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ASTPONOMIA.- - Comparison of the Dimensions of the Flocculi at
Periods of Maximum and Minimum Solar Activity, by H. C.
Dara, C.J, Macris and Th. G. Zachariadis*. *Averowwdn On0 tod

*Axadnuairod x. I. Eavddxn.
ABSTRAGCT

The flocculi dimensions are measured during the maxima and
minima of solar activity and their relative frequency distributions are
given. The results of the measurements show that there is a 7Y, increase
in these dimensions from the minimum to the maximum of solar activity
as well as that the large dimension flocculi are more numerous during
maxima and those of small dimension during minima. The T % increase
has been tested statistically and found to be significant.

1. INTROGDUCTION

The purpose of this paper is the study of a possible variation of
the mean dimension of the K; chromospheric flocculi during the solar
cycle and especially between periods of maximum and minimum solar
activity.

By flocculi we mean the bright emission centers of the solar chro-
mosphere, with dimensions of some seconds of arc, which are spread all
over the solar disk, forming the chromospheric network.

The life time, the center to limb variation of the flocculi dimen-
sion, as well as their intensity relative to the chromospheric background
have already been studied (Janssens 1970, Macris, 1962, 1968, 1974).

The dimension of the flocculi is one basic characteristic depending
on many factors, especially on the resolution of the telescope and on the
seeing conditions during observation. This paper refers to the measure-
ment of the flocculi as they have been recorded by a spectroheliograph
with a constant lens aperture and under satisfactory seeing conditions.

2. OBSERVATIONAL DATA AND MODE OF WORK

To determine the flocculi dimensions we have used an extensive
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series of spectroheliograms taken by the large spectroheliograph of Meudon
Observatory (D’ Azambuja, 1930) through the Kj line of ionized calcium.

The mean diameter of the solar disk on the spectrohieliograms is
86 mm which corresponds to 1920 seconds of arc, that is 1 mm on the
spectroheliograms corresponds to 22,3 sec of arc.

To take the tracings of the spectroheliograms we used the Joyce -
Loebl automatic microphotometer of the Research Center for Astronomy
and Applied Mathematics of the Athens Academy. The tracings have
been taken in quiet regions of the solar chromosphere, that is in regions
without plages or other centers of activity, and at distance sind = 0.82
(55° heliographic latitude) from the equator, in the north and south polar
regions and in the W - E direction. Each group contains six successive
tracings which were taken by 200 u displacement for each tracing. Since
the dimensions of the second slit of the microphotometer were set at
200 X 200 p, a zone of 1200 u width was being scanned completety. The
dimensions of the flocculi vary from 0,8 mm to 5,6 mm measured on
the recording paper, that is from 160 to 1120 u on the plates, since a
five fold magnification of the image of the plate was made to facilitate
the measurements and diminish their margin of error. Therefore all
flocculi found in this zone, have been recorded in the tracings. Figure 1
shows omne tracing.

On each tracing we draw the chromospheric background, which
was defined as the curve which passes through the lower points of the
tracings, which represent points with the lowest photometric density on
the original negative spectroheliograms. In some tracings one can see
points below the drawn background. They are due to small prominen-
ces projected on the solar disc or other irregularities of the photographic
plates which diminish the density of the negative spectroheliogram.
The backgrounds were drawn by the same person and with the same
criterion, to include almost all the points of lowest density and form
a smooth curve.

T'o measure the dimension of each flocculus on one of the six suc-
cessive tracings, we chose the tracing on which the flocculus had its
maximum deviation from the chromospheric background, that is its
maximum intensity. The tracing was chosen by comparison of the six
and study of the evolution of the same feature.
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We define the mean size of each flocculus as the width at the
middle of the distance between the top of the flocculus and the chromo-
spheric background.

The rich collection of K; spectroheliograms of the Meudon obser-
vatory has allowed us to use plates from 1913 to 1973 except for the
years 1915 - 1918, during which no spectrobeliograms were taken because
of the World War I. The time interval 1913 - 1973 includes five maxima
and seven minima. The plates chosen because of their excelent quality

are shown in the following Table:

Table of Chosen Spectroheliograms of Meudon Observatory.

