pomi. 
tua*tw l ~ l ~ r c *  0tvt1 flnuctly rn~)rld~~~noiltt~l u ~ u l  in m n y  m11oo;ts improved upon by photopapllia reoorde made possible 

4 I 1 1  J 1' 1 l ~ t  Arudyui~l of tho obeervtltioml dab so fru. avahble hm led to the olmei- 
Ht~dhrl i  tlf l a ~ ~ a ~ i ~ ~ n l u w ~ n  i l ~ t d ~  a IIIIIII~LF of ~~Logoriv~, tO irlentifimtion of ~e dmk -kings or fibmmts nothing 
tttl1urr tl11i11 ] ~ I ~ I ~ ~ I I ( ~ ~ I ( R H  r~rnj~olnd ou 1 1 1 ~  U ( I ~ I ~  di& itnd tu tho diamvm-y of many importent oharrnt&&io~of promi- 
11mltu4n, ~1li .11 r \ w I l l i ~ ~ i r I ~ ~ I ~ ~ ~ i o ~ ~ r i n N ~ c ~ ~ u ~ h a ~ o f ~ n ~ ~ h ~ y c I o .  Oneofthemoststrikingfatures~f~teblepromine~~ 
ih t a I ~ l l  i~i \ . t '~/ tp I ~ l '  tlhoir I'mlln. R I I ~  it1 ~1)it.a uftlm ~tihny dfleralt &&pea ill which they a p w ,  these prominences bsPo 
t.111, fi~lltn~i~~g Ii*ai~tin*a ill (vnllnlou : m a rulo, tllleir 1 0 1 1 ~  am maoh penler than their heiafe and the2 depth m 
Ihicsklnr~s i~ H I I ~ ' ~ ) ~ ~ N ~ I @ [ Y   null. h ~n'l~miluar:o j~ t?lc+rofore n f i n  likeiiod to rt tonppe of &me ~imibr  to the hme'of e 
fi$l-Lnll iltirw~t~ b~anls+r. At!(:ort!inl: tfl puttit a sa svortqo guiemnt pminenoe hsa spproximkly the foUowing 
L ~ ~ I ~ ~ ~ ~ M ~ I I I I N  : 11*11g1~1~ YHHHJO k~n, IroigJit 50000 Iml, claptll 1WO km. M. and Mnle d'API~lmbuja's~estimate also agma 
wi( , l~  I ) ( b i l t l i t l ' ~  (~xi:(+pt tlluC ~ I ~ L P , Y  fiad tl~o LLopth to bo of tho urdor of 6000 km. Furthmore, an examhution of a long 
~ [ ~ P ~ P K  I I ~ H ~ I P ~ ~ I  ndlnlb~g~~arn~, ~ l l d r  lu, wt\ lmva at H o c h b d ,  mvoals thnt, dthough prominences am b v e  a greet variety 
4 , s  H~~,L~II~H, I,Iitfirtb i~ iit~viutliolcsrr e funchmental ahapa wldoli is q11ite striking, m e l y  the m h .  Reoently, the d'dsam- 
l ~ l l j ~ ~  (101:. t~ i t . . )  luwn trcnnn do tho ~onoluaion, after tm examinati011. and measorement of numy stab-le prominenma in 
clifft,nr~t, i~t,mlmutivon, tbt tho t i d  pem~buf~o of s well-develope4, adult pr-nce is armilar to tbt of s bridge 
witalL I I ~ L { ~  or N I ~ ~ ~ ! r d  low UI'U~W. Yf t i~ o ! intarest to noto here that it eeem poesible to derive thh b p e  of quieecent 
l,nl~~liluet~c.tw frt ~rn purely dy118~id  oonaidmtiou, EM was done by one of lhe present writersa some .mun wo. The 
tdjjoth t l f  tIllcl 1,rulaalt Impor i~ to derive, from e nhtiistical etudy of a h g e  number of prominenme, the most fyaqu~ne 
f u r ~  r,f tlrrr hrc!lr, which uppawe to be tlie ~ r n e n t t m l  shape of atable prominenme. 

