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Abstract,
"Phes rotaltet obtasined in this paper are based on mousurements i i
L0438 nnd #lio on 188 cloarly m«h-t:l;;e prominenccs vub of the peri;:lu 5?80%?1:;%0 telocted Hpdark merkings during the cycls 1983-

T'ha tevn Jisdight of an Tiee doek marking was ealoulated b ing its * » T
. " A )] g Y meusuring ite * rent hrendtl,” ’
K.k whore R, s the radins of ‘tho salnr image and d i the distance of tgelmu;:%iafl?:m bbl:: [::(:l:;rea:tg isl:;1 g&rll?al) 1:11'%]:\‘: b".l’;}:a f;:rl':
ol the longth of tho marking e ity true beighl was thon obtained und it was found that the ratio was most frequently 2 : 1.

. .\"pn;-ullul investigation of' tlin baso/hoight ratio of arch-typo limh prominences also showed thal the most frequent ratio was
apnin 2 1.

Thin tewtell inclivectas Uit to mest comnon and  {undimentsl form of & yuiescant i i ici
uthar lorma ity probably variants of thiv fundamental type. Yuisscent pruminence is the scmisireular arch, the

Introduction.

Sinco nhouts 1871, when Father Scoohi in 1taly first organised a programme of systematio observation of promi-
uenees with the speetroseope, o vast smount of observational material relating to the varied festures of prominences
has beon enlleoted ;. and sineo the closing years of the last century these visual observations and drawings of promi-
nenees inve been groatly supplomented widd in many rospects improved upon by photographic records made possible
by the invention of the spectroleliograph. Annlysis of tlie observational data so far availablo has led to the olassi-
Kention ol prominenees into o number of sabogorios, to the identification of the dark markings or filaments as nothing
ofhwr thun prominenees projosiacd on the solar disk snd to the discovery of many important characteristios-of promi-
nenwen, sieh as thoir hohwviour in the course of the sulnr eyele.  One of the most striking features of stable prominences
inthe dliversity of their forms.  Bud inspito of the many different shapes in which they appear, these prominences have
the fullowing fintures in common ; ws o rule, their lengths are much greater than their heights and theit depth or
thivkness i surprisingly small, - A prominence js therefore often likened to a tongne of flame similar to the flame of a
fish-tuil Bunsew Inwenoer.  According to Pottil ¥ an average quiescont prominence has approximately the following
Wimetdons 3 letgtle 200000 km, hoight 50000 km, depth 10000 km. M. and Mme d’Azambuja’s® estimate also agrees
with Pettit's oxcopt thet they find the depth to bo of the order of 6000 km. Furthermore, an examination of a long
pories of wpreatrolieliograms, such ss wo have at Kodaikanal, roveals that, although prominences can have a great variety
of ahapos, there s novortheloss a fundamental shape which is quite striking, namely the arch. Recently, the d’Azam-
hujus (low. eif.) luwo como to the conelusion, after an examination and measurement of many stable prominences in
clifforonut, perspotives, that tho typical appearance of a well-developed, adult prominence is similar to that of a bridge
withh oue or soveral low srches. It is of interest to note here that it seems possible to derive this shape of quiescent
praminences from purely dynamical considerations, as was done by one of the present writers? some years ago. The
objout of the prosont paper is to derive, from a statistical study of a large number of prominences, the most fraquent
form of the areh, which appoars to be the fundamental shape of stable prominences.

Observational data and procedurs of amalysis.

I the prosont work tho photographic records solely of the Kodaikanal Observatory have been ufilised ; but it has
huen neither pmutidublo nor necegsary for the purpose in view to use all the long series of limb and disk gpectroheuo-
grams available in this observatory. Since our object is to determine whether fully grown, stable.prominences havs
# proforonce for any partioular type ofarch shape, the simplest and most obvious method is to select for 1neasure-
ment o sufficiontly large number of limb spectroheliograms on which dleaxly arch-shaped pro'mmencesﬁ.?pmr. Accora-

‘ingly, after oxumining all K~—prominence photographs taken during the period 1908-1940 it was possible to select 188

