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IONOZ®AIPA.— Some measurements of the signal strenght of
radio waves reflected from the ionosphere during the 1976
April 29 annular solar eclipse, by Michael Anastassiadis and
George Stefanou*. ’Avexowvodn Ond tod *Axadnuaixod x. °I. Eavddun.

Measurements made at Ierapetra (Crete island) during the solar
eclipse of 1976 April 29, showed a significant increase of signal strenght
on 3.44 Mcs transmitted from Athens (distance 380 klm).

ANNULAR SOLAR ECLIPSE OF 1976 APRIL 29
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Fig. 1. From the American Ephemeris and Nautical Almanac, 1976.

Field strenght increases, however, of signals reflected from the
ionosphere in oblique incidence during eclipses, are not always observed.
During the 1954 June 30 solar eclipse, the Netherlands PTT [1] from

* M. ANASTAZIAAH xai . STEDANOY, Metpricelg Tivég tiig évtdoews TdMvV padio-
NAEXTPIRDY HVUATWY GvaxAwpévwy énl tiig lovoopalipag xatd THY HAwaxhy Exdel-
v Tijg 29n¢ *Anpialov 1976.
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measurements made on an number of wavelenghts and for several radio
links between Netherland, Scandinavia Indonesia and Japan, reported
either a decrease or a not definite change.

Decreases are also reported by the Canadian Broadcasting Corpo-
ration on BBC transmission. The above decreases refer to H. F. signals
and for paths of the order of several hundreds kilometers.

On the contrary, very characteristic increases were observed by
Rastogi and al [2] in the London-Ahmedabad multi-hope path. The
distance between these two points is 6800 klm and the frequency used
was 15.07 Mcs.

The present note gives a summary of the observations made in
Greece during the 1976 April 29 annular solar eclipse. The central zone
of this eclipse lay between the west part of Africa and China passing
over the Greek islands around 10" 44min [J. T. (Fig. 1).

In order to investigate solar eclipse effect on radio waves reflected
from the ionosphere, oblique incidence measurements were organized and
performed a few days before, during and after this annular solar eclipse.

Fig. 2 shows the region of the ionosphere located over the Milos
island, where the one hope transmissions from Athens (38°N, 24°E) were
reflected to Ierapetra (35°N, 26°E).

The maximum occultation of the reflecting region, lying in the
eclipse track was 0,88 at 10" 44min, The maximum phase of the eclipse
lasted 6min 34%cc, T'wo transmitters located in Athens and radiating on
omnidirectional aerials 7.9 Mcs and 3.44 MHz, were used. The radiating
power was kept constant during the whole period of observations. The
receiving center used was equipped with modified URR 390 A receivers.
The automatic gain control was removed from the RF and IF stages
and an external gain control was used for reasons of calibration. The
outputs of the receivers were recorded on SEFRAM recorders through
Unitron DC. amplifiers.

The signal strenghts of Athens transmissions on both frequencies
were recorded between 11.30 and 16.00 1. T. on each day from April 25
till May 3.

Some signals received on 8.9 Mcs during control days showed a
completely anomalous behaviour. However duringt he eclipse day and well
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before the first contact a significant increase was observed followed by
a deep decrease just at the eclipse beginning. The signal disappeared
a little before the eclipse maximum and reappeared for a few minutes
after the third contact as an increase, and then it disappeared com-
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Fig. 2. From the Memoires of the National Observatory of Athens.
(by D. P. Elias)
Series 1 Astronomy Numbe1 18.

pletely. Unfortunately the anomalous behaviour of the control days does
not permit any comparison between control and eclipse days and hence
conclusions for the behaviour of the responsible for the iomospheric
layers cannot be made, based on measurements on this frequency.

On the other hand, the 3.44 MHz transmissions showed a clear
dependence on the eclipse effect Fig. 3. The signal strenght began to
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increase just at the beginning and reached its maximum value a little
after the eclipse maximum. It then dropped fairly rapidly towards the
normal control days value which however did not attain even after the
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Fig. 3. Receiver’s input versus Local Time for the eclipse of 1976 April 29
and mean value of control days.

eclipse end. The peak signal strenght is about seven times the strenght
on control days.

Similar increase was also observed during the total eclipse of 1955
June 20 [3] over Ceylon (Fig. 4). The signal strenght of Colombo trans-
missions on 4.87 Mcs was measured at T'rivandrum (8,5°N. 77,0°E) be-
tween 0030 to 0500 GMT.

This was an early morning eclipse. The distance between Colombo
and Trivanderum is 420 klm, almost of the same order as the Athens-
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Ierapetra path. Comparing Fig. 3 to Fig. 4 we notice the remarkably
similar behaviour concerning the increase of field strenght associated
with the eclipse effect.

