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BULLETIN No. LXXXIX.

THE ROTATION OF IHYDROGEN ABSORPTION MARKINGS AND THEIR
HEIGHT ABOVE THE SURFACE OF THE SUN

Abstract -—The 1esulls m ths paper are based on Kodukanal He spectiohehogiams during the years 1926—1929

The speed ot 10tation of hydrogen ahsorplion mailkings has beon determimed by measurements near the cential meridian
for successive 1olations of the samemarking  Nent the oquaton the siderial rotation 18 14° 55 pe1 day, that 18 nearly the same
as for spots, but the polaa retardation, althongh evadent, 18 Joss than o1 spots (see fig 1 and table I) The ’polax retardation
evidences 1tsel [ by & progressive meroase n the slope of an absorption marking to the cential meridian at each successive
1otation (see figs 2 and 3 of plate).

Tho heights of hydrogen absorption markings have been deduced from the inne requued for a marking to pass from the
eastern b of the san to the eontral mercian or {rom the central meiidin to the western limb  This tame has heen termed
the quadiantal time of the mmlang  Sinee wn abgorplion mnr kg usually culs the limb of the sun ab quite definite latiiudes
the quadiantal {1mes af these latibudes can bo determned with exactness If the height of an absorption marking above the
sun's surface wore zero, its quadiantal time would he that 1equued for a quarter rotation (synodie) of the sum, but the quad-
rantal times are actually found to bo Jess than the latler as a rosult of the height of the absor ption markings above the surface
ofthesun For the edge of thoe absorption maikings nearer the imb the average quachantal fume 1s 555 days, and for the
edge farther {rom the limb 565 days, compared with 682 days for a quatter rotation (synodic) of markings The deduced
heights of the lwo odgos are 33”5 and 28”0 respeclively, the average height of the prominences (Ca) ab the lmb bemg 46”,
Consequently 1t follows that the lowest parts of prominences do not show on the disc by absorption The lowest parts of
prominences are believed to show on the dise only by omussion, being represented by the biight margms at the edges of
absorption markings and the contre of bright maigng appears to have a height of about 127, deduced from the quadrantal time
of 61 days As the avorage hoights of prominences ai the limb imeludes the finest detail of prommences 1t 18 not surprsing
that these heights a10 greater than the heights found for the absorption markiogs

The level of Ha spectrobeliograms s found 1o he 6”3, oo 4,690 kms above the photosphere This 1s the level of the
chromosphere, and all the heights obtaned in this paper a10 consequently to be understood as heightaabove the chiomospheras

The rotation of caleidm absorplion markings (filaments) has been studied by L ' Azambuja' who
mterpreted the apparent accoleralion of rotation near the limb of the sun as an effect of the height of
markmgs ahove the surface of the gun, and he estimated their heights accordingly  There can be Iittle doubt
that haginterpretation 18 covroet,

A study of thig efleet has now been made making use of the Kodatkanal spectroheliograms for the four
years 1926--1920, taken with the He lime The method of measurement from which the heights of the
absorption markings arc deduced differs from that of d' Azambuia who ineagured the varying longitudes* of
markings a8 thoy crossed tho sun’s dige T find that longitudes near the limb of the sun cannot be measured
accurately since a gmall error in a posilion near the limb leads to a considerable error in the deduced
longitude. Bul 1t ig heve, near the sun’s limb, where the apparent acceleration of rotation 18 greatest and
where 1t 18 most desirable 1o know the longitudes and just here where the longitudes are subject to the
largest errors. Moreover with such measures 1t 18 not smmple to co-ordinate the results of different markings
since they cannot be measured all at the same selected longitude, but have to be taken where they are found
on photographs taken generally at dauly 1ntervals

! L, & Azambuja, Comptos Rendus, 176, 950, 1923,
* Longitudes measured from the central meridian are mvariably meant i this pape:

