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Abstract,—Daily speelrolieliograms of caleinm and hydrogen prominences are available at Kodaikanal from the end of
1028. Comparison shows that quiescent prominences are of essentially the same form and height in both ca'cium and hydro-
gon, as has been concluded by other obgervers. This is also true of eruptive prominences in which hydrogen partakes of the
upward motion evidenced in caleium, Since radiation pressure is only considerable in the case of Ca+ atoms, this evidence is
opposed to the theory of radiation pressure ag the fovee supporting prominences and driving eruptive prominences away from
the sun,

There appear to be differences in the relative brightness of the K line and the Hg line in different prominences, and
frequently in differcnt parts of the same prominence. Owing to the offict of Doppler displacements, it is not possible for
spectroheliograms to give conclusive evidence as to whether thege variations in brighiness are really due to varying proportions
of the numbers of Ca+ and H atoms.

Tt is pointed out that cstimates of the amount of radiation pressure on Cat atoms should take account of the radiation in
the roversals of the Ca+ lines. These estimates must await photometric measures in the Ca+ lines.

Introduction.—The only theory which can in any satisfactory way explain the existence of the chromo-
gphere and of the prominences ig that of Milne * who showed that selective radiation pressure may be large
enough to support atoms which have their regonance line in a part of the spectrum where the sun is radiating
strongly. Tn this way he has successfully explained the formation of a chromosphere of ionised calcium, of
prominences of ionised calcium, and has also given an explanation of the enormous velocities occasionally
attained in eruptive promincnces, a problem which, till then, had baffled solution. Notwithstanding these
notable successes of Milne’s theory, it does not suffice to give a complete explanation of the observations made
on the sun’s chromosphere and its prominences. It ig observed that Cat, H and He ave always present in the
chromosphere, reaching almost to the same heights, and that prominences invariably exhibit the lines of these
three elements. It iy extremely improbable that the radiation pressures exerted by sunlight on the atoms o
Ca*, H and He and the masses of thege atoms are algo so nicely adjusted that the atoms of these three elements
are delicately balanced together at the same heights above the sun’s surface. Indeed Gurneyt has already
pointed out that the radiation pregsure on hydrogen is 10° times smaller than on ioniged caleium, and on
helium 10'® times smaller. Wlectrical forces may be ruled out as they would not operate on neutral hydrogen
and helium. Turbulence hag also been invoked), but there are gerious objections to the magnitude of the
velocities which have to be postulated.

Recent Observations.—The question of the forms and brightness of prominences in different spectrum
lines has occupied the attention of solar observers from almost the beginning of the obgervation of promi-
nences, but the question has attracted more attention recently with a view to elucidating the nature of the

# Milne, M.N., R.A.S., 84, 354—1924 ; 85, 111~-1924 ;86, 8—1925; 86, 578—1926 and 87, 459—1926.
t Guruey, M.N., R.A.8.,, 88, 377—1928.
I McCOrea, M\N,, R.A.8., 89, 483 and 708~1929.
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forces at play. Perepelkin® finds that the ratio of intensities Ha : Dg decreases with height in prominences,
Minnaert and Slob’s measurest do not agree with Perepelkin’s, and the former interpret the varying ratio by
varying self-absorption of Ha. They have also measured the intensity ratios of H: K and of Hv: H3: He
Slob! has continued observations of the ratio of H : K and finds a value decreasing with height, instead of
Minnaert and Slob’s constant ratio. '

Pettit§ has compared spectrohelioscopic observations of prominences in Ho with spectroheliograms in
caleinm K line, obgerving mainly quiescent prominences and those active ones which were drawn to an urea
of attraction on the sun’s surface. He finds that prominences generally show the same form in Ha ag in K,
even to congiderable detail, except that moving streamers and knot§ in the active prominences are. either
absent in Ha or only represented by thin lines where there are broad ribbons in K. He interprets these
differences as evidence that the attractive force ig electrical in origin and he also finds evidence of repulsive
electrical forces.