"3 " Pettit, AP, J., Vol. 76, P. 0, 1082,
' M and Mme d’ Azambujs, Ann, de 1'Obe. de Paris, tore vi, Fasciculs VIT, 1048.
t A. K. Das, Indisn Journal of Physics, Vol, 15, P, 03, 1041, See also ibid. Vol. 14,P.360, 1940 and Vol. 18, G. 17
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( 216 )

Price annas 14 or 1 sh. 3d



216

olearly arch-shaped prominences. These were measured in 1941, at the suggestion of the senior author, by Mr. C. K.
Ananthasubramanyam at that time an Assistant at this observatory ; but due to the exigencies of the war further
progress of this work was interrupted. Recently it has been possible to take up the problem again and to examine He
disk spectroheliograms with the object of selecting a sufficiently large number of suitable prominences appearing as
dark markings on the disk. The method of selection of prominences projected on the diek is, however, not as straight-
forward as the selection of prominences on, the limb, ag will be evident from the following considerations.

a gominenoe on the limb appears as a symmetrical arch with its ends exactly on the limb, & direct measure-
ment of the base and, of the height is possible and the ratio of these two quantities determines the form of the arch.
Prominences, however, are seen in various perspectives and consequently the ratio of the measured base and height
will vary with the perspective even if all limb prominences have precisely the same type of arch form. But if the base
to height ratios are measured for a sufficiently large number of arch-shaped limb prominences and, plotted as a fre-
quency disgram, the most common form of the arch may be expected to show up as & maximum jn the frequency
diagram. This is in fact the basis of the procedure we have adopted for analysing our observational data relating
to limb prominences as well as prominences projected on the disk. Prominences on the digk, however, appear as ab-
sorption markings and no direct measurement of the height can be made, but it is possible to deduce by simple geo-
mietry the true height from & knowledge of the “apparent breadth’ of the marking and the angle between tho line
joining the marking to the sun's centre and the line of sight to the centre of the sun’s disk as secen from the earth.
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FIG 1

Let ABCD (Fig. 1) represent the sun with its centre at O, and let ECO be the line of eight to the centre of the disk
0. FGK represents a section at right angles te its length of a prominence standing on the disk. Then the true
height GS of the prominence, provided that it could be seen as a prdminéncd, would appear as a height GT seen

a a
from the earth, where GTV is perpendicular to the line of gight. (Now GOV=GST=0. Therefore
~8r _GB4S0 Db4R. _ B —b, GT— . Al o h
coseo g’ .' mn T Palar s putting G8=<h, GT=h,, 80=R. and TVi=d. Also cosec 6=-ﬁ—1. Hence

i%:.s—.. 'E— Jofh=- %) Tt may benoted here that GT the apparent height as Bhown in the figute is slightly different
from GK which is the height a.otu;.]ly measured (on the speotroheliograms. GK is sometimes less and “sometimes
mare than GT and is 1Elsm in some. caiies ‘bqual to QT ; the difféfences are, however, ‘too amall tgl affect
the final yesults, Thus “the true 'liight-of' the promihence can be. deduced with suﬁ&ient acouracy if the
apparent height can. be determined, since R. and d are easily measured on spectroheliograms. Now é prominence
ou the disk appears as an absorption marking because the' material of the prominence emits less light than
the photospheric background against which it.is seen, and ﬁbnsequenﬂy the breadth of the marking
will ‘depend upon the 'apE.rent height of the- prominente.. Bt the relationship between the' measured
preadth of the marking andFthe apparent height of the prutinéncs will be complicated by the' effects of the
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orientation of the prominence, its position on the digk relative to the central meridian and the equator and by the
nature of the distribution of the material in the prominence. It isio be noted also that the breadth of & dark marking
close to the ccntre of the digk is due only to the intrinsic depth of the prominence concerned ; the height correction
factor mentioned above is therefore not applicable to markings which lie within about & third of the radius from the
centxe of the disk. In order to eliminate or at any rate to reduce the effects of these complicating factors we have adopt-
od a procedure of selection, which has limited our measurements to only such Hy dark markings as satisfy certain
conditions, These conditions will be apparent from a consideration of Fig. 2 in which O is the centrs

FlG. 2.

of the sun’s disk as scen from the earth, NOS the central meridian and WORE is the equator. The three principsl
iypes of dark markings relected for measurement are represented by ABC, DGF and XYZ. These may be desoribed ag

(a) Markings seen in transverse elevation, i.e., markings parallel to the parallels of latityde and situated cloge
to the central meridian (e.g. ABC). Such markings are found mostly in high latitudes.

