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ASTPONOMIA.— Measurements of the zenith brightness during the
annular solar eclipse of April 29, 1976 at Thera - Greece,
by Constantin J. Macris and T heodosius G. Zachariadis*. *Avexolr-

vardn vmo tod Axadnpaixot x. I. Eavddxuy.

ABSTRACGCT

In this paper we give the results of the measurements of the zenith
brightness in the wavelengths 6305 A, 5575 A, and 5250 10&, during the
annular solar eclipse of April 29, 1976.

1. TNPR'ODIUIC T TON

After the total eclipse of June 19, 1936 and annular solar eclipse
of May 20, 1966, the annular solar eclipse of April 29, 1976 is the last
of this century, visible in Greece.

All elements for the annular solar eclipse of April 29, 1976 was
calculated by Elias (1975). The climatological data were given by the
Meteorological Institute of the National Observatory of Athens and the
Greek Meteorological Service.

* K. ). MAKPH xoi ©. I. ZAXAPIAAH, Metpricelg T®y Aopmpotitwy Tod Cevid
natd THY Stdpretay Tig SaxTvAloetdods HAtaxiic éxAeidews Tiig 29ng *AmpiAiov 1976,
eig Ofpav.
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The Research Center for Astronomy and Applied Mathematics of
the Academy of Athens organized a mission for the observation of the
eclipse which has been financially supported by Empirikion Foundation
and partly by the Ministry of Culture and Science. The staff of the mis-
sion were: C. J. Macris, Th. G. Zachariadis, M. Pesmatzoglou and
P. Daniel. We settled on the island of Thera and at the region Acrotiri
from where the central line of the eclipse zone was passing. This zone
had a width of 225 km.

The phases of the eclipse were: First contact 8"56™11%, second
contact 10%41™53,2%, third contact 10848m29,3° and fourth contact
12833= 06,1 U.T. The annular phase took place at 10®45m 12,255 U.T.

In this paper we report the observations of the zenith sky intensity
during the eclipse at three wavelengths, 5250 A, 5575 A and 6305 A,
using interference filters. The last two filters included the lines of the
ionized oxygen bHHT7H A and 6305 A.

During April 27, 28 and 29, 1976 the sky was clear, only during
the eclipse a small cloud passed from the point of zenith for a while
without disturbing the observation.

2. INSTRUMENTATION

The photometers used for the eclipse observation were 1) The Link
photometer (1958) where the photomultiplier is EMI 6094 B. The signal
from the photomultiplier was being amplified and written down by a
recorder EZ2. 2) The Fecker electrophotometer with a 1 P 21 photo-
multiplier whose indications after amplification was given on a mil-
liamperometer. The Fecker photometer belongs to the Laboratory of the
University of Saloniki, and was offered for our facilitation.

All field measurements have been made with the instruments
pointing at a small region around the zenith.

The observations with the Link photometer were made with two
interference filters : 5575 A (transmission 15 %) and 6305 A (transmis-
sion 10 %) and bandwidths 80 A.

For the decrease of the brightness of the sky we used during the
observation (8230™-12"40™ U.T.) a neutral filter (transmission 3 %)
along with the 5575 A filter.
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The Link photometer was calibrated with a standard source. The
indications of the wedge and the shunt of the photometer as well as of
the used filters were expressed in optical densities.

The Fecker photometer measured the change of the zenith bright-
ness with the filters 5250 A (transmission 10 %) and 6305 A (transmission
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Fig. 1. The light brightness of the zenith during the eclipse day (April 29)
and the previous one (April 28) for the red filter, 6305 A (Link photometer).

10 %). A series of neutral filters of known transmission were used for
the decrease of the sky brightness.

3. RESULTS

The results of the measurements made by the Link photometer are
given in figures 1 and 2 respectively for the wavelengths 6305 A and
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5575 A for the same day of the eclipse April 29, 1976 as well as the
previous one April 28, 1976 from 8"40™ till 13" U.T.

