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On the Kinetic Processes in the Middle
lonosphere during Sunset

K. B. Serafimov

The formation of a deep “valley” above the E-layer after sunset, the layer-like
formations observed within it and the patterns of their motions have been
known for a long time, Thus in [1,2,3] we have shown that the £2 layer
appears on the lonograms obtained by probe measurements at mid-geomagnet-
ic latitudes mainly at sunrise-sunset periods and this was interpreted in terms
of shielding of the daytime FE-layer. Its critical frequencies f,£ vary more in
dependence on the solar zenith angle and this results in the positive values
of the difference d=f,E2—f,F in the sunset-sunrise period and ionosondes
record the presence of the £2 layer, The strong dynamics of the layer-like
formations in the valley during the night and their intensive vertical motiong
are fairly well known. ln particular, our analysis of the incoherent scatter radar
data from Arecibo {@=I184°N, A =66.8°W), published in [4], confirms the pres-
ence of multilayet-like structure in the region between 100 and 170-180 km,
which is moving almost petmanently during the night. Here we shall discuss
again the data from this incoherent scatter radar (more details for the instru-
ment and patterns of determination of the electron density vertical distribution
see in [5,6, 7]). The necessity of their correct interpretation would be shown
in terms of possibilities to define some new physical parameters.

The preblems of nighttime and sunset-sunrise variations of the electron
density N, over Arecibo have been discussed in many publications, e. g. [4, 8, 9],
etc. In [9] an attempt has been made to define the height distribution of the
effective recombination coefficient ooy on data from the electron density M.
variations. Based on the profiles used in [4, 9], here we shall demonstrate some
new possibilities for correct anatysis of jonizing-neutralizing and dynamic process-
es in the middle ionosphere, By the term middle ionosphere here we shall
understand the part between 103 and 180 km according to the definition given
in [3] as the basis analysis would refer to a higher region — from 130 to 200 km.
The principal balance equation from the familiar o-type is analysed in [9]:

dai, -
(1) at :'?_U-eifNe"r

where ¢ is the jon production rate, which in the sunset period is g=0. We
can find in {9] that the time variation of 1/, at constant height of [Z=const] re-
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Presents almost a straight line, That is why the authors of the same paper coti-
sider the dependence (1) at ¢« to be accurately realized for the sunrise-sunset
period and the coelficient o, can be defined as an angular coefficient of the
straight line (2) obtained by integrating (1);

1
(2) , s tlen? + Oy,
where C, is constant depending on the height Z Based on this an altiiudinal
profl]e for the effective recombination coefficient e(2) |is determined in [9],
which, compared to the theoretical data for the specific coefiicients of the
dissociative recombination of Of and NO* ions, demonstrates great differences

from them. The o coefficient obtained on dats from N(#) in the upper part
of the discussed region (over 170 km) is-smaller than the two specific coeffi-
cients u5(0F ) and 0,(NOV) and at the bottom part of the region (about 140 km)
the o,y thus calculated is almost equal to ap{NOi)~20,(0}), which is rather
impossible due to the abundance of QJ ions at these heights. Therefore, the
profile of a,(Z) is obtained in [9], which is very different from all available
data of lahoratory and theoretical values for the possible vertical distribution
of the recombination coefficient, These significant differences are interpreted
in [9] by a probably stronger temperature dependence of o (T,) with respect
to the laboratory data and deviation from the condition q=0, because a cettain
portion of the solar radiation still penetrates to these heights. But the evalua-
tion of all possible ionization sources in the middle ionosphere (Lo, Lp, ClII,
900-1000 A continuum, solt-X-ray radiation with A =40 to 200 A, etc.) definitely
shows that the integral intensity of the solar ionizing | radiations disappears
after sunset due to the dense atmospheric layers the sunbeam has to penetrate.
he radiation scattered by the geocorona is of neg!igibﬂe importance to the
relatively high level of the N, presunset values, but could be of minimum im-
portance during the sunrise period. Therefore, there are [no serious arguments
to explain the great difference between the (£} distiibutions obtained by
the electron density profile, on the one hand, and the theoretical and laboratory
values of the recombination coefficient — on the other, as defined in (91

The significant differences between O.r values calculated from Arecibo iono-
spheric data and the theoretical and laboratory data valties of this magnitude
may be explained considering the strong motion of sunset-sunrise jonosphere
and, in particular, the intensive vertical movements between 130 and 200 km
over the earth during these transition periods. This reasonable physical con-

sideration requires the application of the following well-known form of the ba-
lance equation (see for ex. [3]) in (1):

dn
3) —E=g—oN 2—div(N,V),

where V is the iotal plasma bulk velocity. The familiar | expressions including
the diffusion inay be applied to the divergent térm in [(3), but the vertical
ionization transfer is determinant for the sunset-rise plasma motions betwben
130 and 200km. That is why the divergent term in (3) is often replaced 'by
its vertical part only. Taking into consideration that g==0 in the examined
period and denoting div(N,V)=M, from (3) we obtain

dN

(4) A= —aNA—M,



In the time integration of (4) we obtain first approkimation

) s ~(~t—f) 4G

The cxperimental fact that the dependence between 1/V, and the lime ¢
is almost straightly linear is considered in (8). And such straight linearity
is possible only when the factor before the time f is constant, i e,

(6) a k}t—gmconst.

&

The constant of the right-hand side is equal to .y according to formula {2).
The straight linear dependence between I/N, and ¢ is confirmed by all
data available from Arecibo for thd sunset pertod. Therefore, if not neglecting
motions, we should consider them as modifying a,, to incredible values compar-
ed with laboratory measurements and ~ theoretical calculations, It follows
from (6) that
M

(?) E{_ A,

where the A value is constant at sunrise-sunset period but changes with the
altitude Z,

The dependence (7} is of particular interest because it demonstrates that
the time variations ol the motion contribution to the middle lonospheric balance
during sunrise-sunset period are proportional to the square of the electron
density, i, e.

(8) . M(t)'z:-consl :ANcg(t)lzz:const‘

It follows from (6) that the correction which should reduce the o,y
value to more realistic quantities is the magnitude A(Z) according to [9]. In
fact, the o, value of (2) is identic to the sum Oep+A in (5). Therefore, if we
have computations on the a.; value from other measurements, it would be
possible to calculate the factor A from (5) and from there - the contribution
of the motions M. In order to obtain tentative values of the divergent term
M, we have to proceed as follows: to define theoretically the value of the
coefficient o as an eifective coeificient of the dissociative recombination in
a medium with significant concentration of molecular O and NOT jons

ap(07 )05 12 +a,(NOT NG ]
©) R o
[0y 1+{NOT]+{07]

The yield of (9) shows the fact that the total ion concentration between
130 and 200km is defined by the sum of the denominator under the examined
conditions, i e, 4
(10) [OF1+INO# |4+ [O+] =N, =M.,

I order to define aititudinal variations of o, we use most recently determin-
ed values of the temperature dependence of uy(OFf) and ¢y {(NOF) which

accotding to [10] are:

T y—0.55

(11) 0 (0F)=16% 10—?(3&) ,
T, \—085

(12) o (NO+)=4.2% 10—'(%0) :



When there is no avditable evidence on the vertical distributions of the
ion densities over Arccibo, for the cxamined period we use the data on the re-
lative ion densities: [OF)/V, and [NO+|/N, according to the IRI model {11], We

aiso apply the IRl model for the vertical distribution ol the electron tewpera:
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Fig 1 Fig. 2

ture TZ) but with the corrections from our measurements performed with
IR] the Vertical series rockets (see [12]). If we denote K +={OF /N, and Kyo+

=[NO+|}NV,, we shail oblain
(13) 0=, (O Ko} +ap(NO Ko+

for o according to [9]. The vertical profiles of o, (Of) and o (NO*) are built
according to |11], [12] and the T(Z) vertical profile — according to IRl and
the corrections from [12]. The coetficients KC.; and Kyo+ are determined using

IRI, and the altitudinal profile of V is defined from {11}, as shown in Fig. 1.
The same Figure demonstrates as an example jhe profile of u. as obtained
in [9) on data from sunset values of N(¢, Z) for Sept. 9, 1966 and calculated
according to formula (2), i e, neglecting motions. The analysis of avialable
sunset-sunrise data from Arecibo, computed by formula (2) although with cer-
tain variations, confirms the curve in Fig. . The data scatter is shown with
hatched arca in the Figure, In first approximation we may consider the values
of 0y from [9) as close io the average ones for this quantity obtained with
the primitive analysis performed by formuld (2). The comparison between the-
oretical o and the field of o values shows that the deviations between these
two values are not a random phenomenon but are rather of a basic nature,
This confirms .the important role of motions in the nocturnal middle ionosphere
and Fig. 1 clearly shows thal u is greater than all the values of a.; oObtained
for Z>190km and w<a.y for heights Z<160km. An approximate equality
exists between 160 and 190km and for the particular case of Sept. 9, 1956
this equalization appears at 170 km.
The altitudinal profile for

(145 AlZ)=uy
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can be built using euaqtions (5), (6)

the conditions in [9)].

1Figure 5 demonstrates three vertical profiles of M for the sunset period
of Sept. 8, 1966 (for the beginning of the sunset at 18h 28 min LT; for a ty-

i
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pical moment at 19h 29 min LT and for one of the final moments at 20 h 02 tin
LT, respectively). The absence of M values in the altitudinal region between
140 and 160km is due to the decrease of N, below the measurement possibi-
lities of the incoherent radar. The calculations of M are performed according

to formula (8).

It is seen from Fig. 3 that the value M(Z) changes in sign at altitude
of about 165km. It is clear from Fig. 1 for the depéndence {14) that for the
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and (7). Fi}gl‘_{l‘f.! 2 shows this profile for

M

[
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0

190

altitudinal region from 160 to 190km we shall obtain a systematic change in sign

of M for all cases available in Arecibo. In the upper part the electron transfer
increases the clectron density and in the sunset period it reacts as a particul-
ar ionizing factor. The reverse phenomenon takes place in the bottom part —
the electron transfer decreases the electron density and is equivalent of the

neutralization increase.

- OF course, factor M is not precisely adequate fo the contribution of mo-
tions in the balance equation (3) because the coefficlent o was theoretically
found and all the measuremnment errors as well as the deviations of the IRI mo-

del from reality are included in the magnitude M. But in first approximation

we may consider that M represents values similar to the divergent term in (3)
and when using other methods to find for instance the eleciron temperature

and the ion composition the contribution of the motions can be determined

accurately,

From this paper we can make the conclusion that the contribution of mo-
tions to the formation of the night structure of the middle ionosphere is not
to be neglected and the complete analysis of the neutralizing processes cannot
be performed on the basis of chemical eduilibrium only. Together with this

we asstime that it is useful and important to define the constant ratio between
motions M contribtion to the squared electron density (see formula (6)).
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vatory (National Astronomical and lonospheric Center by the Cornell University) — USA for
the data provided and for the possibility to visil the Observatory. He is particulardy grateful
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Dr. J. G 1. Walker, To him and E. Serafimova he expresses his sincers thanks.
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O kumeTnucckux mpolieccax B cpeasedt wnonochepe
Hpu 3akare Coanila

K. B. Cepagpusos

¢

Pezwmwue) = |

Iokasatio, uTO AN MOJHOUEHHOTC AHANM3R BPEMEHHBIX ¥ BLICOTHBLIX WIMEHEHHH
3AEKTPOHHOR KOHUEHTPALMY B HOYHOH M Bocxonﬁo-sa;(amoé cpepnel ucHocdepe
(B npesenax or 130 mo 200km nan 3cmaedl) HeOSXORUMO| YUHTHIBATH neperoc
SJIEKTPOHOB ¥ HOHOB. YUeT STOTO [ICPEHOCA NO HAHHEIM WHKOMEPEHTHOTO pajapa
B Arecibo UPHROAMT K BRIBOAY, YTO BPEMEHHble W3MEHEHMS| TMepeHoca Ha AAHHOMN
NOCTOAHHOK BpicOTE NpolicpuvoHanbibl M2 HMexoas us momenn IRI u nasubix
06 3AeKTPONHOA KOHUCHTPaiWH, NOAyueHHbX B Arecibo, onpesenensl Teoperu-
ueckue: usmeHeHus osbexTunHOr0 pekoMOGuuauHornoro kosdduiperta @, a mo
er0 PasHOCTAM C SHAUCHHAMH Oy BbIYHC/ACHUBIME 1O HOHOC(EPHBIM LaHHEIM (mpe-
nebperas ABHMKeNUsimMu), BHUMCRHE! BBICOTHHE HIMEHEHUS JIUBEPIeHTHOT O U/eHa
B. OCIOBHOM YpaBHEH#M Galauca 3MeKTPOHHOH KORIIGHT PaLlH#.
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On Some Problems in Geophysics Solved
with the Help of Satellites on Polar Orbits

V. M. Balebanou, M. M. Gogoshev, E. M. Dubinin,
1. S. Kutiev, 1. M. Podgorniy, K. B. Serafimov

[. Convection

The initial in sifu measurements on board Injun-5 and OGO-6 have shown
the existence of two vortex convection {1, 2], One of the major factors defin-
ing this picture is the direction of the interplanetary magnetic field (IMF).
The convective fluxes in the polar cap become asymmetric in dependence on
the sign of the magnetic field component B,, in their shift to morning or
evening side. Measurements on board AE-C provided for certain precision on
this model [3]. The change of convection direction was found to occur in
sufficiently narrow longitudinal band located near noon. Experiments with labo-
ratory magnefospheric model [4, 5] have shown that in dependence on the sign
of the vertical component of {he interplanetary magnetic field B, the direction of
convection changes {o reverse in the polar cap. It was shown that magneto-
spheric {ield lines malerialize into interplanetary field lines in the region af
the polar casp. This gives evidence to the existence of magnetic field lines
coininon for the earth dipole and the solar wind. If we use the concepts of the
classical magnetic hydrodynamics, we may say that in the region of the polar
casp reconnection of earth magnetic lines with solar wind takes place.

