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SUMMARY

In this study, it was aimed to discover possible links between interplanetary
magnetic field (IMF), magnetosphere and ionosphere by using the hourly IMF, solar
wind (SW) and ionospheric eritical frequency (foF2) data obtained from World Data
Center (WDC), over a period of 24 years (1963 - 1986).

In order to analyse the IMF data, the data were sorted out in three com-
ponents; Bx,By,Bz; by employing GSM cartesian coordinate system. Since the
IMF Bz component plays an essential role in the energy transfer from the SW to
the magnetosphere, there was more emphasize on IMF Bz during the data analysis.
The results revealed that there were some systematic seasonal and diurnal variations
with respect to the solar rotation axis in the IMF Bz component. During the 12.2%
of the data coverage the IMF Bz was stable for more than 2 hours. This stability
seemed to be controlled by the solar cycle variation. Also, there was a clear solar
cycle effect on the intensity of the IMF, B. It was searched whether there was any
possible link between Bz reversals (termed as “event”) and the SW dynamic pres-
sure changes. It was found out that neither southward nor northward turnings of
the IMF were accompanied by major dynamic pressure changes.

In the second part of this work the possible effects of the IMF configura-
tion on the ionospheric critical frequency, foF?2, were investigated by employing the
Slough foF2 data. For this purpose, first, the regular diurnal variations in the Slough
foF2 data were removed. The new set of data formed such was referred as § foF2.
Although there was a clear solar cycle variation in the Slough foF?2 data; there was
not a similar behaviour observed in the Slough 6 foF2 data. The possible effects
of the several configurations of the IMF on the 6 foF2 data were searched by ex-
pressing the percent variations of the & fo 2 with respect to the control curve which
consisted of the hourly means of the 6 foF?2 of the whole data set covering the period
between 1967 and 1986. Several configurations of the IMF included northward and
southward turnings of the IMF Bz along with the towards and the away polarities
of the IMF By components. The results of the analysis showed that that during the
events, generally, 6foF2% increased during dusk and night hours, and they exhib-
ited an oscillatory behaviour. On the other hand, there seemed to be no clear solar
cycle effect on the §foF2% during the events. It was also shown that southward
IMF turnings produced greater diurnal §JoF2% variations compared to those cases
associated with the northward IMF. During the unsteady variations of the IMF
By component (referred as the solar sector boundary crossings) the southward IMF
turnings seemed to be more influential over the & foF2 than those changes of the
IMF By reversals. On the other hand, in the case of a northward IMF Bz turning,
By reversals seemed to be more dominant over the Slough § foF?2 values than the
direction of the IMF Bz turning.

vii



OZET

GEZEGENLERARASI MANYETIK ALAN VE {YONOSFERSEL
KRiTiK FREKANSLAR UZERINDEK! OLASI ETKILERE

cirig

Giinegin enerjisi giinesin icinde niikleer tepkimeler sonucunda iretilir. Bu
enerji 2 grupta toplanabilir : Elektromanyetik enerji ve tanecik enerjisi. Fotonlar
(hv ) tarafindan tasman giinesin elektromanyetik enerjisi yerin yiiksfiz atmosferi
ile etkilesir ve iyonosferi olugturur. Cofunlukla elektron, proton,notron (e,p,n.) ve
iyonize olmus atomlardan olugan tanecik enerjisi ise yerin manyetik alani ile etkilegir
ve manyetosferi olugturur. Genellikle *Gimes Ruzgan”® olarak adlandirlan tanecik
yayilimi giinesten radyal dogrultuda ve siirekli olarak akar (Sekil 1.1). Bu strekli
akan giines rizgarmimn ginesin icindeki hidrodinamik genislemenin bir sonucu oldufu
goriist oldukca yaygindir [1]. Giines riizgarmm hiz1 ,diinyadan 1 Astronomik Birim
uzakhkta, yaklasik olarak 300 kms=! dir. Diger bir degisle gineg rizgan gunesten
radyal dogrultuda siipersonik hizlarda siirekli akan sicak (~ 10° K*) bir plazmadr.

Giines riizgannin dinamik basmei,pV?/2 , manyetik basmcindan ,B%/24,,
biyik oldugu icin plazma ,giinesten yayihiyorken, kendi manyetik alanim hapseder
{1] (V:gines rizgan sz, B:manyetik alan siddeti, p,:manyetik gecirgenlik). Bu
hapsolmus alan uzayda gezegenlerarasi manyetik alam olugturur.

Gezegenlerarasi manyetik alanin ana kayna¥ olan giinesin manyetik alani,
uydu gozlemlerine gore, (diinyanmn dénme dizlemi icinde) manyetik kutuplulufun
ya gunese dogru; ya da ginesten uzaklasan yonde olmasma gore bazi az ya da ¢ok
diizenli bolgelere ayrihr [4,5]. Manyetik alan, bu bolgesel diizenlilifi uzunca bir siire
degismeden korur (saatler, bazen de ginlerce). Bir manyetik kutupluluktan diferine
gecis ise dakikalar ya da saatler mertebesindedir [1]. Gines kendi ekseni edrafinda
dﬁx;dﬁéﬁ i¢in bu manyetik kutupluluk ta doner ve etkisi dunyaya kadar tagmur (Sekil
1.2).
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Eéer diinya biitiindiyle bosluk icinde olsayd:, manyetik alam dig uzaya genisle-
yecek ve gimes ile difer gezegenlerin manyetik alanlari ile yavasca birlegecekti.
Ancak, gezegenlerarasi ortam bir bogluk defildir ve dolayisiyla etkilesim cok daha
karmagiktir. Giineg riizgarmin toplam basinci manyetik basing ile parcaciklarm mo-
mentumlan dolayisiyla sahip olduklari kinetik basmcin toplamma esittir [6]. Yerin
manyetik alanmnin da bir basma vardir. Gezegenleraras) ortamm basma ile yerin
manyetik alanmnin basinc kargilagtnldifinda, diinyadan uzaklarda ginegin manyetik
alam yerin manyetik alan etkisini yok edecek; diinyanin yakinlarinda ise yerin manyetik
alam tarafmdan giinegin manyetik alan etkisi onlenecektir [1,7]. Orta bir uzakhkta
her iki basing degerinin karsilastinlabilecefi bir bolge mutlaka var olmahdir. Bu bolge
manyetik ara bSlgesi (magnetopause) olarak adlandirihr. Sestistii hizlarda hareket
eden gines rizgan bir engel ile —yerin manyetik alani- karsilasti}inda bir sok dal-
gasi olugur. Bu, efik sok (bow shock) olarak adlandinhr (Sekil 1.3). Manyetik ara
bolgesi dimyadan yaklasik 10 yer yangapi; efik sok ise 14 yer yanicap: uzakhk- tadir
[1]. Efik sok ile manyetik ara bolgesi arasmda kalan bdlge manyetik kilif (magne-
tosheath) olarak adlandinhr. Manyetik ara bolgesini de icine alan ve yerin manyetik
:ldlmn:ﬂﬁineqm manyetik alam tarafindan hapsedildifi bolge ise manyetosfer olarak

andirilir.

Manyetik ara bolgesinin konumu, giines rizgarmm dinamik basinemdaki
farkhibklar ile deffisir {8]. Uydu gozlemlerine dayanan ¢ahsmalara gore giines rizgarm-
dan manyetosfere olan enerji gegisi bayuk olcude gezegenlerarasi manyetik alan
kuvvet cizgileri ile yerin manyetik alanmm kuvvet cizgilerinin birlesmeleri ile olur
[9]. Yiiksek enlemlerde alan cizgileri gece tarafina dogru siipirilir ve uzunca bir
manyetik kuyruk olustururlar. Manyetik kuyruk, diinyanm arkasmda 1000 yer yar-
¢apmdan da uzakta gozlenmigtir (2,3},

iyonosfer, serbest elektronlarm radyo dalgalarmm yayihmim etkileyebilecek
kadar ¢ok oldugu, yer atmosferinin bir bolgesi olarak tamimlanir [10]. Iyonosfer,
elektron yofunluguna gore D, E ve F olarak adlandirilan tabakalara bolunir. F
tabakasi ise, F'1 ve F2 geklinde iki ayn tabakaya daha boliniir (Sekil 1.4).

Iyonosferdeki iyonizasyon, radyo haberlesmecilifindeki rolinden dolay: cok
onemlidir. Iyonosferin gonderilen bir dalgaya etkisi 2 tirli olabilir: (i) yansitma
(ii) yutma. Bir dalganin yansltllmasxna neden olan elektronlar yiiksek (F tabakasi);
yutulmasma neden olan elektronlar ise diisik (D tabakas)) bolgelerdedir {7] (Sekil
1.5). Iyonosfersel plazma

N,e?

me

dofal plavma frekansinda titregir [11]. Burada, N, elektron yofunlugu; e elektron
yukd; m, elektron kiitlesi; ¢, ise bog uzays ait dielektrik sabitidir. Bir elektro-
manyetik dalga, efer frekans: dogal plazma frekansindan bityiikse, iyonosferi delebilir;
aksi durumlarda dalga iyonosfer tarafindan yansitilacaktir. Bir baska defisle kritik

radfs 1)

Wy =

ix



frekans olarak ta adlandinlan, dik acida gonderilen ve iyonosferde yansitilan en biiyik
radyo dalgas: frekansi, w,

We = \/B0.6Npnez radfs ‘ (2)
olarak ifade edilir [11].

F2 tabakasma ait kritik frekans, foF?2, dik aqida yerden gonderilen bir radyo
dalgasmm yansidifz yukseklikteki maksimum elektron dafahmmm bir ol¢iisiidiir. Bu
gekilde tammlanan kritik frekans, iyonosfersel olaylar icin olduk¢a 6nemli bir para-
metredir [12]. Haberlesme amaglan icin bir radyo dalgasi, yansitilabilmesi ve uzak
mesafelerde almabilmesi icin, oldukga biiyiik bir gelme agisma sahip olmahdir. Effer
¢ gelme acis ise (2) denklemi,

_ [606Nne
We = T radfs (3)

seklini alir. Kritik frekans, ¢ nin 90 dereceden diisiik degerleri icin artacaktir.

