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SOME FEATURES OF Ha DARK MARKINGS ON THE SUN,
BY T. ROYDS, D.Sc.

The dark markings seen 1 spectroheliograms of the sun taken with the He line form one of the most
interesting fealures of the solar surface and one that hag been leagt studied. Since the Ha spectroheliograph of
the Kodaikanal Observatory was first constructed by Mr, Evershed he has carried ont many minor improvements
‘which enable a higher average quality of photographs to e obtained, resulting in a more pevfect and more
continuous sevies of He spectroheliograing than in the earlier days., Txperience has algo Leen gained in the
preparation of red sensitive plates, It therefore scemed appropriate 1o undertuke a defailed study of the He
rvecords now available at the Kodaikanal Observatory, and a commencement hag been made on the photographs
taken during the half-year January~—Tune 1018, A slill carlier period might have been taken, hut it wag
thought advigable 10 begin with a period when there was considerable prominence activity in the polar regions
(sec Kodaikanal Observatory Bulletin No. LIX).

Even a casual ingpection of He spectroheliograms reveals cortain features which can hardly cscape notiee,
and the present paper confines itself to these more obvious features of the markivgs as excmplified in the
spectroheliograms  obtained during the half-year Junuary--June 1018, leaving for another occagion ihose
features requiring a more closcly detailed examination. The remarks in this paper are therefore concerned only
with the following three points which have not, go far ag I am aware. heen previously referved to by other
workery —

I The mean diveetions of He dark markings in diff erent Jatitudes.®
I1.  The bright marging of He dark markings.
III.  Absorption near the bages of prominenees.

I, —THE MEAN DIREGTION OF DARK MARKINGH IN DIFFERENT LATITUDES,

Almogt every spectrobeliogram shows that nearly all dark markings have a more or less lincar character,
this feature having led M. Deslandres to call them * filaments 7.5 Consequently it 18 not difficult to assigna
defimte direciion to each marking or at any rate o different sections of it length. The tendency of Ha mark-
ings to lie along a pavallel of latitude in latitudes higher than about 35° andio lie along a mendian in ile
cquatorial regions can be gathered after a slight familiarity with the spectroheliograms. For a closer study,
the average diveetion of the dark markings for each belt of 5° of latitude for the northern and southern hemis-
pheres has been devived in the following way. In the course of the ordinary routine of the Observalory the
dark markings ave copied by hand on to 8 inch chavts on which are printed the lineg of latitude and longitude
referred to the central mevidian at 5° intervals.  From each of these charts of the first half of 1918 the direc-
t1on of the He markings in cach helt of 5° latitude was read off, the arcas having been previously measured on
{he photographs and corvected for foreshortemmg. For congistency, the direction was reckoned from thab end
of the marking which was nearer the equator ; thus one lying along a meridian was called Nif in the northern

* The direction of Ha markings 1s treated of in Koduikonal Observaiory Memoirs, Vol. 1, part II, page 114,
i Annalex de 1"Observatowe A’ Astronomie physique, Meudon, Tome IV,
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hemigphere and 8 if in the southern. In the novthern hemisphere, the markimgs were classified ag 1, KN,
NE, NNE, N, NNW, NW, WNW or W by estimation from the charts; in the southern hemisphere similarly
from E to W by 8  The only point of difficulty iy whether a marking which hes exactly along a parallel of
latitude ghall be calledd K or W. In thig digeussion guch a marking has been called E as 1if 1ts castern end had
been slightly nearver the pole than its western end ; this may not be stiietly aceurate but it 18 more accurabe
than dividing them equally between I and W, for it will be scen that there 18 a large preponderance of mark-
mngs which incline themselves towards the cast over those inclining  towards the west.  For example 1 the
northern hemisphere the total avea of markings (luring the half-year which were classified as KN, N, and
NNE was 1,447 tenths of a square mnute, whilst that of markings WNW, NW, NNW was 410 only . sumlarly
in the gsouthern hemisphere those KSE, 8E, and S8E totalled 1024 tenths of a square munute whilst those
WSW, SW, and SSW were only 420, Markings whose irecthion wag mdetermmate owing to thewr appearing as
dots or as irregulur patches were omitted, as also a number of markings of insignificant size ax well as those in
the highest latitudes where murkings are so infrequent that their average directions durmg a period of only six
monthg cannot be velied on.  The area of markings omutted on all accounts was, however, only 15 per cent of
the total.

