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ASTPONOMIA.—Amnalysis of some aspects of 25 chromospheric events.
Reduction of the optical data, by R. Falciani, C. J. Macris,

M. Rigutti*, >Avexowvddn vno tob *Axadnpairod x. 1. Eaviduy.

Abstract

Some 25 chromospheric events photographed at the National Obser-
vatory, Athens by C. J. Macris, have been analysed with a photographic
method to get isophotes. Evolutive curves of the energy emitted by the
flares at different intensity levels have been obtained. Some examples

are shown and some general remarks are made.

1. Introduction

Since some our previous works (Falciani et al., 1967; 1968) gave
encouraging results it seemed to us worth-while to develop further the
basic ideas contained in those works and to try to make an as accurate
as possible photometric analysis of flares and a comparison with radio
and X-ray observations at as much wavelengths as possible. In fact, the
knowledge of the time evolution of all the aspects of the flare pheno-
menon must be the first step to be made in every attempt to give a re-
liable physical model of the flare itself.

As is known, the simplest of the problems related to the flares, the
one of their classification, is far from a satisfying solution and a great
deal of the statistical work which is done at present is based on quanti-
ties which are rather roughly estimated and which have not a surely
established physical meaning. For example, there are not very clear
reasons to prefer to consider the areas of the flares instead of some other
parameters. It is very likely that we are just acritically continuing what
the pioneers did in this field.
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This appears to be very evident if one considers, as said above, how
the flares are presently classified and, turning to a different aspect of
the problem, how the existing flare models do not explain the behaviour
of some phenomena connected to the flares as for example, the short
period pulsations and oscillations observed in radio and X-ray bursts
(see, for example : Castelli and Aarons, 1967 ; Boishot and Clavelier,
1968 ; Teske and Thomas, 1969 ; Frost, 1969; Donnelly, 1969; Kreplin
et al.,, 1969; Parks and Winkler, 1969) and recently observed by the
authors (Falciani et al., 1968) also in the H, line. It seems to us that
the whole problem should be re-stated. A large number of flares should
be singularly studied in different ways and common physical features
should be searched. Only after this preliminary work is done significant
statistics will be possible.

For the reasons above and from our previous results we thought it
would have been interesting to make an analysis as accurate as possible
of a group of flares in onder to get their photometric evolution and to
make a comparison of the results with the data relative to associated
radio and X-ray events. Of course, we needed good experimental data
as far as time resolution and, possibly, spatial resolution are concerned.
For this reason we used the good and homogeneous series of filtergrams
obtained by C. J. Macris at the National Observatory of Athens.

2. Experimental material

Table 1 shows the events we have analyzed together with some data
referring to them. For calibration purposes we used 75 photografic
records of a 7-step calibration filter on the same emulsion (Duplo - Pan
Rapid, Gevaert) used to get filtergrams. Unfortunately calibrations had
not been performed regularly and we were obliged to use an average
calibration curve for all exposure times. This caused an appreciable
dispersion (of the order of + 5°/,) of the experimental points. The figure 1
shows example of the filtergrams we analyzed.

3. Reduction method

For the reduction of all our experimental material we used the
method already briefly described in some previous papers (Gregorio et
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Fig. 1. Ha — filtergram of the flare of 28 May 1967 ( 06h oym 58s )