Iyonosferde, elektron yofunlufumm zamanla defisimi bir siireklilik denklemi
ile ifade edilebilir [10].
[Elektron yofunlufundaki defisim his] = [Uretim kazanci]
~ [Kayplar] + [fletim dolayisiyla olan deisim] 4)

Iyonosferin 200km altinda, fotokimyasal olaylar 6nemlidir. 200km nin #izerin-
de ise dinamik olaylar Gnemlidir. Onemli dinamik olaylar sunlardir: £ x B sapmalan
(drift), yiiksiiz riizgarlar, atmosferin genlesme ve biiziilmesi ve elektron yayilmasidir.
Dinamik olaylar F2 tabakasmmn davramsinda oldukca Snemlidir. £ x 3 sapmalarm
bunlar icindeki onemi biyiktiir.

Atmosferik hareketler havayr V hu ile yerin manyetik alan cizgileri Gtesine
tasirlar, Alan cizgilerinin tasmmas: bir elektromotiv kuvvetin, E, olugmasina sebep
olur. E ayni zamanda dinamo elektrik alani olarak ta adlandinhr. Bu indiiklenmig
alan, E = V x B, ortamm yiiksiizliifiini bozan bir akima, 0(17 X ﬁ), sebep olur
(o,tansorel iletkenlik) ; dolayisiyla ters kutuplara sahip yikler ( + ve -) olugur. Bu
kutuplulasma sonucu olusan elektrostatik alan,—A®, nedeni ile ortam tekrar yiiksiiz
hale gelir. Olugsan bu akimlar, cofunlukla, E bolgesindedirler ve yerin manyetik
alanmda degisikliklere neden olurlar [13]. Olugan elektrostatik alan, manyetik alan
cizgileri yiksek derecede iletken olduklan icin, F bolgesine iletilir ve burada V, =
(E x B)/B? hu ile verilen elektromanyetik sapmalara (electromagnetic drift) neden
olur. Dolayisiyla, E ye mt yonde bir dinamo elektrik alam dretilir, Bu ise sapma
hizlanm diigiiriir. Benger sekilde, efer manyetosferde dis etkenler sonucunda, B ye
normal dofrultuda herhangi bir hareket olursa bu, F tabakasinda iyon ve elektron
harcketlerine neden olacaktir [14).



Yiiklii parcaciklarin iyonosferdeki davramslan biiyiik clciide yerin manyetik
alam tarafindan kontrol edilir. Pek ¢ok plazma gozlemlerinden ¢ikan sonuc, giines

gan ile yerin manyetik alammin etkilesiminin elekirik alanlar tirettigi qeklmdedn‘
[1 5] Gozlemler, elektromanyetik sapmalarin, gezegenleraras: manyetik alanin giiney-
kuzey bileseninin, Bz, gineye dondiigi durumlarda daha luzh olmaya egilimli oldugunu;
Bz nin kuzeye dondiii durumlarda ige cok karmagik bir yapida bulundugunu goster-
migtir.

SONUGCLAR

Bu cahsmada, yukandaki paragraflarda aciklanmaya ¢ahgilan, gezegenler-
arasi manyetik alan, manyetosfer ve iyonosfer arasindaki olasi iligkiler; Diinya Veri
Bankasi’ndan saflanan 1963-1986 yillan arasindaki saatlik Gezegenleraras: Manyetik
Alan ve Giines Riizgan verileri ile 1967-1986 yillan arasinda Slough (Inglltere, en-
lem:51.48, boylam:54.03) yer istasyonunda olcilen iyonosferin F2 tabakasina ait
saatlik kritik frekans, foF?2, verileri kullamlarak arastinlmistir. Gezegenleraras:
manyetik alan verileri u¢ bileseninin; By,By,Bz; davramisma gore incelenmigtir.
Man- yetik alanm XY ve Z bilegenleri; baslangic noktasi yer merkezi olan, X eks-
eninin dinya giines dogrultusunda, Z ekseninin X ekseni ile yerin dipol ekseninin bu-
luindugu diizlemde, Y ekseninin ise Z ekseninin bulundugu dizleme dik dogrultudaki
diizlemde bulundugu bir kartezyen koordinat sisteminde olcilen degerlerdir. (Sekil
2.1)

Gezegenleraras: manyetik alanin Bz bilegeni giines riizgarindan manyetos-
fere. olan enerji geciginde biyik rol oynadifn icin [10] bu ¢aligmada ilk once Bz
bileseninin davrams: arastinlmistir. Bu bilesenin, gezegenlerarasi manyetik alanm
kutupluluguna gore mevsimlik ve giinlikk baz sistematik davramslar gosterdiji goril-
miistir.By < 0 durumlarmda, yihn ilk alti ay: icin aylik ortalama Bz degerleri
sifirdan biyik; ikinci alt1 ay igin ise sifirdan kiiciiktlir. Bx > 0 durumlarinda ise
ilkine gore tam simetrik bir durum gozlenmistir (Sekil 3.1). B nin saatlik ortalama
defisiminin ise aylhk degisime gore daha kiiclik genliklere sahip oldufu gorilmistir.

Siddeti (|Bz]) 1nT dan biiyik Bz bilesenlerinden igaretini 1 saat icinde
deglstlren Bz durumlan tespit edilmistir. Bu durumlardan %12.2 sinde igaret de}isik-
lifinden sonra By bileseninin igaretini 2 saatten daha fazla bir siire deﬁu;tu’medlb
gorilmistir. Bunlar, kararh durumlar olarak adlandinlmistir. Kararh durumlarin
ytzdesi kiicik oldufu icin iyonosfer-manyetosfer sistemi nadiren kararh davranacaktir.
Diger bir deisle, Bz isaretini fazla koruyamamaktadir. Dolayisiyla, Bz deki defigim-
lerin olugum zaman iyonosferin yamt zamanmdan daha disiik (veya karsilastinilabile-
cek mertebelerde) oldugu icin yer sisteminin genelde kararsiz davrandifn soylenebilir.



Gezegenleraras) manyetik alanim By bileseninin isaretini defistirdifi durum-
larda giines riizgan dinamik basmcmdaki degigiklikler hesaplanmis ve bu degigimlerin
dinamik basmcta biiyiik capta defisiklikler olusturmadifn goriilmiistiir (Sekil 3.5)

Slough kritik frekans degerleri ile gineg lekeleri arasinda yiiksek bir iligki
bulunmustur. Ancak, aym iligki, foF?2 verisinden ginlik degisimler cikanlarak (Ek
A) elde edilen & foF?2 verisinde gozlenememistir (Sekil 3.6).

~ Gezegenlerarasi manyetik alan yapisinm iyonosfersel kritik frekanslar iizerin-
deki etkisi, yukanda agiklanan Bz degisimleri etrafinda 8 saatlik & foF2 verileri
almarak arashnlmistir. & foF?2 yerine, tim veriye ait § foF'2 deferlerinin saatlik
ortalamas: almarak olusturulan bir kontrol efrisine (Sekil 3.7) gore 6 foF2 nun %
defisiminin kullamlmas: tercih edilmistir. Bu analizden, gezegenlerarasi manyetik
alanm kuzey-guney bilegeninin iyonosfersel kritik frekanslar tizerinde bir kontrol
olusturdugu gorilmustiir. Manyetik alamn giineye dogru yonlendigi durumlar kuzeye
dojru olan durumlara gore daha biiyiik saatlik 6 foF2% deferlerine sebep olmugtur.
Aynica, giiney yoniindeki Bz her saatte kontrol efrisinden daha biiyiik § foF2 degerler
indiikliyorken, kuzey yontindeki Bz gecisleri kontrol efrisinden daha kiiciik deferler
indiklemistir (Sekil 3.10).

Bunun yamsira, kuzeyden giineye olan gezegenlerarasi manyetik alan gecisle-
rinde manyetik alamin z bileseninin de (Byx) kritik frekans uzerinde bir kontrolid
oldufu goriilmiistir. Ancak bu durum, giney-kuzey gezegenlerarasi manyetik alan
gecisleri durumunda dieri kadar belirgin de}ildir (Sekil 3.11).

Gezegenleraras: manyetik alan By bilegeninin kararsiz davramslan sirasinda
(bir manyetik kutupluluktan digerine gecis) giineye yonelmis Bz bileseninin kritik
frekans degisimi tizerinde belirleyici rol oynadifn goralmusttr. Diger yandan, kuzeye
yonelmis manyetik alan durumunda ise, Bz bileseninden ¢ok manyetik kutuplulugun
gecis yoniiniin kritik frekanslar iizerinde etkili oldufu anlasilmistir (Sekil 3.12)



CHAPTER 1
INTRODUCTION

1.1. Solar Wind and its Interaction with the Geomagnetic Field

The sun’s energy is generated in the solar core by means of nuclear reac-
tions. This energy may be grouped into two components : electromagnetic energy
and corpuscular energy. The solar electromagnetic energy that photons (hv) carry,
interacts with the earth’s neutral atmosphere and produces the ionosphere. The
corpuscular energy which consists of mainly protons, electrons and neutrons (p, e,
n,) and jonised atoms interacts with the earth’s magnetic field and produces the
magnetosphere. Corpuscular radiation is often called the solar wind (SW) and it
streams radially away from the sun continuously (Fig. 1.1). It is generally believed
that the streaming SW is the result of a hydrodynamic expansion of the solar corona
[1. SW assumes a speed about 300 kms™! at a distance of 1 Astronomical Unit
(AU). In other words, the SW is a hot ( 10°K*) supersonic plasma streaming
radially from the solar corona [2,3]. 4

Since the dynamic pressure, pV2/2 , of the SW is greater than the magnetic
pressure, B?/2u,, the plasma imprisons its magnetic field [1] as it emerges from the
sun (V is the SW speed, B is the magnetic field strength, p, is the magnetic perme-
ability). This field forms the interplanetary magnetic field (IMF) in the space.



Figure 1.1 : The configuration of the interplanetary magnetic field in the equatorial
plane for a steady state solar wind [1].
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Figure 1.2 : Solar magnetic sector structure as inferred from IMP spacecraft observa-
tions. Plus signs (away from the sun) and minus signs (toward the sun) are

3-hourly measurments of IMF direction, and arrows in four sectors indicate
predominant direction of the field [5]. (Note: unlike the convention adopted

in this work, Wilcox adopted plus sign for an away polarity and minus sign
for a toward polarity in this illustration.)



Based on the satellite observations, the solar magnetic field (which is the
main source of the IMF) is divided into more or less regular sectors (in the earth’s
orbital plane) in which the maguetic polarity directed either toward (T polarity) or
away (A polarity) from the sun, and any type of polarity remains constant for several
days at a time [4,6]. Transitions from one sector to another take place over a period
of mimutes or hours [1}. The field polarity is apparently connected to the sun, and
as the sun rotates, the field also rotates so that the sectors and the boundaries sweep
past the earth (Fig. 1.2).