Briefly, whal has beeu done i, in cffcet, to place the He markings m cach belt of 5% ond to cud Ho as to
form one long irregular marking and to draw a line from the heginumg of this long markimg to the end : this
only differs from what was actually done m that {the aveas of the markings were taken and not their lengths,

The average chrection of the Hre markings in each bell is shown in figure 1 and . table T, the lengths of
the lines in the figure being proportional to the vector s of the areas. The total aveas m cach bell quite
independent of their direction is given also in table Tand it will be seen by comparing tus tolal with (he
vector sum that the markings deviating from the average direction o not form a large proporbion.

INCLINATION & AREAS of Ha MARKINGS
FOR EACH BELT of 8 (ranusry-June, 1918)
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TADBLE L-—Mcan direction of dark pearkings v different Tatitudes.
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The c¢hiel features of the results shown in Ggure 1 ave (i) thal in both hemisplieres the markmes meline
themselves o the east and (i3) that ag one passes rom the equator the average diveelion of markings changes
from a position along a memdian by inenmmg more and morve towards the cast until in the gher lakitudes
they lie practically along a parallel of latitude.  These features of He markings secunng to prefer one diree-
tion varyms with latitude over another, and that always Lo the cast cany e aceounted for by the polar vebarda-
tion of the angular veloeily of votalion of the sun ; but this by itsell id nob suffieient Lov it vequires that the
age of the markme m different latitudes 1w equal o that required (o produce the cagterly dreifl of ity polar end
which 13 mdieated m o figore 100 1 TTe markivgs are of short duration they will have disappeared before the
end neaver the poles have acqured any appreciable casterly dvift s if, however, they ave ol considerable duration
it 18 cady to see that as the age of the making inereases the end which ig in @ highoer latitude and consequently
rotating more slowly, will gradually dift towards the east velative to the end in the lower latitude, Tt shouald
howevar be stipnlated that the age of the marking in (his sense does not necessarily mean thoe lenglh of time
the marking 1g visible, for if the origim of an Tle nuwking is operating invisibly for o considerable time hefore
the Ha marking bocomes visible ab the surface Uhe castern tendeney of Tle markings would still be produeed.

et ug examine what must be the “age ™ of e markings (in the above denge) in difforent tatitudes bo
produce the melmations observed in Ggure 1. Theser ave given in table IT. The polur vetardation operating
has been supposed 1o that given by Adams for (he veversing luyer! 5 the ages deduced vary from about 8
days i the belt 0%=10Y toabout 116 days in the belt 45V—65Y. It the polar relardation had heen taken from
Adams’ values for the Hee line, the ages deduee] would have ranged from 22 to 200 days.

TasLe IT.

Latitude . " , (P10 e Rge 200350 30040 4H°—~hY
Mean directions N and 8 . - B0-f) 6305 400 22° ge
Easterly lorgitudinal dmft per diem ... o1 (1030 io-74 00-40) 1012
[~ e e & ] - - , - - e e [ st st et s e
Age” of Hu markings m days 74 days 16-6 241 41-0 116

Adams, P;l])”cl‘sht)f the Mt. Wilson Observatory, Vol, I, Part L.
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The question now ariges as to whether the ““ ages” shown in table I correspond with any exactitude with
the duration of Ha markings as observed n the daily spectrohehograms., It is not, however, easy to determine
exactly the average duration of Ha markings for several reasons, chief among which are (1) the facl that there
are sometimes gapy of several days in the Hea record owinyg to bad weather, (2) the fact that 1t 18 often difficult
to decide whether a marking which has veappearedl at the eastern Iimb 15 ulentical with one which disappeared
at the tvestern limb or u néw birth 1 approximately the same position, for seldom does a marking reappear
with charactémstics which can he defimtely correlated with its features when 1t disappeared al the western
limb and (3) the fact that many markmes are born on the invisible side of the sun hefore they appear at the
eastern limb, and many die there algo after digappearing at the western limb.  The spectroheliograms for the
half-year have however bban examined 1n order to ascerlain whether the duration of Ha markings i con-
sistent with the *“age ™ deduced m table II.  In the northern hemuspherce an average duralion of 23 days was
found and in the southern, 10 days. These values ave not so consistent with each other as, possibly, they
might have been if a longer period had been taken, but abt any rate it sutficas for the present to have found no
appearance of any lendeney for markings 1n lngh latitudes to last longer than those in low latitudes, Con-
sequently 1if polar relardation of the sun’s rotation ig the sole cause of the easterly tendency of Ha markings.
the logical conclusion seems to be that i high latitudes the disturbance which finally appears ag a dark markine
18 operdaling long before the marking hecomes visible.