(b) Markings parallel to the meridians and therafore ssent in longitudinal elevation (e.g. DGF). Such markings
are observed moktly mear the equator.

(c) Markings at igbermediate latitudes and longitudes, bat which He en a circle comeentric with the sun's limb

(e.g., XYZ),

It will be noticed that in each of the above three 8 the length of the marking is perpendicular to the radius of the
disk passing through the centre of the marking, tZl’zxptehu particular orientation the lgngﬁh of the marking a8 meagured
doos not suffer from any foreshortening effect, also the height correction factor—oosecant 8—is applicsble only when
the, marking ig in this erientation. In any other erientation, such ss that of the marking LMN shown in Fig: 2, tlie



218

)

¥ s . » o ® N . t e
measurement of the length as well as of the height is attended with a great desl of uncertainty ; markings of this yp
are unsuitable for the purposes of the present 1sﬁslllldy and have therefore been excluded from our mensuremonts. The
three types of markings selected according to the above criteris can be taken to be representative ,oi n}a.rkj ngs in general
for, any normally stable marking bocomes one of these types during its passago across the sun’s disk. K urthumi%r ¢
the total number of markings utilised in our measurements is 1629 selected out of the complete solar cycle from 1933
to 1943.

Measurements and resulis.

The 1629 markings selected for measurement could be grouped into three classes according to their appearance
which evidently depends upon the nature of the distribution of the material in the prominences concerned. The
markings ABC, DGF and XYZ shown in Fig. 2 are typical of the three classes

(@) Type ABC. These were seen as “empty” arches; In these cases, tho shorlest length (chord of tho arch)
between the two ends of the marking was taken as ils length. The apparent height was taken o be the
distance hetween the chord and the summit of the marking. This distance, which we may un.]_l the
“gpparent breadth" for lack of n better expression, i grealer than the true hroadih of the marking as
seen,

(b) Type DGF. These were seen as “filled” arches; they differed from the foregoing type in thal in these the
space betweer the srch and the chord was filled with absorbing matarial.  The lengih and the apparent
height were messured in the same way as in (a), the “apparent breadih” and the true hreadth being
identiocal.

(¢) Type XYZ These were more or less rectilinear in appenrance, so that the apparent height hud to be laken
to be equal to the aciual breadth as messured and the length was mensured diveetly ay seen. Thege
markings were probably due to prominences, which had not. developed fnlly.

In the case of the arch-shaped Kmb prominences the mensurements wore made diroctly on images of whout 60 mm,
diameter as obtained with the spectroheliographs at Kodaikanal. But. for the Ha absorption warkings the speciro
heliograms were put through an enlarger, and the measurements wore made on enlarged images of 200 mm, dismeter,
The majority of the markings selected for measnrement were short in length.; they were seon us vingle units and were
taken as such. Some of the markings were fairly long and situated near the limb ; they were clearly seon to be made
up of several distinct units separated from each other Ly pillar-like structures, indicating thereby that they were cumpo-
sed of several arches. Measurements were made on every individual arch in these cases. Some markings, when
very near the limb, showed a brighi margin ; in these cases the measurement of the apparent height included the
breadth of the bright margin as well, considering it as the lower part of the entire prominence whore upper portion was
responsible for the absorption marking.

__To facilitate the computation of true heighta from the apparent heighta a table of height corroction factlurs for
different distances from the centre of the disk was prepared. This isreproduced as Table I. Tho results of tho measure-
ment of the base/height ratios for Ha dark markings are summarised in Table IT, while Table ILT givos a synopsis of the
result of measurement on arch-shaped limb prominences. These results are also given as frequency diagrams in Figs.