111 tlre pbwollt work tha photographio rocords solely of the KoddkRml Ob1~8~vatory h v e  been ntdimd ; but it has 
blrulr mitheir pruc:tiobblo nor neceqeargfor tho pnrpow in view to use all the long serim of limb and dik  speahhelio- 
jpblnn nvsilablo Su thia  observatory. Since our objoat ie to detemhe whether fully grown, stablap*y)zahei~~ havcs 
n prnfcroaon ftn nlty prtiuular t , ~  of uruh shap, the simpleet and most oboious method is to sele~t fm 1neam.m 
I M ~ I  kt Xllfij~ilmtl,v lwgo nllmhor of limb npaatknheliogrm on whinh 01wly emh-nhkped prominence~l~pur, A o m -  

li@y, &fir nxa~niniug all ~ ' T : p ~ ~ ~ t l ~ u  photographe taken d w  the perlod 1QOB-19U) it m e  posaible t c l  d o t  1% 
, "  4 . - - . - . - - --- ---- . 
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o h l y  mh-&aped prominenm. These wen, m d  in 1941, st the sugge5tion of the aenior author, by &. C. K. 
h t h a s u b r a m e n g a m  a t  that time an Aasi~lta4t at  thh obeerv~tory ; but due t p  the exigencha of the war further 
progrgee of thie work was interrupted. Reoently it hm been poeaile to hike up the problem again ttld to examiue Ha 
diak spwtroheliogreme with the object of &ding a suEoiently large number of suitable prominences appeming M 
b k  m d h g a  on the w. Tbe method of eeleoeion of prombenoes projeoted oh tbe diek ir however, not as stmight- 
forward as the eeledioa of prominenoes on the limb, ae will be evident from the following mideratiom. 

If a gominenee on the limb appears a9 a ~ y m r w t r i d  emh with ita ends aractly on the limb, a, direof measure- 
ment of e base and of the height is poeeible and the ratio of these two quantities determinee the form of the arah. 
R O ~ C B B ,  howeker, axe meen in vwi0-11~ perspeotivea and oomequently the ratio of the mew* b&e and height 
will vary with the perspeative even if all  limb romiaonces have preoisely the same type of arch form. But if the h e o  
to  height ratios m e  meaaured for a ~ d c i e n  tf' y large number of arch-shaped limb prominenoes and plotted m e &a- 
quenoy dkgr~brn, the most oommon form of the mch m y  be bxpeated to show up &a a maximum in the froquenoy 
diagram. This is in hot the baeie of the procedure we b e  adopted for d y e i n g  our ohaervstiod b t a  relating 
t o  limb prominences as well as prominenoes projeoted on the diak. Prominences on the diik, however, a p p w  ae ab- 
~orption -kings end no d h o t  mwmmant of the height ortn be made, but it is possible to deduce by eimple gee- 
UetFy the true height from e, howledge of the "apparent breadth'' of the markingand the mgle between tho line 
joining the mrking to the a u ' e  oatre and the line of sight to the centre of the leun'a dihlk E ~ B  awn from the emth. 

D 
FIG 1 

Let ABCD (lFi.g. 1) represat the sun with its cmtre et 0, and let E m  be the line of  sight to the oenfre of the di& 
Q. PGK repreaenta s aection a t  right anglee h its length of a p~~mimnoe atending on the disk. Thm the 
height (33 of the promin~llae, pmvided that it oould be seen M a @mh&d, would eppear ps a height GT seem 

rL A 
f im earth, whew GTV ia perpendi* to the of wt.  ow Q~V=UST=O. neaofm 

Cq4 &+SQ h+B R 
I 

h Cicdoo 6 E.@P -= lll+:ds jr- p k w  a = h ,  UT=hl, so==&. d & o ~ ~ c  e=%, Hme d 
h -  '*,ah=- 5.) 1% m . y b e * ~ t d h ~ ~ t ( i T t b ~ ~ ~ p p e r e n L  height h h h h  G*? - - 

hob QK wbioh ie the height aotdlg lnaasared !dn tha ~ p e o t r o h e l i ~ s .  UK iB eomgfim& lws &  pi& 
mgrp ,-. .w, and. is sku, in wpm6 iw'rldr ' b W ,  h GT ; fie thef.enoeg ~~re;boweoer ..too .emdl $0 

the find p ~ a U s .  T b t ~  't;lii, me .height -- of ' th Pmiheee am be. M u &  sn&it . . . . . . . . . _ Girros if ~ 
apparent height am. be & t e m ,  aince R. end me eadg memured on speotrohefioga~h. ,Re'& mllCa 
on the disk appears es cm abeorption w k b g  bemuse theL meterid of *he promineno8 emite ism Pight then 
the photo~p)1do bwkground, a g u  which it. ia men, and 'n~equent~ly the breadth of the 
WU ciqemd upon ths lap 6 ~t of the- pmmimntea1 B& the &Cio&p be- wpm- 
bmdtboft$w mw- - !!= e apparent 'li'ei&t of - j#bf&&o6 4 be domphted by the' e k b  of & 