II.—BRIGHT MARGINS 'OF Ha MARKINGS

When an Hee dark marking 1s near the Himb the gide ot Lhe marking which is nearer the centre w almosl
invarably bounded by a bright marking, extending for practically the whole Llength of that side of the darl
marking Generally there 18 no bright markimg visible on the side nearest the hinh. A good example iy
shown in figure 2 which 18 an enlargement of a portion of a spectroheliogram taken on Fehruary 6, al 8 [Om
1.8.T. A pothook-shaped markimg 18 near the east limb and the side nearest to the centre of the sun’s ise
is seen Lo have a wellmarked bright margm. When a dark marking 15 at the cast limb the western side hag the
bright margin, when at the west limb the eastern side shows the hright margin. These bright marging are
very noticeable only when the marking 18 near the limh but they can generally be seen in markings all over
the dise.though they are much less marked and are not always there seen along the whole length of the dark
marking. The ready visibility of the bright margin when the marking is near the limb is probably due to
scattermg in the lower layers. Al a certain distance from the limb varying for dufferent markings it can be
geen that although the contrast around the bright margin is becoming legs, a bright margm beging to appear
algo .on the limb gide of the dark marking. The same marking shown on figure 2 is seen again on February
12th in figure 3 when the vertical portion is near the centre of the sun’s disc. Although possibly not showing
in the reproduction there is now clearly visible in the priginal a bright margin on each sde of the dark mark-
ing extending for most of. the length of the dark marking but it will be seen with how much less contrast
compared with figure 2. The width of the bright margms in these photographs is about equal to that of the
dark marking and they are not appreciably wider than here shown even with much broader dark markings.

Since the bright margins are seen on opposite sides of the dark marking at the two limbs, and on hoth
gides, though with reduced coutrast, when near the centre of the dige, it is concluded that they are m cxistence
on hoth sides all the time but that when near the limb the bright margin on the limb side is obscured by the
dark marking which reachesto a higher level. Two facts go to confirm this interpretation, viz., (1) 1if a dark
marking near the limb happens to be dirccted approximately radially to thel centre of the dise the two sides are
geen to have bright marging ; and (2) if a marking near the limb is sinuous in shape, the hright mavgin is seen
to seek the gide nearest the centre.

The height of the dark marking above its hright margins can bededuced from the distance of the marking
{from the centre of the disc when the bright margin on the limb side begins to be uncovered by the dark
marking (when'east of-the central-meridian) or covered (when west). For any particular marking the cistance
at which the bright margin onrthe limb side begins (or ceases) to appear cannot always be exactly determined
becaunge, firstly, as the marking-approaches the centre although it. may not be difficult to say when the bright
margin on the limh side has become visible, the contrastis considerably reduced so that to say when the bright
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margin begmns (or ceases) to appear. is not so easy ; and gecondly, even at the best, thq successive gpectrohelio-
grams represent intervals of one day. A large number of markings seen during the half-year have however
been examined, particularly those which lie approximately at right angles to the solar radiug, and although
there 18 considerable varation among them the bright margin on the limb side was never obscured when within
about 30° of the centre of the sun’s dise. The average width of the bright margins measured was about 0°22 mm,
the sun’s hameter bemmg 60 mm. Taking this ag being completely obgcured when beyond 30° from the
centre, it follows that the height to which a dark marking towers over its bright marging is equal to (0°22 X
~/2 = "311 mm which is equivalent to 10" of arve.