There are however some differences especially refering to the
amount of influence of solar disc occultation. This influence in the Cey-
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Fig. 4. Signal strenght difference from average versus time.

lon total eclipse, is restricted between the beginning and well before the
end of the eclipse, while in the 1976 June 29 solar eclipse this influence,
lasts even after the end of it.

Concerning the eclipse influence we can say that, field strenght
increases are remarkably pronounced only when the solar disc occulta-
tion effects strongly the electron densities of the ionospheric layers.

We also notice a time delay difference between field strenght
maximum and maximum of occultation. In Fig. 3 maximum of optical
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occultation is observed before the field strenght maximum, while this is
reversed for the case of Fig. 4. This time lag following our measure-
ments is approximately 8 minutes.

Both phenomena, field strength increase and time lag are consistant
with the eclipse effect on the ionosphere and must be expected since,
ionospheric equilibrium is not instantaneous and the maximum electron
density of a particular layer normally attains its minimum value Nmin,
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Fig. 5. E-layer absorption (Lg) and total absorption (Lt) compared with
the Lo =—observed diurnal variation without eclipse.

At minutes after the time of greatest occultation. ‘I'he above statement
is in a good agreement with theoritical considerations given by Thomas
and Rycroft [5] as well as with a large number of experimental obser-
vations. It is therefore justified to consider the case reffered by Rastogi
(Fig. 4) as an abnormal one.

Bishoff and Taubenheim [4] after their measurements on 3.86 Mcs
in Mitchurin during the 1966 may 20 solar eclipse reported a decrease of
absorption interpreted by a two layer model, dividing the total absorp-
tion into a contribution from a parabolic E layer, and an idealized
«thin» D layer, obeying an effective recombination law. Fig. b shows
the control days, the total and the E layer absorption decrease and also the
time lag between minimum of absorption and maximum of occultation.
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The same authors discussed the results of similar AI absorption
measurements carried out at the same time in Scaramanga near Athens
on 1.98 Mcs [5]. On 1.98 Mcs reflected in the lower part of the E -layer,
absorption at the time of maximum was about 20 db. and occured after
the maximum of occultation.

After their model it would be expected that the non -deviative
D -region absorption (below 95 klm) Fig. 6 on 1.98 Mcs would be in fact
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Fig. 6. Smoothed absorption curve obtained by the Al
pulse technique on 1.98 MHz.

diminished by about 18.5 db. at maximum eclipse. The slightly higher
amount of the observed eclipse effect on 1.98 Mcs is certainly due to the
contribution of the reflecting region.

Considering that the signal strength increase of Fig. 3 is the result
of a decrease of absorption only, we find that this increase which is
seven times the strength on control days requires a 17 db corresponding
decrease of absorption, conmsistant in magnitude with the absorption
decrease reported above (Fig. 6).

We may now assume that the most probable explanation for the
observed increase of the field strength on 3.44 MHz, supported by Fig. b
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and Fig. 6 is that the electron density decrease caused by the eclipse,
mainly produced a decrease of the absorption of the ionospheric layers
located below the reflecting region and hence an increase of the
received field strength.
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HEPIAHYIZ

Kata v daxtvioeds fAtaxny Exdenpuy tiig 29ms *Amouhiov 1976, tijg 6molag
1l one duiiAdev &x tob “EAdnvinod ydeov, doyavdoapey Ty magatiienow tdv &mi-
dodoswv tiic oxidg adrtilc &ml TV ovvdnxrdv Tig lovoopairils diaddoemg Enméu-
movree £E *Advav xata mhaylav modomtwow glg dvo cuyvénrag Hror 7,9 Myx
nal 3.44 Myx. Xdoig €ig v edyevi} moosogay tob *Agynyeiov Awafifdoswv tod
Stoatod, dietédnoav mede tovto dvo mopmol tod 1 xAB. ‘Qg onueiov AMpewg Eme-
AMéEapev v “Tepdneroav Konng, dmoroyioavreg Sti ai &€ *Adnvav éxmopmal da
dvexhvro sig Tl mepwoyds Tic lovoopaioas Tag xewpévag Vmegdev tiic Mnhov,
dmhovét dvide tiic owdc tilg dxhelpewg. Kal 1) pév ovyvéng t@v 7,9 Myx ovdo-
Awc ¥detkev onuela émnoeacpol 1) dxoféoregov T ofpata avtig Eveyodemoay
el “Teodneroav Mav avoudiong téoov xatd v fuboav tijg éxhelpews, doov xal
tae moonyoupévag xal Emouévag fuéoag EAéyyxov. “Avudérwc al eig 3.44 Myx
gumoumal Edmuovoynoav ioyveov medlov omudrwv eig ‘Tegdmetoav pe Elagoav
uévov &vallayiv xate tag fuéoag EAéyyov, Evd Gviidétmg xatd TV Tuégav tiig
gxdelpewg Eonueddn Evrovog EEagoig tod ofuartog tijg tdEews @V 17 vieotumél.
*Avdloyov EEagotv magetionoe xai 6 Rastogi xatd tiv &xhenpwv tijg 20 *Touviov
1955 xatd mhayiav modomtmwoty cuvdésems Kevddvng - Colombo eig tv cvyvotnra
v 4,87 Myx. Al Vo meountdioelg dg Alav yewoviriis noeeiic éEntdodnoav xai
gneonudvdnoav ai dtagopal twv, die Soov dgood tov meoPfAemduevov yoovov Tob
neyiotov Tiic xaAlyews xal Tod peylotov tiig 8Edooews, Gotig oungVel mAtjows
ue tog € CAdvav magatnovioes. ‘H founmvela tiig 8Edoosws tob ofuatog TV
3.44 pyx. avagéoetar gig tv pelwowv s dmogoogiioewg ftig mooxaleitar Gmo
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v ueloowy tiic Hhextoovindic munvémmrog Tiig dvaxkdong mepoyils tiis lovoogai-
oag Mg aUTn TOQETNOEEITOL ®aTa Tag ExAsipelc.