IT44 1971
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TABLE I

Events analysed in the present work

Average
heliographic Flare | Number
D agtle coordinates |Importance Time interwals iof analysed
of the ana-  (Macris) filtergrams
lysed region \
30. 3.1967 l 26N - 50 W 1b ’ 8.33 - 9.37; 10.06 - 10.18 60
25. 5. 1967 24N - 2E 2 b 6.31 - 7.20 ; 8.20 - 8.30 57
9.48 - 10.21; 10.55 - 11.20
28. 5. 1967 24N - 50 W 3b 5.39 - 8.09; 8.20 - 9.08 70
2. 6.1967 2N -40W i 8.01 - 8.06 ; 8.44 - 9.58 45
30. 7.1967 25N - 2W 2b 6.06 - 17.03 ; 45
31. 7.1967 | 25N - 42 W 1b 6.40 - 6.54 ; 8.12 - 10.00 180
15N - 20 W 1b 14.56 - 15.34 ; 180
13N - 10E 1 175
1. 801967 25N - 52 W 1b 78
19N - 29 W l not flare 6.35 - 17.16 ; 75
17N - 4E not flare 83
2. 8.1967 25N - 61 W 1n 6.46 - 7.40 ; 8.02 - 8.22 66
19N - 42 W  not flare 6.46 - 7.40 ; 8.02 - 9.07 53
16N - 10 W  not flare 6.46 - 7.40; 8.02 - 9.07 73
3. 8.1967 26N - 82 W 2 b 8.03 - 8.53 ; 9.09 - 10.11 56
19N - 60 W  not flare 56
18N - 24 W | not flare 8.03 - 8.54 ; 56
6. 8.1967 20N - 48E { not flare 7.22 - 1.32; 7.55 - 853 | 53
16. 11. 1967 12N - 39E 1b 8.47 - 8.49; 9.24 - 9.37 o
17. 11. 1967 12N - 28E 2b 8.20 - 10.10 ; 97
28. 1.1968 12N - 30E 2 b 106
8.12 - 10.05 ;
12S - 35E s b 100
31. 1.1968 14N - 9W 1n 7.05 - 7.21; 7.48 - 8.04 61
1. 2.1968 ! 12N - 29 W 1b 8.57 -10.42 ; 11.06 - 12.18 207
2. 2.1968 | 13N - 35 W sb 9.08 - 10.03 ; 10.20 - 10.32 188

10.42 - 11.52 ; 12.28 - 13.20
3. 2.1968 11N - 55 W 1b 7.1 - 8.13; 8.27 - 8.35 59
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al., 1966, 1967 ; Falciani et al., 1967). For this work, however, we
improved the device to measure the areas enclosed by the single density
thresholds using, after the photomultiplier, a Thomson digital voltmeter
and a tape puncher to record the measurements. All the reductions and
calculations have been made with the IBM 7090 computer of CNUCE,
Pisa, and the final data have been plotted with the Calcomp plotter of
CNUCE, Pisa.

The whole instrumentation and the method to get isophotes have
been accurately tested to get a reliable estimate of the total accuracy.
The density of the undisturbed chromosphere has been obtained by ave-
raging density measurements on four to six quiet points around the flare.
Measurements have been repeated several times (in some cases up to 25)
also at intervals of months and it came out that the accuracy for density
measurements is AD /D =~ 5°/,, within the range 0.04 <D < 1.44, that is
completely negligible with respect to other errors discussed below. The
photoelectric area measuring device has been repeatedly tested. Some 13
isodensity thresholds of known areas (the same ones used to calibrate
the digital voltmeter) have been measured over and over again for
periods of about omne hour each (i.e. for periods longer than the ones
necessary to measure a whole sheet of isodensity thresholds). A mean
square error of about 5%, came out to be a good estimate for the error
due to the area measuring device with a slightly larger error for smaller
areas. A further source of error had to be considered, namely the fact
that we only measured areas at particular and not always the same levels
of density and then had to interpolate at ro fixed density levels. To get
an estimate of this kind of error we analyzed several filtergrams obtain-
ing for each of them 45 isodensity thresholds and then comparing the
results with those obtained with interpolation between the fixed 10 iso-
density thresholds. The result was completely satisfactory.

When we had already got our first results some completely erratic
fluctuations were present in the graphs. For this reason we re-analyzed
the whole process. I'wo series of seven filtergrams have been indepen-
dently processed 36 times in different days and one filtergram has been
separately processed 26 times slightly varying the influence of all the pos-
sible nearby sources of fluctuations in the whole apparatus (for example:
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exclusions of some usually operating motors in the building, etc.). As a
final result we got the mean value A of the area enclosed by any of the
considered isodensity thresholds and the corresponding mean square
error ¢(A). As it is shown in figure 2 where instead of ¢(A) we reported
its effect on the value A —e(A) is not constant. The largest errors-
correspond to the smallest measured area; in any case an error of 10-12°/,
may be an indicative one. It was then clear that the illumination and
projection systems to get isophotes introduced errors much larger than
the one due to the analysing device and this could be only explained by

Alog. A
0.3~
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Fig. 2. Errors in the areas of the isophotes.

considering erratic fluctuations of the feeding system, sudden variations
in the network voltage, ageing of the stabilization apparatus, etc. As
the main purpose of the present analysis was to reveal effects much more
conspicuous than the errors of figure 2 (Falciani et al., 1967, 1968) we
thought it would have been useless to try to improve the performance
of the apparatus. This, however means that oscillations in graphs from
figure 3 to 7 less than the errors shown in figure 2 have not to be consi-
dered as real.