In dependence on the vertical component of the interplanetary fieid B,,
the reconnection appears cither near the equatorial or the polar boundary of
the casp. The convection in the polar cap in terms of the south component
of the interplanetary magnetic field (B,<0) always appears in direction away
from the Sun. This fact has been confirmed by numerous measurements. Under
B,>{ the convection from the Sun is observed only at small B, values. When
increasing the positive value of B,, the convection direction becomes revers-
ive in the polar cap region. A typical dependence of the morning-evening
(Ey) electric field component on B, in the polar cap under undisturbed super-
sonic flux interacting with the magnetic field dipole is given in Fig. 1.

Besides the effects of reconnection, an important factor determinant of the
convection picture are the viscous processes at the magnetospheric boundary.
It is well seen in Fig. 1 that fhe sign of the electric ficld in the polar cap
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and therefore the convection direction changes become reverse only at
sufficiently large positive values of B,.
Important consequence from the viscous interaction efiects is the fact that
part of the convective currents generated by the solar wind plasma flux in the
.o Viem | &,
DR e, 0] o W B
sl o i PO Fiis % 1. ol
~0 -6 -0 0 Rl Gs
=10t e
Fig. 1. Electric field dependence on the value
and the sign of the vertlcal component (Bz}P the
magnetic field in frec flux {model experiment)
for the polar cap,
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Fig. 2. Electeic field dependence on the vertical
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boundary magnetospheric layer is located af closed field
the south component of the interplanetary magnetic field,

olar

| lines [4]. Considering
the convection remains

in general the same but new convection fluxes appear
in the polar cap. Although the conclusions based on labo
confirmed by some ground-based observations, they
ilumination,

10

on the open field lines
ratory experiments are
| still require further



Information obtained from measurements over the earth polar cap is qften
contradictory, i, e. the correct electric field measi‘lrelﬁen:t_s are pot yet a reliable
method. Balloon measurements {6], carried out by Mozer as early as 19?4
(Fig. 2), agree rather well wiih the laboratory data but the large scatter of
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Fig. 3. Electric field distribution in the polar cap under lhe northera component
of four-voriex convection model (@), three-vortex mode! (#)

the poinis in Fig. 2 makes questionable the statement that at large positive
B, values the plasma drift in the polar cap is really reversive to the solar
wind. Many geophysicists even do not consider the possibility of existence of
such drift phenomenon., Additional evidence on the correctness of the results
obtained for the existence of the polar cap convection and sun convection at
B,>0 was obtained recently.

Data from [7] which give results from measurements of the electric field
o1 board the polar satellite $3-2 show that at the northern component of the
interplanetary field, a clearly expressed convection in the polar cap is to be
seen oriented sunward. Nevertheless, it is difficult fo state that the situation
is completely comprehensive. Thus, for instance, some authors based on mea-
surements from S3-2 conclude on the generation of two additional vortex sys-
tems in the polar cap under the northern component of IMF (two convective
vortex systems result from eifects of the viscous interaction and other two—
from effects of the reconnection) (Fig. 3a). There is another interpretation of
the same data given in [8), Crooker considers the northern component of
IMF to add only one convective nucleus to the polar cap {Fig. 3b). Thus, the
results shown here demonstrate the necessity of systematic electric field mea-
surements in auroral regions and in the polar cap. '
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2. Ficld-Aligned Cl.ll‘l_‘Q_Qﬁ\ ‘
The field-aligned cuifents play a key role in ihe energy|
wind to polar ionosphere. Magnetic field disturbances du
currents have been studied for years. The basic portio
field-aligned current distribution was obtained on TRIAD
from these measurements are already well known and it i
them in detail. Brief summary on the results might be re
1) two current systems (1) and (2) are available (Fig. 4)
(1) coincides approximately with the polar portion of {

transfer from solar
e to the field-aligned
1 of the data on the
satellite. The results
s aimless to consider
presented as foliows
. The current system
1e auroral oval and

system (2)-—with its equatorial portion; 2) the current in system {1} flows to
the jonosphere —in the evening side; the direction of currents in system (2)
Is reverse; 3) current in system (1) cxceeds, on the average, the current flow
in system (2).
We should note that only the magnetic measurements
Triad satellite composed the experiment. Charged particle
experiments were not envolved in this program.
Iity in simultaneons
nts. This is clearly

Many results support the fact of increased informati
measurements of charged particles and field-aligned cuer
expressed in the experimerits on ISIS-2 [9,10], The data |comparison between
magnetic measurchents and simultaneons electron fluxes measurements within
the energy range of 0.15-10 keV enabled the discovery of new interesting fea-
tures, The poleward boundary of the current system (1) cojncides with the high-
latitudinal boundary of plasma layer. In the case of B, (IMF)< 1y, morning
and evening sectors, change of convection direction often |takes placc at lower
latitudes, compared to the latitude at which the outer Hhoundary in plasma
layer is projected. This provides for the very important | conclusion that the
outer region of the plasma laver af low altitudes, where the convection is ori-
cated from the Sun, is projected in the viscous boundary layer adjacent to the
magnctosphere boundary. This result supports conclusions reached on the basis
of laboratory modelling. It is interesting to note that although electric field
measurements were not performed on board 18IS-2, the picture of convection
was reconstructed by magnetic megsurements only, The niagnetic lines which
can be considered as elastic strings, convect in a conducrive ionosphere and
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therefore experience a force JXB. This force, acting in direction oppoesite to
the convection, would result in a slight change of the magnetic field vector.
Thus, we may judge by the sign of the disturbance about the convective flow
direction, The orientation accuracy of ISIS-2 satellite was~0,1° which materia-
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lizes records of field vector deviation~3’. The data thus' obtained give evi-
dence for the reversive convection change in the polar’ cap under the northern
Componeni of IMF, Figure 5 shows the dependence of disturbance AB, on the
vertical component B, IMF buiit up on data from ISIS-2 for the polar cap.
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The nature of this dependence is similar to laboratory experiments (Fig. 1) but
naturally the statistics of the negative A8, corresponding to tail convection
is significantly lower here. Anyway, it should be considerod that such picture,
constructed on magnetic data ouly, is somewhat idealized and the directional
change of the ficld line depends on the jonospheric conductivity which may
vary incontrollably. Therefore, data obtained from [SIS-2 require additional
support based on simultaneous electric and magnetic measurements,

An important feature of the results obtained on board TRIAD and ISIS-2
satellites from measurements of the magnetic field disturbances is the depend-
ence of their sign on the sign of By in the noon sector (10:00-15:00 MLT).
The sign of the magnetic disturbarnice due to lield-aligned currents is such
that plasma convection in the polar casp region appears mainly westward when
By>0 and eastward when B, >0 (Fig. 3). Currents available here are predomi-
nantly oriented upward from the northern polar cap for B,>0 and downward
for B,<0. We should note that currents in the region of the noon meridian
built up upon data from TRIAD satellite are different from the picture obtain-
ed by ISIS-2. It is seen in Fig. 4 that unlike the scheme built up with
the TRIAD measurements, the scheme obtainod by ISIS-2 depicts all cur-
rents in the casp region to flow either upward (B,>0) or downward (By<0)—
north polar cap. There are other differences, e. g. a Canadian team analysing
data from ISIS-2 have found clear correlation between By value and the values
of the field-aligned currents in the region of the polar casp while this fact has not
been observed by others. Thus field-aligned current distribution, especially in the
region 12:00 and 24:00 MLT, is not well studied yet. Poorly studied is the
fine structure of the currents themselves, Measurements from satellite with
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circular polar orbit are needed for various longitudes in|the polar ionosphere,
the orbital height should be=10?m, so that the satellite shoutd be located
considerably higher than the system of ionospheric currents.

Simultaneous measurement of electric and magnetic fields in the polar iono-
sphere should be carried out together with measurements of the interplanetary
magnetic field. The operation of one or better of several satellites on ecliptic
orbit is required for such measurements with apogee of more than 90 Ry (6. g
Prognoz-type satellites).

Interpretation accuracy of electric and magnetic field measurements should be
controlled by direct determination of drift velocity of cold plasma. A retarding
potential analyser on board the satellite can meastire the vector sum of drift veloci-
ties and the spacecraft. Simultaneous measurements of angular and energy charac-
teristics of magnetospheric precipitated charged particles allows for the correct
determination of the topological link between the different magnetospheric

regions and the polar ionosphere.

3. Anomalous Resistance and Double Layers

Problems on field-aligned electric fields and anomalous [resistance are directly
attached to the field-aligned currents.

Considerations of high mobility of charged particles along the field iand
the equipotentiality of the magnetic field lines are not always correct. Usually
two reasons for violation of the equipotentiality are undertined : (1) anomalous
increase of resistance when the electron current velocity reaches certain cri-
tical value;(2) formation of seli-sustained electric charge  distribution of double
electric layer type. Both mechanisms of significant potential drop were cbsery-
ed in laboratory conditions and were considered in theoretical works. They
result in significant potential drop within limited sectors and when precipitat-
ed particles appear. |

Kindel and Kennel [11] have initially discussed in detail the problem
of stability of field-aligned currents with regard to excitement of plasma waves
in the auroral zone. Basic factors responsible for the generation of anomalous
resistance at altitudes of=1000km are the iom-acoustic instability and the
ton-cyclotron wave instbility. In terms of ion-scoustic instability it is well
known that in plasma with T, 7, the critical drift velocity appeats when_the
instability is vkp~4\/2?‘;’/m. In isothermal plasma the threshold increases up
to T ~\2T/m as Landau damping for jons becomes very strong. Characleris-
tic frequencies of these waves w==Qpy correspond to wavelenght of the order of
Debay radius. But as aiready shown by Kindel and Kennel, within a jarge
range of electron and ion tcmperature ratios (e. g, in | hydrogen plasma for
0.1< T,/ T;=0.8) the threshold of excitalion for {he electrostatic ion-cyclotron
waves is lower than the corresponding threshold of the ion sound, For exam-
ple, at Ty~ T Dp~13y 27 fm. When the fon-cyclotronic threshold of the insta-
bility is attained, waves of frequencies stightly exceeding the cyclotronic ire-
quency are generated (e~1.2QH, for T.~T; and ©+~1.5QH; for TTy.
Transverse wavelength of such occillations is of the order of the Larmour ion
radius and the field-aligned ~ 10 Larmour radii. With the increase of current
velocity the next harmonics are excited. It is interesting to note that the inser-
tion of heavy ions into the light hydrogen plasma shock waves. Other bursts
of the ion-cyclotron noise clearly correlate with etectron fluxes {0.074-5.04 KeV)
and turbulence field-aligned electric fields. It is interesting to note that one
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of the antennas on the $3-3 satellite could operaté in Langmuir probe regime
and this enables to receive the density fluctuations spectrum. Four maxima
are clearly seen approximately at the ion-cyclotron frequency fH+ and its har-
monics. As far as f., 7./7T; can be evaluated directly from the dispersion
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ratio of ion-cyclotron waves. This is >1. Noise level széﬁ;--wi’ 10~ Ano-

malous resistance calculated on the measured ion-cyclotron fluctuation level
n~10%/m (for comparison we shall note that the value of the classic Cou-
lombs resistance is 10-%%m, i. e. by 5 orders of magnitude lower). Thus the
field-aligned electric field can be evaluated by E=nj (i~10-%a/m?). 1t is
~1ImV/m i e. if an anomalous resistance exists inseveral thousands of kilometres,
it is easy to obtain potential drop along magnetic field line of several kilo-
volts, which is sufficient to explain accelerations of auroral particles observed.