,3 and 4. The above frequency tables and diagrams embody values of the base/height ratios ranging from 05 to 6-5.
In individual measurements ratios as low as 0-3 and as high as 10-8 were obtained, but values below 0+ and above
6-5 were sorareand random that they have been ignored. The frequencies have been worked out. for tho following
ranges of values of the base/height ratio ; 0.5—1-4, 1.5—2.5, 2:6—35, 3:6—4-5, 4-6—5-5 and §.6—0-5,

It will be seen from an examination of these ranges of valnes that in tho care of Ha dark markings the ratios in the
Tange 10-5 to 2-5 are the most frequent (heing ahout 46%) and the next imporlant frequency is in the group 28 to
35 (30%), while the frequencies of other groups are inconspicuons. In the case of arch-typoe prominencos on the Limb

the greateal frequency again oceurs in the range 1-5 to 2-5 (70%,) while the t j ) b . Bt
8-5 show a frequency of only 139 6ach. nge (70%) wh e two adjacent groups 0-5 to I -4 and 2:6 10

The frequency diagram in Fig. 3 (for He dark markinggs) shows the predominant peak at 2 : 1 which is closel
followed by ratios at 1-9, 2-2, 2-3, 2-4 and 2-5.  The secondary peak at 3 : 1 is also sgmowhn.t conspicuous. In bh{
corresponding frequency diagram (Fig. 4) for limb prominences the peak at 2 : 1 again towers high ahove all other ratios,

Conclusion.
The salient fact which emerges from the present study i inant i i
] y is that the predominant form of quiescent prominences
(whether seen as dark markings on the disk or as bright prominences on the limb) i iof i
ratio beinig 2 : 1). Other forms are probably on]yngariap:ions of this il‘:m oAl e d. (hoso/height

“: 1) ) damental {ype. It in to be noted, ] er
Phat the raﬁg 1:? :1 also appears somewhat conspicuously in the cage of prominences ;]i;"ojecbad on tho diak,dghcl)g;]‘:‘;m%
in the case of limb prominences. This may indicate that the cyeloid is also a fairly common form for prominsnces.

Kodaikanal Observatory,

A XK. .
December, 1949. K. DAS

K. SETHUMADHAVAN.
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TABLE I

Table giving fuctors (for converting apparent helghia of Hec dark markings to their irus hesghts) for different distances of matiings
Jrom centre of sun'a disk.

Redius of sun's digk, R.=100 mun.

Distance Height Distance Height Distanoce Height Distanee Height
Qf mark- aorreckion of mark- oorrection of mark- gorrection of mark- correction
ing from faotor ing from factor ing from faator ing from factor
centre ‘of centre of centre of oentre of
sun's disk R. sun's disk R. sun's disk R. aun’s disk R,
d o — Pz ~— e — o' =
a d d d d d d
mm. mm, mn. mm,
100 1.00 75 1.32 50 2.00 28 4:00
90 1.01 74 1.386 ) 2,04 24 4,17
98 1.02 73 1.37 43 2.08 23 4.36
97 1.08 72 1.30 417 2.13 22 4.56
96 1.04 71 1.41 46 2.18 21 4.78
95 1.08 70 1,43 45 2.22 20 5.00
94 1.08 69 1.48 e 2.27 19 5.28
93 1.08 (1] 1.47 43 2,38 18 5.68
93 1.09 87 1.49 42 2.88 17 5.88
13 1.10 66 1.82 4] 2.44 18 8.25
90 1.1 66 1.54 40 2.60 18 8.67
89 1.12 84 1.56 38 2.68 14 7.14
88 1.4 i3 1.50 38 2.62 13 7.69
87 1.18 a2 1.61 37 2-70 12 8,88
86 1.16 6l .64 36 3.78 11 9.09
856 1.18 80 1.87 35 2.86 10 10.00
13 1.19 50 I.70 3d 2.04 9 11.11
83 1.20 o8 1.72 38 3.03 8 12,50
82 1.22 87 1.76 32 3.13 7 14.20
81 1.28 56 1.79 31 $.28 6 16,67
80 1.26 17} 1,82 30 3.38 B 20.00
k('] 1.27 od 1.85 20 8.45 4 25.00
8 1.28 &8 1.80 24 8.87 3 38.83
" 1.30 52 1.92 27 3.70 2 80.00
76 1.32 5] 1.08 26 8.85 1 104,00




