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Introduction

Satellite data came first within our reach in 1969, with the beginning of joint
investigations with the working team of QGalperin from the Space Research
Institute in Moscow on the joint usage of ground-based data and of
data obtained from the COSMOS-261 and COSMOS-348 satellites. In
1969 broad-scale research work was started in cooperation with the working
team of Prof. Gringaus from the Space Research Institute in Moscow, in the
ficld of the processing and geophysical interpretation of the measurements
of ion density, made by INTERCOSMOS-2 satellite. These were the first for
Bulgaria methodological investigations on the processing and interpretation of
the volt-ampere characteristics of the spheric ion traps. That resulted in the
establishment of reliable methods for the separation of oxygen and carbon ions
which have found a broad application in further experiments. The first Bulga-
rian instrument, jointly developed by our Institute and the working team of
Gringaus, was a combination of spheric ion traps and the Langmuir cylindrical
probe, applied aboard INTERCOSMOS-8 in 1972. On the grounds cf the data
obtained from these two satellites in the Central Laboratory for Space Research
there were conducted a number of studies on the structure of the equatorial
outer ionosphere, on the longitude peculiarities in the distribution of ion den-
sity under the conditions of a geomagnetic field, on the structure and time
variations of the midlatitude trough, etc. Probe instruments for sounding the
ionospheric plasma flew later on aboard the INTERCOSMOS-12, 14 and 18
as ingredient of scientific payload with different purposes. With the help
of INTERCOSMOS-12 there was studied the behaviour of the midlatitude
trough at an altitude of 700 km, with special attention being paid to the be-
haviour of the Ot and H* ions. The INTERCOSMOS-14 was aimed at study-
ing the waves occuring in the outer jonosphere where passive measurements
were made only of the variations of the ion density by means of a sphericat
ion trap. Spherical ion traps and a Langmuir cylindrical probe flew aboard the
INTERCOSMOS-19, equipped also with an ionospherical sounder besides the
other instruments for scientific researches.

Aboard INTERCOSMOS-BULGARIA-1300 satellite, launched on Aungust 7th
1981, there was a payload of 11 instruments, aimed at researching the infer-
actions of ionosphere and magnetosphere. The values measured involve the pa-
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fameters of thermal plasma and its drift velocity, the AC and DC electric
fields, the magnetic fields of the earth, the energy spectrum of protons and
electrons, and the intensity of the atmospheric emissions in the visible and
in ultra-violet portion of the spectrum. Recently, on the grounds of these data
there has begun the study of the structure of the equaforial ionosphere and
of the polar oval, the behaviour of the SAR-arcs, the doub]eielectrostatic layers,
the particle acceleration, eic, |

Bulgarian participation is significant in experimenting rockets of the
VERTICAL type, launched from a wmidlatitude station an reaching an alti-
tude of up fo 1500 km. Using the vertical profiles of outer ionosphere
provided by the rockets of the VERTICAL-3, 4, 6 and 10, obtained within
almost one decade, there were conducted studies on the jon composition, on
the structure and dynamics of the ionospherical plasma. |

This paper attaches special attention to some investigations, conducted
by researchers from the Central Laboratory for Space Research in Sofia, Among
the multitude of their findings this paper presents only| those which give
a complete idea of the physical conditions in outer ionosphere at low and
midlatitudes, independently of the fact that these results have been obtained
over a period of more than thirieen years. '

Latitude Variations of Ion Density

The latitude variations of ion density have been extensively studied, using data
from spherical ion traps (SIT) on board INTERCOSMOS-2 and 8, and those
from the retarding potential analyzer (RPA) on OGO-6 satellite®.