We have to consider that jon-cyclotron turbulence was observed only at
height of >2,000 km. This could be related with the fact that at lower heights the
critical current velocity was not attained, to excite ion-cyclotron turbulence at the
harmonics of ion hydrogen cyclotron frequency. At heights of 1,000 km, as seen
in Fig. 6, the ion-cyclotron “turbulence should be excited first at frequencies
corresponding to heavierions, i. e, caygen ions, i. e. lower frequencies of 2-10 Hz.
The instruments on board $3-3 could record electric fluctuations only
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with {requencies of =>30-50' Hz. That is why measurements of AC electric fields
at lower frequencics are necessary in order to understand whether waves of
A;fic are excited at heights ~1,000 km, decreases the thershold
of jon-cyclotron instability and increases the range of electron and fon tempera-
ture rafio, at which ion-cyclotronic turbulence is st?l dominant. Roughly
speaking, the critical drift velocity in multicomponent plasma with respect to
the ion sound is basically defined by light ions, while: for the ion-cyclotron
waves this is performed by the heavy ions. The Jinitial excitation of
ion-cyclotron waves starts at frequencies corresponding to the cyclotron
frequencies of heavier ions O, followed by Het and H+. This is well Seen
in Fig. 6, where critical current values are shown, exciting various types
of waves depending on altitude. At low currenl densily, the fon-cyclo-
tron waves with frequencies corresponding to cyclotron trequencies of hydro-
gen ions are excited at heights higher than 1,000 km. When the current den-
sity increases, the region of instability descends until excitation of waves cot-
responding to heavier component— oxygen ions — begins. Which are the real
current density values? For instance, in situation of a “calm” magnetosphere,
the maximum currents were observed in the current sysfem of type (1) within
the region 7-8 hrs. MLT (10° electrons. cm™ s77), i e, practically such cur-
rents may easily excite an ion-cyclorton turbulence. Recent measurements of
etectric fields and the density Huctuation on board $5-3 satellite had confirmed
these conclusions [12-13]. On board S3-3 the fields were measured in the range
0.5-16 KHz with wide band receiver (ion-cyclotron frequency corresponding
to the hydrogen ions is of the order of 100 GHz). The ion-cycletron
turbulence was observed in large interval in the local time but as a
rule on L-shelves [6] only. The typical duration of such phenomena is~5s
(~35km) which corresponds to scale of ~ 10 km  in the lower iono-
sphere. Maximum noises were attached to large (=120 nV/m) field-aligned
electric fields in the so-called electrostatic where n=12,., or the turbulence
source is located in fact at higher altitudes. lon-cyclotron turbulence could be
excited not only by field-aligned current electrons, but also by ion fluxes. It
is quite possible for both mechanisms to operate. Therefore, simultaneous mea-
surements. of field-aligned currents, ion fluxes and electric noises would help
to understand better the reasons of jon-cyclotron waves| generation. In such a
complex of measurements quite important are measurements in directions trans-
verse to the magnetic field as far as the ion-cyclotron waves in a resonant
way accelerate ions perpendicular to the field. According to the theory given
in [14], the energy acquired by them could exceed 0.5 keV. lon acceleration
transversely to the field was actually observed on S3-3 satellite [15]. We shall
also consider that modes correspondent to oxygen ions alf'e difficult to identify
as the phase velocity of these waves is about an order of madnitude lower
and that is why the Doppler shift due to satellite motion would result in' spec-
tral enlargement.

Peculiarities in electron precipitation distribution from inverted V-type
observed as early as Injun-5 experiment, and also O+ and H* fluxes of ionspheric
origin accelerated to energies of several keV moving upward along the field lines,
seemed to be interpreted in terms of simple existence of field-aligned electric
fields and anomalous resistance. At the same time, the value of field-aligned
electric fields required to supply the observed potential drop have to be of the
order of several mV/m. '

Data from measurements performed on board S3-3 satellite obviously give
considerably larger values— about several hundreds of mV/m (Fig.7). This

frequencies of #
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value should be considered carefully as far as the error in the angular resolu-
tion of the antenna at strong fleld-aligned electric fields could significantly
augment this value. If such electric fields really exist, it is alreadyl11n;_ms:;1b§e
io interpret them with the anomalous resistance effects (AC electric fields in
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Fig, 7. Energy speclrum of jon-cyclotvon turbulence as measured
on board 53-3 satellite

such case have {o attain values of about tens of V/m, which exceeds signifi-
cantly the level of recorded noises). Obviously they are related to the forma-
tion of so-called double layers in the plasma. Double layers were discovered
by Langmuir some 50 years ago in studies of gas discharges. Similar to the
phenomenon of anomalous resistance, the double layer generates only when
the current density starts to exceed some threshold values. In double layers
observed in the magnetosphere, the low-potential boundary of the layer is
further from the Earth than the high-potential one. Passing through the poten-
tial jump in the double layer, the electrons are enhanced in one direction and
the ions in another. In order to generate a doublc layer, rather specific charged
particles distribution is required. Their trajectories should be such as 1o
enable abundance of one charge compared to the other at the double layer
boundaries,

In the theoretical models of double layers the problem of distribution of
charged particle populations is very important (as a rule in theoretical works
only steady-state solutions are considered, i.e. the self-consistent problem is
rather complicated),

Obviously the model of thermal electron and ion distribution, where iono-
sphieric ions move upward and hot electrons move earthward, is most reason-
able for the magnetosphere. But the problem of how the particle distribution
functions are built to generate a double layer is still wnclear. At present not
only the evolution of distribution functions is not studied, but the same refers
even to the steady-state charged particle disttibution. The problem of what
reflects upward acceletation of jons and provides for positive charge excess
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at low double layer boundary is still open, Whether they are back-scattered
at ion-cyclotron fluctuations or at higher altitudes, double layers of reverse
Charge: distribution are formed at its boundaries. It is not clear why often in
measurements of field-aligned electric fields double structures are observed.
Is this a simple result from equipotential short-circuit generated along the
double layer field lines or a result from two double “steep” layers formation
(lon-cyclotron shock waves)? It is hard even to predict whether anomalous
resistance or double layers would result from field-aligned current instabilily.
Therefore, further study on double layers is required, Hased on three-compo-
nent electric field sensors and charged particle detectors, on hoard satellites
on polar orbit,

Besides ion-cyclotron and ion-acoustic fluctuations responsible for the genera-
tion of anomalous resistance and clectrostatic shock waves (double layers),
rather interesting are emissions in the region of the low hybrid resonance
and also Whistler mode controlling electron distribution in the earth radiation
belts and various types of hydromagnetic fluctuations excited in auroral re-
gions by the ring current precipitated particle fluxes.

We should pay attention to measurements of the so-called high latitude
turbulence (HLT) characterized with wide band low-frequency spectrum (<500
Hz) and observed in auroral regions at all MLT. This turbulence is obviously
attached to Kelvin-Helmholtz instability generated at plasma flows of hetero-
geneous velocity profile [16]. Although HLT-turbulence is pretty thoroughiy
studied on board OVI-17, S3-3 and Hawkeye satellities, simultaneous measure-
ments of plasma drift variations and electrostatic noises would enable the
better understanding of suggested cascade mechanisms of this turbulence [17).

4, Stable Auroral Red Arcs

The importance of ring currents in dynamic ionospheric-magnetospheric inter-
actions comes from the amount of energy stored in this region (~10% ergs).
Even if a small portion of this is given to the ionosphere, it could result in
a spectacular change in the ionospheric situation. Simultaneous measurements
of emission spectra of the upper ionosphere, charged partici!ps fluxes and electro-
magnetic waves would permit to clarify series of important regularities in
such effects. In particular, these measurements would help to understand the
nature of red arcs generated at latitudes corresponding to L=2-4 [18]. Sub-
auroral red arcs appear in the recovery phase of the geomagnetic storm. Accord-
ing to the generally accepted viewpoint, these emissions (mainly oxygen
line — 6,300 A) are generated by heated electrons. The mechanism of electron
heating is generally attached to ring current dissipation. During the recovery
phase the ring current is located deeper in the plasmasphere [19]. When the
plasmasphere is filled with sufficlent amount of ring cui[rrent ions, this gene-
rates the electromagnetic ion-cyclotron turbulence. Scatfered at ion-cyclotron
waves, ions fall into the loss cone and precipitate downward. In its turn, the
ion-cyclotron turbulence could heat thermal electrons from the plasmasphere| ai
the expense of Landau dumping. Experimental data [20] are available, which
show that simultaneously with the increase of ring current the ion-cyclotron
waves are to be observed. Together with this, dramatic | change in the pitch
angle distribution of ring current particles takes plase (it becomes anisotropic).
But regardless of the fact that this theory correctly predicts red arcs location,
it does not explain how the energy transferred to electrors is transporied from
the equatorial regions, where the heating takes place, dgwnward fo the iono-
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sphere. For example, electrons heated at the plasmasphere boundary up to
~10 eV cowld become trapped by the magnetic field (collision frequency
~10—5s—1), thereforc a process resulting in their precipitation is required. We
should also note that on board $3-3 satellite only 18 events were recorded,
which may be identified as ion-cyclotron turbulence as some of them were
not accompanied by any change in pitch angular distribution of ions [21]. On
board Hawkeye-1 only 5 such events were observed in 18 months period,
although in 14 cases when considerable weakening in Dy {—25y) was observ-
ed, no ion-cyclotron turbulence was recorded {22].

In |23] another mechanism of clectron heating is suggested. This is attacll-
ed to the kinetic Alfven waves dissipation. Such waves (of transverse {o the
magnetic ficld wavelength of the order of the ion Larmour radius} could be
excited at the expense of conversion from MHD-surface waves. Field-aligned
clectric ficlds existing in these waves could heat cold clectrons by resonance
mode (¥ — 1.7 V7). Heating is of local nature along L-shelves since its velocity
rapidly decreases moving away from the resonance. Such a mechanism provides
for direct precipitation of heated electrons, since the wavelength atong the
field line is comparable to the field tube length itself. Indirect support to this
nechanism was obtained with ground-based magnetic measurements (24]. Large
fluxes of precipitated electrons (~20 eV) were alsc reported in 125). Thus
various hypotheses interpreting red arcs are available. For the proper under-
standing of their genération mechanism, it is necessaty to perform complex
simultaneous measurements on polar orbil satellite on precipitated particies
fluxes, wave measurements, space scanning of red line emissions. lin order to
obtain information on the ring current situation, the operation of another saf-
ellite is required as its orpit should cross the region of the ring current —
plasmasphere at low latitudes. Very important are the ground observation of
magnetic field pulsation.

5. Active Experiment

Recently, the mechanisms of particle filling and decay of the ring current are
intensively studied. Important information on decay mechanism should be given
by the experiment of forced particle precipitation, the point being that the
ring current is in thermodynamic unsteady state and plasma injection could
become a triggering mechanism resulting in particle evacuation to the atmo-
sphere and therefore to excitation of aurora.

When compact plasma beam is injected into the magnetosphere, particles
precipitation could be activated due to two reasons: (a) magnetic field distor-
tion; (b) wave excitation and particle velocity vector shifted to the loss cone at
the expense of resonance wave-particle interaction. In the second case, preci-
pitation would appear after plasma lilling in the respective field tube. Complex
of wave measuremenis would enable the separation of these processes. The
records of artificially cxcited aurora should be effected on board the satellite
together with ground photographic and radiolocation means.