Perepelkin( has also discussed the radial velocities of prominences, their form and intengities in different
spectral lines. He finds that radial velocities decrease in the order Ca*, H, He; in most cases prominences
have the same form in Oat, B. and He but in other cases the extents vary in the following decreaging order
Ca*, H, He, metallic lines; algo that the ratio of intensities of the lines He: H ig very variable, in the
average 0'37, and decreaging with increasing radial velocity. He concludes that radiation pressure must play
animportant role in the production of prominences although quiescent prominences cannot be caused by
radiation pressure,

Kodaikanal Spectroheliograms,—New material for the study of the forms and heights of prominenees
in calcium and hydrogen has been obtained at the Kodaikanal Obgervatory from the end of 192R8. Owing to
the inereage in the sensitiveness of panchromatic plates about that time, it became practicable to photograph
the Ha prominences by means of the Kodaikanal Ha spectroheliograph with reagonable expusure times,
Since January lst, 1929, the daily observing programme has been extended to include one Ha prominence
photograph, The solar diameter on both Ha and K images i about 60 mm. The material studied for thig
bulletin comprises the Ha and K spectroheliograms of the limb of the sun from the beginning of Qotober
1928 to the end of 193l. Whenever possible, on each day a K prominence plate is taken firgt, then ap
Ha photograph and finally another K photograph. In this way it is possible, by comparing the two K
photographs, to be certain what changes have taken place in the prominence hefore drawing conclugions ag
to the differences of form and height in Ha as compared with K. Of course, simultaneous phobog‘raphd
would be gtill better but this is not possible with the instrumental equipment at Kodaikanal.  Yet it i oon~
gidered that the study of alternate photographs is infinitely better than a comparison of a drawing in He
with a K photograph. The interval between successive photographs is often not more than 10 minntes, and
in the majority of cases the changes in prominence form in thig interval are trifling. The time oceupied in
taking the photographs does not permit of this interval heing shortened appreciably. ,

Properties of Photographic Plates—Before drawing definite conclusions regarding the differsmces in
apparent brightness of different parts of prominences in Oat and Ha photographs, it has to be remembersd
that thege photographs are not taken on the same kind of plates. For Oa*prominences, rapid plates of the
ordinary type are used, whereas for Ha prominences rapid panchromatic plates are employed. These two
kinds of plates do mot have the same characteristic properties. A study of their characteristics has been
made with light of the same wavelength to which they are exposed in the spectroheliographs, the phg_,'gg.,
metric measmres beiug made with a Hartmann photometer. The photometric plates were treated anﬁ
developed in a manner as gimilar a8 posgible to the gpectroheliograms, If ig found that the gamrma yalyes
of the panchromatic plate expoged to Ha light is nearly three times that of the ordinary rapid plate exposed
to K light. This hag an important bearing on the interpretalion of the fainter parts of a prominence, On

¢ Perepelkin, Z.f, Physik 49, 295, I 8lob, B.A.N, No, 218, 120—1931.
4 Minnaert and 8lob, B.A.N, No. 187, 176—1930. § Pertit, Publ. A.8, Pacific 68, 207—198L
| Perepelkin, Z.f. Astrophysik, 3, 338—1931,
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account of the higher gamma valne the contrast between the fainter and brighter parts of a prominence in an
Ha photograph will be greater than in a Ca+photograph. Assuming equal effective exposure in the bright-
est parts of prominences, it follows that faint details will be logt in Ha photographs much sooner than in Ca
photographs. Consequently we see that at least part of the explanation of the absence from Ha photographs
of the faintest parts of prominences lies in the different photographic properties of the plates used. Never-
theless, not all the differences between He and Ca prominences ave due to this, as may be seen especially
clearly in figures 7, 8, 0 and 11 where the relative brighwness in different parts of the (a prominences shows
that the absence from the Ha prominence is not a mere contrast effect,

Efect of Sky Conditions.—1It should also be remembered that sky conditions at the time of observation
also affect the visibility of the fainter details of prominenc.s. For instrumental reasons the effect of poor
gkies in extinguishing faint detail is greater in the case of the Kodaikanal X spectroheliograms than for Ha
gpectroheliograms, i.e., the elfect is in {the opposite direction to that of the characteristic properties of the
photographic plates ag mentioned in the previous paragraph. In all of the photographs reproduced in plates
I and II accompanying thig bulletin the sky conditions were at least fairly good so that any effect of this
kind may be left out of congideration in comparing these photographs.

Effect of Doppler Displacements on Spectrohelingrams.——As is well known, the spectroheliograph, from its
nature, cannot give o true pictuve in the pregence of Doppler displacements. This defect is serious in the
study undertaken in this bulletin, namely of the true form of prominences. Ifa part of the prominence is
moving in the line of sight to the extont of (lisplacing the line off the second slit of the spectroheliozraph,
thig part of the prominence will be misging in the photograph. Although both the Ca and Ha spectrohelio-
grams will be subject to this effect in a gimilar way, it is not practicable 1o arrange that the effect will be of
exactly the same amount in the two gpectroheliographs. The width of the second slit of th » Kodaikanal Ha
gpectroheliograph is 2X0°15 A, corresponding to a Doppler displacement due to 7 km/sec in either direction
whereas in the K instrament the width of the second slit i 2 X 025 A, corresponding to 20 km/sec in either
direction. Although Doppler shifts of these amounts will not sulfice to displace the lines completely off the
slit on. account of the widths of the lines themselves, yet it is clear that Doppler displacements will have a
greater effeet on the Ha gpectroheliograms than on the Ca spectroheliograms.