If the earth were in a perfect vacuum, its dipole field would exteng outward,
merging smoothly with the magnetic fields of the sun and the other planets. How-
ever, the interplanetary space is not a vacuum, it is filled with the SW in such a
way that the interaction between the geomagnetic field and the SW becomes more
complex. The total pressure of the SW is the sum of the pressure exerted by the
momentum of the particles and the magnetic pressure [6], B?/2p.. The geomag-
netic field also has a pressure. When the pressures of the interplanetary medium
and the geomagnetic field are compared it is clear that at greater distances the ge-
omagnetic field will be swept away by the SW and that close the earth the SW will
be excluded by the geomagnetic field [1,7). At intermediate distances, there must
exist a region of interaction where the pressures are comparable. This boundary is
called the magnetopause. Also, when the SW, or some hot plasma which is moving
at supersonic speeds, encounters an obstacle, the geomagnetic field, a shock wave
is formed. It is called the bow shock (Fig. 1.3). The magnetopause is at about
10Rz and the bow shock is at about 14Re on the sun-earth line [1}. The region
between them is called the magnetosheath. The region interior to the magnetopause
is known as the magnetosphere. In other words, the magnetosphere is the region
where the geomagnetic field is confined.



The location of the dayside magnetopause is known to be altered by the SW
dynamic pressure changes. The SW, because of its dynamic pressure, compresses
the magnetosphere [8]. Studies based on the spacecraft observations show that the
supply of the SW energy into the magnetosphere proceeds mainly by reconnection
between the lines of force of the IMF and the geomagnetic field [9]. The field lines
from the high latitude regions are swept back toward the night side and form a long
geomagnetic tail. The tail has been observed at a distance of more than 1000Rg
behind the earth [1].

Shock wave Magnetosheath. Mugnetopause

Figure 1.3 : The geomagnetic field lines distorted by the action of the solar wind.
(Geocentric distances are in units of earth radii) [1].

1.2. The Coupling Between the Ionosphere and the Magnetosphere

The ionosphere is defined as the part of the earth’s atmosphere in which
free electrons are sufficiently numerous to influence the propogation of radio waves
{10]. The ionosphere is divided into three characteristic layers named D, E, and F
according to the electron concentration. The F layer is also subdivided into two
other layers, F1 and F2 (Fig. 1.4).
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Figure 1.5 : Reflection and absorbtion of a wave in the ionosphere [7].



The ionisation in the ionosphere is of practical importance because of its role
in radio communication. The ionosphere can do two different things to a wave :
(i) reflection, (ii) absorption. The electrons responsible for the reflection are at
gréater heights (in the F layer), and those responsible for the absorbtion are lower
down [7], in the D region where the collision frequency between the charged ions and
the neutral species is greater than the corresponding gyro frequency (Fig. 1.5). The
ionospheric plasma oscillates at the natural plasma frequency [11]

N.c2
Wy = "C.:;c rad/s (1.1)

where N, is the electron number density, ¢ is the electronic charge, m, is the mass of

an electron and ¢, is the dielectric constant of the empty space. An electromagnetic
wave may only propagate through the ionosphere provided that its propagation fre-
quency w is greater than w, ; otherwise the wave will be reflected. In other words,
the highest radio frequency which is also called the critical frequency, w, that a layer
will reflect at vertical incidence is [11]

‘l’c = \/ w.e]im‘g f‘dd/& (102)

where Npez i8 the maximum electron number density or concentration.

The critical frequency foF2 of the F2 layer (or the greatest frequency yield-
ing reflection from the F?2 layer of an upward-going radio signal at vertical incidence)
is a measure of the maximum electron concentration at those altitudes. It may be
considered as the single most significant characteristic parameter which is indicative
of an jonospheric state [12]. For communication purposes over long distances, the
radio signal must have a relatively large angle of incidence in order for the reflection
from the ionosphere to be received at considerably long distances. If 1 is the angle
of incidence of the transmitted radio wave the equation (1.2) takes the form (11]

_ (806 Nmas
we = [~z radfs (1.3)




The-'* critical frequency is increased when § is less than 90° providing Npmes remains

constant.

In the ionosphere, the time variation of the electron density can be expressed
in terms of a continuity equation [10], which is
[Rate of change of electron concentration] = [Gain by production]
— [Loss by destruction] + [Change due to transport] (1.4)

In the ionosphere below 200 km the photochemical processes are important,
whereas above 200 km the transport or the dynamical proceéses are dominant. The
important dynamical processes are the ambipolar diffusion, Ex B drifts, neutral
winds, expansion and contraction of the atmosphere [10]. Since the dynamical
processes exert considerable control on the behaviour of the F2 region it is instructive

to summarize very briefly what an E x B drift is.

The atmospheric movements move the air with a velocity V across the ge-
omagnetic field lines causing an electromotive force ,E, to be set up. E is also
called the *dynamo electric field®. This induced field , £ = ¥ x 7 drives a current
o(V x B) which disturbs the charge neutrality of the medium (o is the tensor con-
ductivity), therefore, polarisation charges are set up. An electrostatic field, —A® ,
is set up which adjusts itself towards the charge neutrality again. These currents
flow principally in the E region and cause the quiet variations in the geomagnetic
field [18]. The electrostatic field associated with these charges is transmitted to
the F region, since the magnetic field lines are highly conducting, where they cause
electromagnetic drifts given by Ve = (E x B)/B? . This motion in turn, generates
a dynamo field that is opposed to £, and therefore reduces the drift velocity of the



particles. Conversly, if any motion of ionisation normal to B is set up in the mag-
netosphere by external causes, it will produce corresponding motions of the F region
ions and electrons [14].

The behaviour of charged particles (ions and electrons) in the ionosphere
(especially in the E and F region ) is largely governed by the earth’s magnetic field.
From many observations of plasma motions, it is known that the interaction between
the SW, as it sweeps past the earth, and the geomagnetic field sets up a systems
of electric fields [15]. Observations show that the drift tends to be faster at times
when the south - to north Bz component of the IMF is directed southward and has
got a more complex pattern when By is directed northward [10].



CHAPTER 2
DATA ANALYSIS

2.1. Introduction

Radio waves in the wide frequency range from Very Low Frequency (VLF)
to High Frequency (HF) (3kHz to 30 M Hz) can be propagated to great distances
via the ionosphere. The changes which occur in the height distribution of the
ionospheric electron densities which exhibits day to day variability greatly affect the
propagation characteristics of these waves [1,15].

In this work, the objective is to search the possible effects of the IMF con-
figuration on the ionospheric critical frequencies. Since both the IMF B turnings
and magnetic sector structures seem to be responsible for dynamical variations of the
upper atmosphere , such a possible influence of the IMF on the ionospheric critical
frequencies may be plausible [10].

The data analysis were grouped in two parts. In the first part an extensive
study was carried out only by taking the solar data into consideration. For this
purpose a survey was done of hourly averages of observations of the IMF and the
SW made by satellites at about 1 AU in the years between 1963 and 1986. Since the
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reversals of Bz of the IMF cause significant changes in the magnetosphere in turn
at the ionospheric altitudes [10], the present investigation was confined to major
reversals of Bz. Therefore, “events® were identified as times when there was a
reversal of the polarity of Bz between the adjacent hourly mean values. Then, a
statistical analysis were conducted in terms of the three cartesian components of the
IMF and the SW data.

The study of day-to day variability of ionospheric critical frequencies is of
scientific interest in view of the causative mechanisms and of great importance in
assessing prediction capabilities [16]. The variability in ionospheric critical frequen-
cies, which is of practical importance in communication systems, navigational control
applications [12], etc. can be studied for example by investigating the role of the IMF
structure as an ordering parameter. If the direction of the IMF affects a special geo-
physical parameter its effect should be most marked during changeovers of the IMF
polarity, the so-called IMF sector boundary crossings. Therefore, in recent years
many activities have been done to investigate the influence of the IMF direction on
geomagnetic activity [4,16,17,18]. In the second part of this investigation the Slough
ionospheric critical frequencies were studied between 1967 and 1986. Since the task
to cary out such an exercise was to see the possible influence of the IMF structure on
the ionospheric critical frequencies some simple statistical methods were employed.
To do this, first the diurnal variations were removed from the critical frequencies.
Then they were analysed in detail for several definite IMF configuration for twenty

years.
2.2. The Data

The data used in this work have been taken from a compilation of solar
wind plasma and IMF data prepared by the US National Space Science Data Center
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(NSSDC). The data were supplied by a mumber of experimental groups and they
were recorded on a mumber of spacecraft close to the earth (i.e. 1 AU) : IMP-1,
IMP-3 to -8, AIMP-1 and -2, OGO-5, HEOS, VELA-2 to -6, ISEE-1 to -3 [19].
The data were read off magnetic tape and stored on-line in a number of data bases
which operated under a formal management system called R-EXEC. This system
was developed at Rutherford Appleton Laboratory (RAL) for the manipulation of

scientific data [20].

The coordinate system used for presenting magnetic field data is the geo-
centric solar magnetospheric (GSM) system -a right handed cartesian system with
coordinates X,m, Yom, Z;m. The origin of the coordinate system is assumed at the
center of the earth. The positive X,y axis is directed toward the sun. Y, axis
lies in the ecliptic plane and Z,,, axis lies in the plane containing both the X,,, axis

and the geomagnetic dipole axis [1] (Fig. 2.1).

Figure 2.1 : Geocentric solar magnetospheric (GSM) coordinate system [1}.

The data set available to this work covers a period from 2 November 1963 to
31 May 1987. There were two complete solar cycle, that is 20th and 21st, included in
the analysis. Within this period, only the cases for which both plasma and magnetic
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field data are available simultaneously, were examined. This restricted the analysis
to the period 27 November 1963 to 4 April 1986. Within this period there were
101558 hourly values available out of a total 195960 hours possible. This provides
an average availability of 52 % of the data coverage.

The ionospheric critical frequency data, foF?2, used here were taken from
the World Data Center at the Rutherford Appleton Laboratory (WDC - RAL). The
critical frequencies were obtained from the ground - based station, Slough, England
(51.48 Geo. Lat.,-0.57 Geo. Long. ; 54.03 Dip. Lat., 84.44 Dip. Long.). By taking
the hourly value‘of JoF2 and substracting the quiet day control value of the foF2
for the same local time, the diurnal variations were eliminated. The new data set
obtained such is going to be referred as 6foF2 (App. A).