Compact plasma beam may be obtained by pulse electrodynamic accelerat-
or. Such accelerators have been designed in the USSR as early as 1958 for
the purposes of thermonuclear studies and are largely used recently in vari-
ous technical ficlds, inctuding spacecralts. If barium is selected as operation
material, we may observe the whole injection process after the beam injection
near the terminator including the delicate effccts of the beam and the magnet-
ic field interactions. These observations could’ happen to be ol unique nature
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since such experiments are difficult to be performed in laboratories due to the
chamber wall effects. Ground observations’ of injections are possible at total
quantity of injected particles 1091020 cm—3,

In order to avoid the negative effects of accelerator pulses on the propet
functioning of the other instruments, it is useful to perform injection after the
accomplishment of the geophysical experimental program,

6. The Midlatitudinal Trough

Specific for the upper ionosphere is the existence of suificiently narrow regions
of low ion density. Recently the morphology of such troughs (mid-and high-
latitude) and their interaction with the plasmapause and the polar casp are
thoroughly studied. The interpretation of these specifics, in agreement with
observation data available, is not yet obtained. In accordance with some hypo-
theses, a very important role in trough formation is played by the electric
fields generating plasma convection. lon drift with respect™ to neutrals specta-
cularly increases the velocity of some plasmachemical reactions, e. g. the den-
sity of molecular ions [26] increases due to O+-N,—No--N-+, Molecular jons
in their turn quickly recombine and the total ion deusity) lowers. There is | an-
other hypothesis for the trough formation given in [27]. &nsoi’ar as plasma con-
vection at jonospheric beights is defined both by electric fields, generated by
solar wind interactions with the mag-
12h netosphere (effects of recombination
and viscousity), and by electric fields
related to planetary rotation, the
resultant convection pattern (Fig. 8)
could establish particular regions of
very slow plasma motion on the night
side, Since plasma in these regions
§ is maintained for a long time, recom-
bination processes decrease significantly
the ion density. Simultaneous meastre-
ments of plasma convection with electric
field and fon drift sensors, together
with mass-energy analyser of thermal
plasma in the trough regions, would
enable the understanding of the nature

of these interesting features.

Siagnation
region 24

Fig. 8. Scheme of generation mechanism
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becomes zero. field measurements in the equatorial
fonosphere, since recent experimental
data provide evidence on the interactions

between the electric field at ionospheric heights and t‘E;le orienfation of the

interplanefary magnetic field [28, 291 The electric field in the magnetospheric

tail is usually oriented from morning to evening side (this field is either pro-

jected in tail by the solar wind or is induced by viscoué plasma — field inter-
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action at the magnefospheric boundary). In a stationary situtation the electric
field cannot penetrate inte the plasmasphere due to the screening effect of
polarizing charges formed near its boundary. However, the variations of this
field with the characteristic time of <1 hour could be observed deep into the
plasmasphere. For example, the fast sign change in IMF from the stable south
direction to the north generates anomalous turn in the zonal equatorial electric
field. The interpretation of this very interesting effect could be related with
the fact that such change of IMF vector direction leads to the decrease of the
electric field in the polar cap and possibly changes its sign, therefore that
happens inside the magnetosphere too. Screening charges in the plasma layer
boundary cannot redistribute so fast, which results in electric field orientation
from evening to morning side inside the plasmasphere. There are data showing
dependence of the clectric field on the B, component of IMF, for the equatori-
al ijonosphere. Such relationship between IMF and convection in the magneto-
sphere, on the one hand, and the processes taking place deeply into the
plasmasphere, on the other, are quite intriguing and require thorough study.
Drift measurements of charged particles and electric fields at low latitudes and
the comparison with IMF data will give a key to the solution of this problem.

8. Altitudinal Thermal Plasma Distribution

Problems referring fo thermal plasma distribution along field tubes ate of particular
interest, together with relations befween jonosphere and plasmasphere. In day-
time thermal proton fluxes from the ionosphere fill up the plasmasphere field
tubes. During the night the recombination processes become predominant and
the energy stored in the plasmasphere feeds back into the ionosphere, i. e.
fluxes from the plasmasphere maintain the existence of the F-layer. The link
between these two regions has a dynamic character. For instance, during mag-
nctospheric disturbances, plasmaspheric field tubes may convect to the far mag-
netosphere where they lose their plasma content. Pressure gradients generated
at this process in the “empty” tubes must create large plasma flow from the
ionosphere similar to the polar wind, which refills the plasmasphere. The plasma
flow induced in this way may be superimposed by a flow induced by the inter-
action of the F-region jonosphere with neutral winds. The neutral wind forces
the ions to move along magnetic field lines. Depending on the magnetic
inclination, the velocity component of the neutral wind along the field line
should be different. This could result in lifting or descending ionization in
the Flayer. Thus, for instance, an equatorward meridional 'wind in the
norfhern hemisphere will result in altitudinal increase in the F-layer until
the drag force between ions and neutrals is not balanced by the earth gra-
vity, density gradient and polarization fields. Usually the time required for estab-
lishing the diffusive equilibrium in a given field tube is much smaller than
the characteristic time of wind system variations in the F-region, therefore we
may, suggest that the shift of the Flayer will result in a corresponding increase
and decrease of the jon demsity at heights of 1,000 km [30]. This means
that the global measarement of the ion density at heights well above the F-
layer maximum are important for the studies of large-scale air mass transfer
in the night midlatitudinal F-region. In order {c avoid effects of altitudinal
change in the ion density, it is necessary to have a circular orbit satellite.
Basic difficulty in the interpretation on the experimentat data is the neces-
sity to seclect effects related to the different behaviour of O+ and Ht density,
As shown in [30], the sharp decrease of the boundary above which the H+
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fon density slightly changes with the altitude, is observed during the night at
magnetic latitudes of 130° The boundary at these lafitudes is located at
height of ~~600 km. I appears that the jon densily is approximately the same
at both ends of the field tube at 1000 km where the invariant latitude is
A =30-50°, independent of how low the OF jon density js. This brings fo the
idea that H* jon in distribution along ‘magnetic field | lines is controlled by
equalizing the pressure along the entire field tube and does not depend severe-
ly on O+ and H* interactions in the ionosphere. Such!conclugion means that
measurements at heights of about 1,000 km of H+ density reflect the dyna-
mics of plasmasphere rather than that ot the mnosphere,

9. Equatorial Anomaly

Figure 9 illustrates light ion distribution at 1,000 km at night |32} It is
well seen that the distribution of hydrogen iovns is bi-thaximal, Minimum H+
density is to be found in the cquatorial region. Hydrogen ion density falls
sharply after ~40° latitude, forming the equatorial bountary of the midlatitu-
dinal trough of light ions. The anomaly appears aiso in} the ion composition
and temperature. Such minimum and two maxima in the equatorial F-region
are formed in afternoon hours as a result of two effects’ — ExB drift due to
E-W electric field and plasma diffusion in meridional direction along the mag-
netic field tubes. This is familiar as “fountain” effect. But the theory of night-
time equatorial anomaly formation and its dynamic should not be considered
accomplished yet. In particular, the equatorial anomaly property largely depends
on longitude. Longitudinal variations of equatorial ionosphere result from
upward and downward plasma motion effects. In their. furn, the latfer fo a
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large degree are determmined by the neutral winds. Simulfanecus measurements
of electric lields, eleciron and ion density distribution and velocity of charged
particles drift on board polar orbit setellites would enable the better under-
standing of the cntire complex of sophisticated interacting factors,
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10. Circulation in the Thermqwhere

Certain ionospheric phenomena are directly linked to winds in the upper atmo-
sphere. Interaction between solar wind and atmosphere is effected by two basic
mechanisms: (1) auroral particle precipitation; dissipation of ionospheric current
systems, These processes take place in general at high-latitude atmosphere, while
ultraviolet heating has maximum at the subsolar point. The relatively constant heat-
ing by the solar uv generates thermospheric circulation which is the reason
of the global wind system generation at heights of 100 km, described in
|33, 34]. The Joule heating and heating from precipitated particles due to the
above-mentioned process results in generation of a secondary wind system of va-
riable equatorial boundary in dependence on the magnetic activity. Typical circula-
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Fig. 10. Diagram of the zonal mid-meridional
circulation in earth thermosphere for the equinox
period with reference to various levels of auroral
activity (e) extremely calm geomagnetic activity,
(B) average activity (1018 erg. S—T1) and (¢) geo-
magnelic storm (10" erg. S—1). The contours
illusirate schematically the mass flux and the
arrows show Lhe motion direction

tion pattern in the meridian plane is shown in Fig. 10 [33, 34, 35, 36}, The for-
mation of a secondary wind system oriented from high to low geographic
latitudes may be due to the fact that the heating in high-latitude regions be-
comes comparable to the solar ultraviolet heating [37].
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In cquinox periods the circulation due to solar uliraviolet is manifested
by upward motion over the geographic equator with a subsequent poleward
streaming. The sccondary circulation due to auroral heating has a reverse di-
rection - - from the pole to the equator and its equatorial boundary depends on the
energy supplied into the atmosphere. During magnetic substorms the notmal
circulation is constrained only to heights lower than 150 kin and to low and
mid-geographic latitudes. ) .

During the solar solstice the circulation due to the solar ultraviolet has
direction from summer to winter hemisphere. Auroral atmospheric heating gives
fise to circulation irem pole to equator in the winter hemisphere. Its equatori-
al boundary shifts depending on the degree of the mdgnetic disturbance, In
the summer hemisphere the circulation is maintained at ifs normal state. The
changes described above are the major motions of thermospheric circulation in
which the Eerth upper atmosphere is involved during magnetic distrubances.
Many small-scale motions are also observed. ;

Investigations of the three-dimentional circulation of thermosphere under
various levels of solar and magnetic activity are still in their initial phase.
The complete understanding of these processes would permit the evaluation of
the ionospheric effect on circulation. Simultaneous meastrements of the diffe-
tential charge particle specirum and the dissipalion of current systems would
enable the definition of total encrgy fiux at subauroral and auroral latitudes.
A possibility to establish a model of earth atmospheric! circulation emerges
from combined data on air-glow emissions {38]. ;

1. Plasma Irregularities in the lonosphere

Meastrements performed on board satellites [32, 39] enabled the discovery of
irregularities in the ionospheric plasma at relatively high|latitudes. The spatial
sizes of these irregularities range hetween 30 and 50 km. These irregularities
play an imporfanl role for the problem of spaceborne !radiocommunications.
:Particularly interesting is the shortwave irregularities phenomenon (10-100 km).
In order to measure irrcgularities in ionospheric plasma i density, the applica-
tion of Lapngmuir probes may be useful. If is substantial to understand the
main mechanisms of irregularity generation. Particularly Iéarge irregularities are
observed in the region of the wmidlatitudinal trough which could result, for
tnstance, from large gradients and strong electric fields triggering the genera-
jlon of various types of plasma irregularities. Still open is the problem of
nteractions between midlatitudinal trough dynamics and the equatorial boun-
dary of the high-latitude irregularities. Simultaneous measurements on thermal*
plasma and electric fields on board polar satellite of circular orbit may help
to obtain the answer to these questions. Very important is the study of irre-
gularities in the equatorial ionosphere. The nonreliability of satellite communica-
tion systems contributes to the increased interest iowérd this phenomenon.
VHF-signals emitied by satellites and received on earthare largely deformed
in the equatorial region.

Conclusion

The data presented in this work clearly show that the launch of satellites
with circular polar orbits at heights of about 1,000 kin would permit to solve
a series of important problems related {o phenomena in injerplanetary medium,
magnetosphere, fonosphere and earth atmosphere, !
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O HexoTOpHIX npoGieMax TeoH3UKH, PEIAEMbIX € MOMOLIBIO
CIIYTHUKOB Hd NOJNSAPHBIX opfuTax :

- . |
B. M. Baaebanos, M. M. Fozowes, E. M. Hybunun, M| C. Kymues,
H. M. ITodeopuu, K. B. Cepagumnos P

(Peswue)

PaccMaTpuBaeTcs BO3MOXHOCTL YCTAHOBJACHAS BaBHCHMOCTH MEXKIY KOHBEKLHel
MarHuTOCOEPHOH NAa3Mbl K MargHTHBIM IOAEM  [OCPEACTBOM H3MEPEeHHS 9JICK-
TPHUECKOTO ¥ MATHANTHOTO MOARH H pETHCTPAliMK IasMeHHoro jpeida.