The only way of climinating the cffects of Doppler displacements in prominence photographs ig by
photographing prominences during a total cclipse with an ohjective prism. This has been done on many
occasions and all the available evidence seems to be that the form and height of prominences is the same in
at least the elements Ca*, H and He. On account of the infrequency of eclipses, the amount of evidence
obtained in thiy way is not great,

Plates I and Il—A few of the prominences photographed in Ca™ and He have been chosen for
illugtration in Plates I and IT accompanying this bullelin. An adequate representation of all the types of
prominences photographed in three years would require a large number of plates but the examples chosen for
reproduction have heen selected in order to show not only typical prominences but alse some of the extreme
cases. Plate I shows chiefly prominences where the resemblance between the Ca and the Ha forms is very
close. Figure I shows the whole limb of the san on the 27th February 1929, with the caleium photograph
almost indistinguishable from the hydrogen photograph. In Fig. 1 the photographs are reproduced
on the same scale as the original. The remaining Gguves arc cnlarged 3'9 times.  Figs. 2 to 6 illustrate promi-
nences all of the quiescent type, excopt the one on the right of Fig. 6. With this exception, these
prominences are all of the solid massive type, especially in Ha, and ‘it ig seen that the outlines and heights are
practically identical in Ua and in Ha. Figs. 2 and 4, especially, indicate that the Hn photographs, are not
suffering from underexposure velative to the calcium phobographs, for in these the Ha prominences are
relatively more dense and compact. Types of prominences which occur more frequently than the number
chrosen for illustration would indicate are shown in figures 7 and 8. Here massive prominences in Ca light
show only in skeleton form in Ha, although there is nothing to suggest underexposure in the latter. Whilsg
generally it is the strongest parts of the Ca prominence which form the skeleton structure in He, this is not
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invariably the case. Tt would appear that in prominences of this type the ratio of the number of Ca: H
atoms is not the same in all portions of the prominence, but conclusive evidence is not available in conse-
quence of the possibility of Doppler displacements, although no radial motion was noted in visual observations
in He. The differences between Oa prominence and its Ha skeleton would appear to be due to differences of
brightness rather than to any essential difference in the forms of the prominence in the two elements,
Esgential differences in the form of a prominence in Ca and Ha have only been noted in prominences of the
type illustrated in Fig. 9, where the arm indicated by the arrow in the Ua prominence, although one of the
strongest parts of the prominence, is entirely missing in Ha. Its absence is not due to changing form as it is
also present in the Ua photograph taken before the Ha. Presumably this is the type observed by Pettit*,
but in Kodaikanal experience clear cases of such phenomena are comparatively rare, Fig. 10 illustrates a
prominence, eruptive in parts, in which portions are relatively faint in Ha. Generally in eruptive promi-
nences, the Ha counterpart is relatively fainter than in the cases of massive quiescent prominences and the
degree of faintness varies considerably in different cases. Compare Figs. 6, 10, 12, 13 and 14 in this respect.
Probably Doppler shifts due to radial motion are responsible for some, at least, of these effects, In Fig, 11
the high streamer is missing in Ha although not so extremely faint in Ca compared to portions which are
reproduced in Ha, Figs. 12, 13 and 14 illustrate types of eruptive prominences. Fig.12 is the jet or fonntain
type over a sunspot and changes are taking place rapidly in its form. There is, however, nothing to indicate
essential differences of form and height in the Ha photographs. In Figs. 13 and 14 the changes are slower
and apart from differences of brightness there appears no essential difference in the forms and heights of the
Ca and Ha photographs, It would have been eagy to multiply examples of eruptive prominences. In caseg
where rapid motions of ascent are taking place it is easily verified that the Ha form is ascending with the
caleiom. Even in the cage of the remarkable prominence of 1928 November 191 the form is, up to the
limits of the plate at §' above the sun’s surface, identical in Ha light (in the only Ha photograph taken) with
the Ca counterpart. Indeed if the H atoms did not partake completely of the same motion ag the Ca atoms,
there could not be the gimilarity of form and height as is evidenced in eruptive prominences. Wor even if
the forms were similar in the beginning, a difference in the speed of agcent would soon cause them to cease
to bear any resemblance to each other at the same heights above the sun's surface. The mere fact that
ascending prominences have essentially the same form and height in Ca and in H would suffice to indicate
that the motions of Ca and H must be identical. The essential identity of eruptive prominences in their
form, height and motion in Ca and H has a most important bearing on the radiation pressure theory, Pere-
pelkin } finds, on the other hand, that the Doppler displacements of Oa * and Heare not equal, the ratio of
radial velocities for Ca + : He being greater than unity, but these relate to movements in the line of sight
which may not be caused in the same way ag movements of ascent or descent in the sun.