2.3. Definition of an “event”

A reversal of the polarity of the IMF Bz component between hourly data
points was named an “event® (with start time ¢, and finish time t, = ¢, + 1 hour)
provided that |Bz| > 1 nT for both data points. These events were, then, divided
according to the behaviour of By and By during the reversal of Bz. Events with
reversals of Bx or By, both, neither or with absent data points, were binned for
seperate statistical analysis.

2.4. Distribution of IMF, SW, foF?2, 6 foF'2 Values

In order to get accustomed to the IMF, SW, foF?2 and §foF2 data the fol-
lowing histograms were constructed: Figure 2.2a shows the distribution of SW speed
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which ranged between 250 kms—! and 950 kms~! with a mode value of 370 kms=1 .
Figure 2.2b shows the SW densities which ranged up to 83cm~2 with a mode value
of 6cm= . The SW dynamic pressure as defined by [8] is P = nmv? . Taking the
mean mass of the SW, m, to be 1 a.m.u. (i.e. the SW is assumed to be predominantly
protons and electrons), P is found to have ranged up to 28 nPa (Fig. 2.2c). Figure
2.3a shows that the magnitude of the IMF varies between 0 and 85 nT. The mode
value is 6nT. Figure 2.3b shows the distribution of Bz values in GSM coordinates.
The smallest and the largest Bz values were —~31nT and 27 nT respectively. The
calculated mean value is 0.014 nT. The values of Bz are normally distributed and
northward and southward fields occur with equal frequencies. From this figure it is
seen that the most probable Bz value is less than 1 #nT. This finding is in general
agreement with the notation that a steady spherically expanding SW would have no
Bz component in the sun’s equatorial plane [I). Figure 2.4a shows the distribution
of the foF2 values for Slough in the period of interest. The calculated mean, mode
and median values of the foF2 are 5.712 MHz, 5.7 MHz, 50 M Hz respectively.
In Fig. 2.4b the distribution of 6 foF'2 values were presented. The distribution is
skewed towards negative 6 foF2 values. It is believed that the preference for more
pegativeness of the 6 foF2 may be due to! : only quiet days were used to derive
the control curve. These would be the days of highat foF2 values as the effect of
magnetic activity was to reduce foF2. Thus 6foF2 would be biased towards the
negative values.

In the second part of the analysis the critical frequencies obtained around an
event time were considered mainly. In order to enrich the statistics, the events with
IMF data available for at least three hour before and after an event (i.e. major IMF
Bgz reversal) were preferred to use. In addition to this criteria the events further
were selected only if the direction of the IMF By kept its sign three hours before

'Private comnunications with Dr. Mike Hapgood, Rutherford Appleton Lab. England



14

'S
S (a) - ; . . . , i
]
g 3r -
%} -
> sl
T 2
2 -
° 1t i
3
E I .
-3
E Ok $ 1 1 1 1
300 400 500 600 700 800 9S00
v {kms™)
(b)
'2) | v v T t T T T -
<
T :
g i
g 4 - g
>
3 r -
2 .
s 2
£ -
Z Ol I 1 1 . 1 . = —
0 10 20 30 40 50 60 70 80
n (cm™3)
(c)
éz_ LI 1) 1 T 1
r— -
L 4
[ =] - -
2>
5 1p ..
2 L i
B -
g I -y
E -
3 o 1 1 1 1 — L —r -
=0 5 10 15 20 25
P (rnPag)

Figure 2.2 : The distribution of (a) the solar wind speed, V; (b) the solar wind density,
n; (c) the solar wind dynamic pressure, P



15

(a)

"

g T T LE T

X

§10r

g 8

o

< 6f .
2.l ]
>

2 2-) .
§

z O—. b » o X

~ 0 20 40 60 80

B (nT)

(-3 {)

T ¥ T N T T
3 o ‘
g 8+ -
< 6 -
2

s ]
74

Eq T
g' O"'T 1 1 1 1 1 - -

-30 -20- -10 0 10 20

Bz (GSM) (nT)

Figure 2.3 : The distribution of (a) the IMF strength, B; (b) the northward component
of the IMF (in GSM coordinate system), B.



16

)
|

. BEREEHE

faF2 SLOUGH
1967 ~ 1988

b 28 N 7% 100 125 150 173 200
foF2 (0.1 MHz)

(b)
§ foF2 SLOUGH
8 1867 ~ 1888
&
§
a. 3
]
o
z
18
100 T80 S0 ko 20 T W e R0 1co
§foF2 (0.1 MHz)
(e) o5
228 §foF2 SLOUGH-EVENT CASES

1667 - 18986

-0 -40 -3 - -10 ] 10 20 30 40 30
§toF2 (0.1 MHz

Figure 2.4 : The distribution of the Slough (a) foF2 values; (b) 6 foF2 values;
(c) 6 foF?2 values during IMF Bz reversals.



17

and three hours after a Bz reversal. In other words, there were no other events
occured, as far as our data revealed, for eight hours during a specific event under
consideration. Unless specified otherwise an “event” will imply such isolated cases
detected within an eight hour interval of time. Fig. 2.4c shows the distribution of

the 6 foF2 values chosen for eight hours for each of such event cases.



CHAPTER 3
RESULTS AND CONCLUSIONS

3.1. The Results on the Solar Wind and .the Interplanetary Magnetic
Field Between 1963 - 1986

3.1.1. Statistical Results for the Interplanetary Magnetic Field (IMF)

The interplanetary magnetic field data were analysed by a computer program
(App. B). The program searched for events using the criteria given in Section 2.3.
A total of 6018 events were found between 1967 and 1986. The results may be

summarixed as follows:

1. About 49 % of the events were northward and 51 % of them were southward.

2. For 24 % of the events neither Bx nor By reversals took place during a Bz
reversal.

3. For 24 % of the events either Bx or By did not change for at least eight hours
(from t; — 3h to t; + 3h).

4, For 9% of the events there were reversals of either Bx or By during a Bz

reversal while the other component kept the same sign for at least eight hours
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(from ¢, — 3h to ¢z + 3h).
5. For 9% of the events there were either Bx or By reversals.

6. For 3% of the events there were reversals of both Bx and By during a Bz
reversal.

7. For 31% of the events there were either too many Bx or By reversals or there

were data gaps between ¢; — 3h and #; + 3h giving no clear results.

The well defined events (2,4,6) have also been sorted by polarity of Bx and By at

time #:
e 17% had By positive and By negative,
e 15% had By negative and By positive,
e 2% had By positive and By positive,

e 2% had By negative and By negative.

From this analysis it can easily be seen that the probability of having the
same sign for IMF Bx and By is very low ( 2%). In other words during a Bz
reversal most of the time the horizontal IMF component of Bxy in the ecliptic plane
is either in the ﬁecond (06-12 GMT) or in the fourth (18-24 GMT) quadrant of the
(X,Y) cartesian coordinate system. By considering either Bx or By, the other

" component can be interpreted at least in sign. Unless stated otherwise from here
on only the results of the data analysis based on the various configuration of IMF
Bx and Bgz will be presented for the sake of the simplicity. It is assumed that
one vertical component and one horizontal component are enough for the first part
of the work in which the possible influence of the IMF on the ionospheric critical
frequencies will be sought.
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3.1.2. Mean Variations of the IMF Bz Component for Bx < Oand Bx > 0

The vertical component, Bg, induced by the IMF in the geocentric solar
magnetospheric (GSM) coordinate system plays an essential role in the energy trans-
fer from the solar wind into the magnetosphere [4,9]. As stated with emphasize,
the negative Bz component should favour the energy transfer from the solar wind
into the magnetosphere, on the other hand positive Bz values should inhibit such
an input [4]. Therefore, the Bz values employed in this work were further analysed
in order to understand better the diurnal and seasonal dependence of the IMF By
data.

The Bz component is expected to show some systematic variations due to
diurnal and seasonal changes of the earth’s dipole axis with respect to the solar
rotation axis. Figure 3.1a shows the results of an investigation of the seasonal and
diurnal variations of the IMF Bz component for By < 0 (defined as A polarity)
and Bx > 0 (defined as T polarity) for the years 1982, 1983, 1984. From this
figure it can be seen that an IMF with A polarity induced positive Bz values during
the spring half year (January to June), and negative Bz values during the autumn
half year (July to December). On the other hand an IMF with T polarity caused
3 symmetricai picture in Bz variation. IMF sectors with negative Bz values are
called pro-sectors and IMF sectors with positive Bz values are called anti-sectors
[4). In Fig. 3.1b the diurnal variation of the IMF Bz component was presented. It
can be seen that the diurnal Bz variation had smaller amplitudes than those of the

seasonal Bz component.

Table 3.1. summarizes the results obtained in Fig. 3.1a,b. Figure 3.1a,b
and Table 3.1. reveal that the seasonal variation of the IMF B; component has
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got minimum values (pro-sectors) near (20-24-2)GMT and in March for T polar-
iﬁy whereas the corresponding time and month are (9-10-11)GMT and September,
October respectively. For the A polarity, on the other hand, IMF Bz component
has got maximum values (anti sectors) near (8,9,10)GMT and in September for T
polarity whereas the corresponding time and month are (23-24-02)GMT and April
respectively.

Table 3.1.
Seasonal and Diurnal Variations of the IMF Bz Component (1982,83,84)

T Polarity A Polarity
- PRO | March, April (Min.) | Sept., Oct. (Min)
(Bz <0) | (20-24-02GMT) | (09-10-11GMT)
ANTI | Sept.,Oct. (Max.) April (Max.)
(Bz>0) | (08-09-10GMT) | (23-00-02GMT)

In order to remove the seasonal bias the Bz data then seperated into two
groups. The first group included the data for the months January to June, and the
second group included the data for ﬁhé months July to December of 1982,1983,1984.
Figure 3.1c shows the diurnal variation of the IMF Bz component for the Spring
half year, and Fig. 8.1.d shows the results of the autumn half year. The data were,
then, regrouped for Pro (Bz < 0) and Anti (Bz > 0) sectors in Fig. 3.2a and in
Fig. 3.2b. Such a seperation of the data showed that the T polarity curve lagged
approximately 12 hours behind the A polarity curve. This was an indication of solar
control over the aata under inyestigation. Summarizing, Fig. 3.2. exhibited the
diurnal behaviour of the IMF Bz. In this diurnal variation, both in the Anti and

Pro sectors, the polarity of the solar sector structure played an important role.
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3.1.3. The Stability of IMF Bz Component

To estimate the duration of stable IMF conditions, the period following each
event for which Bz maintained constant sign was determined. Cuses in which data
gaps occured before Bz changed its sign were excluded from the analysis. Iigure
3.3 shows the nuhhr of times that a particular period of stable By sign occured in
the data set for both Bz reversals. The minimum period shown in the figure is 1
hour. Such cases indicate that the IMF Bz changes its sign igain immediately after
an “event” and so Bz has constant sign for only one hour. The two distributions
(i.e. for northward and southward B turnings) are almost identical as can easily be
seen in the figure. It was, then, calculated the number of cases for which the sign
of Bz was stable for more than 2 hours. For the whole data set it was found that
this number was 2007 out of a total of 5277 cases in which the period of stability
could be measured. This amounts to 38% of all cases. The total duration of these
periods is 12,369 hours, which is 12.2% of the total number of hours in the study.