Taxue oxenepuMeHTHl MOTYT GHITH BBITOAHEHB Ha CIYTHUKAX HA MNOJAAPHLIX
opfHTax KaK ¢ LeAbid BHABMACHUS KOHBEXUMH B OBMACTH MArH4THO! IUaNKH, TaK
W AN M3y4EHUS ABJACHUT ‘B OSKBATOPUANbHLIX paHOHAx W Tepmocdepuod uup-
KyJsiun,
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Statistical Relationship between Aeronomic
and Geophysical Parameters

for the South Atlantic Geomagnetic
Anomaly Region

7. K. Yaneuv, D. N. Mishev, M. G. Gerdjikova, N. D. Pelova

The examination of the results from the systematic observations on aeronomic
and geophysical parameters in the South Atlantic Region results in the cenclu-
sion that the region westward {rom the mid-Atlantic ridge is of particular in-
terest to meteorology and geophysics. This is based on the analysis of 35 pa-
rameters for which data were provided by meteorological, geophysical and
space observations: (1) average atmospheric femperature of the confact layer.—
summer; (2) average surface water temperature; (3) deficit of irrigation
point more than 850 mb; (4) deficit of irrigation point more that 500 mb;
(5)average air pressure of the contact layer — summer; {6) mean air temperature
£ 10 km— summer; {7) mean air pressure £=10 km— summer; {8) average
annual air temperature =10 km; (9) average annual air pressure h=10 km;
(10} total clondiness; (11) northern component of the geomagnetic fited X
h=0 km; (12) eastern component of the geomagnetic field ¥ h=0 km;
(13) vertical componet of the geomagnetic field Z £=0 km; (14) geomagnetic field
intensity //2=0 km, (15) northern component of the geomagnetic field X #
—10 km; (16) eastern component of the geomagnetic field Y/2=10 km;
(17) vertical component of the geomagnetic field Z h= 10 km; (18) geomagnetic
field intensity /1 /=10 km; (19) northern component of the geomagnetic field
X k=350 km; (20) eastern component of the geomagnetic field Zh=350 km;
(21) vertical component of the geomagnetic field Zh=350 km; (22) geomag-
netic field intensity H =350 km; (23) velocity of charged particles precipita-
tion from space; (24) northern component of nondipole geomagnetic field
X' k=0 km; (25) eastern component of nondipole geomagnetic field V' h=0km;
(26) vertical component of the nondipole geomagnetic field Z!' h=0 km; (27)non-
dipole field intensity FA’/2=0 km; (28) northern component of nondipole geo-
magnetic field X’ 2=10 km; (29) eastern component of nondipole geomagnet-
ic field ¥’ h=0km; (30) vertical component of the nondipole geomagnetic field
Z'h=10 km; (31) nondipole geomagnetic field intensity H' h=10 km; (32)
northetn component of nondipole geomagnetic field X” =350 km; (33) eastern
component of the nondipole geomsgnetic field Y’ h=350 km; (34) vertical
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component of nondipole geomagnetic field 27 £--350 km; (35) nondipole geo-
magnetic field intensity /7' £-=350 km. M :

In this paper relationships characterizing various in nature processes are
studied. In general, these are mcteorological elements {temperature, pressure)
components of the geomagnetic field — observed and nondipole, characteri-
stics of phenomena resulting from the solar activity, -

The data on these parameters are statistically processed. This comprises
the determination of correlative and regressive dependences between topo-
graphic changes of the geophysical parameters studied. The proccdure is
performed with statistical miodels and essentially represents a atodel problem
{regressive model) but in this case the model is formaily mathematical. Its pa-
rameters do not have direct physical interpretation. The efforts when applying
the model were to obtain the intervals within which the average values of
the regression line, which expresses the functional relationship between the
studied parameters, are defined with given confidence level. The selection of
the parameters aimed at better representativeness of the analysed relationships,
L. e. better characterization of the processes and phenomena observed. Never-
theless, data on single parameters do not refer to one jand the same above
sea level height, Therefore, changes of the temperature and the dry air pres-
sure, as well as of the components of the geomaguetic field are taken into
account at heights of : =0 km (sea level), £=10 km (average bottom boun-
dary of the troposphere), and % =350 km (spacecraft trajectory height with re-
ference to measurements for parameter No 23).

Based on the results obtained in 6. 7) and revealing some interesting
dependences between the components of the geomagnetic field, on  the one
hand, and the meteorological elements — on the other, the emphasis of the
statistical analysis performed here is placed on the determination of similar
relationships and the specification of the ones already defined. As far as the
analysis of some dependences between meteoatological and geomagnetic field
parameters made in [6] shows that some of the relationships obtained are not
of particular importance and do not contain qualitatively inew information on
the processes observed, further discussions would net ref;er to them. This
would be replaced by data which may help to specify and ¢onfirm the relation-
ships defined. Z

In order to collect data on the mentioned parameters,;we use the results
which in one form or another are already published or at the given initial
conditions are computed with reference to the purpose of their application.

The data are calculated and located in the nodes of a 5% network. Thus,
the source difference does not affect the calculations of the initial data.

The region in consideration is located at the southv{restern part of the
Atlantic Ocean from 20 to 70° west longitude and from ' to 50° south lati-
tude. The cartographic calculation of the parametric values is effected as the
value of the respective isoline is taken in the nodes of the 5 network,
and for the case where this is not available, the value is linearly approximat-
ed. The succession of the value calculations is selected arbitrarily, but once
selected, it is kept the same for the parameters considered. The same procedure
Is applied for the cases where the data are faken by the respective catalogues
or are computed. In this case the calculation is performed with the wnethod of
sweep. The parametric values are caiculated in 70 poinis describing the region
from the Atlantic Ocean with the above-given coordinates.

Values both for observed and for nondipole geomaguetic fields and used
in the analysis of the geomagnetic field component data. The dataare obtained
as the geomagnetic potential is expanded to a serles of spherical harmonic fun-
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tions with accuracy up to the [00th term {for the observed geomagnetic
field) and the firstterm of the development representing the dipole geomagnet-
ic field is substiracted for the nondipole field.

The parametric data are statistically processed and are studied by linear
correlative analysis and correlative ratio.

The results from the linear corrclative analysis are elements of the nor-
malized correlative matrix. Each matrix element is a coefficient of the mutual
correlation. The degres of fitness of the experimental data for the studied
parameters with respect to the straight line is evaluated through the coefficient
of the common linear correlation

M
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where 7;; is the coefffcient of mutual correlation between the i-th and the j-th
variables, ¢,— standard deviation, o;, a; — values observed for the ith and j-th
variables, #— number of observation (number of values observed for @, and
a; for the case A£=70)

The existence of funclional dependence between a given couple of vari-
ables without revealing the type of this dependence is evaluated by the corre-
lative ratio given in expression
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where 4, =-7—, @ =" n=2'n n is the number of
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experimental data for a4; and a; m; is the number of infervals of a; (along the
X-axis};
A
mj=—=",
F 5,
where

A; is the complete interval of a; variation observed, §,is the g, measure-
ment accuracy {indeterminancy interval of g;)

For the purpose of this work a polynomial regression model is used) linear
with respect o the constants o of the assumed regression between a; and aj
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The set {a;} incorporates components of observed and nondipole geomag-
netic fields for heights of £==10 km and 2=350 km, and the set {a;}
represents cerfain meteoelements as average month and; annual temperature
and pressure for dry air at 2=10 km and velocity of space charged particle

precipitation, The accuracy with which the model &} describes the availabe ex-
perimental data has been determined through Fischer’s criterion
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Table 1

Dependence between Polynominal

Fischier's crlierlon F

pardineicrs Nos power
6-15 1 24:562
7-15 3 17.217
8-15 4 33,205
§-15 4 16.043
§-18 3 128,984
7-16 3 84.021
8-16 3 138.683
9-18 3 97.467
§-17 3 169.284
7-17 4 194.753
8-17 3 182.982
9-17 1 158.005
6-18 4 41.953
7-18 4 58.854
8-18 4 35,886
9-18 4 56.233
6-28 4 6.312
7-28 3 8.749
8-28 4 3.971,
9-28 4 11.028
6-29 2 32.112
7-29 2 26.349
829 2 35.652
9-29 1 28.650
6-30 4 457.025
7-30 4 211.729
-3¢ 1 503.402
8-30 1 204.835
8-31 2 716.24 |
7-31 2 470,012
8-31 2 813.287
9-31 2 392.186
23-19 1 39.813
23-20 2 21.872
23-21 3 8.219
2322 4 4.417
23-32 1 18.867
23-33 2 7.688
23-34 3 14,08
23-35 4

14.863
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where: @, is the calculated a; valueg according to the model, @ is ihe ave-
rage @, value. e

The evaluation of the regression model accuracy is performed under con-
fidence level of p-—=0.05 as #<100 and powers of Treedom for the numerator
equal to the power & of the polynomial and for the denominator (n—k—1).

Resulting from the application of the regression analysis through a step
regression from first to fourth power in agreement with equation (3), the form
of the best regression models describing the experimental data is obtained.
The statistical characteristics of some of them, as polynomial power, Fischer’s
criterion and regression coefficients are listed in Tables 1 and 2.

As already shown, the major characteristic of the studied regression fit-
ness is the F-ratio. From a theoretical point of view, at n< 100 the confidence
level p cannot be greater than 0.05, regardless of the fact that most of the

Table 2

Regresston ¢oeflicients

Bependence between paramelers
Nos

oy i€y €y iy ay
5-15 —42.7513 - - — 1896.4082
7-15 264.1711 — — 1082.054 =
8-15 —46,7659 — o 2645.8073
9-15 270.0776 - — 3172.8139
6-16 —44.0839 — - —21451.13 —
7-16 263.4516 — — —43705.367 =
8-16 —48.10348 - - —27277.75 =
9-16 267.0065 — — —40133.273 —
6-17 —-33.7062 — — 959,1721 —
7-17 285.0156 = — - - —3899.335
8-17 —34.9268 —_ —_ 1216.5542 =
9-17 285.2434 — — = —7688.215
8-18 29,8447 = s o5 —2100.906
7-18 296.5337 —_ — — —5136.988
8-18 —30.7741 — — — —2507.963
9-18 296.417 — — - ~~4513,433
£6-28 —41.3221 — — — 14656.716
7-28 267.4776 — — —5083.813 —
82-28 —44.203 — - L. 14821.469
9-28 271.1931 — -— —_ 37053.063
§-20 —-48.7036 —191.4451 4785.293 == =
7-29 253.54861 —404.1636 §522.5461 — —
B3-29 —>54,1898 - 244 3384 $2897.5352 — —
9-24 268.156 —284.437 — - i
6-30 —35.2721 — 44,1034 - 157.1682 = 12419.199
7-30 283.4253 — — — —  54.8064
8-30 —40.051 — 57.8803 — — =
9-30 278.7434 — 84.0031 — — —
§-31 —32.2859 — — 481.8897 — =
7-31 228.4802 — —1045.3175 - =
8-31 —35.1792 — — 607.8804 — .
9-31 289.34006 — — 818.3919 - 2=
23-19 104.2354 --526.9827 = — —
23-20 — 1.8724 — 22218.097 — —3975742
23-21 2.75185 161.1247 — —171341.81 —32591.88
28-22 28.0485 — — -— — 4422418
23-32 - 7.5785 —390.6569 — — ==
23-33 - 88018 — 30352238 — —18628128
23-34 18.43375 — 447 .606 —1955.16 340244188 14429213
23-35 18,6311 —582.01953 — — —119720.7
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fegression models obtained and shown in Table 1 should have a confidence
level of p<C0.01. As it can be seen from this Table, almost all vatues of F
are greater than the numbers corresponding to a confidence level of p=0.01,
but conclusions on the significance of the model can be valid only for p=0.05
due to n</100. This is not contradictory to the comparative model analysis,
but we have to keep in mind that all models are at confidence level p=-0.05
{or 95 ¢/, reliability from a statistical point of view).

Under these conditions we can see that between all: the 40 regression mo-
dels there is a group of 15 models for whick the F-vaile is significantly high-
er (about one or two orders more) than the value of the remaining ones.

Figures 1-4 show the type of some model regressive curves, describing
the correspondent experimental data. |

The study of the experimental data with the multiple regressive analysis
applying a step regression from first to fourth power shows that between in-
dices Nos 6, 17; 7, 17;7, 18; 6, 30; 7, 30; 6, 31; 7, 31 there is a clearly
expressed curvilinear dependence described by curves from first to fourth
power. This is confirmed by the high values of the Fratio (Table 1).
But in some cases the general grouping of experimental data considerably differs
from the model curve obtained with step regression. This is due tfo the fact
that the program used for the polynomial step regression provides for the ex-
amination of dependences only by polynomials from first to fourth power. As
a regular sequence the models defined by the program as best cannot be
considered best in general. There are cases when although the program has
shown a given curve of the same power as the best regression model for
two different dependences, this curve does not describe the scatter of experi-
mental data in a unified manner, for example for dependences Nos 23, 19 and 23,
32. The comparison between the F-ratio values for them shows that although the
model curve for both models to be of first power, the model selected for the
first is formally better, due to the twice greater value of F for 23, 19 com-
pared to the one for 23, 32.