Kaunvhat towadtne usidoswg tiis Gmogoopioews ovoyxetlouevar pe thv
@dow peylotng xaktypeng tob HAaxod dloxov téoov éx Mitcovowy Goov xal €

*Adqvav EmiPefarotv ta Gvotéow.
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*

‘0 *Axadnuairdg % "Iw. ZavBdxng, magovordlwv v dvetéem dvaxoi-
voowv eine T EEfg ¢

‘Qc yvootov of Nhtaxal 2xkelpeg &mdoolv Emi thg Quolriic xataotdoeng
v drapdowy otpwpdtov tiic *lovosgalpag xal tolito, didtt xatd v didoxsiay
tiic #xhelpewg petafdiherar 6 magdywv, Jotig &Eloviler tae diagdoove meoLoxdg
g “Tovoopaipac.

Avo pédodor yomowomototvrar de v perétmy tiig peraPolriic Tod &Elovi-
Covrog mapdyovrog. ‘H pla pédodog diegevvy tiv petafolnv tavtny xatd xato-
#boueov diegevvnowy 1j 8¢ &AM xatd mAaylav mpdomtwory.

Eig tv nagovoav dvaxolvwowv &yoncipwomoridn tmd t@v dosvvntdv 1 dev-
téoa uédodog. Ilpoc tolto Epnoudodncav ddo cvyvérmreg uto eig 7,9 Mc xai 1
&AAn 3,44 Mc, tobro 8¢ S va pehetmdii 7 ovumeoupood meoroxdv T “Tovo-
opaipag elg dudgoga V.

‘Qg otaduol magatnenoews Exedéynoav ol Adfvar die v Exmoumnv nal
M ‘Tegdneroa Kontmg i v Afjytv xai todro, tva ai 2E "Adnvédv Exmopmal Gva-
ITAA 1977
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wAdvrar elg tag mepioyas tis lovoogaioag Tac xewwévag dvodev tiic Milov,
dnhadn &vrog tiig ownidg Tiig Exdelpews.

Al yevopevon €oevvan dmexdAvpav i 1) ovyvétng tdv 7,9 Mc 8&v maoéyel
Evdeikeis énmoeaopod dote va EEaydodv 2E adtdv dogali] cvumeodopata. *Avti-
Férwg al éxmounal ai yevéuevon ig 3,44 Mc 8dmuiovoynoav #vrovov medlov onud-
tov &ig “Tepdmetoay, tiic tdEews tdv 17 vieowuméd. Aéov v onueiwdfi St dvd-
Aoyov EEapowv magetvionoe xai 6 Rastogi xatd thv daxtuhioedd] Exdewynv tod
‘HAlov tijg 207s *Touvviov 1955, & tiig 8paguoyiic tiig 1dlag uedsédov petakd
Ketddvng xai KoAdumo, dnradi elg dndotacy avdroyov tiic amoatdocwg *Adn-
vy - ‘Tepaméroag.

‘H &ounveia tiic magarnondeions 8doosws tob ofuatos v 3,44 Mc dmo-
dideran V7o TV Boevvntdv elg Ty pelmowy Tig dmogoogiioeng OV TAextoopayvn-
TuAdv xopdrov g meoxaleitar Gmd TV pelwowy Tic NAexrovindic munviéTNTOS
il avaxhdong meguoyiis tiis drnoopaigag. “H founvela 8¢ alitny cvpgwvel pe Ty
YEVIXNY OVUTEQLPOQAY Tiig dmogpopioews xata Tag Exhelpeic tod “HAlov.