The latitude distribution of O jon density measured by
between 280 and 580 km height in the afterncon and even
anatvzed in {1, 2]. Fig. 1 gives profiles of the OF density
— 50° diplatitude for several consecutive longitudes. The loca

INTERCOSMOS-8
ng hours has been
between 50° and
1 times of the me-

asurements lie between 15.30 and 19.30h. In the front panel an average satellite
altitude shows the dependence of ion density on height. The orbits have been
chosen with a view to the safellite passing the equatorial region around the
maximum of F-layer where the anomaly is beiter pronounced. The main featiire
is a double maximum distribution of ion density. The two |crests are situated
at about 15° on both sides of the geometrical cquator. At longitudes between
—90° ano 7° fon density reaches its minimum at about 10° north of the equ-
ator. These longitude peculiarities will be analyzed further dn. Daytime distri-
bution of ion density around the maximum of the F-layer, shown in Fig. 1.,
is in Fuli conformity with the results of the previous investigations, for example
[3, 4]. Meridional profiles of jon density in the evening hours (17.00-22.30 LT)
arc shown in Fig. 2. It displays clearly the distortion of the daytime anomaly.
The equatorial depletion is now shifted to the nosth to A latitude of about
15-20°, while the southern crest acquires higher ‘density. A tendency can be
observed for the latter crest to shift towards the equator and for the northern
crest to disappear. This picture corresponds to a transition stage towards estab-
lishing a steady one-maxfmum distribution during the night [5, 6]. The local
minima, appearing in longitude range {—50° 60°), are caused|by local dynamics
of the F-layer, which wiil be discussed further in this papet.

Model ' calculations made in [7, 8] show that the daytimle F-layer equato-
rial anomaly has an upper altitude limit. At altifudes above|700km the crests

* Courtesy of WDC-A for R&S
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Fig. 1. Daytime 0+ density vs. magnetic latitude
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Fig. 2. The same as in Fig. 1. for evening and nighttime conditions
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séem to shift towards] each other and at altitudes high e
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EXB drift in equatorial plane the F-layer goes up to 500
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Fig. 3. Nighttime H+densily over the equator

and ordlaiitudes taken by the INTERCOSMOS2,
January 3-10, 1870

The deosity scaie is shown an the right side. Thel
average satellite altitude is given in the front
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Fig. 4. Conlours of [constant nightlime O+ density values for altitudes about 1000 ki ({the
heavy lines})

The daty are taken by OGG-6 in the suminer of 1958 and 1970, The thin Hnes regresent the magnetic equator
and magretic meridlans

higher than the normal midlatitude F-layer, the equatorial F-layer provides

the crest regions with ionization which diffuses down |along magnetic field
lines, Applying this ‘fountain effect’ to helium and hydeqgen ions, the author

2 Kogmuuegikdl nachesBaHHA, Ki. §




in [8] has obtained their latitude distribution. According to this model the helium
and hydrogen fon layers which lie above that of the O ions, are lifted by E[XB
drift to greater heights and subscquently they fill magnetic tubes at higher
mvariant latitudes. An ion distribution measured by a satellite f{lying at
. about 1000 km can be represented as
rrﬁ—mll """ MBI follows :
i - - - Maximal O* density and mini-
mal H*t density at the equator and
minimum O+ and maximum H* densities

at midlatitudes;

—— The behaviour of He* density
should be * somewhat in the middle:
its maximum density should be found
equatorward from HT maximal density;

— Minimum He* density will
appear at the equator, if the Het
layer is elevated above 1000 km, other-
wise a maximum Ilet should be
expected there.

Similar behaviour is observed by
INTERCOSMOS-2 satellite [9, 10] and
I515-2 [11]. Latitude distribution of
nighttime HT density at about 1000-

' 1100 km  altitude is shown in Fig. 3
pertaining to a number of INTERCOS-
MOS-2 transequatorial passcs during
the period of January 1-14, 1970 [12,
13]. The apogee is nearto the equator

10N CONCENTRATION {em™3)

Bl @ TN at a height of about 1100 km. The
=1 F N };' g latitude profiles 'shown here reveal
102 = R a two-maximum distribution, resembling
¢ A l : i ‘. ; the shape of the daytime F-layer
5 ; equatorial ancmaly., The crests of HF
Ly d, ] densily are found between 10° and 30°
04 ’ . on both sides of the equator. Approxi-
3L @,: mately half a year ago, aiso in the
5 maximuwm solar dctivity period, data
Ly " - of latitude distribution of O+ den-
00t Lol Tl b sity, at about the same heights were
V0 W 0 D -0 -0 collected by OGO-6 sateltite [15). Conto-
DIP  LATITUDE [deg} urs of oxygen ion density obtained