Table 3
Dependence botween Coryelative l_ = Conl}dcncc i gl =
paramelers Mos. coefilcients r I ry Ty
5-32 —0.9013 —0.509 {18957
6-27 {.9411 0.9366 o 09447
§-34) -—{.9231 —6.9275 . —0.9186
6-35 0.9503 0.9478 - 0.8536
7-36 0.9127 0,909 - (L9154
8-27 0.8536 {3.9508 bo0.9562
8-30 —0.9386 —0.9425 ' —0.9354
8-35 (0863 0.9611 © 0.9661
Table 4
[)L;};;erzif:tc:rubehtf,\::eu Correlative ratio Fischer's criterion F
8-17 0.8182 182,982
8-30 0.9797 503402
8-31 0.9672 813.287
9.17 6.7962 158.002
9-30 0.9386 204.853
9-31 0.8712 392.186
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The presence in experimental data of one or two values much larger than
the other ones or different in sign results in significant change of the model
curve type. In consequence, the regression model becomes worse. This can be
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Fig. 1. Regression dependence between the intensily of the
nondipole geomagnelic fleld (=10 km) and the average
atmospheric temperature (A—=10 km)

elliminated by rejection of the single vaules because their presence may be of
incidental nature with respect to the examined problem.

As already mentioned, both the data for observed and nondipole geomag-
netic field obtained by the exclusion of the dipole field effects are subject to
statistical processing. The comparison of results obtained shows that when the
nondipole field is processed, the relationships determined between the indices
of various groups {different nature) are more strongly expressed and clear
nonlinearity of the dependences is observed. This is confirmed by the signifi-
cantly greater values of the F-ratic (estimating the model accuracy).

Resulting from the application of the correlative analysis between the
examined 35 parameters, the dependences (165 innumber) characterized by the
high coefficient of the common correlation are defined within the boundaries
+0.7==r=<+1. The correlative coefficients related with dependences between
indices of vatious nature (Table 3) are of particular interest. Part of these
coefficients refer to relationships between meteorological parameters and compo-
nents of the nondipote geomagneiic field and the rest — between these para
metets and vthe components of the observed geomagnetic field. It is seen tha
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for many nontinear dependences having high values for the F-ratio the coeffi-
cient of the linear correlation is also high, as this is wvalid for all the linear
models from Table 1. The comparison performed confirms the expressed func-
tional dependence between variables observed (Table 3). The value of the cor.
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Fig. 2. Regression dependence betlween the intensity of the nondipole
geomagnetic field {A==10 km) and the average atmospheric pressure
(f==10 km) i

relative ratios (Table 4) for some of the discussed relationships shows the
presence of strong functicnal dependence which confirms the reliability of the
relationship defined. |

Resulis obtained permit to draw the following conglusions:

1. The application of data related with the nondipole part of the geomag-
netic field results in stronger manifestation of the relationships observed and
provides for relatively better interpretation from physical point of view.

'2. Strongly expressed functional dependences are determined between the
infenusity of the nondipole geomagnetic fisld Fz (level 2=1¢ km) and the ave-
rage air presgsure and temperature (for the same level) (Figs. 1 and 2}, as well
as between the vertical component of the nondipole geomagnetic field and the
same parameters {for =10 km, Figs. 3 and 4). The experimental data scatter
is described for these dependencies with model curves of second or fourth
POWET. '

It can be seen forim the comparison of the results from the statistical ana-
lysis that the functional dependences obtained, where components of the non-
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dipole geomagnetic field are incorporated, are more strongly expressed than
the ones related with the components of the observed geomagnetic fieid. This
can be interpreted in terms of the fact that  the dipole field due f{o its
smooth development of spatial variations results in “polishing” of the examined de-
pendences and does not provide for the manifesiation of peculiarities of the
geomagnetic field that are directly affecting the temperature and the pressure
at a given level, That is wihy the reduction of the dipole term provides for
a possibility to study the relationship of the nondipole geomagnetic field with
the mentioned meteo-fields. The Held thus oblained contains all the specifics
of the observed cne and much more clearly represents its characteristic. The
analysis performed confirms this fact as well.
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3aBucuMocTy MEXAY adpOoAMHaMHYeCKHMU
M Trec(PUSHUCCKHMH NApaMeTpaMu :
Ans pattona HOHOATISHTHUECKON TeOMAaTHUTHOMN AHOMAAHH

T. K. Hnes, 4. H. Muues, M. I lepdsicarosa, H. 1. [Teaocsn

{(Peswme}

B nacrosueit paGore PACCMATPHBAIOTCY CTATHCTHYECKHE 3ABHCHMOCTH Mexcy
A9PO/IMHAMUHCCKUME ¥ TEOQUBHIECKUMA IAPAMeTPAMH A5 panona KOxHOaTIANTH-
UCCKOR TeOMarHUTHOM aroMaduy, Mceaenyrores 35 napameTpos, XaPaKTEPUIHDPYIO-
HINX TOBEAEHHC HEKOTODHX METEOMOJMel, TIOBEACHUE TEOMATHHTHBIX HOMEH —. ia-
CHIOHACMOTO H HEAMIOMBHOTO, 4 TaKe APOABJIECHHS COMHEunoH akTupHOCTH, [1pH-
MEHIETCH KODDENSUMOHHEIR ¥ DErpecCHOHHBHY auadma ais 06paGoTKi  JaHHBIX.
Kax crescrbue stors moayuens HAUNyQliIHe DEerpecCHOHHBIE MOOedH, ONuChIRA-
0uLie CYIECTBYIOUHE SKCTICPHMEHTAbHbE NAHNLIe [DH MOMOMIH TOMMHOMOR C
BTOPOH N0 YeTBepTOl Ccreneny. i

¥ CTAHOBMEHBI OYeHb YETKO BLIDAXCHHBIC KPUBONMHEMNHBIE 3aBUCHMOCTH MeM(/LY
NOAHOH HHTCHCHBHOCTBLIO HCHUNOALHONG PeOMarBuTHOrO fods aas £2=10 km, ¢
OAHOH CTODOHRL, M TEMIEPATYPOH W  JapBnesyeM ans k=10 km— ¢ xpyro#, a
TAKME MEHAY BEPTHKANLHON COCTABMAIONIEH HEANMONBHOTO FeOMAFHATHONS GO
¥ TEMH CaMBIMi mapaMeTpamu, croBa Aas k=10 km. Bee oun OHHCEIBAIOTC 110~
TMHOMAMU BTOPOH nube YeTBEpTOH CTENeHH.
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Multispectral Imagery
and Interference Filter Effects

D. N. Mishev, K. P. Bakalova

The multispectral photography of the earth surface provides for useful infor
mation both to science and practice and is applied in remote aero- and
space sensing. The mudtizonal camera MKF-6 was elaborated for this pur-
pose. The separation of the spectral ranges in it is effected through spe-
cially designed interference filters (IF) combined with coloured glasses. They
are of steep slopes and large Iluminous transmittance. Imagery of objects stud-
ied with the MKF-6 is rectangular, The long side of the frame corresponds
to an angle of sight 26.=36° and the short side — fo 20,=25° [2]. It is as-
sumed that such an angle of taking the image does not affect significantly the
spectral brighiness, related to the increase of the angle & between the vertical
and the picture direction {1]. The changes resulting from the fact {hat IF operate
with refatively targe light bcams are not yet evaluated. We assume that such
an evalustion should be performed. Therefore, we are looking for the IF ef-
fects on the framc iinage in a given spectral range using data from previous
studies of other IF. This is based on the similarity between the angle charac-
teristics of the IF of common principle of operation. The spectral coefficient
of IF transmission is described by the function [3] .

" A 1
a (b, 8)= 1 = {1~ 12 |
"0 =R ) 1-+Fsin® 8‘—-(); %

where
© 50, 8)= 3% np \/1 — 2242,

2nh sin? 6 ¢
) ;L,,,(O):m_m\h_ L8 m=1,2..,
with the following denominations: A -~ wavelength in vacuum; © — slope of
falling light; n — refraction index of the filter intermediate layer; # — thick-
ness of the same layer; ¢ — phase shift; A — light losses from the filter
reflective cover; R — cover reflective capacity and F:(-:_—Rm-,.
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Both the wave length &, for which t-=max and the semiwidth A) of the trans-
inission band and the value of maximal transmission, are functions of the heam
slope 0. Thercfore, the IF effects on imagery would be revealed in two direc-
tions:

ay redistribution of illumination F(B8) on the frame;

b) spectral range shift in which the object brightness is studied.

The illumination at one frame point at a distance r from its centre
{r-=ftg8, where f is the objective focal distance) may be represented as

) E (6) = o(8) f BOYre(Ndh,

where @{6) is the specific function of a given optical instrument showing the
light distribution along the field of sight; B(X) is the spectral brightness of the
studied object; 1o{A) — spectral coefficient of IF transmission in the case of paral-
lel light beam at angle 8. At equal exposure time, the negative density is de-
fined from L(B) at a given point, Therefore, the IF effect is expressed through
the function O4(A), We have examined the experimental data for 14(k) of seve-
ral II* [4]. It was defined there that ihe dependence (8} for 0=00° is well
appreximated with the function cos(k@), where & is a constant typical for a
particular filter. For the samples studied 2~ 1.15—2,65. The semiwidth AL
of the curves 7o(A) slightly increases with the 8 slope increase differently
from 1,

Let us examine two boundary cases determined by the function B(A)
type:
1) the brightness of the object B(L) slightly changes within the resolution
range of a given IF. A(0) and Ay(0) limit this range for a given 8. According
to the theorem for the average values, from (4) we have

Ax{0)
) E@=90)Bo%) [ tu(h)dh=o(0)Bs (H(®)
A9
From the function [(8) with which we have denominated
FLH
®) HOY= [ (i
#1(8)

and which may be considered as integral IF {ransmission for slope 9, the re-
distribution of energy over the frame is determined. The determination of the
dependence of the integral IF transmission on the incident light angle is a very
interesting fact in itself. It can bhe performed in different ways, for example
through measurement of the light energy transmitted by the IF for varicus 6
with nonselective receiver of given sensitivity or by calculating the integral
1{0). We shall examine the second case, as the calculation of 7,(8) is perform-
ed through geometric calculation of areas sutrounded by the experimental
curves To(A) available. For the areas S(8) under the curves ts(R) the results
presented in Table ! were obtained. The maximum relative area variation un-
der the curves 7(A} for the two IF (i. e. of /,{8)) is 3.3and 1.59/, respective-
ly. Therefore, we may consider with sufficiently good approximation that the
integral trangmittance of IF is constant by 6. '

{7 l; (@) =const =1.
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Table i

. P ()
Filter | iy 0 i 10 ‘ 15 20 S Jmaxe %
1 58 405 425 411 412 3.3
2 S54(0) 471 475 478 472 1.5
Table 2
an ‘ r, mm ‘ Bt AW ‘ A}, nm
0 0 480 540 600 660 720 840 40 100
5 11.5 478 538 599 659 719 839 40.6 101.5
i0 20,0 477 536 596 6568 715 834 42.6 106.5
15 33.5 473 532 891 850 709 /27 48,2 115.5
i8 4G.5 470 528 587 846 705 822 49.5 123.6

This means that IF would not introduce additional redistribution of energy on
the frame, In the case where the spectral characteristic of the object slightly
changes within the operation range of IF, its effect is experssed by the cons-
tant /, i. e. quantitatively the filter weakens the light energy passed through
it equally for all waves rcgardless of the angle of their propagation. In ad-
dition, the IF changes the spectral rangeinwhich the averaging of the measur-
ed brightness Be(A) is performed in dependence on the slope 8. Let us
assume that the IF of the MKF-6 camera have k=2 and accep* the following
appproximation (which often happens in practice) — that the tp(A) are I1-shap-
ed curves whose width equals the semiwidth Al for the slope 0, and the
height is equal to the maximal transmittance for the same slope. Then, it fol-
lows from {6) and (7)

Aty
®) | w0)dh =, (@820) =7, 0A1(0)
La(8)

as t,{0) and AMO} are data from the filter passport. In addition, if we con-
sider (3), we shall have an approximate picture of the variation inthe spectral
ranges introduced by the IF at different points of the MKF-6 frame. The
results from thcse approximeie calculations are given in Table 2 and plotted in
Fig. 1, where the operation ranges of the MKF-6 camera are presented
fogether with their shift in dependence of the distance ~
2) The brightness largely varies within the range of A;(8)—2,(08). We
shall consider the boundary case for such large variation, where B(A)} changes
in steps
B, A=k,
B09= {5, ron,
Let A, £[A(8), Ay(8)] for some of the filters, The illumination distribution over

the frame from (4) is

Ao

(9 E{8)=¢(0)B f to{A)dh
Ral@)
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The IF effect on the illumination distributions in this case is defined by the
term
Ae
L{0)= f (M)

3406}

T M
e, il !

o s v s [ s s

b ®

o | \ A
™
l:: 500 L 7\ i' \ 1500 |m'm':"i-:‘

Fig, 1

and can casily be calculated if we consider again the IF characteristics as
[1-shaped, with reference to {7} then we have

' 5B =14(0) [A,—1e(0)],
hg is the left end of the Il-shaped characteristic.

