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|. Introduction

The study of electron and ion densily distribution around the magnetic
equator is of considerable importance in clarifying the melhods of magnetic,
solas-ionizing and dynamic control of the important ionospheric processes.
The well-known equatorial anomaly in the latifudinal distribution of the
charged pariicles has been the object of studies for 30 years now {1, 2,3, 4,5,
6, 7, 8, 10]. The investigations continue, and further regularities and specifi-
cities of this phenomenon are being discovered. For instance, the equatorial
anomaly existing at altitudes of 900-—1200 km during ihe night and the se-
patation of cresis of proton and oxygen ion conceniration has been proved
in {8 9], while in [11, 12, 13] the authors have studied the irregularities in
ihe equatorial zone by probe methods. Considerable progress is to be ob-
served recently in the field of theoretical investigations [7,10] and in the
related phenomenon of irregular fonizing structure [13]. However, we still do
not possess sufficiently reliable experimenta] data about the conditions of
formation and disappearance of the anomaly, particularly over the region of
maximal eleciron concentrations in the Fregion. We do not have sufficient
information about the altitudinal manifestation of this anomaly either. The
lack of daia on the planetary distribution of electron and ion temperatures
and on their temporal changes constitutes a major difficuity for all contem-
porary ionospheric models. That is why, the electron and the ion concentration
measurements and the electron temperature measurements performed by the
Intercosmos-8 sateilite whose orbit crossed the equatorial regions at various
moments of the day is of considerable interest.
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II. Results from lon Density Measurements

fon traps described in {15, 18], Langmuir probe [16, 18], radicirequency elec-
iron temperature probe [17], and improved electronic equipment [18] have
been used on board the Intercosmos-8 satellite. This satellite performed
measurements of the equatorial latitudes al geographical longitudes from
150° W to 60° E, as the transits over the magnetic equator took place at
afternoon and night hours. The measurement conditions are presented in de-
tail in Table I.

The resuiting measurements are conventionally separated into two groups,
mainly from the point of view of the local time for the equatorial cross.
The first group is related to the afternoon period of up to 18%30™ LT and
the second one is related fo the night period (after 18830 LT).

The ion concentration for the transits crossing the equator between
17800m LT at altitudes of 308 km to 360 km under quiet magnetic condi-
tions {K,-3) are presented on Fig.1. The distributions demonstrated are
typical of the day period and coincide with the data already known about
the equatorial anomaly [6, 8, 9, 29, The two characteristic minima —
15°+20° north and south of the equator and a clearly expressed minimum
in the region of the geomagnetic equator can be seen on the Figure. A de-
finite longiiudinal effect can also be observed. In order to characterize this
effect we divided the longitudinal interval into two subintervals: A (160° W)
70°W) and B (70°W, 0°W). In the first subinterval the maxima are located
symmetrically to the geomagnetic equator at +15° In subregion B there
exists a definite deviation from the known development of the equatorial
anomaly, since the trend for the south maximum is fo shift towards the
equator from —15° to —B5°, while the north maximum becomes considesrably
lower, The value of ion density in this maximum is approximately equal to
ihe concentration of the minimum in subregion A. In general, the circum-
equatorial distribution in subregion B approximates the one-maximal distri-
bution similar to that in {27].

Fig. 2 shows characteristic data for the night group which includes
the fransits with local time of equatorial cross between 18130m and 21"30m.
The altitude of the equatorial cross in accordance with Table 1 is between
455 and 360 km as the satellite descends from the south iothe norih.

At these temporal and altitudinal conditions the general trend for the
equatorial minimum is to disappear within a concentralion decrease in the

Table 1
Measurement Conditions
Local time {h} Altitude (k) l Zenith angle (degrees_)__
Eg(’lg‘]{‘iﬁ?‘fé T Transil number Transt nnmber Transit number
i 2 |96 | 202|206 |ssa| 2 | o6 | 202|206 asa| 2 | 96| 2020063

—38 19h 13m |1800(1810(|1510|1455| 654 | 608 | 572 | 502 [ 447 | 79| 73| 57| 48| 43
o 21h 34m 12007|1828(1703|1628| 455 [ 408 | 360 | 308 | 267 | 132 | 114| 92| 73| 68
S0 220 57m 2125|1947 (1822/1750" 263 | 245 | 220 | 209 | 206 | 157 | 143 | 125|108 | 106




crests (for the north one almost of one order, and for the souih one —
2 to 3 times), while the concentration in the minimum almost keeps its value.

The main morphological peculiarities of subregion A are the following:
i the western part (A>110° W) the main maximum is located in the south
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hemisphese, and in the eastern part {(A<C110°--120° W) the main maximum
is located close to the equator. The north maximum almost disapears du-
ring this period. Because of the altitudinal decrease of the orbits, the north
maximum recorded in subregion B probably is due to the satellife cross
through the F maximom. The main maximuam in subregion B shiits from the
equator o the north to ¢=15°+20"N. This main maximum comprises the
whole latitudinal region from the equator {o the designated boundary =15+
20° N, A well expressed irregular large-scale siructure is o be observed
in this subregion (and especially in its western part —A<C30° W). These
irregularities are identified particularly in the region of the Brazilian mag-
netic anomaly. A similar behaviour has been described in [28], where a re-
gion between 60°W and 60°E with decreased concentration and large-scale
irregularities has been sharply cutlined.