oD v er WAt o .
. -

IO Y O o

16 10

Il Q1 0% «

14

42 |4:3 |[4°4 |45

i 2 O O i O0 1 P "11

18

89] 108| 110j 110} 107

L

NN TR AD

1-5—2-8

@8-19,

3640

-AMNMOEEl .« -0 01

10.84
5+6—6-5

109] 111

ABRONO-H- -AON

D - N

NOFDRONRDDIDND~
— -

37 {3-8 39 [4:0 |41

cEFNVNWVOMN- AN

371 22| 27] 18] 21

oY~ O~
-

126“6776 =09

445”353 Q=N

AR TNONOT 0~ =l

AR K R X R ol T X Y-

220

N~ HPRr—d -

HYrONY M~ R

TABLE IT

AN DVFHEN MY -

27|28 | 84 | 88 | 66| 66 | B

L.-Uﬁﬂssmaﬂss

NADA D . -

28—07568”45 .

4-8—b5

2:6—3-b

.91%4500473
- - [

30.3%

0:8—1'4

7.19

OB DO OHeT X

NANOE RO BD 1~
- -t

Frequency iables for bass{height ratios of Hec dark markings

HORODDDOR D
- 4t

80 86' 63| 06| 63| 48/ 49( 44 36| GO

6 |2:7 |2'8 {29 |3:0 |8-1 |8-2 |3-3 |8:4 |85 3:‘

2

Y O ST W i b
- -

46 14-7 14-8 14:9 15-0 |81 |B-2 |53 |G-4|5-6 | 56 5-7 5-8* 5:9) 6:0) 6-1) 6-2| 6-3) 0-4) 6:0

01

0-5 {0-6 j0-7 |0-8 lo-0 |1-0 [1-1 j1-2 |13 |1-4 |1-5 f1-6 |1-7 [1-8 J1-9 [2-0 |21 |2:2 [2-3 [2-4 |2°8

-
-]
crd QU rdd o o . | P
. . . ..
N ST e~ e | &
. . « . —
st~ - . o« of (-]
. ER . -
—
P~ = s e e . .-t -}
. . P M ,
~
. L] -t - 19
e s e s oe e e

“Years

Group percentage

Ratios
Years

Group percentage

8:

1.09

10
3.59,

156

TOTAL

Group percentage




221

TABLE Il
Proquency sables for base/height ratios of arch iype prominences on the limb

Rl 05 | 00 0-7 08 | 09 1o | 1 12 | 1.3 1-4
-}‘-'tiquem;iua 0 1 9 1 1 4 n 1 s

Qroup pareentago 13,

Rabios ‘ I-5 1-6 117 1.8 1.9, 2.0 2.1 2.9 2.3 9.4 2.5

Proquoncien . l " 11 14 1 o | 2 2 | 11 1 7 16

¢ }l—'c‘m'; ;n‘o;wn;l.nugu . . h 709,

Ration . 2.0 2.7 2-8 2:9 8.0 8-1 3:2 33 3:4 3-5

1"nuumnéieﬂ . . . 3 3 B 2 9 0 ] 1 1 1
) iig:;l;;—[;;l:t!mlfcl\.nh L . T 139

Ratios . . . . . 3-8 3-7 38 39 4:0 4-1 42 4.3 44 4:5

Frequemoiea . . . 2 0 8 0 0 0 0 0 . 0 0

Croup perosntage . . - 89,

Reatioa . . ' . . 48 4-7 '4-8 49 50 51 5.2 &3 5.4 58

Froquencios . . T 0 0 o. | o 2 0 0 0 0 1

+ I
Group peroentage . . ‘.| 18y
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