227




228

An examination of figs 4—8 of the plate accompanying this bulletin will show that hydrogen absorpiion
markings af the limb cnt the latter at quite definite latitudes It 18 a mmple matter to measure thess
latitudes with sufficient accuracy The time when these latitudes reach the central mermdian of the man
can be accurately dednced from photographs taken when the absorption maiking 18 near the centes
meridian since the errors of longitude are then small The method used in this paper has consequently
been to meagure the time interval required for an absorption marking to tiavel from the east lumb of the
Bun to the central meridian and from the central meridian to the west hmb It 18 convenient to have & nanw
for thege time 1ntervals and they will be referred to a3 quadrantal times  mnce they are the times requized
to traverse a quadrant of the sun The quadrantal times for different markings 1n the same latitude
can be 1mmediately compared There are naturally some disadvantages m the method in that 1t does nek
give a8 many chances of measurement as are available on the diso near the limb but 1t possesses & very guosk
advantage that the necessary measures can be made very rapidly and sufficient accuracy can be obteligé
with comparative~ease The virtue of the method adopted 1n this paper hes in the fact that sbsorpiiom
markings are generally mechned to a memdian of the sun go that photographs taken at dauly mtervals
wll generally catch a marking cutting the limb at one place or another along the length of the m&!kim
ugnally the absorption marking cuts the limb (or otherwise expressed the lmb cuts the marking) i difaptig
places on two or more guccessive days The only difficulty 18 with the few markings which lie ald
mendian of the sun such markings near the hmb on one day will be completely past 1t on the next dag
the number of markings not canght 1n this way 18 small and thewr neglect will not appreciably affech
result

The quadrantal times so obtained will be an mndex of the heights of the absorption markings ¥
height above the sun 8 surface is zero the quadrantal time will be equal to the time required for & ¢
rotation of the sun 'The greater the height of the marking the less will be the quadrantal time

The Level of Ha Spectroheliograms
We have hitherto spoken of the heights of absorption markings above the surface of the sun
gpearfying which surface exactly 18 meant In dermving the heights we have only used the central msj
of the sun which 18 the same for all levels and the limb of the sun 1n Ha light  The level of tle &t

photogphere can he measured by comparing the dismeters of the sun in Ha hight and 1 hght from
adjacent continuous spectrumt The diameters found are 60 03 mm for Ha images snd 59 64 sip
the continuons apectrum  The deduced height 18 6 3 or 4 590 kms sbove the photosphere that 1§ pit
1dentical with the top of the chromosphere which 1 calerum light has an average thickness of 5;009

Consequently the surface of the sun which hag been considered in thig-paper {5 the upper surface ¢f

chromosphere and the heights which arg deduced for absorption markings etc are heights abo
chromosphere

Mean Rotational Speed of Ha Absorption Markings

The true speed of rotafjon of abgorption markings can be obtamed from measurements near the o ‘
meridian where the height 18 so much foreshortened that its effect 18 mappreciable Day to day menstf

Wbﬁﬁft to Ehe uregular ;novemg@;s of markings and the effect of errors of meagurement would be app

Tisomn psthatn 1 bhasm ot n d( fars Iamaware)that the I mb of th sunin Ha 1 ght may ha o 8
odgo yetftis larly mXK dmk nalsp tr hlogrms gooddy The us fth doubl dge £th sun &
netwdmental mthe n  fbeingd + ashigm tsmo th phesldef ot #th p tr b1 graph bub 15 mstr:
bemg probably du toth fact that th spectroh I graph mploys a fixed width £ th se ond 1t n the ame

strucigre of th Halm atthelunb The s paration of the tw  dges m Kodakan ] H gpectr h 1 gramsg 18 &
vmm%mmwhatm diff r nbpl ces

+ 1) Asambujs has plso peed thig m th d fo determimingl 1
oime VIII fas II 1930

1 8t Joho Astr phym al § urnal 32 38 1910
¢ Abelt1 howe er find th (h: Jmes f£th hydrog n hromoshper tobefr m974 107 Ob rval ry 49 89 mé}

fgp t hl grm but ot for Ha M udony
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It 18 best therefore to consider only absorption markmgs which have existed through a complete rotation of the
gun and to Aind the tumes requued for a complete rotation irom the central meridian to central meridian  All
markings m the years 1926—1929 which have crosged the central merichan moie than once were measured

Measures were made on the western (or preceding) edge of the absorption markings tor the sake of definite-
ness but no difference to the vesult would be caused by taking the centre o1 the eastern edge of markings