At to transits between 21—H5°E+60°E, a well expressed bimaximal
distribution ot the ion concentration has been obtained. This fact shows that
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the effecis described in subregion B are of a local character and are in-
fluenced by magnetic field specificities, o

¢ = The equatorial anomaly sections along the sateliite orbit at day and
night conditions represented here show clearly the influence of the maghetic
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Fig. 2

field over the charged particles distribution. That can be seen particularly
clear in the region of the Brazilian magnetic anomaly (about 60° W). By
comparing Fig. I and Fig.2 the conclusion is reached that the equatorial
anomaly in the region under examination decays by 19"00™ In the region
of the Brazilian magnetic anomaly, strongly expressed large-scale irregula-
rities manifest themselves after 21%00™ approximately.

UL Electron Temperature in the Equatorial Region

Fig. 3a shows the measurement results obfained by radiofrequency electron
temperature probe in the interval of geomagpetic latitudes =+40° in quiet
magnetic conditions (K,<2--, IK,=10+4). The temperature of the neutral
particles 7, close to the equator (Jacchia-71 model) are shown on the lower
side of the Figure. T,-variations at this petiod do not exceed 20°K, Data
shown on Fig. 3a relate to the morning hours 08"00m—-11%00™ LT, and data
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in Fig. 3b relate {o the night hours 20"00m=-22400™ LT. Since the photo-
electron flux and the eleciron corcentration at y=858° atfain the stationary
day level [25], the results shown on Fig.3a are characteristic of daytime,
and those on Fig. 3b— for the night, since y=110°

During Q8t00™+ 11700= LT (Fig. 3a) in the geomagnetic equator region
there exisis a deep temperature trough near the geomagnetic equator with
values close fo 7T, 7. smoothly decreases to iis approximation of a
minimum.

Even when there exists a region with 7, independent on the latitude,
its latifudinal spread does not exceed several degrees. The centre of the
equatorial trough is shiffed to 2 subsolar direction of about 5° from the
equator. As seen from the Sun location with regard fo {he equatorial trough
of T,, it actually represents a geomagnetic effect, A certain assymeiry of
the trough form is obviously connected with the aliitudinal variation of 7,
and the local time changes. At some passes T'.-variations with “amplitudes”
of 300°=400° K have been observed, These 7.-variations could be provoked
either by kynetic effects — plasma heating and cooling at its transter along
the field lines from one hemisphere fo the other [19], or by 7.-anisotropy
[26]. At any rate, the minimum 7, values in the trough centre coincide
with T, in most cases, but at some passes at 300°+400°K Tomin exceeds T,
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Eleciron temperature in the trough is controlled by the ratio between the
heat input and the value of #n;~concentration, which in this phase of the
solar activity cycle at day is sufficiently high, for the difference befween
T, and T, should not exceed 300°=+ 400° K.
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At nightfall (Fig, 3b) 7, decreases fast from 2000°= 3000°K at = —40°
to 1200°+100°K at @=—25° and after that decreases monotonously to
800°+100°K at @=—40° The initial fast decrease of 7, takes place du-
ring 30™ LT. The sunset had occurred for the setellite at the represented
passes in the latitudinal interval of 20°<30°.
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Fig. 3b shows {hat a quick decrease of 7, occurs at sunmset, This de-
crease is related to the fact that in contrast to the midlatitudes, in the
equatorial region there is 110 heat imput from tihe plasmasphere. This means
that in the $>+20° latitudinal region there are no significant sources for
electron gas heating after sunset. The 7, decrease is a peculiarity of the
equatorial atmosphere, and this peculiarity takes place at least to B~-25°
for altifudes of 500 km--600 km.

The slow decrease of 7, after &--—25° when the satellite moves to
the north is probably connected with the altitudinal decrease, Moreover,
since 7, is close to 7,, a T,-decrease of about 100°K at the transition

from 20%0™ LT and ¢=—30° in the summer hemisphere to 22007 LT and
$=4-30° in the winier hemisphere (Jacchia-71) plays a certain role.

The behaviour of 7, and #, in the {ransition time from night to day
(5"00==-9"00™ LT, {. e. during the sunrise period and the first hours after it),
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is shown on Fig. 4. This behaviour has been esiablished according to Lang-
muir probe data, The Figure represents the resulis from {three satellite
passes — one performed in continuous quiet magnetic period and two passes
in a magnetically strongly disturbed period. The main characteristic of these
curves is the high 7, value, 7,>2000°K in quiet conditions over the geo-
magnetic equator at 500 km and atiains 3800° K in a magnetically disturbed
period. Moreover, both in quiet and disturbed periods there exisis cleatly ex-
pressed, up to the smallest details, an inverse proportional dependence be-
tween 7, and n,. 7, considerably exceeds 7, in the geomagnetic equator
region at /=400-500 km. Therefore at this time the heat input exceeds the
electron cooling by the lons (at these altitudes mainly O+, which decreases
sharply). During this time the heat input has already aftzined thestable day
leveF and after 2+ 3 hours (Fig. 3a) 7, again decreases to values closeto 7.