Having now obtained a meagure of the relative heights of the dark markings and therr bright mavging it is
important to fix their level in the sun, but there 18 very little evidence Lo settle this point. From what Follows
in gection III of this paper it will however be seen that abgorption is frequently seen at the hases only of pro-
minences at the himb, 1.e., jugt above the chromosphere, from which we, conclude that the bright marging of the
Ha marking do not reach higher than the chromosphere for if they did they would mask thig absorption.
Ience although the evidence is very meagre we will take 1t for the prosent thatthe bright margins of He
markings are situated 1n the chromosphere and consequently that the dark markings do not generally reach
higher than 10” above the chromosphere,

It is havdly probable that the bright He structure exists only at the marging of the He dark warking but
rather that it extends also right across, bubt underneath, the whole width of the dark wmarking forming a base on
which the dark marking forms a narrower superstructure,

Perhaps o word should be said ay to the relative frequency of oceurrence ob dark markings unaccompanied
by bright marging on erther side. A good deal depends of course on the quality of the photographs, for good
definition, accwrate focussing and good contrast ;m the plate are all requisite for there to be much chance of
geeing the brght marging egpecially if the mariking 1s not near the limb. 1t ig estimatetl, however, that
only m about 15 per cent of the total dark markings observed arve bright marging absént when the quality of the
photographs would lead one to e¢xpect them to be visible.

[II—ABRORPTION AT THE.BASES OF PROMINENOES.

The brightest of the prominences at the limh of the sun can geouerally be seen in He speetroholiograms of
the solar dise, provided the sky is clear and the plate is not underexposed. It a number of ‘prominences secn
thug, there can be seen a dark stiip, suggesting absorption, near the bade of the prominence, giving the appear
ance that the prominence, or part of it, is cut off [rom the dige at it bage. 'Such cages are illugtraled in hgure 4,
February 1, 1913, 8" 13™:; figure 5, February L, 1918, 9" 26™; fgure 6, March 4; 1918, 8" 1%, - Gongider-
ing the difficulties which may be expected in photographing a phenomenon ¢f this kind, promincénees:
showing this characteristic arc of suvprisingly froquent’ oceuvrdénce 3 exactly how fvequent is chiefly a matter
of the quality of the photographs but an idea may be gained from the faet that of 103 prominences seen on
Ha pla,fes during the three wonthy January to March 1918, absorption wag visible al the bases of 87, of which
14 were doubtful.

Certain features of the phenomenon illustrated in the ahove figures must be closely examined before pros
ceeding Ffurther. Tirstly, as to whether the absorption 14 taking place just inside the limb or is actually
absorption of the prominence outside the limb. An examination of the photographs veproduced will suftice 4o
gettle the point. In figure 4, February 1, 1918, 8 13™ there is no doubt that the abgorption near the
middle of the prominence is not on the disc but on the promnence ; in this cage there 'extends from this middle
region to the southern end of the prominence a much narrower abgorption line (possibly not visible in the
reprocluction) which algo is on the prommence. In Hgure 5§, February 1, 1918, 9" 26™, the abgorption beging
on the prominence at the southern end but ag it rung towards the northern end comed on Lo the digse. Such
cages of abgorption clearly on the prominence and off the disc could eagily.be multiplicd. The differences
between the two photographs on February 1 would appéar to be rather changeg in the prominence than due to
2 changed agpect on account of the rotation of the sun in the interval- between them. In figure 6; March 4,
1918; the absorption is partly on the disc and partly on the prominence. There is, of course, no difficully-in
finding cases in which the absorption is completely ingide the limb where a prominence may be seen, and is
really an absorption of light from the dise just ag in any He dark marking seen near the centre of the disc.
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Secondly there can be no reasonable doubt that the dark strip at the base of such prominences
as illustrated are produced by abgorption for they frequently are contimuous with absorption on the dise. It
is conceivable that a prominence toating just above the chromosphere wounld have the same appearance as
many of these cases but the occurrence is too frequent and too much alile in 1ts gencral features to be due to
floating prominences in every case ; moreover the prommence photographs m caleium light show that the
prominences under discussion are not floating.  The question of the pogstahity of their being spunons, due,
say, to the tremor of the sun’s dise had been consmidered but no adequate reason for the unrveahity of the
phenomenon can be conjectured.

The general Leatures of the absorption at the bases of prominences are very sunilar m the diflferent cases.
There is a dark narrow strip extending along the base of the prommence and 18 seen never higher than just
outgide the sun’s lunb although it may be seen either partly on the disc and partly on the prominence or on
the dise just ingide the Tinb as may be expected il the hase of the prominence 18 not exactly at the hinb at the
time of the photograph. It is therefore concluded that when the phenomenon is exactly at the hmb the
abgorption 18 laking place just above the chromogphere The average width of the absorption strip may be
taleen as about 20 v with a 50 mm diameter of the sun, which corresponds to 64" of are, vepresenting the
hieight above the chromogphere to which the abgorption extends.