M a% 1 m a M1in itma

No Date NoO Date No Date NO Date

|

|

8- 7-1913 | 10 | 29-4-1944

12-10-1913 | 11 | 20 - 6 - 1944
4- 6-1914 | 12 | 30-5 - 1954
30- 3-1923 | 13 5-6-1954
T-4-1923 | 14 | 23 -6 - 1954
5- 6-1933 | 15 9-7-1954
28- 9-1933 | 16 | 18 -5 - 1964
10-10 -1933 | 17 | 26 - 6 - 1973
19 - 4 -1934

4-3-1928 10 | 22 - 3 -1957
12 - 3 - 1928 11 3 - 5-1957
19 - 4 - 1928 12 | 28 - 6 - 1957

5-6-1928 13 7- 7-1957
25 -6 - 1928 14 | 31- 7-1957
23 - 5 - 1937 15 7- 9-1957
25 - 5 - 1937 16 11 - 10 - 1957

1-6-1937 17 1- 7-1968
10 - 6 - 1947

© O N B> N B ) M e
O D =T B A G O =

The measurements were made on the tracings of the plates taken

with the Joyce - Loebl microphotometer.

3. RESUETS

On the tracings taken from these plates, 598 flocculi were measured
during years of minimum activity and 589 during years of maximum
activity. As already mentioned, the flocculi were measured at
55° heliographic latitude and in the W - E direction. Their size in this
direction does not change with heliographic latitude when they are near

the central meridian of the sun,
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The calculations gave the following mean values of the flocculi
size: 1) 2,67 mm + 0,03 mm with standard deviation 0,80 for the minima
of solar activity and 2) 2,86 mm -+ 0,04 with standard deviation 0,88 for
the maxima of solar activity. As already indicated 1 mm on the disk of
the spectroheliogram corresponds to 22,3 sec. of arc. T'aking into account
the five fold magnification, 1 mm on the tracing should correspond to
4,47 sec. of arc. Therefore the mean size of the flocculi during minimum
and maximum solar activity in seconds of arc is 11,9 and 12,8 respect-
ively, and the difference between them is 0,9 sec. of arc. This diffe-
rence has been statistically tested by Student’s t-test (t = 3,9) and the
probability that is due to chance was found to be very small (p < 0,01).
Figure 2 gives the relative frequency distributions of the flocculi sizes

during maximum and minimum solar activity.

4. DISCUSSION

The dimensions we found in this paper are not necessarily exactly
the real flocculi diameters. This is so because firstly the maximum
intensity (maximum deviation on the paper) is not necessarily found on
its diameter, and secondly the flocculi mean dimensions depend on the
resolution of the telescope and the seeing conditions which may not
be perfect.

However the comparison between the two values found is possible,
even though they are not the real diameters, because in all tracings we
used the same system of measurement, the same criteria. Moreover the
choise of the regions (+ 55°) where the flocculi were measured excludes
any possible measurement of plages and insures the same undisturbed
chromospheric conditions during maximum and minimum solar activity.

The most important conclusion of this work derives from the rela-
tive frequency distribution of the flocculi sizes. In these distributions
we see that for sizes of about 13,4 sec. of arc we have the same per-
centage of flocculi in both minima and maxima. For sizes larger than
13,4 sec. of arc we have a greater percentage in maxima than in minima,
while for sizes smaller than 13,4 sec. of arc there are more flocculi

during minima than during maxima.
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Therefore we conclude that during the minima of solar activity the
small size flocculi are more numerous, while in the maxima of solar
activity the large size flocculi predominate.
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HEPIAHYILS

Ei; mv nagotsav goyasiav moosdiogilovrar ai Siaotdoeig TOV Vvigpddmv
tiig xowpuooaipus Kg, »ata mepiddovg ueyiotng xal Elayiotng vAtaxiig Soaotn-
ouotntog. “Ex tdv dmoteheopdtov 1dv peroiwemy mooxrvmtel 6L al uéoar daoctd-
OELG %AT(L TG UEYWOTO elval T % peyahVregar éxeivav xata to BAdylota. “H Sa-
@ooa avrn NAéyyxdn dua tob Student’s t - test xai e0pédn oratioTindg onuavTixy).

s ~ ~ ~ ~ ’ . \ i \ \

Ex tdv oxetx®v xatavou®dv tdv vipddov (Zx. 2) xoatd td uéyota xal to
D ’ ’ cr e ’ ~ ’ ’ : 4 ’
ghdyiota ovvdystar Ot al vigpddeg TdV peydiwv daotdoewv eivar mohvmAndé-
OTEQUL %ATGL TO UEYLGTOV, &v@) ol vipddes TV mxedv daotdoswy eivor molvmAn-