From pholographs showing an absorption matking near the central meridian the times of actually crossiug the

central merichian were deduced for mtervals of 5° of latitude, assumiag the approximate value of 13° per day

for synodic rotation to reduce the positions ncar the central meridian to the actual time of crossing 1t Not

many measures are possible mn the belt between 0° and 5° owing to the paucity of markings of long duration,

beyond latibude 40° mogt markings aic parallel to the equator and the speed of rotation of such markings

cannot be measured with accuracy The 1esults do not vary gieatly from marking to marking in the same

latitudes, nor from year to yeat  They are given below in table I

TABLE I —MBAN ROTATION OF He ABSORPTION MARKINGS

Means of all

Tatitude 0’ [ 10° 15° 20° 25 30° 35 10° 5150
No ol markings ] 11 19 37 47 40 10 93 G
Days tor complote syno | 26564 | 2008 | 2094 | 27002 ) 2722 | 2738 | 27b4 | 278 | 2786 2027
c%;c rotation
Degiees per day (syno-| 1300 I8 | 1336 | 1381 | 1422 | 1814 | 1307 | 1294 | 1291 13 20
die), ¢
Degre’es per day (mdo-} 1405 | 1447 | 143D ) Mgt} 1420 | 14181 1406 | 1393} 1390 1419
rial), &
140 J Fige 1,—Rotation of Jlylrogen absorption
K
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Fig 1 shows the curve of variation of sderial rotation with latitude compared with the rotation of sun-
spots, taking for the latter the unweighted means of Carrington, Spoerer and Maunder' It will be geen
that althongh the rotation of absorption markings i low latitndes approximately agrees with that of sungpots,
10 higher latitudes therr rotation 18 more rapid The retardation of rotation i higher latitudes is however
clearly marked. This 15 well illustrated 1 figs 2 and 3 of the plate  Fig 2 shows a long straight absorphion
marking stretching from latitude 7° N, to 35° N near the central merichan on 1927, August 2 at S5 G MUT.
The central mendian 18 indicated by a vertical ‘line, and a line mchined to 1t at an angle of 40° 194 roughly
parallel to the marking. If the higher latitudey are rotating more slowly than lower latitudes, they will
graduslly lag behind and 1ncreage the melination of the marlang to a mendian. This 18 neatly shown in
fig. 3 1 which 18 reproduced the same marking as fig 2 after one complete rotation of the snn, agan near the
contral mendian on 1927, Aug 1929, the line drawn at 55° to the central meridian indicates how much the

melmation of the marking has increased since August 2 on account of the retardation of rotation m higher
latitndes

The above noted increase 1n the 1nelmation of absorption markings with increaging uge lends support to

the idea put forward 1n a previous bullefin® that the greater mnclimation m higher latitudes is caused by the
retardation of rotation there

Heawghts of Hydrogen Absorption Markings

We are now ready to proceed with the determination and use of the quadrantal times of absorption

markings, defined above as the time required for a pomt on a marking to pass from the esst Lunb to the
central mendian or from the central merdian to the west limb.

An example of the method of working may be given from figs 3 and 5 of the plate. The enstern edge
of the filament in fig, 5 cuts the east imb at latitude 16° N at the time of the photograph, namely b 26™*
GM.T. on August 23rd. The same marking 18 shown near the central merdian m fig, 3 at 34 0 G.M.T. on
August 20th , measurement shows that lafitude 16° N on the eastern edge of the markimg was 3° W, of the
central mendian at this fame and therefore would have been actually on the central meridian § hours and 80

R minutes before the photograph was taken, Conseyuently the time
x interval between the lLimb and the central meridian wag from 289 8h
P 26™ to 28% 21" 30™, that 15 5% 18% 4™, or 5475 for the quadvantel time
ot latitude 16° N
c B

In fig, 9, PBQ represents the east imb of the sun from the pole
P tothe equator. OP 15 the central mendian of the sun and 0Q the
equator Let 4 be a pointabove the limb at height / above the surface
of the sun, whose radius 18 @ A rotates with a known speed until it
reaches the limb of the sun at the pownt B, and has still to rotate

through an angle which 18 denoted by & before reaching the pomnt ¢ on
the central mendian

h | The angle M 1s meagured by the quandrantal time m dsys multiplied
Q § bythe angle through which 4 rotates (synoducally) 1n 1 day. Denote
Pe. 9, the latitnde of Bby ¢ We require an equation connecting % and A,
Binoe hjs and cosA are small compared with umty for the hewghts to be considered, the relstion