orientation of tho prorninoncc, ita pneition on the disk rel~tivo to tho contra1 xnericlhinn ancl the equator and by t b  
nature of the distribution of the materid in tho prominence. It is io be noted dm that the breadth of dark mmking 
olose to the ccntre of the di& is due only -to the int;rinsio depth of the prominence ooncmed ; the height motiort 
factor mentioned above ie therefme not applioable to msckings whioh lie within about a tbLd of the rediu ijmm thb 
oentse of the disk. In order to elhimto or 8t any rate to reduce effects of thme oomplioating hotolre we b v e  adopt- 
ad a prowdupe of selection, whioh has limited our memmm~ants to only such Ha dark t~ -* mrtein 
conditiom. Them conditiom will be apparent from a oonsideretion of Fig. 2 in which 0 is the mtra 

FIG. 2, 
of the sun% diuk aa soen from the e&h, NOS the centre1 meridian an$ WOE i s  the equator. Tha thm p&(6p@l 
typw of ilark rnerkingn ~e l so t~d  for measurement fire mpmented by ABC, DGIF and XYZ. Them m y  be despribed fM 

(a) Mark- seen in kramveme elevation, i.s., merrkinge pardel to tihe pap~&la of btitqi!~ and situated 
to the cmtm1 &dim (e.g. ABC). Bnab msrldng~ am fmnd rnodly in. hi& Irstituck+ 

(b) Mqb-I pbralbl to the mokidiw slrd thedme assb in loqgitudi11~1 elemtion (e.g. D o .  &ah mkinge 
ars QW rp&y mw Che oqmm. 

(el M@~LIBos (~t'm&f& Isnimisr and kqituder, ht whioh lie em a c i d *  wlrwtnHo with thr m ' r  ljmb 
(p.Ig., Xm)* 

It. will be n@ad that in each of t4p above Qmci type. th. la@h of tha w% i. to tb Wtls $ tba 
disk pesldng through the lcentremof the zu.adging. In ihh pmtiouhr mientation e le of the m w h g  ~'d 
dogs not 8ufFer from any f m a h m  effeot, aleb the height c&e~atiion f~otor--aoaeasnt 0 4 8  appliy$b&, ordy wh*, 
tha ~ k i q  h in tbiir( orientation. In any other mimhtioa, 8o& ae Ut of the  lnsrking LI$N s h m  ikt Fie: 2, the 



in.fmsurement of the l e e  as well as of the height is ottended with a gnat  desl of uncahinty ; m&rkil@~ of t b i ~  type 
we unsuitable for the purposes of the preaent study and heve therefore been excludd fiom our mensureulonb The 
three types of =kings ~ele~leoted according to the above c r i tmh  can be taken to be repr8~~311trttiva of mrkings in  gmoral 
for, any 1 1 0 4 y  stablo marking becomes one of these t y p s  ciuring its pasaugo across tllo ~un'u dink. Purtharmor c, 
the totid number of -king8 ntiliaed in our measurements i s  1629 selected out of the complete ~dur ayolo from 1933 - 
to 1943. 

Metzarem* and d t ~ .  

The 1629  marking^ selected for measurement could, be grou ed into three olaseee acoordi4g to tlloir appcorence 
dish evidently depend,s upon the mture of the dietibution o the material in the promimnce~ concerned. Tho P 
markinga ABC, DOF end XYZ &own in Fig. 2 are typicel of the three c l a e ~  

!a) Type ABC. These mre seen s9 "empty" arches; I n  these cams, tho shorle~t lengtl~ (dlord of t~ho oroh) 
between the two enrls of the marking was taken as its lengtl~. The al~porent lurigl~t w w  1nki:n to 1 ) ~  the 
distance betwecur the chord and the siimmit of the morking. Tllifl di~lfil~or, wl~ii!l~ we ~nny call* the 
"apparent breadth'' for lock of II better expression, i~ grmler Idurn tlluo t r l l n  I ) n ~ ~ ~ l l t l ~  of blm nlfi~kjng rwr 
seen 

(b) Type W F .  Theas were seen aR "filled" arches; they differed fro~n tho fbrcgoing ty l~c  in tllu~t irk CIICRR t h ~  
space between the rrch and l he  chord was filled with nb~orbing m n t ~ i e l .  Tho Ie~qWi trll(l tlab a[~l~arrtnt 
height were memu red in the same m y  as in (a), the "nppmeat hn(H1b" ~ 1 ~ 1  l l l~~!  lrrin 111rtuLt~h being 
identid. 