To investigate the solar - cycle dependence of the stability of IMF Bz com-
ponent, the cases in which Bz keeps its sign that of at t, (i.e. after a Bz reversal
which termed *event”), more than 3 hours for each year were carried out and com-
pared with the international sunspot numbers. Figure 3.4a shows the event cases
(upper panel) defined as a fraction (/%) of total number in the years between 1963
'~ 1986 and Fig. 3.4b shows the international sunspot numbers (Rssy) (lower panel)
in the same year range. From these figures there seemed to be a solur - cycle vari-
ation in the stability of the IMF Bz component. The cross correlation coefficient
between Rggn and f% was 0.53, At the significance level of a = 0.05, this value
is greater than the theoretical cross correlation coefficient of R = 0.34 indicating a
possible positive influence of a solar cycle contiol. Since f% is a fraction which is
proportional to the number of events in which Bz keeps its sign more than three
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hours after a major reversal, in the case of large values of f% it might be interpreted
that the solar - terrestrial system behaves in a steady state case or it shows regular

oscillations around a mean value [8].

3.1.4. Dynamic Pressure Changes of Solar Wind

It was also searched whether there was any possible link between Bz changes
and changes in the dynamic pressure of the SW. Figure 3.5 is a three dimensional
histogram showing the relationship between Bz changes and fractional dynamic pres-
sure; AP/PY%, changes for the events detécted. In this representation, ABy is the
change in IMF Bz during an *event® and AP/P ~is the percentage change in the
hourly mean of the SW dynamic pressure where P is the value at ¢;. Summarizing
Fig. 3.5 there are two populations of events :

i - Events in which there is no significant pressure change associated with
the change in the sign of Bz. These events are represented by the prominant ridge

at zero pressure change.

ii - Events in which there is a pressure change associated with the change in

Bgz sign. These are represented by the broader distribution.

Note that there are no events for Bz < 2nT . As shown in Fig. 3.5
the distributions are roughly symmetric about the central ridge. That is, when
southward and northward turnings are accompanied by a pressure change, it was as
likely to be a rise in dynamic pressure (AP > 0), as a fall (AP < 0). This was
true for both northward and southward turnings. There was some asymmetry at
large AP [ P because P tended to be lmfger for falls in dynamic pressure (relating
as it does to the conditions before the event). In 12% of the total events AP /P
was zero. However, in 38% of events|AP [ P| was less than 5% and for 58% of
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events it was less than 10%. Thus, most southward/northward turnings were not
accompanied by significant (> 10 %) changes in dynamic pressure. Only 2% of total
events exceeds 50% dynamic pressure changes. It is worth noting that the short term
SW dynamic pressure variations ,i.e. variations taking place less than an hour, may

be more responsible for the magnetospheric coupling (dayside reconnection) [8).

3.2. The Slough Ionospheric Critical Frequencies and the Interplanetary
Magnetic Field Between 1967 - 1986
3.2.1 Solar Cycle Variations of the Bz Component of IMF and the Slough foF?2

Because of their importance to the terrestrial magnetospheric - jonospheric
system [7] the solar cycle variation in the IMF Bz and Slough foF2 were investigated.
For each year, all hourly values of the magnitude of Bz and foF2 were taken and
then the mean values of |Bz| and foF?2 were calculated. To facilitate a comparison
the international sunspot numbers, Rssy, were also employed. Figure 3.6 shows
the variation of the (a) IMF [Bz], (b) Slough JoF?, (c) Slough 570F2 and (d)
Rssn in the yeirs between 1963 and 1986. There was a clear solar cycle variation
in both the mean magnitude of |Bz| and Slough foF2. Whereas such a variation
was not very obvious in the Slough 570oFZ and Rssy set. The amplitudes of the
[Bz] and JoF?Z variations was larger in Cycle 21 than those in Cycle 20 . In each
panel of Fig. 3.6 cross correlation coefficients of R as compuied between [Bz] and
Rssn; JoF2 and Rssy; 0JoF2 and Rgsy were also shown. At the significance
leve] of & = 0.05 if the computed R is greater than or equal to 0.38 the relationship
may be interpreted as relevant. However, such a conclusion is being made with
caution until such statistical conclusions are manifested with physical mechanisms

or principles lying behind the data.
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3.2.2. The Possible Influence of the IMF Structure On the Slough Ionospheric
Critical Frequencies Between 1967 - 1986

As the electron density of the ionospheric F region is markedly controlled
by the highly variable solar EUV radiation it is often impossible to seperate these
phenomena from effects caused by the IMF sector structure. On the other hand
the derived dates of sector boundary crossings may sometimes be erroneous [4].
Therefore, in this part of the work Bz changes were adopted in accordance with
the "event” definition. The sector structures were defined in accordance with the
changes reported in the Bx component of the IMF in the data. When there was a
change in the sign of the By component of the IMF either at the event time of ¢,
or at the event time of ¢; this case was assumed as a solar sector boundary (SSB)

crossing.

However, because of the uncertainities in the derivation of individual dates of
sector boundary crossings only a statistical investigation carried out here. Instead of
using the hourly values of the critical frequency of the F'2 layer, foF2 obtained from
the ionosonde station of Slough, the new set with diurnal variations removed (Section
2.2) were employed for the analysis. From here on the analysis was conducted by
employing this set, i.e. § foF2.

In the following paragraphs the results of the data analysis based on the
annual, diurnal variations of the Slough 6 foF2, and the various IMF configurations
on the § foF2 will be summarized. In particular, the plots representing the effects
of the IMF configuration were smoothed by the best fit 10th degree orthogonal
polynomials. Fitting polynomials to the data provided a better visualisation, and
an easier way of discussing the trends in the data.
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(i) Figure 3.8 exhibits the diurnal variation of the averaged Slough 6 foF2
data during events in the years between 1967 and 1986. There were no events recorded
met the criteria defined in Section 2.4 in the years 1985 and 1986. This might have
arisen due to the poor data coverage and since these years marked a low solar cycle
period. These curves were constructed by taking into consideration only an eight
hour long record of the Slough 6 foF2 centered on the event times ¢, and ¢, for each
year. Then, an arithmetic average of the é foF?2 for each hour was computed (re-
ferred from now on §foF2 unless stated otherwise). From Fig. 3.8 one may feel
the influence of the solar cycle variation over the years. However, due to the poor
coverage it is not very easy to pin down the exact form of such a possible depen-
dence. Therefore, Fig. 3.9a was constructed by taking the mean of the percent
5J0F2s over the years between 1967 and 1986 covering the whole of the solar cycles
20 and 21. The tendency for more negative percent 5 JoF2 values towards cycle 21
is more obvious. However, at a significance level of « = 0.05 a cross correlation
coefficient of R = 0.03 between the 5 JoF?2 and the annual sun spot numbers (Rssy)
imply that there is not an obvious relationship between the two independent data
set. This result supports the finding expressed in Sec. 3.2.1 where 6 foF2 for the
whole set without considering the events was compared with the variation of the

sunspot numbers over the same period.

The percent diurnal variation of the Slough JoF?2 for twenty years is illus-
trated in Fig. 3.9b. This curve shows that the variability of the §70F2% increases
during dusk and night hours. One may also note that the §JoF2% exhibits an

osctllatory behaviour.

(ii) To see the effects of the IMF Bz turnings on the Slough éfoF?2, the
6 foF2 data were sorted out into two groups; namely, the 6 foF2 during the events
with a southward IMF turning, and the § foF2 during the events with a northward
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IMF Bz turning. Figure 3.10a,b shows the diurnal percent variation of the mean
6 foF2 between 1967 and 1986 for two seperate IMF Bz turnings (southward and
northward) during the events. In this representation of the § foF2 variations the
solar sector transitions were not taken into consideration. The data for each hour
were gathered by recording the § foF'2 values measured within an eight hour interval
of i;he event time ¢, Then an arithmetic average of the § f 0F2 values were computed
as explained above in the previous paragraphs for each hour. The data, then, were
normalized by taking into consideration the control curve of the §JoF2 of Fig. 3.7.
The best fit curves were superimposed in panel (c) of Fig. 3.10. At the significance
level of @ = 0.05 both sets of 5oF2% values were not correlated. Magnitudewise,
during the events when the IMF oriented from north to south 570 F2% values seem to
become greater almost at all hours compared to those cases associated with the south
to north IMF turnings. Both sets of §oF2% curves exhibit an expected diurnal
variation with a tendency to increase during day times. In addition, the southward
IMF induced 570¥2 values which were greater than the corresponding control curve
values. On the other hand, northward turnings of the IMF induced §JoF?2 values
which were smaller than the control curve values. It may, thus, be concluded that the
north/south differences in the IMF markedly have got some control on the ionospheric
critical frequencies.

(iii) In order to understand the effect of the direction of the IMF Bx com-
ponent (i.e. IMF sector structure) on the Slough & foF?2, the data were sorted out
into four groups: the 6 foF2 during the events of a southward IMF Bz turning with
‘T and A polarities; § foF'2 during the events of a northward IMF Bz turning with
T and A polarities. Then, as explained above, the percent changes with respect to
the control curve (Fig. 3.7) were then calculated for each group.
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Figure 3.11a,b,d,e show the diurnal percent variation of the mean 6 foF2
between 1967 and 1986 for the two seperate IMF Bz turnings with two seperute IMF
Bx polarities. Figure 3.11a,b show the IMF Bx polarity differences in the diurnal
57oF2% variation for the southward IMF. The best fitted curves were superimposed
in Fig. 3.11c in order to illustrate the effect of the direction of the IMF By polarity.
It was found out that two sets of data were anticorrelated at u significance level
of a = 0.05. It was also found out that an IMF with A polarity induced 5JoF?2
values which were greater than the control curve values whereas an IMF with T
polarity induced §/oF? values which were smaller than the control curve values for
the southward IMF B3 turnings.