by RPA of OGO-6 [14] during the

Fig. 5. Nighttime O+ and H+ density for ¥ '
five individual passes of OGO-6 in different night at 1000-1100 km are plotted on

longitude zones Fig. 4. If we consider now only the
;\l;l){ol;l;-:;; c:]il lﬁ]‘stmdiisiaal:t:zg ﬁéipr??Lra;t‘)::ﬂwjg}G :_hc latitude .Variations we _See that th(:‘
0o ok ;g :”Img“ude:a’_"”zo‘ b_m‘;: oxygen ions have maximal density
C— TP, &~ -, & — {34 slightly northwards from the geometrical

equator towards | the summer hemi-
sphere. At the opposite side of the
equator a deep minimum occurs and at seme lpcations the density appearts
to be as low as20 ions per cc. A good idea how the latitude distribution
of Ht and O% density should look is given by Fig, 5, where RPA data for
several passes of OGO-6 over the equatorial region are presented, The shape
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Fig. 6. The aliitude dependence of the lransition level on the diplatitude

in three longitude zones

HMIN—400 and HMAX=1100 indicaie the aititude itmiis over which th

taken In summer, nighttime

of Ht and O densities distribution is in full accord with

e data have been

the ‘fountain effect’

theory. Winter minimum of oxygen ions at about 30° diplatiiude corresponds

to a highly exhausted nighttime midlatitude F-region. The
summer minimum is a result of the more intensive ph

refatively shallow
toionization during
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the day, as well as of the influence of the neutral winds, The action of the latter
will be considered further on in the paper. Fig. 5 shows H+ density almost
uniformly distributed over the latitudes considered. Along the orbits where
these data have been collected the H* and O+ density reach equal values,
several times. The alfitude where these densities reach equal values,
i. e, the so-called transition level, is a parameter which is used in [15] to visu-
alize some dynamic properties of outer low and midlatitude ionosphere. In Fig. 6
every single point represent a transition level value extracted along the satel-
lite orbit. The transition level {TL) points iaken from nighttime data are plotted
against their diplatitudes. The three panels of the Fig. 6 show the latitude
shape of TL in thrce longitude intervals: a ~- Eurasian (10° 150°); & — Allan-
tic {—60° 10°; and ¢ — Pacific {150° throngh 180° o —60%. The main
feature of these TL profiles is a deep minimum located between 0° and 40°
diplatitude, where TL descends to 600 km, while around the equator and hole-
ward end of the latitude region TLis at 1000-1100 km, In [15] it is pointed out
that around 18 local time TL is at about 1000-1100 km throughout the refsion.
During the night TL in the equatorial zone remains at the same height, While
at midlatitudes a significant decrease of TL occurs. Higher TL values a} the
poleward edge of the region considered here is due to the abrupt decfease
of the H* densily as it can be scen from the individual passes in Fil 5.
The midlatitude decrcase of TL represents the normal nighttime collapsé of
the F-layer, An interesting fcature is the maintenance of the high cquatFrEaI
TL values during the night. This behaviour is closely associated with OF den-
sity distribution, shown in Fig. 4. Maximum oxygen ion density occurs al 5§-10°
katitude in the summer hemisphere. The exisling assymetry in O+t density aéong
the magnetic field lines over the equator gives support to a diffusion flow
from summer to winfer side, This O flow keeps a higher O density ajong
the magnetic flux tubes close to the equator, because of which TL heights
remain high. The latitude at which ihe height of TL changes abruptly |cor-
responids fo those magnetic tubes which limit from above the transequatprial
flow of the oxygen ions. Beyond this latitude the direct support of ionizgtion
to winter nighitime F-region is strongly restricted, because of the necessity
of conversion of oxygen fons into hydrogen ions and vice versa via a charge
exchange reactiof.

