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Abstract.

Isophotometry of Ha photographs of the solar limb reveals that in
most cases bright mottles appear at spicule roots. Discussion and compar-
ison with related limb and disk observations follows.

1. Introduction.

The dark and bright mottles are the main constituents of the quiet
Solar Chromosphere observed in projection on the disk. On the other
hand spike -like structures, the spicules, project above the low chromo-
sphere at the limb. Several papers concerning the problem of the chro-
mospheric structure have appeared recently (Bray 1968, 1969, Loughhead
1969, Pikel’ner 1969, Macris and Alissandrakis 1970, Banos and Macris
1970, Nikolsky 1970, Alissandrakis and Macris 1971). For works earlier
than 1968 the reader should refer to the review paper by Beckers (1968)
and the literature cited therein. Most studies are in the Ha line.
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In this paper we discuss the problem of the relationships between
bright mottles and spicules. The problem is not new and is closely related
to the problem of spicule appearance on the disk. The following possi-
bilities have been suggested as answers to the question of the identifi-
cation of spicules with disk structures:

1. The spicules appear in absorption, that is as dark mottles on the
disk. This was originally suggested by Macris (1956, 1957) and supported
by most authors (De Jager 1957, Kiepenheuer 1957, 1960, Bruzek 19509,
Beckers 1964, Bray 1969, Loughhead 1969). There is indeed a strong
similarity in the properties of dark mottles and spicules (shape, dimen-
sions, spatial orientation, numbers, lifetimes). Moreover the dark mottles
are better visible at the wings of Ha; this indicates that their motion is
vertical with a velocity of 20-40 km/sec., like the motion of spicules.
Also both spicules and dark mottles are structures of the upper chromo-
sphere, while the bright mottles appear at lower heights (Beckers 1968,
Bray 1969).

2. The spicules appear as bright mottles on the disk. This has been
suggested by Bhavilai (1965). Using a 13 cm refractor and a narrow
band Ho filter, Bhavilai observed that the bright mottles extend beyond
the limb as spicules. In what concerns the dark mottles he found «gaps»
in the chromosphere when he traced them outwards. He interpreted his
observations by assuming that the bright mottles are the spicules and
that the dark mottles are separate features occuring near the bright
ones. No other observer has either confirmed or contradicted Bhavilai’s
limb observations.

3. The spicules are either dark or bright on the disk, depending on
their position on the disk, the position in the Ha (line center or wings),
the part of the spicule that is observed and their evolution. This has
been suggested by Beckers (1968) in an attempt to present a unified
theory of the chromospheric structures. Beckers presented a theoretical
model according to which the upper part of a spicule (height>6.000 km
at the center of the Ha and near the center of the disk) should appear
dark, while the lower part should appear bright. Avery and House (196q)
came to the same conclusions, but for the Ca II K line. An immediate
implication of the model is that the root of a spicule should be bright.
In what concerns the direct observational evidence about Becker’s model
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there is one confirmating and omne contradicting view. Bray (1969)
expressed the opinion that although bright mottles occur in close juxta-
position to dark mottles they cannot be identified with a single struc-
ture ; in photographs near the limb he did not find any welldefind
pairs of bright and dark mottles forming a continuous structure. On
the other hand Banos and Macris (1970) were able to identify numerous
pairs in their photographs. They concluded that bright and dark
mottles are indeed part of the same structure; the upper part of
the structure extends above the chromosphere and appears as a spicule
when the structure crosses the limb.

The question of the appearance of spicule on the disk has not been
given a definite and satisfactory answer yet. The main difficulty is that
the size of the structures involved is near the resolution limit of the
solar telescopes, making the observations, especially the spectroscopic

ones very difficult.

2. Limb isophotes.

High resolution limb observations are important for the study of
the problem of the identification of spicules with disk structures. One
may expect to see the structures actually crossing the limb and deduce
their vertical structure. The only observation of this kind are those of
Bhavilai (1965) described in section 1.

Our own limb observations were carried out in 1968 with the 40 cm
refractor of the National Observatory of Athens and a Halle Ha filter
(0,5 A passband). The enlarging system used produced a 155 mm diam-
eter solar image, a part of which was photographed on Kodak [SO]- 375
film. Careful examination of our best photographs confirms Bhavilai’s
observation that the bright mottles extend beyond the limb as spicules.
However we were unable to find any «gaps» in the chromosphere as
described by Bhavilai. No «gaps» appear either in the photographs of
the lower chromoshere of Loughhead (1969). These «gaps» if they were
indeed the dark mottles, should be as numerous as the bright mottles.

The photographs of the limb are very difficult to reproduce on
paper prints due to the great intensity difference between the spicules
and the lower chromosphere. A precise idea about a photograph can be
obtained by comnstructing isophotes. For this purpose we used a Joyce -
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Loebl Isodensitracer and scanned several regions of the limb in our
best photographs. T'hree of these regions appear in figures 1, 2 and 3.