0

3 Hale, Astrophysical Journal, Nos 27, 213, 1908
* Royds, Kodaikanal Observatory Bulletn, No 63, 1920

*In $he sotual workong; &) trmes were redueed to dacimals of & day reckoning from & convement zero hour Since most
phodographs are taken between 8k and 9% L8, T , 8t was made the zero hour as bewng more convenient than midmight.
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between the height of the pomt A above the sun’s surface and the quadiantal time can be expiessed
the {form

2h 2
— k 2
P Co8 COS ¢

The effect of the mechination of the sun’s equator to the ecliptic 19 small and has been 1gnoied

Since the majority of absorption maikings are melmed to the meridian with the lower latitude end more
westerly than the higher latitude end, * 1t follows that the eastern edge of such a marking cuts the hmb
(exther east or west) al a lower latilude ihan the western edge The 1eveise 18 tiue for thoge exceptional
maikingd whode imchination 18 1 the opposite gense to the majority, and such cases were cay efully distin-
gughed It was goon found that the cast quadrantal tumes are less for the eastern edge of an absorption
marking than for the weslern edge, and the 1everse 18 true fo1 the west quadrantal times In the following
table 11, the east quadrantal times for the eastern cdges and the west quadiantal times for the westein edges
have been grouped together under ““edge nearer the limb ¥ snd similarly the east quadiantal times foi the
western edge and west quadiantal times for the eastean edge lhave been grouped under “edge f{arthe
from the limb”  The duly synodic rotation €, has been interpolated fiom table I, and A 18 obtained by

multiplying this by the previous column The heights  were deduced by the formula of the pLevious
paiagraph

TABLE IT —QUADRANTAL TiMus rok He ABSORPTION MARKINGS AND THEIR CORRESPONDING HEIGHTS

Bdgo nearer the lumb BEdge faather from the limb
Numbel
Latibude | of mark
1ngs Quadrantal tume Haght | Quadiantal times ’ Height
m days (Ty) ¥ A Ty in days (T,) £ A ei:f
o o " L] o ]
0— 0 6 b1b 13 50 780 884 547 1850 788 371
610 12 Ha0 1442 712 485 542 18 42 729 410
1—1b 19 HhHY 18 38 745 3206 B4 13 33 765 252
16—20 29 Hot 1820 734 360 5 (6 1326 750 294
21-~25 20 5062 13147 740 312 576 1317 759 238
26—30 35 548 1808 i 372 562 1308 735 305
3136 38 hn7 1300 725 305 569 1300 40 25 8
36—40 27 hoy 1292 724 279 567 1292 733 247
41—45 15 548 1281 704 289 551 12 84 707 284
¢ Woighlod means ‘ Weighted means Y
o7 P 5 Hhb 335 5 650 280

Ag geen 1n the above lable, the mean hoight of the lghest portion of an absorption marking 1s 33" 5
and the height of the lowest portion 18 28”0 The average height of all prominences at the limb (in Ca K
Light sice Ha photographs are not available) 18 39" 4, bub 1t 18 to be remembered that all prominences are not
represented 1n the maikings chosen ior measurement 'The mean height of the prominences correspond-
ng to the markinmgs meagured 18 aboul 46” Considering however that such heights imclude all the fine details
geen 1n promunences 1t 18 not surprising that the fine details may not contan sufficient hydrogen to show
by abgorption when on the dise of the gun.

A surpriging result 18 thal the height of the lowest portions showing by absorption 18 28”0, only 5”5
lower than the highest portions A greater difference had been anticipated, mdeed a value approximating to
zero for the height of the lowest portion had been expected, qute unjustihably, as a brief examination of

! Kodaikanal Observatory Bulletin, No, 63 *# Corresponding o the weighied mean of cos®s
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spectroheliograms will show that the quadrantsl times of the two edges of an absorption marking are only
glightly different. This result 18 not to be supposed as possibly due to an erroneous value of the speed of
rotation of absorption markings. No reasonable modification of the law of rotation can make the height of
the edge of an ahsorption marking which 18 farther from the limb approach to zero. Hence there can be no
doubt that a hydrogen absorption marking does notrepresent the whole of a prominence from base to summat,
nor does it represent the lower portions only, but on the contrary only represents, in the average, a region
of the prominence hetween 28”0 and 33”5 in height. Where then 1is the lower part of the prominence when,
the rotation has carried the prommence on te the face of the sun? An answer to thig question is suggested
1 a later paragraph.