Véoteoar xata t0 Ehdyiotov T NAaxriis dpastnoloTnToc.
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Kata m)v avaxoivwow tijs éoyaciag «Ziyxgiolg t@v dtactdoemv t@V vipd-
dwv petaky peylotov xui hayiotov thg MAtaxiis doactnodtnrog» 6 *Anadnuaindg
%. "Twdvvng EavBaxng eine 1o dxdhovda :

‘H nagotoa &oyacia dvapégetar gig v Eoevvav tdv dactdoswv @Y yow-
HOOPAIOX®Y Vipddwv xata TO péywstov xal 1o EAdyiotov Thg MAlaxiic doa-

oTNOLOTNTOG.
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Al uerotioels, tag dmotag éEerédecav ol goevvnrai 1o Kévrpov *Egevvav
*Actoovoutag #ail *Egnoposuévov Madnuatixdv, avagéooviar eig @aopatoniio-
yodupara tod Aoctegoagxoneiov tiic Meudon, ta 6mola ANgdnoav dua tob peyd-
lov gaouaronhioyodpov xal dia tiig gacumatxiic yoauuiic Ks tov tovicuévou
aoPeotiov. To *Aoctepooxonsciov tiic Meudon diadéter mhovoiav ovihoynv mhaxdv
amo tob 1910 péyor ouegov, HNror VAwrdv xakdmrov € HAraxovg nUxkovg. Mégog
10D bhxoD tovrov Emédetev 6 x. Maxoiic, 6A6xAnoog 8¢ 1) Bneteoyacia adtot éyé-
vero 8v "Advairg diud Tiig xonouwomoucewg TOU AVTOYQAMPLXOD WIXQOPMOTOUETQOV
Joyce - Loebl tob Kévtpov *Actoovouiog »ai "Egnonoouéveov Madnuatixdv.

Exl tdv Ingdéviov Eyyoagnudrov Ttoldxovio TECOAUmMV (QOTOYQUPLXDY
mhan®dv, & 1OV 6molwv dexaemta EAednoay xatd ta Etn peylotwv xal dexaemta
xotd o £t Bhayiotov Tz Ataxiis Spastnodinrog, EEetehéodnoav petonoeg Emi
1190 vipddwv. Al psroijoeigc v péowv diaotdoewy TMOV AVOTEQW YCOUOCPALOL-
#®V oyMuatioudy Edwooav ta EEfg amoreAéopara. Kotd wév ta péyota gvgédn
Gt 1) néon Tyl @OV draordoswv TV vipddmv avéoxeton gig 12,8 + 0,17 devte-
e0Aemto T68ov, xatd 8¢ ta Ehdylota abity dvéoyetar eig 11,9 + 0,13 devtepdie-
ata t68ov. “H mooxvntovoa diagogd petaty upeylotov xai ghayiotov dvépyetal
elg 0,9 devtepdhemta t6Eov. Todro onuaiver 6ti xard 10 péywota Tig NAlaxiig
doaotnodtntog al puéoar diaotdoelg TV vipddwy eivar xata T Y meolmov peyo-
Mitegarl T@v puéowv diaotdoswv %atd to EAdyLota.

To onuavtixdregoy Suwg mégiopa Tiig doyaciag tavtng moorvmtel €x Tiig
oyeTrilg RaTAVOUTlG oVEvOTNTOG T@OV Vipddwy xatd peyédn. Eig tdg ratavouds
tavtag wagatngeitar Ott Oue peyédn 13,4 devrepdhemta t6Eou Eyopev TO abTO
OG0V VIpddwv tocov ®atd T0 uéyiwstov, Joov xal xata to EAdylotov Tijg NAwaxig
doaotnodtntog. A ueyédn wxoedreoa tdv 13,4 devt. to6Eov Exouev peyaditegov
7100600TOV Vigpddwv g 1o Ehdytota Gn’ Gtu elg Ta péyiota, Ev@ dud ueyédn peya-
Mitepa Eyouev peyalitegov mooootov vigpddwv eig td péylota am’ Gru €lg ta &Ad-
ywota. "Ex tovtov ocuvpmegaivopsy 8t xotd pev ta ghdyote wolvmAndéoteoan
elvar af vipddeg wno®dv dtactdoswy, &vp xatd to péylota molvmindéoteoaur elvar
al vipddsg peydrov diuotdocwv. Andady ta peyédn TOV OOUOGPALQIXDY AVTOV

oynuatiop®v Gxohovdotv #v tivi pétow tov ®Uxhov tijg NAaxils dpactmoldTnTog.