Figure 3.11d,e show the IMF Bx polarity differences in diurnal 5 JoF? vari-
ation for events with a northward IMF By turning. In Fig. 3.11f these two figures
were superimposed in order to see the effect of the IMF Bx polarity. From this
representation it was found out that when IMF directed northward the curves rep-
resenting the changes of the §JoF? for T and A polarities were negatively correlated
at a significance level of & = 0.05. For A polarity, on the other hand, §JoF? values
were greater than the control curve values in day times (08-20)GMT and smaller in
other hours whereas for T polarity cases § JoFZ values were almost smaller than the

control values at all hours.

Figure 3.11g,h show the percent variation of the 5 JoF?2 for two seperate IMF
Bz turnings for A and T sectors. For T polarity the §JoF?2 values were smaller than
the control values for both IMF Bz turnings almost at all hours. Magnitudewise, in
day light times the events with a southward IMF Bz turning induced greater 5JoF2
values than the events with a northward IMF Bz turning did for T polarity.
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In order to develop some means of comparison, the cross correlation coeffi-

cients computed between the distinct groups were listed in Table 3.2.

Table 3.2.

The cross correlation coefficients between the distinct groups.

RA polarity...T polarify Rl Bg..1Bx
| Bz 1 Bz A Polarity | T Polarity
-0.073 -0.52 -0.12 +0.32

To summarize the reQult of the analysis: the direction of the IMF Bz turnings
seems to be relevant in the diurnal variation and the magnitudes of the §JoF2. i.e.
the [570F2| values are greater for the events with a southward IMF turning than
those of the northward IMF turning . When the IMF Bz turning is southward, the
polarity of Bx also seem to be relevant. This situation was not very obvious when
the IMF turns northward.

(iv) The effects of the solar sector boundary (SSB) crossings - the reversal
of the polarity of the IMF Bx component between the event time of ¢, or t; - on the
Slough & foF2 were searched by sorting out the 6 foF'2 data into four groups namely
the 6 foF2 values obtained during the events of the southward IMF turning with (T

to A) transitions, and (A to T) transitions; the 6 foF2 values obtained during the
* events of northward IMF turning with (T to A) transitions, and (A to T) transitions.
Again, the percent variations of the 570F?2 with respect to the control curve of Fig.
3.7 (for each group) were, then, calculated. Due to the restrictions improved on the
selection of an event, during sector transitions there have been a small number of
event cases detected in the 20 year long data. Therefore, the statistics is very poor.
Figure 3.12a,b,d,e show the diurnal percent variation of the mean 5JoF2 between
1967 and 1986 for two seperate IMF B turnings with two types of SSB crossings.
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Figure 3.12a,b show the SSB crossing effects on the 5J0F2% in the case of
the southward IMF turnings. In Fig. 3.12c these two curves were superimposed
in order to investigate the effects of the different SSB crossings on the §/oF2%
variation. It can be seen that two curves are positively correlated at a significance
level of @ = 0.05. This may imply that (A to T) and (T to A) SSB crossings (or
transitions) seem to produce similar effects on the § foF2 in the cuse of southward
IMF turning. During both types of the SSB crossings there were enhancements
of the Slough critical frequencies with respect to the midday hours. On the other
hand, it may be seen from Fig. 3.12c that (A to T) SSB crossings induced greater
070F?2 values than (T to A) SSB crossings did almost at all hours.

Figure 8.12d,e show the SSB crossing effects on ;he Slough §oF2% during
the events with northward IMF turnings. In Fig. 3.12f the two best fit curves
were superimposed in order to investigate the probable effects of the different SSB
crossings on the §JoF2. As the cross correlation coefficients computed indicate at
a significance level of @ = 0.05, the 570F2 values for these two sets did seem to be
anticorrolated. On the other hand, the 5 JoF?2 variations during the (A to T) SSB
crossings lagged behind the TJoF?2 variations during the (T to A) SSB crossings by
about 6 hours. Magnitudewise, 5JoF?2 values during the (A to T) SSB crossings
were greater than those of the (T to A) SSB crossings in general.

Figure 3.12g,h show the percent variation of the 57oF?2 for two IMF By turn-
ings during the two seperate SSB crossings. For the (T to A) SSB crossings, opposite
Bgz turnings seemed to produce antisymmetrical enhancements in the 57oF2% values
between (5-21)GMT implying that IMF Bz turnings do matter. Whereas for the
(A to T) SSB crossings one may observe somehow a more similar variations in the
Slough 6 foF2 data. Magnitudewise, on the other hand, an IMF with southward
turning produced greater §foF?2 values than an IMF with northward IMF turning
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did in the case of (A to T) SSB crossings.

The cross correlation coefficients between the distinct groups were listed in
Table 3.3.

Table 3.3.

The cross correlation coefficients between the distinct groups.

Ra—r.1a R,5,..184
1Bz | 1Bz [A=T|T—=A
+0.73 | +0.24 fii ~0.09 | +0.69

Summarizing once more, during the unsteady variations of the IMF By
component the southward IMF Bz component seem to dominate the Slough 5 JoF2%
values more than those of the By polarity reversals. In the cuse of a northward

IMF Bz turning By reversals seem to be more dominant over the Slough §JoF2%
values.

During the (T to A) Bx reversals again By control is more dominant.
Whereas during the (A to T) By reversals the direction of the SSB crossing seem to

be more relevant.



CHAPTER 4
GENERAL CONCLUSIONS AND FURTHER SUGGESTIONS

The following results obtained throughout this work:

Southward and northward turnings of the IMF were found in almost equal
frequencies ( 51% and 49% respectively). 24 % of the events, the IMF By and
By did not change their signs between (t, — 8h) and (#3 + 3h) (¢, and ¢; are event
times). Only for 9% of the events there were either Bx or By reversal during an
event. During a Bz reversal, most of the time the horizontal IMF component, Bxy
in the ecliptic plane was either in the second or in the fourth quadrant of the (X,Y)

cartesian coordinate system.

The vertical component, Bz, of the IMF in the GSM coordinate system
showed some systematic variations due to the diurnal and seasonal changes of the
earth’s dipole axis with respect to the solar rotation axis. It was shown that an
. IMF with A polarity (Bx < 0) induced positive Bz values during the spring half
year (January to June) and negative Bz values during the autumn half year (July to
December); whereas, an IMF with T polarity ( Bx > 0) caused a symmetrical pic-
ture in Bz variation. Meanwhile, the diurnal By variation had smaller amplitudes
than those of the seasonal Bz component. There was found a time lag of about 12
hours between A and T polarities for both types of Bz cases (B; < 0 -Pro sectors—;

and Bz > 0 -Anti sectors-). From this analysis, it can be seen that in deciding
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the diurnal Bz variation both in the Anti and Pro sectors, the polarity of the sector
structure was the dominant factor. The results obtained here were mostly consis-
tent with those of the published ones. In particular, the results reported here were
extended the theoretical findings which had been based on u spherically expuuding
steady - state solar wind adopted by Bremer (1988) [4]. A similar analysis could be
carried out by employing the IMF By component. It is importunt, again, to note
that the IMF were mostly either in the 2nd or in the 4th quadrants of the GSM carte-
sian coordinate system. Therefore, it is expected to find somehow a symmetrical

behaviour of thg IMf if only the By component were used.

In 12.2 % of the cases detected, following an event, the B, component was
stable for a period of more than 2 hours. Meanwhile, a solar cycle effect was
observed on this stability. Since the southward IMF turning plays a major role
in the coupling of the the solar wind and magnetosphere [9], it is important to
determine the stable IMF Bz condition. After a Bz reversal, if Bz keeps its sign
for a definite length of time (here, it was assumed more than 2 hours), the solar
- terrestrial system behaves in a steady state case or it shows regular oscillations
around a mean value. On the other hand, if the IMF Bz component varies on time
scales shorter than (or comparable with) the response time of the terrestrial system,
there will not be a steady case or a regular oscillation. Since the percentage of the
number of stable IMF Bz cases are small (12. 2 % of total number of hours) the

ionosphere—magnetbsphere system is very rarely at a steady - state case.

There were not found significant high solarwind dynamic pressure changes
during the IMF By reversals (only 2 % of the total events exceeded 50% dynamic
pressure changes). When the SW encounters the geomagnetic field, it exerts a
dynamic pressure on it. Since the cases in which IMF Bz reversals occured are

the candidates for the magnetospheric coupling (reconnection) [6,9], the dynamic



pressure must change markédly during these reversals. Since the hourly values of
the IMF and the SW parameters were used in this work, it was not possible to see
any probable effects on the IMF - magnetosphere - ionosphere coupling clearly. In
other words, as reported elsewhere [8}, shorter SW dynamic pressure chunges are

more likely responsinle for the magnetospheric coupling [8].

As expected, the clear solar cycle variation observed in the Slough foF'2
data were not explicitely seen in the § foF2 data, However, amplitudewise there
was a very prominent difference in both foF2 and 6 foF2 data when the solar cycle
20 was compared with the solar cycle 21. The amplitude of the foF?2 data was
larger in cycle 21 than those of the cycle 20.

The possible effects of the IMF configuration on the ionospheric critical
frequency, foF'2, investigated by employing the eight-hour long record of the Slouglf
6fof2 data centered on the events. It was shown that north/south differences in the
IMF have got some control over the ionospheric critical frequencies. That is, when
the IMF oriented north to south 0JoF2% values seemed to become more greater
ﬂmmt at all hoﬁrs compared to those cases associated with the south to north IMF
turnings. In addition, the southward turnings of the IMF induced greater 5JoF2

values were greater than the corresponding control curve values.

| It was found out that in the case of southward IMF turnings, the IMF sec-
tor structure also seemed to have some control over the distribution of the Slough
3JoF2%. This situation was not very obvious in the case of northward IMF turnings.
Meanwhile, for the southward IMF turning, an IMF with A polarity induced 5oF%
values which were greater than the corresponding control curve values; whereas an
IMF with T polarity induced §foF2 values which were smaller than the correspond-

ing control curve values.
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During the unsteady variations of the [MF Bx component (sector transi-
tions) the southward IMF Bz component seemed dominate the Slough 570F2 values
more than those of the By polarity reversals. On the other hand, in the cuse of a
northward Bz turning By reversals seemed to be more dominunt over the Slough
6foF2. During the (T to A) Bx reversals, again, Bz control was more dominaut,
Whereas, during the (A to T) By reversals the direction of the SSB crossing seemed

to be more relevant.
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APPENDIX A
DEFINITION OF §foF2 USED IN THE ANALYSIS

The following procedure was followed to obtain § foF2:

1. The times of "events® (turnings of IMF B,) are those identified by the NATS-
MAG FORTRAN program and stored in EVNT DATA.