The change of the zenith intensity for every moment was calcu-
lated by the relation :
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Fig. 2. The light brightness of the zenith during the eclipse day (April 29)
and the previous one (April 28) for the green filter 5575 A (Link photometer).

where ds, dl are the lengths of the pen deviations of the recording system
for sky light and the light of the standard sourse respectively, ns the
optical density of the filter for the sky light, D the indication of the
wedge of the photometer given in optical density for the coresponding
interference filter, N the optical density of the filter of the standard
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sourse whenever it is used, Ss and Se the shunt indications for the sky
light and for the light of the standard source respectively exressed in
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Fig. 3. The difference between light brightness for the 28 and 29 April for
the red, 6305 A and green (5575 Z\) filters.

optical densities. In the previous relation we can eliminate the para-

meters that are not used.
ITAA 1977
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In this way we determined the values log (Sky/lamp) for all the
measurements we made.

From figures 1 and 2 we determined the differences of log (Sky/lamp)
on the day of the eclipse (April 29, 1976) and the previous day. In figure 3
we give these differences

g [li (28) / = (29)]

for wavelengths 6305 A and 5575 A.

The same measurements have been made and with the Fecker
1P21 photometer. The transmission of the used neutral filters was taken
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Fig. 4. The difference between light brightness for the 28 and 29 April for
the red, 6305 A and green, 5250 A filters. (Fecker photometer).

into account for the calculations of the results, and the drawn curbes
have abscissae log (reading). The shape of the curves of the change of
the zenith brightness during April 28 and 29 are similar to figures 1
and 2. From the curves we determined the difference of log (reading)
between the measurements of April 28 and 29. The differences log (28 - 29)
for the filters 6305 A and 5250 A are given in figure 4. If we examine
figures 3 and 4 we see that during the phases of the eclipse as well as
during the main phase, when 899 of the solar disc was covered, the
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Fig. 5. The difference of the zenith brightness at 5575 A and 6305 A by the
time of annular phase. (Link photometer).
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Fig. 6. The difference of the zenith brightness at 5250 A and 6305 A by the
time of annular phase. (Fecker photometer).
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brightness of the sky in greater in the red (6305 A) that in the green

(5575 A and 5250 A).
The brightness differences of the two colors measured in figures 3
and 4, arouns the main phase, are given in figures 5 and 6. We see that

() /(o
(($a/ (s

for the measurements of the Link photometer and of

the maximum difference of

log

4 [ L (28 - 29) 5250 ]
ol 5 7 (28 - 29) 6305

for the measurements of the Fecker photometer taken place between the
second and the third contact.

4. DISCUSSION

The measurements as one can see from figures b and 6, show that
the difference green-red during the main phase increases.

In a previous paper (Macris 1955) the same phenomenon had been
observed for the total eclipse of February 25, 1952.

Then we could’t explaine the difference we had found as a result
of the diffusion of the solar light by the terrestrial atmosphere, and we
mentioned that it might be due to phenomena of the upper atmosphere
during the total phase.

The eclipse of April 29, 1976 has been an annular one (obscuration
899%) and a consequence part of the solar radiation (11%) affected the
terrestrial atmosphere inside the cone of the shadow.

Despite all these the phenomenon was the same, that is during the
main phase there was an increase of the brightness of the zenith in the
red compared to the green.

The measurements during the total eclipse of November 12, 1966
and March 7, 1970 (Velasquez, 1971, Lloyd and Silverman, 1971 and
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Hall, 1971) give during the total phase a shift of the brightness of the
sky in the zenith to the longer wavelength, from 4600 A to 5400 A and
also a shift to the shorter wavelengths from 5400 A to 6300 A (Lloyd
and Silverman).

Velasquez curves give also greater brightness of zenith in the red
before the total phase while during the totality the brightness becomes
greater in the shorter wavelengths.

Hall gives about the same results between blue and green. He no-
tices however that it depent also from the solar elevation angle.

The annular eclipse of the April 29, 1976 can be considered as a pre-
totality phase of the total eclipse thus the measurements we made agree
with the results of the above authors conserning the totality phase.

The cause of this phenomenon is about to be studied. We will try
to find out whether the difference of the brightness of the zenith be-
tween green and red can be due to the difusion of the solar light outside
the cone of the shadow or whether it is due to phenomena of the upper
atmosphere concerning the ionization of the oxygen atoms because of
the solar vadiation and their recombination during the eclipse.