The above result that a hydrogen absorption marking represents such a narrow gection of a prominence
at the limb accounts for two observed facts If the lowest part of an absorption marking were really at the
zero level, we should expect the maximum height of the attendant prominence when this lower edge of the
marking cutgthe limb. As a watter of fact the greatest height of a prominence 18 nearly always one day earlier
at the east limb and one day later at the west limb, than when the absorption marking cuts the limb. The
gecond fact explained 18 the absence of any close relation between the shape of an absorption marking near
the limb and the shape of the prominence at the limb. The reason is clear since the absorption marking
proves to correspond to only a small gection of the promimence

It will be seen from table IT that the guadrantal times do not vary appreciably with latitude but that the
dednced heights are somewhat smaller 1n higher latitudes. The deduced heights depend on the two factors,
cos®* and cos*®, the latter of which is chiefly responsible for the variation of heights with latitude. A modi~
fication. of the law of rotation of absorption markings would however alter the variation of heights with
latitude a8 the angle A wounld be affected.

Table I1I shows that the quadrantal times diminigh steadily from 1926 to 1929, 1.e., the deduced heights
are 1ncreaging. Whether this 18 a real effect or is 1n some way due to the selection of markings for meagure~
ment cannot now be said.

TABLE III—~VARIATION OF QUADRANTAL TIMES OF Ha ABSORPTION MARKINGS AND THEIR
CORRESPONDING HEIGHTS IN SUCOESSIVE YEARS

Hdge nearer the hmb Edge farther from the limb
Yenr.
Quadrantal time Quadrantal time
m dayﬁ (T]) Helght h‘l m days (TB) Helgh'l hﬁ
] 1
1926 5627 300 5788 %7
1927 b 542 842 5668 288
1928 5499 362 5 580 319
1929 5392 407 5508 856

" If, ag the g.bove reasoning has shown, a hydrogen absorption marking represents only an upper part of &
prg‘f:mi‘hence geen at the hmb, it seems pertinent to enquire whether the lower parts of a prominence at the
limb are seen abt all when on the face of the sun. The only feature attached to a hydrogen absorptiod '
"mprking bésidesd the marlang itgelt is the bright margin on each mde of the dark sbsorption. It has been
Yoindafowt’ that practically every hydrogen dark marking is accompanied by bright margins on each side. It
“ady e vhatius thie durk markmg approaches the sun’s himb, the bright margin on the mde farther from

e T

! Kodaikanal Observaiory Bullelin, No 63
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the limb becomes relatively brighter, whilst the biight margin on the himb side disappears through being
bidden fiom view by the higher dark marking The method adopted at that time to give the height of the
dark absorption above the bright margin could not be expected to give more than the order of magnitude of
thig height, and the difference of height found was 10" Tt 13 now found possible to determine the height of
the bright margin somewhat more precigely from their quadrantal times, exactly as has been done for the dark
absorption  Notwithstanding the fact that most dark markings are accompanied by bright maigis, yet not

often do the marging make a clear cut on the limb of the sun  Not many can therefore be measured and the

meagures are not so definite ag for abgorption markings An example 18 shown n fig 5 of the plate, 1t 18

hoped that the reproduction will show the buight maigin on the side farther fiom the limb, cutting the latter

farther north than the absoiption marking In the four years 1926—1929, only 20 bright margins were con-

sider od gurtable for measm ement without ambigmity Measurements were made on the middle of the place

where the Lright maigin touches the lunb of the sun and the results are grven below 1n table IV

TABLE IV —QUADRANTAL TIMES AND CORRESPONDING HEIGHTS OF THE BRIGHT
MARGINS OF Ha ABSORPTION MARKINGS

Mean latiiude Number Qu;;ldléz??%ﬁ I;ws A Height ks
21 4 20 609 days 804 116

The mean height deduced 18 117 6, or about 16" below the absoiption maikmg which may be compared
with 10" {or the order of magnitude deduced 1n the previous bulletin referred to above Considering the fact
that 1t 18 only praciicable to meagure the middle point of the width of the bright marging and thig has a height

of 11” 6, 1t geemns reasonable o suppose that the lowest portions of the bright margin must be almost, 1if not
quite, on the surface of the chromogphere