The only other limb isophotes the authors are aware of are those
of Dunn (1960), who had used a wide band Ha filter (2,5 A) and was
interested mainly in spicules. Therefore in his photographs the lower
chromosphere was too overexposed to show any structure, as becomes
evident from his isophotes. On the contrary our photographs had been
properly exposed to reveal details in the low chromosphere, as well as
spicules.

The well known inner limb is visible in our photographs, in addition
to the outer chromospheric limb. The inner limb, most probably, is not
a real solar phenomenon, but arises from unwanted photospheric light
through the sidebands of the filter (White and Simon, 1968) T'he bright
mottles are visible at the center of Ha up to the chromospheric limb.
On the other at the wings the dark mottles are clearly visible up to the
inner limb ; beyond the inner limb only spicules occur at Ho + 0.75 10&

We restricted our studies in the region above the inner limb and
at the line center. By properly adjusting the density difference between
successive isophotes, we managed to reproduce the individual bright
mottles and spicules in isophotal maps. It is difficult to assign an inten-
sity level to each isophote line, because of the corrections that are
needed in order to account for the instrumental profile and because the
areas close to the chromospheric limb do not lie within the linear part
of the characteristic curve of the film. We have only labeted with the
letter B the regions that are brighter than their surroundings, the darker
regions with the letter D and spicules with the letter S. The inner and
outer limbs are at positions 1 and 2 respectively, where the density gra-
dient is great, that is where the isophotes are closer to each other.

Spicules are distinguishable down to a distance of approximately
4" of arc above the inner limb. In offband observations, where the chro-
mosphere is optically thin one can see the spicules down to the inner
limb; these are usually interpreted as projected foreground spicules.
In figure 1 three spicules appear. Under two of them distinct bright
mottles occur. It is interesting to remark that the spicule isophotes
follow the shape of the mottle isophotes, indicating that they are part
of a unique structure. Spicules and their associated bright mottles have
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also the same inclination. No bright mottle appears under the third
spicule at left.

Figure 2 shows two more associated pairs of bright mottles and
spicules. Here the bright mottles are quite prominent and appear as
roundish structures embeded in darker material. In figure 2 there is a
bright mottle (at the left) that it is not associated to any spicule.

A very prominent spicule appears in figure 3. If one follows it
inwards he finds a brighter than average area at its root. The same is
true also for the spicule at the extreme right of the map, but it is not
evident is the case of the spicule at left.

3. Discussion.

Our limb observations that were presented above indicate that the
bright mottles (or at least most of them) have spike like extentions that
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Figure 1. Solar limb isophotes plotted from a photograph at the Ho center

on September 12, 1968. B denotes features brighter than their surroundings,

D features darker than their surroundings and S spicules. 1 and 2 designate
the approximate position of the inner and outer limb respectively.

appear as spicules at the limb. Spicules and bright mottles have lifetimes
of about 6.5 min (Lippincott 1957, Alissandrakis- Macris 1971) and
about 11 min (Bray 1969, Macris - Alissandrakis 1970) respectively; thus
one would expect that the bright mottle is not accompanied by the spi-
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cule during all its lifetime. T'he spicule is probably a post maximum
phase of the bright mottle so that it decays after the disappearence of
the mottle. We can thus explain the existance of individual bright
mottles and spicules.

Our observations are consistent with Bhavilai’s (1965); however
they do not necessarily imply that the spicules should be bright on the

SR (A =] spot size

Figure 2. Solar limb isophotes plotted from a photograph on September 12,
1968, Ha center.

disk. If the spicules were bright on the disk, the bright mottles should
be about 10" of arc long is the direction perpendicular to the limb (this
is an estimate of the overall height of the bright mottle - spicule struc-
ture, derived from figures 1, 2 and 3). This value is considerably
greater than that estimated by Bray (1969) of 2’ -3 of arc, for bright
mottles very close to the limb. Therefore the spicules cannot be bright
on the disk.

If our observations are compared with those of Banos and Macris
(1970) on the disk, the conclusion is that the spicules are identical to the
dark mottles and that the dark and bright mottles compose a single
structure which has a bright root and a dark top. The top of the struc-
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ture is in the upper chromosphere and appears as a spicule at the limb.
Thus the model of Beckers is correct, at least qualitatively.