The midlatitudes of the northern hemisphere have been crossed by ihe
sateliite at the night befcre sunrise (Fig. 4 —x>100°. At ihat time T,
should be close o T,<1000°K (Fig. 3b), because the heating influx from
the magnetosphere at the end of the night before sunrise cannof ensure a
considerable difference T,— T, [20] Therefore, the values of 7,>2000°K
at midlatitudes in ihe north hemisphere in the given case are determined
by the only significant heating source — the photoelectron flux from the
magnetically conjugated region of the ionosphere, which was lit up during
the time (X< 87°).

Discussion

The time development of the equatorial anomaly for the altitudinal and
longitudinal regions examined shows a decay of the equaiorial trough affer
about 19%00™LT. It has been found in [6] that over the American continent
it is difficult to determine the period of the equatorial anomaly decay be-
cause of the appearance of intense Ff-spread after 22"00™ The beginning
of the anomaly decay obtained here clarifies this problem, though only for
the altitudinal part examined. In 3a we have shown that the equatorial anomatly
for altitudes over 900—1200 km remains during night for the regions around
the Brazilian magnetic anomaly. Therefore, a complete clarification of the
temporal and spacial conditions for the equatorial anomaly decay calls for
measurements in the whole region of {he maximal electron concentration
of the F-region.

The deviation of the equatorial trough in the ion density from the
geomagnetic equator is connected mainly with ihe deviations of the real
geomagnetic field from the dipole one used in this study.

In the region over the Brazilian magnetic anomaly after sunset an in-
tensification of the irregular structure has been determined which is con-
nected with the ionizing influence of the infemse corpuscular fluxes [30],
The electron temperature 7. in the geomagnefic equator region at altitudes
higher than the F,region maximum to at least 600 km during the winier
of 1972-1973 for more than 50 days, excluding the several hours near the
sunrise period, is close to the iemperature of the neutral particles, During
the day, in the latitudinal 7.-varialions this decrease takes the form of a
trough with a minimam, shifted al = 5° in the subsolar direction and expand-
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ing to 20°-=30° on both sides. During nighitime in the altitudinal interval
of 300-500 km 7.=7, Because of the absence of heating sources in
the latitudinal variation of T,, there exists a plateau 7,=7, up to P~40°.

R

The deviation from this ratio takes place in these ionospheric regions where
at least at one end of the field line, passing over the equator in the exa-
mined altitudinal interval, there occuts sunrise.
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Mamepenyie MOHHON KOHIICHTpaIWM B SKBATCPHANLHOM paiioHe

K. B, Cepaghunos, H. C. Kymues, H. d. Apcos, L 11 Jlaues, I'. A. Cmanes,
o JL I'danesnn, B. B. Agionun, B. I'ybexud, B. Osepos, 5. Llimuaayep

{(Peswwue)

flo unoayyeHHBIM KamHBIM OT c(ePHURBIX HOHHBIX JIOBYLIEK M OT pPajKOya-
CTOTHOTO SJIEKTPOHHOIG 30HAA, KOTODHe OLiAH MOHTHDOBAHEL HA COYTHHKE
,ViETeprocMoc-8%, B paboTe uccAepyeTcs 11OBeleHHE 3KBATOPHAJBLHON aHO-
MaJUH B [IOC/JAenoayHesHbie ¥ BeyepHHe 4ackl, Ha BeicoTax 300—500km, Pe-
3yJbTATH, NOAYYEHHbIE B ZOArOTHOM dHreppane 150°-—0° mNOKas3HIBAIOT arO.
MaNbHOE DAcTIpesiefieHHe HOHHOR KOHUEHTPALHY, YTC TECHO CBA3AHO ¢ peasb-
HbIM TeOMATHHTHEIM [0eM, B NocaenonyneHeble dach HAGMOHAETCH fICHO
BIpAXKeHHOe ABYXMAKCUMyMHOE Dacnpejeaenue. B paitons Dpasunbckolf mar-
HHTHOY aHOMEAMM CEeBeDHEI MaKCHMYM BHIDAXeH CHJAbHEe U CMellaeTcs K
MarEMTHOMY 35KBaTOpY. B BeuepHue dacw {or 18"30™ no 21"08™ mecTHOro
BpeMeHU) HabmoJaercs HCYE3HCBEHHE /[BYXMAXCHMYMHOIC paclnpepeseRus AAT
TOro ¥e AOATGTHOrO HHTepsana. B pafione bpasnabckofl markuTHOH aHOManHH
HaGMI0LAI0TCS KPYNHOMACIITA0HHE HOHOCQEDHBIS Hee IHODOLHOCTH. SJIEKTPOH-
HaA TEeMMepaTypd, M3MeDeHHas [NPH BHIIeYKA3ZHHHIX YCJAOBHAX, HE PA3NHYAETCH
CHABHG OT TEMIEpPATYPH HedTpaapuoll atmocdepnl B mMMpoTHOM DafioHe +40°,
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