(c) Type Xyz Tllc lo asre more or l e ~ ~  redilinenr in appenranre, so lllladl Llm nlq~mnt  llt!jgllt ]let1 ire tdk0n 
to be equd to tlre nctud breadth aas memured nncl the lenglh wat~ nleaainerl iliru(!tlg .a B t ? a l .  'Il'heae 
marldngs we1 e pro bebly due to pomine~~ces, whioli hall lmlI cl~vdoped i1111y. 

In the case of the mch-duped ltnb prominences the inwramontn wore infidn iliroc:ltl y 011 i~nfigru of d ~ ( n ~ l ~  60 m ~ n .  
diameter ~ E I  obtained with the mpectroheliographs at-Koclaikad. Bnl. for ld1e 1Sa a1,s(snptiwl luibrkingw tlitq npoctro 
heliogmm were put through gsl e b g e r ,  and tlw rnapeur~ments woiw 1 t 1 ~ 1 n  rnl u~dnrgnrl irni~go~ ol' 2(M) 111m. dinw.ett.r. 
The majority of the mairk- s ~ l e c t ~ d  for nees~u-eruent were ~liort in lengtho; llli~y wnro ~c!u~i u~ nil~gltr I I I ~ ~ ~ H  M L ~  Were 
&n se such. Some of the msrkngs were fairly long end situated i~ear ihe l i d  ; tlicy wer(+ cllefirly H ( ~ L  to be made 
up of aeverd dietinot units septlrated from each other by pillw-like ~trnoture~,  inficati~rg tll~eroby t l ~ r ~ l ~  tllvy wtu'u uoJn1pir- 
sed of several srches. Mem~menta  were made on every individual t~rcli in theerru crwecl. Honw marlciilg~, who11 
q a ~ y  near the limb, showed s bright margin ; in tliese cmes the measi~remrrilt of lll~o ~cypar(??d~ height i~urlndocl the 

I I O ~  wrt~ breadth of the bright -gin ee wd, aonsidering i t  apl the lower part of the entire ]~rorninenclt+ wlu IHO I I  1 nqr I )or t ' 
reeponaible for the absorption marking. 

To Wtate the computation of true heights from the apparent lzaighta a tablo of heigld, aorrotdion f i b c t ~ ~ ~  for 
cliffe~rent dktmces &om the centre of the disk wes prepared. This is reproclumd a~ Table I. Ill0 rmultR oft110 rnoIlsuw- 
mmt of the baaelheiglit rbtios for Ha dark markinga are summarised in Table 11, wlde Tahlo III givaa e ~ y n o p e i ~  oftlie 
rsrn~lt of meawrement on arch-sheped limb prominenoas. Them results are also given &a froquenoy diapnmn in Figs. 

,3 and 4. .The above frequency tsblleci and cliagrams emb~dy  value^ of the bano/height ratio0 rnnging from 0.6 fo 6.6. 
In individud measurements ratiou cia lnw as 0 *3  and aR higll m 10- 8 were obtained, but va111es below 0 *6  ancl above 
0 -5  were no rare and random that they have boen ignored. The fi-eqnenoies l m r  been worked nnt i'or tho followitq 
ranges of volue~ of the base/height ratio: 0.5-1.4, 1-6-26, 2-6-3-6, 3 . M - 5 ,  Q-B--T,)*B and 6*K--O*li. 