Ap=An(8)— 5 AN(B)

o(8) = (0% 05 (£8) — O (0) cos (8) | 12050 + L. 2, O)AR(D) =
T sinZ®

=ac0s (49)—b cos (1) § 1—Ta0 4,

where
a= }‘cTﬂJ(O)’
b= Tm(o))"m(o)’

£= 5 T{O)AMO).

B, A==3,

£

0, A<, 2 AEDU(O) (B)],

Similarly, it B= {

sin? 8

L8y = —a cos {k8) + b cos (&0) JI— 45 e

Let a diffusively reflecting object (which often occurs it nature) with a step-
like spectral characteristic fill up the entire field of sight of the MKF-6 object-
ive. Then, in dependenceon the values of A,, we shall obtain different pictures,

a) A.<<Ay(0). Such an object would not be centered in the frame. It could
be seen for distances greater than » for which A,=i8), r=Ftg0, and with
the increase of » the negative density will augment gradually. The frame would
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Table 3

Parameters Channel 2 Channel 3
r, mm 43 126 182 21.I' 27 43 9.4 126 2L1 27
d{r} 1.00 £96 092 (83 086 1.00 057 085 093 096

look as if two objects were photographed: one round shape, which does not
emit within the filter range, and the second surrounding the first one with
brightness gradually increasing in radial direction.

b) let A, be close to A,(0) and the spectral brighiness of the object fil-
ling up the objective ficld of sight be of the second type, i.e, limited from
below. Such an object would appear on the frame as two objects: one in the
centrc with decreasing brightness and around # another one with zero spectral
brightness in this range. -

Thus the effect of IF over the frame image is the stronger the less smooth
the spectral characteristic of the studied object is. For exampie, the spectral cha-
racteristic of grass permits to foliow the decrease of its spectral brightness with
the increase of the distance r from the frame centre for the 2nd and 5th channel
of the MKF-6 camera for A =540 and A =720 nm, respectively. For the purpose,
the densities of negatives representing grass{Dy) and white tissue (D) are measur-
ed with microdensity meter at different places of the frame. Pictures are taken
with the MKF-8 camera on board the airplane laboratory AN-30 over a re-
search field in Bulgaria. For the white tissue we obtain from (5) and (7)

(10) D(8) ~ E (8} = o(8)B,,]. Byf=const
and for the grass we obiain from (5} and {10}

) D(6) ~ E1(8)= 6(8)d(8) ~ Dd(8)
or as

f=arctg (r/f),
D{ry ~ Dy(rd(r),

from where we obtain the function d(#) normalized by its maximum value
(Table 3). With the increase of r the value of 4(r) decreases due to spectral
range shift, where the measured spectral brightness is averaged. This illustrates
the effect of IF.

What type of practical conctusions may be drawn from this study. Cer-
tainly to the end of the framc the spectral range shifts to shorter wavelengths
and expands. This effect is larger for the long-wave channels. The graphical
presentation of this shift is sufficiently clear. [t is seen that changes introduc-
ed by IF can be entirely neglected in the frame centre. The size of their
area is specific for the instrument applying the IF and depend on the charac-
teristics of the filters themselves. For the examined case, the 1F do not change
the picture in a circle with radius of about 22 mm centrally located (0=10°).
The approximate calculations performed may be considered as a pattern of
evaluating the effect of IF used in the multispectral photographic images ob-
tained and also in designing instruments similar fo the MKF-6 camera.
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Bansnue naTephepeHLMOHHBIX (DUILTPOB HA [OAYIACMELL
C UX TIOMOUIBKD MHOTOCIEKTPATBHBIE H300paeHus

H. H. Muwes, K. Il. Bacaiosa

{(Pcawome)

B nanmoit paSore paccMaTpuBasTCs BJAMSIHUE HHTEP(EPEHIKOHHLIX (DHALTPOB HA
MHOTOCNEKTPaMbHLIE H300paxends, noaydennsie kamepoii MK®-6, [Toxasano, uto
BJHSHKE OPOABAIETCH B CMEICHUY CIEHTPRAABHLIX JHAOAI0HCB paﬁOTbI KHMQ}TJLI
C yBe/MYEHHEM DACCTOHHMA # OT HEHTPA K Kpaic NOJAK H3ofpamennd. B xauecise
IpyMepa PacCMOTPEeno  yMEHBUICHHE CHEKTPaAbHOH SAPKOCTH  ONpelAeseHHOro
o0beKTa (olepHHa) K KpPalo xaapa Jas Broporo {A==540 nm) u maroro
{(A=720 nm) xasaa0B MHOTOCHEKTPaARHON (oToxamepsl MK®-6.
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Problems Related to the Body Potential
of Large Satellites and Their Particular
Resolution with the Bulgarian Probe
Experiment with Intercosmos-19 Satellite

S. K. Chapkunov, T. N. lvanova, G. L. Gdalevich

A certain period of time after the launching of the three satellites from the
automatic unified orbital station (AUOS) series (Cosmos-900, Intercosnios-17
and Infercosmos-18) the body is charged with large negative potential with
reference to the potential of the studied plasma (PP), when the solar batteri-
es are operating (illuminated object). This is a serious defect, particularly
for measurements of thermal and low-energy plasma (this does not refer to
optical and high-energy experiments), The large potentials observed, exceeding
— 15V on the Cosmos-900 and —I12V on the" Intercosmos series appear
6-7-days after the launch of Intercosmos-17 and two month after the launch
of Infercosmos-18. In certain cases this potential attains a_value of —25V.
It is assumed that this is related to an error of systematic or accidental
origin.

A precise analysis of the commands transmitted to the spacecraft, of the
operation of the complex scientific equipment (SE) and of the service-systems
is required. Two major sources of large negative body potential generation
are assumed at present for the AUQOS series [1]:

1. One of the possible causes is the wrong coupling of the negative
output terminal {of the board power supply) —28V with the spacecraft body
through a leakage resistance of the order of tens or hundreds of kQ. The pa-
nels of the illuminated batteries represent a system of voltage sources with
surfaces under different potentials. In order to evaluate the phenomenon, we
may consider this system as two electrodes with a voltage between them of
the order of 30V (i. e. double probe immersed into the studied plasma). Due
to the high electron mobility, from their thermal velocity vy end the ion

collection af the expense of electrode motion with the satellite velocity, only
it vy>vr, a nonlinear characteristic is obtained. The equalization of the elec-
tron and ion currents of the double probe is possible only when the positive
electrode is of 2+5V more positive than PP and the negative receives po-
tential around —25V.
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i the Sateliite is well insulated, from the feeding output terminal it re-
ceives a floating potential {—4++1)V with reference to the PP from secon-
dary -effects (rectified HF antenna voltage, photoemissions, charged particle
fluxes, etc.) regardless of the solar batteries. But at reduced insulation resist-
ance (Ry,.) with respect to — 98V in a supply output terminal, the magni-
tude of the fon currents is limited and the satellife conductive surface is
charged with negative potential Us=U_+ Ry . I, which at low values of R
and reduced N, may attain —25V with respect to the PP.

2. The possibility of leakage for the negative output terminal of the
supply is larger than for the positive, as far as the output termminal —28V is
used as common and is permanently passed to all the instruments. The com-
mands are transmitted fo the positive cutput terminal +28YV from where the
nonfunctioning instruments are switched off as well.

Series of conclusions may be drawn from the above-mentioned possible
sources as to the further design of large satellites both for theconstructors
of the spacecraft and for the design of the different scientific experiments,

Recommendations to spacecraff constructors in order to avoid the

effect of body charge: _ ; : .

a) To increase the effective spacecraft surface (2.5m? only for AUQOS);
conductor and sofar battery panel shielding; coating of nonconductive sur-
face (thermal proteetive coat) with metal set of Smm step; !

b) Not to switch on all the instruments to {he negative output terminal
—28V and to use it for all switchings and commands. To utilize as common
the positive output terminal + 28V

¢} At all test stages for ihe spacecraft (including complex ones with seli-
acting feeding by illuminated batteries) to control the insulation resistance of
the chemical and sofar batteries circuits with reference to the satetlite body
with additional instrument at voltage of 100V. _ _

B. As the Intercosmos-19 was rcady for launching, the constructors of
the instruments from the complex scientific equipment had to introduce some
changes in the electric cirquits:

2) A single command of switching on and off of a resistance 1 was in-
troduced in the satcllite-controlling block (SCB-4). Under such coupling of
the spacecraft body and the supply output terminal +28V, regardless of leak-
age from the negative output terminal —28YV, the body potential cannot
exceed --12V (excluding the case of short circuit at —28V at the satellite
body). Under resistance R:-=1%kQ and short circuit of --28V, an additional
consumption of 0.9 W appears. Besides; the possible error at the telemetry
input is 0.059/, which is probably much less than the grror generated by the
satellite variations;

b} To execute thorough controt over the insulation resistance at the
input of the secondary sources of feeding for each instrument from the com-
plex SE. At a voltage of 100V the resistance of output terminals +28 V and
—28V to the spacecraft body should be larger than 20 MQ at normal humi-
dity situation; _ _ o ' _

¢) This negative potential would result in significant losses of scientific
information” cbtained by the probe experiments, therefore constructors of such
instruments have to consider the possibility of expanding the operation range
of the input voltages and the sweep size {o the sensors (expansion of the
functional capacity).- T

~ C. To resclve the problem on the body potential for Intercosmos:19
(AUOS type) in the particular case of combined probe instrumeni experiment,
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The Intercosmos-19 satellite was launched on February 27, 1979 with the
following orbital parameters: apogee -— 996 km, perigee — 502 km, rotation pe-
riod —99.8 min, orbital inclination—74° For the first time two Bulgarian
space instruments (EMO-1 and P-4) were flown and operated on board such
a large spacecraft. But while the body potential did not affect the optic
electrophotometer EMO-1, the combined probe instrument P-4 (designed to
measure the parameters of the ion and electron plasma components) had to
be largely modified in comparison to the other P-series instruments flown on
small satellites (Intercosmos-8, 12 and 14) [2, 3].

a) Modification of the cyclogram of the spheric jon traps function PL-39/1
and PL-39/2 (sensors of the P-4 instrument) designed to measure the ion
plasma component (M, 7;, NV)) in order to reduce disturbances generated by
the body potential variations due to the sawtooth voltages with large ampli-
tude at their outer grids. This affects the precision of measurement of many
instruments from the ionospheric complex SE on board the spacecraft: the
experiment with the high-frequency probe KM3 (Czechoslovakia): the low-
[requency analyser ANCH-2ME (USSR) for measurements of the electric com-
ponent; the experiment with the Langmuir cylindric probe P-4 (Bulgaria) and
to a certain extent —the functioning of all antenna instruments (the thickness
of the bulk charge layer varies).

The situation of the sersors to the P-4 instrutient — ioh {raps PL-39/1,2
and the cylindric Langmuir probe CLP-5 on the body of the oriented satel-
lite Intercosmos-19 is given in Fig. 1. The initial. version -of the P-4 instru-
ment was designed for successive feeding of sawtooth voltages (points 2 and §
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of the time diagrams in Fig. 2) from the sweep generator, synchronized with
the board pulses with quartz stabilized frequency board-time 1 {point / from
Fig. 2).

Regardless of the relatively large AUOS satellite size, the net conductive
surface is small (2.5m?) and slightly differs from the surface of the small
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Fig, 2

satellites from the Intercosmos series. The system trap-satellife represents a
double probe which collects electrons from all directions when a positive po-
tential is fed fo the IT while the satellite collects electrons only from the
contrary flux. For slight potfential variations of the satellite it is necessary [4]

Ss mi _ C’Uo a3
S?>{I M;;:—Q’ where Cl—f[ﬁ"(—R—) ]
The minimum IT surface (without considering the bulk charge layer)
Sir> 113em? at Ry=3cm (Fig. 1).