The above deduced heights for the different parts of an absorption markimg do not give a complete
explanation of ihe relation between an absorption marking on the dise and the prominence seen at the limb,
but they do throw gome light on 1t We have prominences at the limb extendmg to an average height of,
sav, 46”7 Tho highest part of the corresponding absorption marking 18 33" 5 above the chromosphere and the
lowest 287 0. The lLight used 1n obtaiming the spectrobehiograms 18 the centre of the He line whose fluctua-
tiong of mntensity give us the well-known features of Ha spectioheliograms  Thege fluctuations may be due
to (1) fluctuations m the photospheric Light seen thiough a partially transparent layer of hydrogen, (2) fluctua-
t1on8 1 the number of absorbing atoms 1n the partially transparent layer of hydrogen, or (3) finctuations in
the emission and absorption of layers of hydrogen completely opague to the photosphere below Simce
the prominences on the isc have no counterpart i the continuous spectrum we can exclude (1) above.
Alfo, 1f (2) were effective, the bright margins of absorption markimgs would have to be interpreted as due to
less abgorption of photospheric light due to the removal of absorbing atoms either bodily or by excitation
Tt 18 unreasonable to suppose that the presence of a prominence can lead to a diminution of the number of
atoms capable of abgorbing the Ha Line. We are therefore driven to (3), namely that the brightening of the
Ha line 1 a bright margin 18 due to brighter emission of the hydrogen 1tself and that the absorption marking
18 due to the absorption of light from this background by the cooler layer of hydrogen. The lowest parts of
prominence then corregpond to the bright emission seen at the marging of absorption markings but piobably
also underlying the whole abgorption markmg They are radiating more strongly than the general surface of
the sun (1n Ha light) but are not much raised above the surface of the chromosphere Smce the total width
of the bright margms (assumed to underhe the absorption marking) 18 greater than that of the absorption
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markigg 1t follows on the above 1nterpretation that the lower parts of the prominence are more extensive
than the upper parts Which 18 reasonable Abgorption of this bright background can only be exerted by
those hugher portions of the prominence which are cool  This absorption beging at a height of 28 0 (on the
average) and extends to a height of 33 5  The parts of a promimence above this height are supposed not to
contamn sufficient absorbing atoms to effect appreciable absorption and are therefore not repregented m the
ahgorption marking It must be stated nevertheless that the edges of an absorption marking are generally
quite sharp and unless we can see a reason why absorption ghonld suddenly begin at a defimte heightso a8
to cause s gharp edge we must seek the cause m the build or structure of promint nces
Tt must not be supposed without further examination that resultg obtaned 1n thag bulletin for hydrogen:

abgorption markings apply equally to ealcrum abgorption markings The two kinds of absorption marisiy)

may havesomewhat different siructures In the first place I believe I am correet 1n saymng thed Xg shoorpeioil
‘markings are not accompamed by bright margins sumplar to those e the.sagp of hydregen Tt ie yosﬁ%ﬁ
if not probable that the heights deduced from measares of Ka abgoplion markings would not be identiest

with thoge of Ha absorption marlangs Further Evershed hag shown ! that m caleium prommences the

gnses st & height of 29 are moving westwards at abont 1 km/gec fagter than the prominences themgelves ; if

this movement § ghared by hydrogen then in an absorption marking such as that illustrated in fig 3@9

hydrogen must have pasged completely out of the marking in less than 2 hours The absorption mariimy

[ustrated 10 fig 3 has a faurly typical width m round figures 6 000 ks and if the hydrogen 1n 1t is moving

wegtwards at 1 km/sec 1t will have passed out of the marking 1n 6 000 secs or less than 2 hours as taséd,
above Since abgorption markings frequently last for menths we would have to assume in such a cose W
the abgorbing hydroger must be continuously renewed from below

JE rshed M nthiyNu RAS 88 126 27

KODATRANAL, T ROYDS ,
$2nd Dacember 1930 Drregior Koddwhamal and Madras Ohgerigtonid

Sy o




	00000234.tif
	00000235.tif
	00000236.tif
	00000238.tif
	00000239.tif
	00000240.tif
	00000241.tif
	00000242.tif
	00000243.tif