2. For each event it was first constructed a control data set by averaging foF'2
values over geomagnetically quiet days close to event :

o The mean daily value of the geomagnetic activity index Ap for each day
from 15 days before the event to 15 days after the event were taken.

o Out of these 31 days, days which have Ap <6 was selected as "quiet days”.

o The mean foF?2 value, then, was found for each hour of day, over the
selected days, This was the *control curve® for the daily variations of
foF?2,

o Within the quiet days, there would be occasions when no numeric value
of foF2 was recorded. These cases were excluded from the calculation of
the mean.

‘o If there were no days with Ap < 6, there was no control curve and so, the
event was eleminated from the analysis.

3. Next, the foF2 values to be converted to § foF2 values were selected.

4. Then, 6 foF?2 values were calculated by substracting from each of the foF?2
values, the value of control curve at the time of day was recorded.

5. Within these values, there would be occasions when no numeric value of foF2
was recorded. In these cases, foF2 values were treated as absent data values
set an absent data value 999,

By substracting the control curve, it was attempted to remove diurnal variations -
from the data set. Thus it was assumed that the § foF?2 array was free of diurnal
effects.



APPENDIX B

COMPUTER PROGRAM TO DETECT THE EVENTS

BOERRRORERREORORERRnRRsORtORsOntotiRtenusnuasensunassssIssetsssiascINgg
t This progras was last checked on Wednesday, Oct. 3rd of 1989 1
l It was also compiled with the VSFORTRAN Compiler,version 2.

1 It needs at least 3.2 NByte virtual storage to be run.
$ Constructed by Orhan Gokcal Istanbul Teknik Universitesi {1 l

REVISED PROGRAN
It also prepares NENGAP DATA file

SEEREESRLESRIBNREIRRERNnIRNILaNtISNtstntannesRstunsssnsssssisnIsstsstiny
ERILELLSSNLINNLIRIIRILLS SEEARRERREASRLIETERTILRLIINLLL
$EEESERSSRLOSNLINILINILL SORLSSRERONENRILANLEINILRNLLENLS
BERESSESERNERTREEBNEIRNISNISRRReNnISRtesRtastessteantsantasestisidastL

Real Bx(5),By(5),Bz(5) 51(5) !'5’ s:(s; Ssx(ssoO) Bbx(8500)

Real Ssy(8300),552(B500) ; 00) ke

Integer Ysi(20,900),1si(20,900),5 x(20 900) iy(20 900{

Integer Nonth(}),Day(5), Nnur(&) 'Nua{5) ;Gap(20 :so! 1in(900)

Integer uhour(asb Dday( noniﬂﬁéO; Sabi

Integer Eqia(20 9ool,Line(2o 3o é p

Integer Ay(20,900),Gun(20,900),5aat(20 vob) Year éount ¥

Integer BapA(io [ 0) BagS(O:l 50) BaEZ(Ox 0)

Integer Evga (9 gas 900) ,dbz{-15113)

Integer Iball- 15:15) 1h22(- SRt

{ntgq:; gag u?.Evn uosﬁap Un,Sap _Un

0Qica

Paaaneterqlng 5a -l 3 ,ii=0)

- a e v oo
LK _X X _X _J

]

$ Screen logo----
Printd, ’Explanations for st. deviation parameter of Bz (Is2):’
&grin{t, C;s?s in uhich the absclute value of Bz ls greater than 24

2y type 2 for I

Prxntx ‘Cases in uhi:h the absolute value of Bz is greater than 19
85z, type 1 for Isz’

Prlnt ‘Otherwise, type 0 for Isz’

Printl,'ﬂnu type Isz valuecioseana(0 or 1 or 2)°

Readt, Isz
tltttttttttitttllttllltllll

Data lend/20/
tllllltlllltttltlllttlllttl
Evn_un,Bap_Un,Gapi_Un/1,2,74,77,78/
ntxnrloatln

Do 333 l;-l, end
Print8,1¥83-1y
Mag_un=Iy+10
lysDt

Nn=0
Count=0

t

t Read the INF parameters from MAGSS DATA

120 Do 100 I=f,Dt
Read (Mag_s uu 107,End=200) Year Nonth{l), Day(l) Hour (1)
4 (1},8y(1),B2(1),5x01), Sy (1}, 5241
Count=Count+1

If (1sz852(1).1t.Abs(Bz{I))) Then
1bz=Nint(Bz(1))
If {Ibz.qt.15) lhz=13
It (1bz.1t.~15) Ibz=-13
dbz{lbz)=Jbz{Ibz)+t
End 1f
Bbx({Count)=Bx(I)
Bby(Count)=By(1)
Bbz(Count)=Bz I;
Ssx{Count)=Sx (I
Ssy(Count)=Sy(I)
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8sz{Count)=52(1)
Maon{Count)=Month(I)
Dday{Count)=Day(1}
Hhour(tount)wﬂour(l)
Num{])=Count
100 Continue
If (lsz.eq.O) Then
Lg=.True.
Else If (Isz.eq,1) Then
?=(Abutlx?14 ?t 81(1)).Ind {Abs(Bz(2)).gt.S2(2})
Else sz.ei
LY'(Rhs(th )}.gt. 2!8:(1)).and [Rbs(Bz(2)).qt.2052(2))

lf {Lg) Then
Do 10l 1=2,Dt
Ih2=Hour (1}

If two data don't belong to same day, call the "DATE Subroutine’
shich arran e5 this tz pe of data

It (( ay(I}.ne. al(l)).ur.(ﬂonth(l).ne Month{1})) Then

Ih2 lhgfg gﬂunt {1),Month{1),Day{1),Day(1)},Year,61)

End If
Lglﬂ(IhZ-Hour(ll).eq 1
Lg2=Abs ( z(l); «gt.Bz_val
Lg3=Abs{Bz(I)).gt.Bz_val

|
§ There is an event when the absclute values of le and Bz2 are greater
¥ than 1 nT and t2-ti=dt and the ?araleter NC=2
It (LT .and. L?Z.and «Lg3) Th
Call Start (Bz{!},Bz(I),Dt1,51p,Nc)
If {Nc.eq.2) Then
Nn=Nn+t{
Ay(l{ yNn)=Month(1)
Gun{ Y,Hn)BDay(I)
Saat(ly,Nn)=Haur(I)

t
8 Positive Bz-slope :slg=l ; Negative Bz-slope :slp=0

Lgne(ly Nn)aﬂun(ll
Llin(Nn)=Nua{1)
If((ls}{Sﬁ(I) lt(A?§(Bz(I))).and +(Isz88z(1).1t.Abs{Bz{1)}}} Then
=Nint
1j=Nint(Bz(1I- lli
If (Ii ?t 15) 1i=15
to-ls) Ii""lﬁ
If (IJ Tt 13) 1i=15§
t.~15) Ii=-13
Ibzl(lx)wlbzl li)#1
Ibz2(1i)=1hz2(1j)+1
End It

§ Check the st. dev. of Bz.
Szhxl(lYiNn )=0

]
]
'

Lgl=(Sz{I).1t.Abs(Bz(I))).and.{Sz(8).1t.Abs{Bz(1)))
$2=(2352(1) Jt.Abs(Bz(1))).and.(2852(1). 1. Abs{Bz(1}))
i T A
Else If (qu) Then
Szbil{Iy,Nn}=1
End If
End If
End If

101  Continue
End If
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Do 102 I=2,Dt
[Ia]-1
Bx(ll)ﬂBx(I
{ll)*By(I
Bz(11)=Bz(1
Sx(I1)=8x(1
Sy(11)=6y(1)
Sz(11)=82(1)
Hour(ll)sﬂour(l)
Day{I1) RDa‘
Honth(ll)= onth{])
Nua{11)=Nua(I)
102 Continue
Goto 120
200 Yil(ig }=Year
Call 1gn(Nnun Bday,Hhour Year,Line,Count,Nn,Egin,1,Xsi,Szbil,Bbx,
&S5y Sxx,Sxﬂ
tall Sign( lon 6day,Hhour Year,Line,Count,Nn,Egin,2,Ysi,Szbil,Bby,
&SSY Siy,Sxan n, Iy, W
l 6gap({ly,Year, ﬁlan Dday,Hhuur,ane,Nn,BaE
&gall ?gapl( y,Year Mmon,Dday, Hhour ,Line,Nn,Bbz,Count,Eqin,Gap3,

Do 39 1=0,50

sapily,l)=5a92(l)
39  Cantinue

Dc 49 1-0 1

GapA(IV.I J)ﬂBAPS(I d)
4%  Continue

go 349({-1 ?nE "

vhga sEvga
49 Cong guey' '

Nrite (Evn_Un,’{2I4)°) Year,Nn
Urite. (Een U (LLI8)') Ay(lysI}oGun(ly, 1) Saat(ly 1) Line(ly, 1)
rite (Evn_Un un aa ine
kEgia(l I)’Szﬂxl(ly,l) Xs!(l;:l) st(lz:l) Sxx(ly!f §iy(ly,¥5 '
&Evn ap{f 1
§17 Continue

]
333 Continue

Da B3 1=0,30

Write (Gap Un,783) 1 (Bap(J 1},9=1,20)
83  Continue

Do 92 1=0,1

If (I.eq.O) The
Nrite (Eapl Un,!) 'Slope <o

Elge
Hrlte (Gapl_Un,%) ‘Slope > 0°
End If

Do 92.J=4,50

Urite (Gapl _Un,783) J,(Gaph(ly,I,d),Iy=1,20)
92  Contin
783 Fornat (2: 14,2x,2014)
107  Forsat (413,4x,6f6.1)

Sto
Endp

t Subprograa for clack-counter control.
3 1f the two data do not belong to same day or sonth ,this subroutine
¥ carries a garaletgg . (B (Integer} } to main program "to be able to
¥ the two data-timesvcompared.
Subroutine Date{M! H2 Dl 02,Y,61)
Integer D1,02,Y,E, b,
6=N2-M1

1t (E.eg.b) Then
61=D2-I1

Else
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Div=Mod (Y+1900, 4
mm(1213i3113131)m
i Max=31
Goto 10
2 Nax=29
If (Div.qt.O) Max=28

3 Haxﬂlo
Blﬂ(Nax-Dl)+D2
End
Return
End

t Subprogras for event calculations.
Subroutine Start{B:1,Bza,Dt1,51p,Nc)
Integer Slp
Sullzﬂbs(le+Bza)
Sua2=Abs(Bz1)+Abs(Bza)

If (Nint{Suml).ne.Nint(Sun2)) Then

¥ {8In this case there is an event $)
glop§=(Bza-le)IDt1

lp=
&f {Slope.1t.0.0) Slp=0

Return
End

'
§ Sign distributions of Bx and By between t1-3hr and t243hr (t! and t2
1 are event times)

Suhroutxne Siqn (H D,H,Year,Line,Count,Nn,Eqin,Ij,Xy,S2bil,Bb,Ss

g(ﬂSo és(esoo
Integer N(8506 D(B500),H(8500),Year,Count,Sign_Un,Xy(20,900)
muurrmnw )Monsydmvh)mhﬁw9MYum
Integer L1net20 900‘ 51(20,9
Charactert? sn(b Ssb(70d,0: s) Ba(0:3),55a(900,0¢3),5q81
Loixtal L1,L2,1

f {1j. eq 15 Tﬂen

Do 1
.