Longitude Variations

As il has been shown in the preceding section, the latitude profiles of oxygen
and hydrogen ions reveal a strong longitude dependence. The overall Ot density
distribution shown in Fig, 4 gives information on large-scale longitude vari-
ations of the ion density at a height of 1000 km. The strongest assymmetry
along the magnetic meridians occurs between —40° and 20° longitude and
the weakest one occurs in neighbouring regions between —100° and — 60° longitu-
de. The longitude variations of O+ density at the heights of the maximum F-layer are
shown in Fig. 7 [16]. Here the dots represent measured O+ density at 30° and — 30°
diplatitude. The heavy line shows variations of magnetic declination properly ad-
justed to reveal an excellent correlation with the ion density values. From the
b section of the figure, representing the summer hemisphere, there can be con-
cluded that the higher ion density along 30° diplatitude is connected with the
negative values of the magnetic dec lination, e. g. the magnetic flux tubes have
a westward component. The highest values of the jon density on the summer
side of the equator are found at about —30° diplatitude. The same longitude
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region {rom the winter side shows the lowest densities. |Thisibehaviour] cor-
responds well to that shown in Fig. 4. A reasonable explanation, given in [17],
is demonstrated in Fig. 8. The winds flowing at F-layer heights, preferably
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N west-east direction, experience a drag force upon ionization, if the magnetic
meridians differ from the north-south direction. Depending on the component
of magnetic field lines in the wind direction, the ionization is dragged upward
or downward. The light lines in Fig. 8 represent the magnetic field lines in
a geographic frame of coordinates. The heavy arrows show the neutral wind
direction, and the smaller arrows give the magnitude and the direction of the
fon drag along the magnetic field lines. The regions where a satellite could
neasure enhanced or depleted ionization are also indicated in the figure. The
zones marked by MAX correspond to an elevation of the F-layer upwards,
and those marked by MIN correspond to a pushing of the F-layer downwards.
The sketch in Fig. 7 is in agreement with these in Fig. 4 and 5.

irregularity Structure

The magnetic field configuration defines not only ionospheric plasma dynamics,
but the appearance of irregularity structure as well. With the help of INTER-
COSMOS-2 in [18, 19] the character and size of the irregularities in the equa-
torial F-region in the period of low solar activity have been studied. In Fig. 9
the latitude profiles of the O+ density between 280 km and 580 km are dis-
played. In two cases of the profiles the occurence of irregularities is indicated
by small bars. This shows that irregularities are found mainly between —50°
and —10° longitude and are strongly coupled with sharp depletions in ion
density. Similar individual passes of the same satellite are shown in Fig. 10 [20].

The minima in the density depletions are defined by the threshold sensi-
tivity of the ion traps but other measurements, for instance [21], show that
such a decrease reaches three orders of magnitude.

LONGITUDE { DEG')

Fig, 9. O+ density profiles at different longitudes in b menths

Verlical bars in the profiles at —16° and —49° longitudes indicate the presence of rregulacily slroe-
tave ; BT 194022300

Irregularity structure at beighls of about 1000 km has been observed t%y
the INTERCOSMOS-2 satellite, In Fig. 11 parts of satellifes trajections with
irregularitics of over 79/, of ion current are indicated. The heavy line repre-
sents the geomagnetic equator in a geographic frame of coordinates. The space
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resolution of the measurements is sufficient to detect
as 2 km in size. The histogram at the bottom of the figu
of transits in each 10° longitude intcrval used to constr
obvious that the probability for the occurence of irreg
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dependable. In the region considered the irregularity structure appears between
—80° and —20° longitude. As it has been shown above, in this region the
transequatorial plasma flow induced by neutral winds is most intensive. It is
clear that the irregularity generation is somehow influenced by the interaction
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Fig. 12. Confours of O+ density meashired by BIMS on AE-E satellite
in the winter of 1977-1978

between neutral winds at the F-region heights and the ionosphere. In [18]
large scale plasma irregularities are considered as a result of a direct action
of meridional winds over the ionospherc.

Fig. 12 shows the contours of O+ density measured at 270-320 km between
18 and 245 Iocal time by Bennet ion mass spectrometer (BIMS) on  AE-E in
winter 1977-1978. The shaded area marks the regions where O+ number den-
sity below 10° cm—* have been rccorded. These depletions are placed mainly
ou the summer side of the ecquator, being closer to it in the regions with
higher magnetic declination. Theoretical contours of the yertical jon drift are
shown in Fig. 13. For these calculations simple models of electric field and
winds are considered varying only in latitude. Diffusion velocity is calculated
for a neutral density of 5106 cm—3 at the maximum of [F-layer. The compa-
rison of Fig. 12 and Fig. 13 shows an cxcellent coincidence between the ion
drift maximum and the O* density minima fu the whole of the longitude
interval,