The answer to this phenomenon is important and will progress
the study of the upper atmosphere.
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NHEPIAHYIZ2

Kato miv dudoxeiav tiig dantviioetdotc dnhelpews Tob “Hriov tiig 29ns *Amor-
Mov 1976, 2ueronidm 1 Aaumpedtne tod Cevid ocuvvaotiicel tdV @doswv Tiig Exhel-
Pewe, S ThHG yomowomooems TV powroniextoix®y @otopitowy Link xal
Fecker.
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Al perofioeig &Eeteréodnoav elc povoyowuatindv @dg Sk Tilg xENOLUOTOL-
oewg NOudV cvuPoiriic Schott t@dv 6molwv 7 daneodoa tauvia dvéoyetan eig 80 A.
*Exonowomounjdncav oi fduol 5575 A xal 6305 A glc 10 pwtopeteov Link xai
ol fdpol 5250 A xod 6305 A elc 10 pwrdéustoov Fecker.

*Eyaodydmoav ai xaumdlar petafoliic tiig Aapmedtnrog tob ovoavol &ig to
Cevid xard v 28nv *Amoikiov, Hjug EMedn dg fuéoa cvyxoloews xal xatd THV
nuéoav tijg &xAslewe.

‘H Swoagood tdv tudv TV Aapmootitawy tod Cevid petaty 28ms xai 29ms
*Amothiov, xeymotopévarg S td do yodmata, A’ Evdg pEv amexdAvipe TNV
mopetav Tob @awvopévov, Gz deixviouv ai dmuoctevdpevar xaumiAal, Gg’ ETéQOV
8¢ Edeikev G 1) Aaumodtng Tob odoavol eic to Cevid, xad’ Anv viv didoreiav
v Qdosov tiig dxhelpeng, Onijote peyalvtéon sig 1 doudodv, AauPdver de v
peyarvtéoay Tiuny petaby tiig 295 xal 3ns Emagic.

‘H aitia 1 mooxalooa to @awvduevov 9 uehetndii eig Emopévny éoyaciav.

REFERENCES

D. P. Elias, The Annular Solar Eclipse of April 29, 1976. Memoirs of the
National Observatory of Athens, Series I. Astronomy, (1975), Number 18.

W. N. Hall, Spectral changes in the zenith sky light during total solar ecli-
pses. Applied Optics, (1971), vol. 10, No 6, pp. 1225-123I.

E. Link-L. Nev#il and I. Zacharov, Astron. Institute of the Checho-
slovak Academy of Sciences Praha and Ondrejov, (1958), Publication
No. 38.

J. W. F. Lloyd and S. M. Silverman, Measurements of the zenith sky
Intensity and Spectral disstribution during the Solar Eclipse of 12 No-
vember 1966 at Bage, Brazil, and on an Aircraft, Applied Optics. (1971),
vol. 10. No 6, pp. 1215-12I9.

C. J. Macris, Sur la variation de 1’éclat du zenith pendant 1’éclipse totale du
soleil du 25 Fevrier 1952, Praktika of the Athens Academy (1955) vol. 3o,
pPp. 23-27.

D. A. Velasquez, Zenith Sky Brightness and Color Change During the Total
Solar Eclipse of 12 November 1966 at Santa Ines, Peru, Applied Optics,
(1g71), vol. o, No. 6, pp. I2IT-1214.

*



ZYNEAPIA THZ 19 MA'I-OY 1977 353

‘O *Axadnuaindg % lw. Eavlaxns magovoidlwv v dvotéow dvoxolvm-
ow gime ta £Efig:

‘H nagotoa #oevva dvagéoetal eig thv petaforiv v 6molav Uméotn M
Aoumodtng Tob ovoavol eig to Cevit xata tiv Sidoxeiav tiig daxtviioedols Exdei-
Yeog tov ‘Hilov g 29m¢ *Amoiriov 1976.