Fig, 15 is an extreme cage of the difference of brightness of Ha in different prominences. The middls
prominence ig very much fainter in Ha than ity brightness in Ca * would warrant. As a Doppler displace+
menf amonnting to 1’5 A was observed visually in the middle prominence, it is probable that the faintness in
Ha is due to this cauge.

Selective ‘Radiation Pressure on Ionised Oalcium.—Notwithstanding the fact that radiation pressure
camnot support the atoms of H and He in the sun's chromogphers, yet it cannot be denied that selective
radistion pressure must operate at least on the atoms of Ca * in aceordance with Milne’s theory. Milne- h@,s
shiown § that the amount of pressure of radiation from the sun’s photosphere is of the order required to auﬁm
port a-'Oa * chromosphere, any local enhancement of photospheric brightness driving out the Ca * atoms.to
form a prominerice, The caleulated amount of the radiation pressure has been modified from Milne’s arigingl
dptindate, chiefly %y' taking more siccurate account of the exact amount of energy absorbed in the Oa * lmﬁaalls
Itihaﬁ i’ié be pdiﬁ‘bed out that the energy absorbed by Ca+ is still incorrectly estimated because the baﬂnsrmx@

:YA—;&.

" Potit, oo, eit, 1 Perepelkin, loc. cit.
Les + Boyds, M.N &AH 89, 255—1928 § Milne, loc. cit.
¥tifinaort, 7. £, Physik, 45 610—%927 U‘ns’oi& Ap. J.69,200—1929,  Ses Menzsl, M.N., R.A.8, 91, 628—168:
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of radiation from which the Ca + chromosphere is absorbing light is not the continuous spectrum from
the photosphere, nor even the continuous spectrum after passing through the layer absorbing the wings
of the Ca *lines. Taking the K line, it is well known that Oa *atoms above the photosphere are so
conditioned as to give rise to the portions of the line known as K,, K; and Ks. The K, absorption in the
wings of the line comes from the deepest layers, the Ks reversal is caused by conditions in a higher
layer not yet satisfactorily explained and the Ks absorption in the centre of the line is caused by the
highest layers. If the sun’s chromosphere absorbing K radiation were removed we should nob see, in
the centre of the K line, either the sun's continuous spectrum from the photosphere, nor this after
absorption in the K, layer. What we should see would be a bright line whose wings we know as Kar and
Ks' How bright would be the centre of the K, line we do not know, but presumably it would not be less

bright than the observed X» wings. Now the K, reversals vary enormously in brightness in different parts

of the sun. Even over the undisturbed areas of the sun, K is not uniformly bright as the Ca spectro-

heliograms show. The normal brighter and darker network in these photographs possibly appears with

greater contrast than the actual variations of brightness of the Ks line in quiescent regions of the sun. There

is, however, no observation to suggest that the height of the chromosphere at the limb varies in a

corresponding manner, a fact which is possibly due to the foreshortening of the close network at the limb of

the sun. Begides this normal variation of the K, line in undisturbed regions of the sun, the K, line is very

much brighter over disturbed arcas of the sun, giving rise to the calcium flocculi. Indeed K, can be very

much brighter than the undimmed conlinuous spectrum from the photosphere. So we see that the X,

abgorbing layer can be subject to radiation pressure which may vary between very wide limits over different

parts of the sun. If the normal brightness of K, is just sufficient to support the chromogphere against

gravitation, the brightest states must force the Ca* atomg above it completely away from the sun. Exact

edtimates must await photometric meagures.

If the radiation supporting Ca *atoms comes from the K, layer as mentioned above, there will also be
a further effect when the prominence ascends. As explained by Milne, an ascending ’prominence will
abgorb light from the wings of the Ca line owing to Dopypler displacement of the abgorption line. Owing to
the K, revergalg, however, the prominence will be subj:ct to a decreaging radiation pressure as the abgorption
moves off the Ky line. In undisturbed regions of the sun thig minimum radiation is at about 0°26 A on
the violet side of the contre of the line, corresponding to a velocity of ascent of about 20 km/sec, but in
digturbed. regions the minimum radiation will be only reached by greater velocities. Should this critical
velocity be overshot, then tho ascending prominence will be subject to an ever-increaging radiation pressure,
ag originally conceived by Milne, until the absorption is displaced beyond the K, wing.