Many researchiers associate the occurence of irreqularities in the F-layer
with the generation of the so-called ‘bubbles’ [22, 23}. The bubbles being areas
of depleted jon density are gencrated at the bottom of the F-layer where large
gradients of ion density exist [24]. Once generated, the bubbles move upwards
almost perpendicularly to the magnetic field lines and can reach heights of
1000 km. Born in a certain magnetic flux tube in the equatorial plane, the
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depleted area creates diffusive flows whose magnitude depends on the velocity
of the bubbles moving upwards. As a result of this. the|total ionization in
this particular flux tube can decrease significantly. According to[25], the bubbles
create both vertically elongated depletions and depletions along the magnetic

LATITUDE (DEG}

~160 ‘ ~120 -60 o 80 120 180
GEODETIC LONGITUDE (DEG}

Fig. 13. Contours of vertical fon drift velocity (mfs) calculated under
possible winds and electric field conditions in I3 months
Posltive veloclty ls upwards ; altitude 300 km ; LT 19.00-22.00 h

tield lines. Taking into consideration such a complicated siructure of ion den-
sity distribution, there can be drawn a parallel between Fig. 11 and Fig. 12.
There is an impression that they are not so much consistent, although they
represent one and the same season in the solar maximum years. A possible
explanation might be that the two figures represent differént types of irregu-
larities. The INTERCOSMOS-2 data represcnt small-scale ifregularities: 2-5 km
in size, while AE-E data reveal large-scale plasma depletions which may not be
accompanied by small-scale irregularities. Now it is consjdered [25] that the
bubbles generation is due to, or is accompanied by, strong plasma turbulence
which dissipates as bubbles move upwards. At higher altitudes the smaller-scale
irregularities get smoothed out due to the iarge diffusion coe[ficiem. The smaller-
scale irregularities appear in Fig. 11 at the region of maxjmal transequatorial
plasma transport.” Apart from the highest magnetic declination, the plasma flow
over the equaior is favoured by the lowest value of L parameter. The latter
implies that magnetic force line emerging from the Earth at one and the same
geomagnetic latitude will pass over the equator in a region considered by
150 km lower than over the other longitudes. The net plasma flow driven
through by neutral winds is most intense in this valley and can eleyate irregu-
larities {o heights observed in Fig. 11.
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Buewssas armocdepa Ha CpefHMX U HUSKMX IHPOTax
H. C. Kymues

(Peaw me)

ApTop nenaer nomelTKY 0600INUTL HEKOTOPHIE PE3yABTATHl CNYTHHKOBBHIX UCC/IE-
poBanuali cpepuedl n HmxHned uonoctepns, npopelendnix B [lentpanpuo#l sabopa-
TOpUM KocMu4eckux uccaejosanui B Codwun sa nochensue 13 net. [Ipuseneusl
Jlalighie 0 UIMPOTHOH M AOATOTHOH CTPYKTYpe 3TOH 00JacTd B CBCTE COBPEMEH-
HLIX [OHMMaHKB TNpPOUCXOASIIMX B Hel upoucccos ¥ sexennil. Otjensio pac-
CMBTPHBAETCSH NOBEACHHE OKOJOMAKCHMYMHOR uyacTH Caos M 00AacTd Ha BEICOTE
okono 1000 kM. Drte ABe 064acTH HAXONSTCH B KONTAKTE ¥ B3aUMOHEHCTBHH
nocpeAcTBoM mpoieccoB Auddysuu ¥ ofMeHa 3sapajamu. PaccMoTpensl AoOArOT-
Hule OColennocTH B pacnpencacHii HoIROH fIIOTHOCTH Kax pesyapTar B3gHMO-
LeHCTBYA HEHTpaJbHBIX BETPOB NPH Pa3HBIX KOHMUUYDAHMAX MATHUTHOTO MNOJIL.
Yrheneno BnuManwe NOSBICHHI) [IEOAHOPONHOCTEH B SKBATOpHAa/blIOM paiione H
npuudtie 06pa3oBaBMs HCOZHOPONHOH CTPYKTYDEL
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