The conclusions reached above contradict Bray (1969g). If Bray is
correct our limb observations cannot be explained. Certainly the investi-
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Figure 3. Solar limb isophotes plotted from a photograph on August 27,
1968, Ha center.

gation on whether bright and dark mottles are parts of the same struc-
ture or not is still at its beginning.
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HEPIAHWIL2

Eic v nugoloav 2oyastav &Eetdletar 10 mebfAnuna tig oyfocws tdv mdd-
xov Tiig Nhoxdlc yomuoopaions %al t@v Aaumedv Yneidov, Pdost magatnen-
cev &ml tod fhaxnod yethovg eic v yoauunv Ha. To moéfAnua toito ouvvdée-
Tau otevidg modg tO medPAnua Tic dugavicews tdY mddrwy &v mooPfolil &mi Tod
Nhtaxod dloxov. Ad td tehevraiov Exovv mootadi} ol £Efig Avoels :

1. Of aldaneg EugaviCovrar g oxotewval Yyneideg (Macris 1956, 1957
%ol dAko).

2. O aidaxec dupavitovrar dc Aaumoal Yyneideg (Bhavilai 1965).

3. O nidaxeg dVvavrar vo eivan eite hapmool eite oxotewol, sEaprdtar d¢
todto Gmd v meowoyv Tilg yoouuiic Ha, eig mv 6molav xtekeltal 1) magatijon-
oig, o O Tufjpo Tod mdaxog, TO 6wolov wagATNQEEITAL, %ol Gmd TV Qdoy Tiig
8EeMEewg Tob wldaxog (Beckers 1968).

Al mapotnonioeig gic o yeihog mroémovv duecov EEétacwy tijg oyéoewsg TV
addxrwv ug o laumods Yneidag Tiic ratwtéoag yowuoopaioas. Iledg xahvté-
oav pehétny tod Yéparog EMipdIncav icdpmror wegoydv Tob yelhovg dia tod ico-
gortouétoou Joyce - Loebl, edyevig magaywondévrog vmd tod Awcvduvtod tod
*Eoyactnolov avroyiic dhxdv tod E. M. Ilolvreyveiov xadnyntod =. II. Ogo-

ydon. Al lobpotor magovardfovrar eig tag ixdvag 1, 2 xal 3. O Aaumeol oyn-
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patiopol onuetobvrar O Tob yoduparog B, ol oxotewvol Sud tod D zal ol mido-
zeg 0w tov S. Eig mhelotag tdv meountdosmv of Aaumool oynmuaticuot ebgioxov-
Tor dondto tOv mddxwy. Tovrto elvar Bugaveg xol elg td dovnTd TtV @nro-
YOOUPLOV.

’Ev ovvdvaopd moog tag magarnofioslg tdv Banos xal Macris (1970) &xi
100 dlonov, ovumegaiveral dtu 1) tmddeig tob Beckers (1968) elvar dodv. "Hrou
[ Aapmod xol pla oxotewvy) Yneplg drotehodv éviaiov clotnuo Aaumoov i v
Bdow tou xal oxotrewov elg Ty xooueiv Tov, dtav magatneital éxl tod dlonov.
To dvo péoog tob oymuationod ugavifetar GOg widat, Grav 6 oynuationog dia-

oxily ©o yethog.
*

Kata v avaxolvwoww thg foyaciag t@v x. % K. “Alvocavdodxn xal
K. Maxoi}, <Enl tdv oyfoewv ustald Aapmodv yneidmv xal mddrov tig fAvo-
xilg yemuosaioaus», 6 *Axadnuainos % ‘Iw. Eavbarng sine 1o dxdlovda :

Eic mv &oyactav tavtyv gEerdleron 10 medfAnua tiig oyéoeme tdv mddxwy
g Nhandg yowuoopaioas xal T@v Aaumedv Yneidwv. Al magotnorioelg 8Eete-
Aodnoav &xi tob fAwaxod yethovg dwa tiig yonotwomotioems molwtixol wovoyom-
poatixod NYuod Lyot el v yoouunyy Ha tob “Ydooydvov. Eyoncipomoritn 8¢
10 tAeondmov Aweidov ue dvrieipwevinov gaxov 40 éx. tol *Edvizod *Actego-
oxomelov “Adnvav. To meofinua tolto cvvdéetar otevdds mEoOg TO mEOPANUa THg
gupavicewg tdv mddrov &v meofolii &xl tol fhwaxod dloxov, 1O 6molov walaid-
T80V £iyev Gmaoyolioel TOv %. Moaxoijv.

Al wagatnorioeig el T0 yethog Emrpémovy dusoov EEétaocwy Thg oyéoswg TMOV
mddrwv pg tag Aoumoag Ymeidag Thc xatwtéoag yowumoopaioag. Iloog naluré-
oav uekétny tol Yéuarog EMedncav ilodgmtor meoroy®dy Tob yelhovg ik TOV
icogpwropétgov Joyce - Loebl.

*Ev ovvdvaop® meodg tag magatnoijoels td®v Banos xal Macris (1970) 8xi
100 dlonov, ovpmegaiverar Gt 1§ Hnddeiig tod Beckers (1968) eivan dotj. “Hrou
pla hapmod xal pia oxotewvy) Ynelg Groteholv Eviatov cvotnuo Aaumoov elg v
Bdow tov %ol o%oTelvOv €lg THY ®oQUPT|V, Tov, OTav moagoatnofital éxl tod dloxov.
To dvo péoog tob oymuatiopol Bugoviletal g widat, drav 6 oymuoatiopdsg do-

oyiln 10 yethog.