Conclusions.—1. The comparison of photographs of prominences taken in calcium and in hydrogen
light shows that the forms of quiescent prominences are essentially the same in these two elements, even to
congiderable detail. This is in’agreement with the conclugions of other observers. Since radiation pressure
can only exert an appreciable force on the atoms of Ca ™ and not on atoms of H, this evidence is not in
favour of the theory of radiation pressure as the force supporting prominences.

2. Even in the cage of eruptive prominences where the relative brightness in Ha is generally less than
in other types, the essential similarity of form and of height attained is maintained and the motion of ascent
of Ua * atoms is algo partaken of by the atoms of H. This evidence is also not in favour of the theory of
radiation pressure as the propelling force in eruptive prominences.

3. The relative brightness of the calcium K line and of theHa line may vary in different prominences
and even in different parts of the same prominence. Owing to the possible effects of Doppler displacements
spectroheliograms 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. Consequent on the conclusions 1 and 2 above it seems quite clear that whatever force raises Ca *
atoms into prominences, and gometimes drives them away from the sun, is also acting, either directly or
indirectly on hydrogen atoms also (and presumably on helium atoms as well). That radiation pressure on
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Ca * atom is appreciable cannot be denied, Whether it is possible for Oa * atoms to be raised by .radiapipp
presgure into prominences and for other atoms to be carried along with Oa * atoms, by collisions or in some
other way, is a subject for investigation, but if radiation pressure on Ca * atoms is the ultimate force lifting
H and He atoms also, the weight to be sapported by radiation pressure must take account of these atoms aa
well as those of ealcium. It would not be of much help to find & new cause for supporting H and He
different from that supporting Ca™, since it is unlikely that any such effect would be just sufficient to
sapport H and He to exactly the same beight ag radiation pressure does Ca ™.

5. It is shown that calcmlations of the radiation pressure on Ca* atoms must take account of the

radiation in the reversals of the Ca *lines, but the effect cunnot be exactly calculated until photometrie
meagures are available.

KODAIKANAL, T. ROYDS,
21st March 1932. Director, Kodaikanal and Madras Observatorses

PARTICULARS OF THE REPRODPUCTIONS IN PLATES I AND IL

All the photographs are positives. Figure 1 is reproduced on the ssme scale ag the original and figures 2 to 15 are 89
times enlargements. One inch in fignres 2 to 15 represents 36 minutes of are, or 95,000 miles, or 152,000 km. 'lfh'e i
given below are the times of tyansit of the centre of sun’s diss and are in Indian Standard Time, (5% hours fast on &M

otograph
R— Date, Extont, Ca f’al;{%m&ph B g&en at
H. M, H. M,
Fig. 1 v w oo oo 1029, Feb. 27 Entire limb. 8 0 8 28
Fig. 2 v e e e e 1030, Apr. 0. 13°SW to 35°8W. 8 84 8§ 28
Fig. 8 .. .« . o 1929, Dec 10, 40°8W to BT°SW. 8 56 8 4l
e & e w1980, Fume 11 UPNE to 85° NE. 8 18 g8 4
Figg & v w0 o w1930, Apr. 23 3h°SH to 10°NE. 8§ 17 8§ 2
Figs 6 e w wn we .. 1929, Sep. 12, 15°8W to 60°SW. 8 2 8 10
Figs 7 we w1631, Teb. 7 16°8H to 27°NR 8 4b ® 26
Fig. 8 s w1980, May 4 29°8E to 80°NE, 8 4 8 20
g 9 e we o e . 1930, Feb. 5. 5°8W to 30°SW. 8 52 8 &
Fig. 10 wi w0 w .. 1928 Dec. 15. 15°N'W to 20°8W. 9 18 8 48
Pig. 11 W . e w0 .. 1930, Feb. 8 18°8W to 4°SW. 7 b4 8 12
Tig 12 v e v e w1929, Deo. 10. 7°8E to 15°NE. 8 b6 8 4l
Figl 13 e e ran “la res 1929' DQO- 10. 5°NW to 20°SW-. 8 56 8 4-'}”
Tig 14 e w1929, Jan. 14, 10°NE to 36°NB. 8 4 8 2
Fig. 15 o w we w1930, June 2. 35°NW to 28°8W. 11 31 1n 4
il 51 Attt e ot et o aa o ozl
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