The ahgorplion typified in fAgures 4, 5 and 6 may not ba of a different character from that discnssed by
Buss 1 who however speaks rather ol abgorption reachme to any level above the limb, bui T would regard the
Tatler eases as pecaliar o the pavticular prominence whereas the absorption at the basey is typical of all promi-
nenees seen uider favonrable conditions.

The exact relatton of an He dawrk marking with the prominence almost invariably visihle when (he
marking reaches the Toub hag been an interesting question ever sinee the markimgs were first photographed.
The first assumplion natweally was that the dark marking on the dise and the prommence al the himb were
mercly different agpects of the gsame thmg, bul as it was found that prominences or parts of them do uot
always show as He markings, and vice versa, this could not be wholly true. The hypothesis that darke
markingy repredent the cooler partgs of the prominences also will not it the facts, It has therefore been
supposed, by Mr. Evershed and possibly by others also, that not all parls of prommences contain suflicient
hydrogen bo effeel appreciable absorption of the photoxpherie Tight, and that only the denser parts of  promi-
nences will show ag abgorption markings.

We will now gee whab additional information on this question is afforded by the phenomena degeribed in
the above seclions 1T and III.  In the hght of this mformation a typreal prominence is imagined to be consti-
tuted ag follows. A prominence has g bage in a region of high temperature probably at the chromosphere
Tevel emitting Light morve strongly than the surronnding chiromosphere  The prominence 18 cooler than (his
bage and indeed cooler thun the general chromogphere  When the prominence 18 near the centre of the dige it
abgorbg Hee light emerging from the chromosphere, but only 1 those portions where there is sufficient anount
ol hydrogen o cffect appreciable absorption , these portions will consequently appear as a dark marking with
bright margins on cach side due to the emgsion from the base.  When the prominence is seen in profile at the
lunb, absorption 18 taking place under somewhat different conditions owing to the changed aspect ; instead of
the denser portions of the prominence abgorbing light from the chromosphere we now have the outer and
cooler povtions of the prominence absorbing the light {rom the mner and hotter region but only near the bhaso
does the hight traverse sufficient thickness to suffer apprecable absorption.

I am greatly indebted to Mr. Evershed, ».R.8, for hig crticism and suggestions and algo to the varions
members of the stafl’ who were on spectroheliograph duty during the half-year under consideration.

SUMMARY,

The average direction of He dark markings changes from a direction along a meridian in cquatorial
regions by steadily inclining more and more towards the east until m latitudes higher than about 35°, the
markings lie nearly along a parallel of latitude. These features can be explained by the polar retardation of

1 Buss, Observatory, 36, 225, 1913,
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the rotation of the sun, but thiy requres that tlie age of the dark markmgsg should vary from ahout 8 days
near the equator to about 116 davs in latitude 55°%  The observed duration of He mavkings is consistent with
the above value [or equaborial regions but there seeing no evidence of longer duration in higher latitudes.

2. Dark markines near the linb arve seen to have alimosgt invariably a bright margin on the side neavest the
centre.  Since a bright margin appears on opposibe sules of the dark marking at the two lTnnbg, and on both
sides, though with reduced contrast, when near the centre of the dise, it 1 concluded that they ave 1 exastence
on both sules all the time bat that when near the limb, the brght margin on the himb side 18 obscured by the
dark marking which reaches to a higher level.,  From the distance from the centre of the dhge at which the
bright margin on the lunb side becomes visible and its width when near the centre of the dise it iy deduced
that the dark marking reaches to u height varely morve than 1) above the level of the hright margin, and
that parts of a prommence above a height of about 107 do nol econtamn sulficient hydrogen to exercise
appreciable absorption of the heht from the dise.

3. A narrow absorption stip at the base of prominences in profile ab the Hmmb s seen m move than 25 per
cent of the tolal number of prommences photographed in Ha hight and would appear to be typieal of the
majortty of prommences when thew hase is exackly ab the limb, This absorplion strip hag a widih of about
67 and 1t is conclwded that only up to this height is there sufficient hydrogen in the ouber and cooley
portions to cffect abgorption of light (rom the mner portions of the prominence
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