Else yily,

Do 51 Isl,Nn
8i(ly 1)=6
51 xY(xy, J=b4

Do BO Is1,Nn

Do 90 J=1,3
gty T{K-1’ £.2) th
gap.q en
Ihi=H{Igap}
Ih2=H(K-
If ({M(Igap).ne.N(K-1}).or.{D{Igap).ne.B{K-1})) Then
Call Date {M{Igap},M(K-1),D(Igap),D(K-1),Year,61)
Ih2=lh2+24361

End 1
145 f=Tha-Tht
If (Idiff.le.3) Then
So(Idiff)="+ ’
If (BbiIgap).1t.0) Sb(Idiff)='- '
End If

f {I.qt.1) Then
If ?I.eq.Z) Then
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t=1-1

Else If {I.eq.3) Then
It=1-2

Else
It=1-3
End It
Do 100 T=It,]
lf((Iqap.eq Line(ly,T)).or.(Igap.eq.(Line(ly,T)-1)]} Then

It the times at which we examine Bx and By signs match t1 or t2 time
values which belong to other events,get +& or -E for SB(I) instead of
+

or ~,respect1vel{
Sh{Iditf). eg ‘+ ) Then
Sb{ldiff)="H
Else If (Sb(ldxff).eq. ‘) Then
Sb#ldxff)= -

'
]
)
¥

100 Continue

End If
Continue
Seb(I,1)=6h(1)
Ssh(l, 2)=Sh(2)
Ssb(I, 3)=Sh(3)

80  Continue
Do 180 I=1,N
Kﬂane(Iy,i)
Sa(1)=’
Sa(2)=’
Sa(3)="
Do 190 J=1,3
Igap=K+J

If (Igap.lt Count)} Then

hi=H{K)

Ih2=H(! 3

It (?gap) ne.N(K)).or.(D{1 aB).na.D(K))) Then
Call Date (H(K) JMiIgap), D(K? {Iqap},Year,61)

IH2=1H2+2486

End If
Idiff=Ih2-1h1
If (IDiff.Le.3) Then
If (Bb(lgag) 1t.0) Then
Sa{ldif '

Else
Sa(ldxff)= +
End If

End If
If (K.It. Count) Then
O A tavmea.Linel1 JT1),0r. (Igap.eq. (Line(Iy,T)-1)]) Th
ap.eq.Line nr ap.eq.(Ling en
o (Gariaite) eg s ) then n
Sa(ldiff)="+E’
Else If (Sa(Idiff).eq.’~ °) Then
Sﬁ[dxffk' -F'

End
End If"
200 Cantinue
End If
End If
190  Continue
Ssa(l,1)=8a(1)
Ssa(l, 2)=Sa(2)
Ssa(l, 3)=Sa(3)
180 Contlnue

t Check the sxgns at ti and t2
Do 188 I
K-ane(ly,f)
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Ssh{I, 0)' +

Ssa(l '

If (n%tx-x) 1t.0) Ssb(l

1f (Bb{K).1t.0) Ssa(l,0}='~
%BB Continue

¥ Cases in which there are no change>in sign for Bx or By

0
K=Line(1¥,1)
Da 215 J=d,3
B(J)=2
A(l)=2
It é%g?b{l,J).eq.'*E').nr.(Ssb(I,J).eq.'* ‘) Then

Else If ((Ssb{I,d).eq.’-E').or.(Ssb(!,d).eq.'- ")) Then
B(J)=0

0)a'~*

End If
It g{gia{I,J).eq.'fE‘).or.(Ssa(I,J).eq.'* *}) Then
Elsz(}{_é(ﬁsa(l,J).eq.'-E').or.lSsa(I,J).eq.'- *)) Then

End If
215 Continue
It (B(S) ne.2) Then
LI=(B(3).eq.B{2)}}.and.(B(3).eq.B(1))
L2=(B(3}.eq.A{1)).and, (B(l).eq A(2))
L3=(B(3).eq.A{3)).or.(A{3).eq.2)
L4=(B(3}.eq.B(0)).and, (8(3) 2q.A(0))
If (L1.and.L2.and.L3.and.L4) Then
It {Ij.eq. l) Then
IY(Y!)

Xy(Iy,I)=11
EYY!

It (B(S) 2q.0) Then
Si{ly,I)=2

lsg Si(Iy, 1)1
End If
End I

Salar Sector Bound;ies
There is no change in sign for Bx until an event

L2=B(l).ne.B(0)
f (Li.and. L2) Then
If {1j. eq. ) Then
XY( yy1)=2

Xy(Iy,1)=22
EdY(Y’)
It (B{3).eq +0) Then

¥ 1)=2

L A XK X 4

Elsg §i(ly, 1)=1
1 =
End 11

End If
L1=(B(3).eq.B{2)).and.(B(3).eq.B(1)
L2=(B(3}.eq.B(0}).and.(B(3).ne.A{0)
If {L1.and.L2) Then

If (1j.eq.l) Then
o Yy(ly,1)=3

XY(Iy,Ilﬂss

i (B{3).eq.0) Then
§i(ly,1}=2

Else
5i(ly,I)=1
End If
End If

)
)
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End If
Continue
Return
End

'
$ In this suhgruqran, we determipe whether there is a data qap between

consecutive events
Subrautine G ag(l s Year Maan, Dday,Hhaur ,Linb,Nn,Bap2)

Integer Naon{8500) Dday|8500],Linb(20, 900}, Vear Gap2{0150)
Integer Count,Nn Gl,Tile;Gap(i0,0aSOI,Gapll20,0:50?,ﬂhuur(85001
Integer Line(§00}

GAP and GAP1 areas ---) zero
Jo 213 1=0,50

sap(1¥,1)=6

Bapi{ly,I)=0

Do 44 I={,Nn
Line(1)=Linb{Iy,1)
Do 50 I=0,50

Bap2({1)=0

Continue

Do 20 I=1,Nn-1

Times0

J=Line(I}+1

Ihhi=Hhour(J-1)

Ihh2=Hhour {J}

1f ({Meon{J-1}.ne.Maon(Jd}).or.(Dday{J-1).ne.Dday(d])} Then

G=(Mson{J)-Maan(J-1)}

.e¢.0) Then
61=Abs(Dday(J)-Dday(J-1})
Else
Div=NHod{Year+1500,4)
poto (1,2,1,3,1,3,1,1,3,1,3,1} Naon(J-1)
Hax=31
Gato 10
Nax=2%
If (Div.gt.0) Max=28
Goto 10

Max=30
61=(Max-Dday(J-1))+Dday(d)
End If

Thh2=1hh2+24451

End If

If {J.eq.Line(I+1})) Then
K=Tine :
1f {Tiee.gt.50) K=50
Bap(l¥,K)=6ap(I K)+t
Bapi X,K)=sap1¥iy,x)f1
Goto 2

End If

If {(Ihh2-Thhi).eq.1) Then
Tine=Tine+i
J=J+1
Bota 23

Iy, K=Ti
d =l1se
End Ig "

Continue

Do 19 1=0,30
Gap2(I)=Bapl(Iy,!)
Cantinue

Return

End
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]
| Here, We search how many times later Bz ,belonging to any event,
] changes its sign that of at t2.
ubroutine Ggapl(ly,Year,Mnon,Dday,Hhour,Linb,Nn,Bz,Cnt,Is)p,Gap3,

vgap)

Real Bz(B500)
Integer Maon{8500),Dday(8500),Link(20,900)
Integer Cat,Nn,6! t

Integer quap(éoof

'

¥ Set GAPY DATA ---) zero
Do 213 1=0,1
Do 213 J=1,50
Gap3(1,d)=b

213 Continue
Do 217 1= Nn
Evgap(l)=9§9

317 Continue

Do 44 I=1,Nn
Line{I}=Linb{ly,I)
44 Continye
Do 20 I=1,Nn
II=Islp(ly,I)
Tige=0
If {Line(I).1t.Cnt) Then
Da 30 J=Line{l)+1,Cnt
Ihhi=Hhour (J-1)
Ihh2=Hhour (J}
If [{Maon{J-1).ne.Mson(Jd)).or.(Dday({Jd-1).ne.Dday(d})) Then

) Line{900},Year
ine,Bap3(0:1,50) ,Hhour (8500) ,151p{20,900)

G={Mman{Jd)-Maon{l-1})

It (G.eq.0) Then
61=Abs (Dday{J}-Dday(3-1))

Else
Div=Nod{Year+1900,4)
gntnsil,Z,1,3,1,3,1,1,3,1,3,1) Nson{J-1}
ax=

Goto 10
Nax=29
If (Div.gt.0) Max=28
Goto 10

Nax=30
0 61=(Nax-Dday(J-1)) +Dday(J)
End If

~N

- o B = L)

Ihh2=1hh2+24161
d 1f

n
Idiff=Ihh2-Thhi
If {Idiff.eq.1) Then

If (Bz(d).1t.0) Then

End 1
Tine=Timet!
é{ {Isgn.ne.Il) Then

58

If (Tise.qt.50) Time=50
Bap3(11,Tine)=6ap3(11,Tine)+i
Evgap(lf=Tile

Goto 20

30 Continue
End 1If
20 Continue . @
Return i - N
End Wmssekéﬁﬁ@ﬂm '\Kuﬂ; -
T va.ammamasvon Mert
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