It wi l l  ba aees fkom on exorminatioii of these ranges of valnen thrill in tllo cam of Ha b r k  markillgu the rntion in tire 
range 116 to 2.6 are tlle most hquent  (heing ahout 46!&) m d  t ,h~  i ~ m t  i m p o ~ n t  iiequonoy i~ in Idle p o 1 g  2.0 tn 
3-6 (30%), while the frequencies of otlier p u p s  are incor~~iclmoiia. I11 thn onne of icrclr-ty])o l~rominunrn~ on t l ~ o  limb 
t ] ~ e  greatest frequency again occlvs in the range 1 -5 to 2 4 (70%) while the two ncljaconIl groal>R 0.5 to 1 -4  iuu14m 0 In 
3 a 6    how freqnenay of only 13% each. ' 

The dhquenoy diegram in Fig. 3 (for Ha dark mrkings) ahowu tho predominant peak at 2 : 1 wlda11 i~ d o d y  
followed by a t  1 -9,2.2,2 -3,2.4 and 2 -6 . ,  The ueconduy peak a t  3 : 1 is a l ~ o  somowhat oompicuo~~~ .  In tho 
c o m p ~ n ~ n g  hgusncy .diagram (Fig. 4) for limb promimnms the p& ot 2 : 1 again towers high al~ova ~ l l  other  ratio^. 

The salient fact w w  ,pnegea. fiom the present etudy is Wt the rodominant form of quicscrmt prnminenoee 
(whether man es dark -king6 on the dialr or ae bright prd-~88 on tge limb) is Um semiairculer oroh @oso/heigh* 
mtio brblg 2 : 1). Othsr fmm.~ are prob~bly only vahtions of thi~ fundamentdl tmc.  It i~ tn bo noted, llowover, 
that the retio 3 : 1 also appears somewhat coqicuously in-the c a p  of prominen- projeobd on tho cliRk, tl~oudl not 
in the of limb prominencda. This may indicate h t  the oycloid is also a, fairly common form for promimnrm. 



TABLE I 

DLtapoe 
of merk- 
ing h m  
mtre  'of 
owls dhk 

d 
mrn. 

100 
98 
08 
97 
96 
96 
BQ 
83 
93 
91 
90 
8B 
88 
87 
80 
BG 
84 
88 
89 
9 1 
80 
70 
7 8 
77 
76 

Dietpnw 
of w k -  
ing fmm 
clenbre of 
rude diek 

d 
m n  . 

60 
BL) 
CLI 
47 
46 
4G 
44 
43 
42 
41 
40 
39 
38 
37 
38 
345 
94 
3s 
32 
3 1 
80 
20 
9 Y 
27 
20 

Height 
o o d o n  

faator 

R. f- - 
d 

1.83 
1 . a ~  
I .a7 
I .89 
1.41 
1-43 
1.46 
1.47 
1.48 
1 . m  
1.L4 
1.68 
1.10 
I .61 
I .64 
1.87 
1.70 
1.73 
1.76 
1.70 
1.82 
1 .8G8 
1 . W  
1 . ~ 2  
1 ,Q6 
-.- 

=eight 
om~aotim 

faator 

R f-  2 
d 

-- 
4-00 
4.17 
4-38 
4.66 
4.76 
6.00 
8.86 
6.116 
6.88 
8.86 
6.87 
7-14 
7.80 
8.88 
9.09 

10.00 
11.11 
12.60 
14.20 
18.87 
20.00 
26.00 
38.88 
l~o.00 

1O.Oll 

H@igZlt 
oorreution 

Z8obr 

R f--' 
d 

2.00 
2.04 
2.08 
2.12 
2.18 
2. e2 
2.87 
2.38 
9.38 
2.44 
2. GO 
3.68 
2.t13 
2.70 
2.78 
3.86 
2 .(I4 
8.03 
3.18 
0.38 
3.38 
3.46 
8.67 
3-70 
3.0~ 

I 

Height 
aormCion 

feohr 

R. f-- 
c l  

- 
1.00 
1 -01  
1-02 
1 .05 
1.04 
1.UG 
1,06 
1.08 
1.09 
1.10 
1.21 
1-13 
1.14 
1 . I f5  
1.16 
1.18 
I .I11 
1 .a0 
1.88 
1.28 
1.88 
1.87 
1 .B8 
1.90 
1.38 

Dishnee 
of mark- 
ing from 
osntrs of 
sun'ei diak 

d 
mm. 

28 
e l  
2s 
22 
21 
20 
19 
18 
17 
16 
16 
14 
10 
18 
11 
10 
9 
8 
7 
6 
8 
4 
0 
3 
1 

Dinten00 
of mark- 
ing from 
asntre of 
8iin1m didc 

d 
mm . 

76 
74 
7 3 
78 
7 1 
70 
09 
68 
67 
68 
6t3 
04 
OP 
dS 
61 
60 
60 
68 
ti7 
I 8  
I;B 
G4 
63 
t a 
6 1 
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