To Kévroov "Eosvvdv *Actoovouiag xal *Epnonocuévov Madnuatixdv tiig
*Aradnuiac *AdInvadv, Elafe péoog eig v magarionowv tijg éxkelpews xai doyd-
vooe Grootohy &% t@v xvolwv Maxoi xal Zayaouddy eig tv vijgov Ofoav (Zav-
tootvnv), 6mov gyratéotnoe Vo xatdAMnAa O TOV GXOTOV ADTOV POTONAEXTOLAG
potéperoa. 1) TO gpwrduetoov Link ué gwromordarraciactyyy EMI 6094 B xai
avToyoa@uxdy alotnua peyding edaodnalag. 2) To pwtéustoov Fecker ue gwro-
rohamlaotaotiy 1P 21 tob 6molov i 8vdeiteic 2hauPdvovro di° duéoov dvayva-
oewg émi mihapmegopéroov. H Exdenpic elg v vijoov Oveav, St tijg Gmolag
duoxeto 1 Kevroun yoapun thg omdg tig Sehfvng, Hoyloev eig tag 87 56™ 118
xai tedelwoey elg tag 120 33m06%c U. T. ‘H Saxtvhoedic @dorg FAafe yooav
vy 108450029550, 1.

‘H uetafoly tiic Aaumodrnrog mdc uixofic megloxiis Tob ovgavod eig 1O
Zevid Buetofidn xatd tae Swadoxixdg qdoeg tiig dxhelpemg gig povoyomuaTixov
e, dux Tiig Kenowomotjosws ROudv ovuPolriis Schot tdv 6moimy 1) dameodoa
tawio avijoyeto eig 80 A. Eic tog éxredeadeloac peronosig dua tod poropéroov
Link &yonowomoujdnoav oi fduol 5575 A xoi 6305 A. ‘H diamepdon Tarvia
1OV NIU®V aDTOV TEQIETYE TAG YQUUWOS 5575 A xai 6305 A tob toviouévov
dEvydvov. Eic tac éxredeodeioog perorjoeig die tod qortonéroov Fecker E&xonot-
pomowjdnoav of fduol 5250 A wai 6305 A. ‘H dwameo®on tawvia Tob mEWOTOV
Moot ameréher puépog tol cuveyols PACUATOS.

Aby® tdV edvoin®dy ustemoohoyix®v cuvdnudv al 6moial dmexpdTnoay xatd
v mooteoaiav xal xatd v fufoav tig éxdelpews, ai maparnofosig vafjpEav
gmituyelc.

Ano tag énreheodsioog petonoeis of xvoror Maxofic xal Zayaoiddng, dmero-
ywoav tae xopmvlac petaforiic tiic Aaumedtnrog tol odgavod elg to Zevid
natd TV 280V *Amoikiov, mov EAMedn dc fuboa ouyroicewg xal wara TNV
gmopévny fuéoav tilg Exdelyewe. “H dogogd td@V Tudv t@v lapmeoritwv tob
Cevid petaby 2815 xai 29ns Amoihiov, ywotota S ta dvo yowpora, Gmexdivipe
aqp’ vog wév v mogetav tol Qawvoudvov, G’ Erépov Edaifev Ou M Aapmodtng
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- )

10D odoavod eig 10 Cevid, xad’ GAnv v ddoxeiav TOV @docwv Tiic Exhelpews,
vrijoke peyohvtépo eig T0 Eoudoodv.

‘H Aaumodtng 8¢ gig t0 dovdoov AauBdver v ueyakvtégav tiunv perakv
205 %ol 315 Emapiic, xatd v didoxelav dnhadn tiig daxtvlioedolic pdoews.

To @owduevov mPBePaiel mooysveotéoav magatiionoly woV 8yEveTo VMO
tob x. Maxofj, xata v 6ty Suwg Exdenpiy tod “HAlov tijg 25ms PePoovagiov
1952 eic 10 SUDAN.

‘H aitio mov mooxalel 10 gawdpevov toiito dev elvan axdum yvoori. Oi
wvoor Maxofic #ai Zayaoiddng mootridevrar va 2gsuvicovv mooeyds &av 1 dia-
@ood abty tiic Aaumedtnrog ol Cevid petatd doudood xal moaoivov dlvatar va
Gmododii elg pawvéueva diayloewg tob HAtaxold @otdg VO TOV ExTog THG OXLAG
tunudtov tig ynivne dtmooaioag i) moofoyeTar Gmd @awvdueva Tiig AvoTéQag
arposgaioas tiic I'iic, @avéueva dnhadl ta bmola dvagégovran ig Tov toviouov
@V dtéumv tob dEuyévov Ady tijg fhaxiig dxtvoBoliag xai thv Emavacivdeoiv

k- -~ \ \ L -~ k-] ’
abtdv, rotd Ty oTiypunyv tig ExAeipems.