4. Results

Figures from 3 to 7 are few examples of the graphs we obtained.
The ordinates give the energies emitted by the flare from a given
density/intensity level up. The energies are measured in terms of the
energy emitted by a unit surface of the undisturbed chromosphere.
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All the measurements have been corrected for foreshortening, as it
is illustrated in Solar Geophysical Data (1970).

The symbols used in the graphs correspond to the intensity levels
according to Table IT wherein is the intensity of the n-level of brightness
of the flare, measured in arbitrary units, and [ ichr.] is the average intensity
of the nearby undisturbed chromosphere, measured in the same units.

TABLE IL

Intensity levels for graphs in figure 3 to 7

Symbols (o) ® a- d) ‘ -0 \O\ \ ?
A = log

n

*chr

As we will consider in a successive paper the detailed behaviour of
the Hq evolution curves of the analyzed phenomena, their relationship
with radio and X-ray phenomena and the possibility of the construction
of a model to give account of the observed features, we shall notice here
just some features common to all the analyzed flares.

All these flares show non-monotonic evolution curves but present
more or less strong oscillations. Before the flash phase a contraction of
all the intensity levels takes place. The higher the level the stronger the
contraction. After the main flash other emission picks are present while
the general trend of the phenomemnon is going down. This is valid for
the higher intensity levels; very often the lower levels (near the facula
intensity level) almost do not show traces of the presence of the flash
also when this is a strong one (sometimes only a slight increasing of the
emission is noted). But, on the contrary, it happens that noticeable varia-
tions at the lowest levels are not accompanied by any important event
at the higher levels (which can also be absent). The presence in the
flare of small (also very small) very brilliant areas (A > 0.3) almost always
is an indicator of violent phenomena (radio or X-ray).



266 ITPAKTIKA THZ AKAAHMIAZ AGHNQN

FLARE NUMBER 1 30. 3. 1967
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Evolutive curves for the flare of 30 March 1967.
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FLARE NUMBER 4 2. 6. 1967
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Fig. 4. Evolutive curves for the flare of 2 June 1967.
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All the graphs with the evolutive curves of the energies and areas
at different values of A for the flares we analyzed (see Table 1) will be
published in the near future.

All the measurements at the densitometer and the area measuring
device and some reductions have been performed by Mrs E. Pettini.
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Fig. 5. Evolutive curves for the flare of 30 July 1967.

Mr G. Pettini prepared the program for plotting the final data. Mr E.
Brunetti and Mr B. Romagnoli made all the work regarding the photo-
graphic isodensitometric process. The graphs have been traced by Mr
L. Borriello.

This work has been made with the contribution of the AIR FORCE
CAMBRIDGE RESEARCH LABORATORIES under Contract F 61052 - 69 -
C - o031 and of the CONSIGLIO NAZIONALE DELLE RICERCHE, Roma
under contract No 6900595/115.3017.
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Fig. 7. Evolutive curves for the flare of 1 August 1967.
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NEPTAHYITS

Oczwoeitan Mav evdiapéoovon roi drmapuitnrog ute mooomddera O’ axopi
POTOUETOIXNY AVdAvoLy ThV Exhdupemy x%al ovyxololy, €ig Alav muxod yoovixd
dwaotipata, ue gadionhextodg fitomde magutnonoelg &mi to duvatrdy mEQELOGO-
60wV unxdv ®Vuatog GOg xal pE magarnofoelg T@v dxtivov X. “H yvdoig tob
yeovou £Eshitemg tiig Aapmedtnrog Tiic Exhdppeme %al Shwv TdY cupmaoopnn-
ToUvTOV Qoawouévay O0fov v dmotedi TO modrov Biime duk Ty Yeueimowy Evog
UoKoV mEOTUTOV aVTHG.

Eig tv nagolioav 2oyactav ijtig dmotekel 0 modTov pégog Tiig 6Ang Eoev-
Ve xal fitg dvagéoetar eig ™Y dyayoyly tdV dntmdv dedopévov, &osuvdtan
uta potopstounn Gvdivolg 25 Exhdupeov goropoapndeicdv eig to *Edvirov
’Actegoononeiov Adyvdy two tod K. Maxofi. Awd v goropetownny dvdivoy
gxonoporonidn goropetownn uédodog (Falciani et al. 1967, 1968: Gregorio
et al. 1967) tiig 6molac ta dmotedéopara, ®c¢ %ol xara to mapehddy, vmijobay
Mav inavoromtixd. “H goroyoaguun uédodoc tdv icopdtmv v dxhdpupewy &te-
tehéodn S Pelrniopévav doydvav of 8¢ duouBels Umohoyiopol, al ratayoapal
@V petonoswy xal 1 ydoaklic @V xaumvhov Eyévovro th Pondele tol MAextoo-
vinod vrokoyiotod IBM 7090 1ot CNUCE tiig [1{Cag 2v "Trakie. “H §An éoyacia
gEetehéodn v mEoowmxod T 6molov Exonuarodotiidn Hmo tob "Edvixod Kév-
100V *Emotnuovixdv *Egevvav tiig “Trakiac.

Ta amoteréonara dmijotav Alav 2vdiapéoovra.

‘H magadedeyuévy ofuegov ratdraic t@v exhdppemy, elg 6,11 depood ™V
omovdatdtnTe. avTOY, TEog xadoplopdv Tig 6motag Aaufdverar v’ SYw ubvov
10 8ufadov onuelovuévyg magamdevomg Tig xat’ xtipnow AaumgdTnrog AdTGOY
(Godevig, petola, haumod), déov v Byxatakewpdfi Sidtt div dvramoxgiveron
TEOG TNV TOAYUOTIRGTNTA.

Ta oyfuata 3 - 7 magovotdlovy dAiyo moapadelynata tdv &% Tig magovong
goevvne &Eaydéviav ocuvpmegaoudrov. Al tetaypuévar Sidowy tac dvepyslog al
6motal Exmépmovral &% TV xhdupeav G piav dodeloav otdduny murvéntog /
gvrdosmg. Al &véoyelar cuyxoivovrar we Ty, 9w Tiig movddog tig Empavelag
tijg Moépov yowuoogaigag, &xmepmopuévny &véoyeiav. Al napmidar dewxviovy tOv
tedmov %’ Ov &Eehiocovrarl ail vmo tig #xhdupewg Exmeumdpevor Evégysian eig
10¢ dLopogovg poTopetonag otddpag avtig. Al xopumvlor Eehitemg TV Exhdu-
Pewv dev elvar povotovixai GAAG magovotdlovv loyuods talavidosg. *Amodei-

’ e (44 \ ~ D) ~ ’ ’ P A e’ ~
#xvUeTOoL OUT® OTL 7O Tiig &xonntixdls @doswg AauPdvel ydoav cvotoln Ghwv TdvV
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oradudv évrdocmg tod yompoogaiowod mugood. “H peyahvréoa ovetolt) Eugo-
viCetow elc vy dynrotéoay otdduny. Thv otyunv »ad’ Wiy % ovotohy airy
LopPdver ™V pxgotéoay TiUNY doXETUL 1) yowumoopaiowxy) Exontlc. Meta tov
Boaydv, avodixov xai Piatoy xhddov thg petafolrilc tig Aapmodtnrog TdV Exhdp-
Wewv, mapetnoidnoay elg Tov xatdvra xhddov tig rapmihng &Eelitews altdv,
moMa devreoevovra péyiota. Tolrto toyver i otdduag Oyniiig évrdosme. “Eni-
ong SlemoTAOAUEY GTEVIV GUOYETLOW UETA TMV QaOLONAEXTOXDY (PALVOUEVMV %ail
gnelvoov t@v dxtivov X,

Kata myv dudoretav 2Eehitewe widg éxhdupeme Taoatnoodvral £viog adTilg
wxoot 1) wohd wroal, Gika Alav Aapmoal megroyal (A > 0.3).

“Anoavra ta gogaydévra oyediayodupato pE tag xaumvlas &Eelitemg TaV
EnTEUTOUEVOY  BVEQYELDY %Ol TOG TOLUTOGS OLOYKETLOEMS, TOV mTooatnendévimy
ERONATLXDY YOWUOTQULOXOY  ovouévmy, petd T@v dadlomhextoundy Taoatnon-
cewv xal gxmoumdv axtivov X da dnuooievdolv moooeydms.

Oeopat evyaoiotiar amevdivovrar meog ta ~Emotypuovind “Eoyaotiow tiig
’Aepomooundic Avvduswg td@v “Hvopévov IMolwaidv il *Aucowils, »al moog to
*Edvinov Kévroov *Emomuovixdv Egevvav tiic “Traklag ta 6mola &onuatodo-
moav 10 dvotéow modyoaupa, xadbg xal mog TO moocwmxov (Kov nal Kev
Pettini, Kov Brunetti, Kov Romagnoli, zai Kov Borriello) t0 Omolov Emepe-
MO tiic magaoreviic TOY PwToygapudy loomdxvev TOV dtagéomy Exhdupenv
nol 8Eetédlece TAC METOV|OELS, TAG MEQLOGOTEQUG Gvaywydg xol ThV ydoafy Ttdv

raumdhov 1OV teldv Grotedeopndtoy.
*

‘O *Anodnuoizog %, 'I. EavBdxng, moagovoidlov v Gvotéow Gvaxoivm-
owv, eime ta €Efg ¢
CEyxo v iy va wagovoldon elg tv CAxadnpioav TAdnvadv v vmo
tov tithov «Portopetoxy ‘Avdivole Xoouoopaouedv twvov Dawvousvov xal
>Avayoyn T@v "Orundv Asdopuévov avtdv», goyacstav t@v x.x. Mario Rigutti xai
Roberto Falciani, disvduvtod xai dotoovipov, avristolymeg, tob v Neawdher tig
*Traliag *Actepooromeiov Capodimonte, xal tod x. Kovotavtivou Maxofj dieu-
Yuvtod tob Kévroov ‘Eeesuvdv *Actoovopiag xai ‘Egnopoouéveov Madqpatindy
g *Axadnutag *Adnvav.
‘H 2oyaocia aiitn avagéoetal eic Ty poTopetouniv uerétnv etxoot wévre (25)
yompoopaex®dy dxofEeav (BxAduyewv), ai 6molat égwtoyoagndncay vmd Tod

%. Maxof €ig 10 "Edvinov *Actegoononeiov "Adnvav. “H qguropetoxn avdivoig
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10OV Exhdppewv Ttovtwv Eyéveto O eldniic puroyoagixiic uedddov eic to &v Dhw-
oevtig “Aoctegoonomeiov tol Arcetri.

‘H &v Aoyo nédodog drméroepev elg Tovg avotéom B0evvnTds va T0GdL0QL-
oovv xata wolov teomov Efehiocovrar al xaumdhar Evepyelog, ai éxmepmdpevol
amo tag Exhdpupes elg Stagdoovg Omtinag orddumag. H Fosvva alitym dewxviel
ot al xapmidar EEeliEewg @V Exhdupewv d&v elvan povorovixal, GAha mapov-
oudCovv, »ata to naikov i Wrrov, loyvods takavrdoelg, mEO THG ExomuTindig 8¢
@doews Tiig exhdupeng Aapfdver ydoav mia ocvotol) ToU YEOUOGPALOLXOT TTVQ-
gov. Tnv otymipv xad’ Ajv 1) ovotod) attn AapPdver v wixgotéoav TNy,
doyeton M yowuoopalouxy Fxonkic.

‘H £osvva atitn Omeotnoiydn oirvovopuudg vmo tév "Emetnuovixdy "Eoyo-
otnolov tig *Asggomooixiic Avvduewg tdv “Hvouévov Iolreid@v tiig *Aucouiic,
ag’ évog, nal vwo tob "Edvirod Kévrpov *Ememuovindyv *Eoesvvdv tijg “Iraliog,

f- 3 S
ap’ €réQour.