The projection of the satellite conductive surface over a plane perpendi-
cular to the velocity vector is S,=25x104/4=6250cm? (under assumption
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Table | 5

Potential of 1 T, V G +5 +15
Coeffcient « 1.47 7.0 19.0
Required surface ratio 236 1122 3045

that the conductive surface is equally distributed). Hence ihe ratio between
surfaces S,/S);—56. But most simple calcutations with the given formulas for
field height H=500km (perigee) at M;—-14, T,=2500K and D—=0.6cm show
that this ratio is much smaller than the required even at zero potential of IT
(Table 1),

Thetefore, for H=500km we may neglect the applied to the IT vol-
tage effect over the satellite potential at ralio of the aciive surfaces more
than 3,000. As f{far as this requirement was hardly satisfied, two modes
of reducing this effect were suggested.

1. To use the Bulgarian traps supplied with a fourth outer shielding grid
(flown on two rocket experimentsalready — Vertical —7 and Centaur-ll}, But
constructors did not permit a change of sensor with larger size {Ry,—3.5cm)
and weight (85g) due to the fact that the satellite had passed all test stages
and was prepared for launching.

2. New cyclogram of the sensors IT operation (peints 5 and 6 irom Fig, 2)
in argeement with the board-time 2 (point 4). But the cyclogram thus suggest-
ed reduced two times the instrument resolution (measurements by 16s). Be-
sides, one of the IT would be in shadow and it will be difficult to determine
which information has to be processed. [n addition, this satellite was not pro-
vided with mass-spectrometer, thus the defermination of the ien composition
has to be performed with the IT measurements and this required greater fre-
quency.

In the final version of the cyclogram for the P-4 instrument operation,
a sweep veltage is supplied to the PL-39/1 sensor only at an angle of 45°
of V (Fig. 1). This results from the fact that the instrument is located on the
front plane of the spacccraft and the possibility to flow in an undisturbed
plasma is greater, referring to disturbances provided by the solar batteries,
antennas, sensor booms for the other experiments, etc. The sensor PL-39/2
is under floating potential in order to define the time interval for which a
sawtooth voltage is not fed to the PL-39/1 {this is replaced by a direct vol-
tage of —5V). This has to overlap with the bottom level of the meander
board-time 2 (point 7 from Fig. 2).

As the board meander board-time 1 is relatively accurate (£,)=2.002s,
t,=1.998 8} no problems occurred from the back front of board-time 1 in the
synchronization of the sweep generator to IT.

b) Introduction of additional block for the measurement of the floating
potential {/p on the insulated outer grid of IT. This is permanently controlled
on PL-39/2 and on PL-39/1 only in M-4 mode, when a sweep voltage is fed
there too. Then the Upp is measured in seguence on the two IT with a pe-
riod of 45 with respect to the satellite body (and with reverse polarity on
IT). It should be mentioned that we do not measurz the potential plasma-
spacecraft but sensor-spacecraft and the floating potential of an insulated
sensor is by 0.7=08V more negative compared with the plasma.

The emitting repeaters with high input resistance (CA with FET input)
measure the Upp within a range of (+15+—1)V and from the ouiputs the
voltage is then translated to the telemetry scale range (0 4-6)V and is sup-
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plied through’a single channel (328-PP). The graph dependence and the for-
mulaes for the Ugp determination are given in Fig. 3.

¢} Range variation of the sweep generator for CLP-5 in dependence
011 Uf:p.
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The P-4 instrument measures the parameters of the electron plasma com-
ponent (7., N,) with the help of a cylindric Langmuir probe, mounted perpen-
dicular to V (Fig. 1). The block diagram of the additionally designed system
to this circuit is given in PFig. 4.

By the scheme of comparison which starts to operate at Up=+T7V
(measured by the MP block) the range of sawtooth voltage variations is switch-
ed on CLP-5 from {(—1++7)V to (+6++14)V. This is realized in the
high-frequency generator of the transformer (GT) of the block TLP, which is
controlled by the basic generator SWG to supply two equal linearly increas-
ing voltages (the acceptable difference between them being 01V) to the
electrodes of CLP-5, as one of them is insulated from the spacecraft (bet-
ween the collector of CLP-5 and the amplifier input DA).
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In conclusion, we may say that problems related to large satellites are
bigger than the problems attached to small spacecraft. The presence of insu-
lated surfaces increases the possibility of variations in the spacecraft poien-
tial of the order of teus of voits (see e. g. {5]), which even under norinal
conditions {normal potential difference “plasma-sateilite*} makes difficult the
operation of {he probe instruments mainly and also of all low-cnargy measur-
ers (electrostatic and electromagnetic scientific equipment).

The problem of the optimum potential for this type of measurements is
much more complicated and this paper should be considered as a first attempt
only to introduce recent Bulgarian contribution to this new and important
scientific field.
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[IpoGaembl, cBA3aHELIE C MOTCHUMANOM KOPIyca CIYTHHKOB
GOMBIINY PA3MEPOB, M UACTHYHOE WX PEUICHME IPU IIPOBEAEHHH
Goarapckoro 30HAOBOTO 3SKcuepumenta Ha ,HMK-19¢

C. K. Yanxwros, T. H, Haanosa, I, JI. [dasesut

Pezwwme)

B nanno#i pabore ofcymEaeTcs npodaeMa NOSBACHHS OTHOCHTENLHO GOABINOIO
OTPHUATEABHOTC NOTEHUHMAnRA Ha Kophayce cnyTHakoB cepud ,AYOC* Bo spems
UX HAXOXIEHUS HA OCBCILCHHHX 4acTAX opduthi. [Ipomeseno raybdokoe mccae-
JOBAHHC BO3MOMNHBIX [PUUHH €rc BOSHUKHOBEHHS ¥ OGCYKICHD METOMB YMEHbL-
menksi erc BaAvsdudA. [JoapodHo paccmorpes cayyai ,HMK-19¢ —(AYOC-3-HoHo-
3oHA), 4 TakKe usMeHeHHS, HeoOXOJUMEIE Jfs DNpPCOTBPALICHMS  BAHAHU
fioreHUgana Koprnyca cnytHuka. OnHchBaloTCA OCCOEHHOCTH GOJITAPCKOrG XKOM-
SuHUpOBANIIOre 3oHAOBore npibopa 114, BRIBejEHHOTO na OPBHTY CAYTHHKOM
+HMK-19%, B Byx acmexrax: C OJHO!H CTOPOHH, YMEHBIIEHHE B3AUMHOTO BAHUSIHHS
3KCIEPHMEHTOR € TOYKH 3DEHUSI Hapyluenus PaBHOBECHOrO MOTEHIHANa Kopnycd,
a,¢ APYrol — yeeauuenHe ero (JyHKLMOHAABHEIX BOSMONKHOCTEH M obecneyeHHe
erc paGoTel IPH BEICOKOM TIOTERUHMaNe KoOprlyca.

4 KocMmirecKH HaCcnenBalHa, KH. & 49
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Introduction

The incoherent scatter radar of the Arecibo Observatory operates at a fre-
quency of 430 MHz and a peak transmitter power of 2 MW. Combined with
an antenna that is 300 m in diameter, the radar is sufficiently sensitive to
measure the drift velocity of F-region ions parallel to the radar beam to an
accuracy of 2 m. s —' after an integration time of only 10 min. The radar
beam can be pointed in any direction within 22° of the zenith. If it is assum-
ed that ionospheric drift velocities do not vary with position over horizont-
al distances of about 200 km and vary with time in a linear fashion it is
possible to combine line-of-sight velocity measurements made in various di-
rections to derive three orthogonal components of the ion drift velocity vec-
tor (Behnke, Harper, 1973). Figure 1 illustrates this procedure in two
dimensions. _

A particularly useful coordinate system to use for the drift velocity is
one which specifies the components parallel to the geomagnetic field, perpen-
dicular to the magnetic field and horizontal, and perpendicular to the field in
the magnetic meridian plane. At F-region heights, where the ion-neutral
collision freduency is much smaller than the cyclotron frequency, | ion
motion perpendicular to the magnetic field can ~ be produced only by
an electrostatic field. The parallel component of the motion is caused by
the combined influence of the neutral wind (only the component paralle]l to
the magnetic field is effective) and ambipolar diffusion.

This paper is concerned with the relationship between the parallel compo-
nent, designated v,, and the perpendicular component in the vertical plane
containing the magnetic meridian, designated . These two components to-

® Presenied at Symposium on “Optical Emissions in the Atlmosphere” Stara Zagora,
Bulgaria, May 1976. '
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gether influence the continuity equation for F-region jonization and the
height of the Filayer. The horizontal component of the ion drift velocity does
not affect the electron density profile unless horizontal gradients in the iono-
sphere are large.

I
|
’ /E‘,-;”‘":"f'};:% “ g &
T

(=

Fig. 1. Provided it does not vary horizontally,
the ifon velocity vector, v, can be derived from
measurements of the line-of-sight velocily, v,
made with the radar beam poiniing first in one
direction and then in another

The very surprising result revealed by Arecibo measurements in the noc-
turnal ionosphere is that' there is a strong negative correlation between
oy and v, (Belinke, Harper, 1973). A representative example of this ne-
gative correlation is shown in Fig. 2. The figure reveals marked fluctuations
in both velocity components on a time scale of an hour or two, with the
fluctuations of the two components being approximately equal in amplitude
and opposite sign. Since both components are defined as being positive upward
and since the magnetic dip angle at Arecibo is 50°, it appears that the ver-
tical component of vy tends to cancel the vertical component of 7, while
the two horizontal components add. Evidently there is some feedback mecha-
nism in the F-region that constrains ionization to move horizontally rather
than vertically, even when the magnetic field is neither horizontal ror
vertical.

The nature of this feedback mechanism has not yet been convincingly
etablished. This paper reviews various mechanisms that have been suggest-
ed, reaches some fentative conclusions, and recommends directions for furth-
er research.
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-1

Ten drift velocity, m.s

Theoretical considerations

LN A
Three mechanisms have been suggested to cxplain the negative correlation
between oy and @,. They are ion drag (Dougherty, 1961; Rishbeth
et al, 1965; Behnke, Harper, 1973: Thomas, Wiltiams, 1975), F-re-
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Fig. 2. Measurements of the fon drift velocity vector in Lhe nocturnal F-region over Arecibo
reveal a marked negative correlation between the components parallel and perpendicular to
the geomagnetic field

gion polarization field (Rishbeth, 197la, b; Be hnke, Hagiors, 1974
Heelis et al, 1974), and diffusion (Rishbeth, 1967;Stubble, Chandra,
1970). This section describes these three mechanisms and compares, in quali-
tative fashion, their predictions concerning ionospheric behavior.

The ion drag mechanism is illustrated in Fig. 3. It is assumed here that
the eastward electric field increases, causing an immediate increase in v . The
friction of the ions drifting through the neutral gas affects the motion of the
neutrals so that, after some time, the neutral wind O/ acquires an additional
northward component. This northward component of the wind blows ionization
down the magnetic field, causing anegative perturbation in v . Equilibrium js
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achieved when there is no relative motion of ions and neutrals, the situation
jlustrated in Fig. 3.

There is no doubt that the fon drag mechanism can, in principle, cause a
negative correlation of vy and 7). The problem, at least for the nocturnal

)« Exp

il

T

Fig. 8. The ion drag mechanism. See lext for explanation

vy & EXB

@ Jy u UxB

@ E[,‘ [ "fU

Fig. 4. The polarization field mechanism.
Sec text for explanation

ionosphere, is associated with the time it takes for ion drag to modify the
neutral wind. Roughly speaking, the neutral wind can change significantly
only after all of the neutral atoms have collided at least once with an ion
(Rishbeth Garriott, 1969). The characteristic time for the ion drag
mechanism is therefore the inverse of the neutral-ion collision frequency. For
nocturnal ion densities less than 33 10° cm—* this time exceeds 1.5 hours. Evi-
dently the ion drag mechanism cannot explain the negative correlation of oy
and v, on a time scale of an hour or two that is shown in Fig. 2. d
The polarization field mechanism is illustrated in Fig. 4. It is assumed
here that the northward component of the neutral wind changes, causing a
downward increase in oy and, at the same time, an increase in the west-
ward flow of Pedersen current jo the F-region If the flow of this electric
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current is inhibited by horizontal varlations in the ionospheric conduct-
fvity or wind, charge will accumulate, and an eastward polarization
electrostatic field will develop to restrict the flow of F-region Peder-
sen current. The polarization field, in turn, will cause an upward increase

5]

tFig. 5. The diffusion mechanism. See text for cxplanation

in z, as shown in Fig. 4. In equilibrium there is no relative motion of ions
and neutrals and no curreat flow. The response of the fon velocity compo-
nents to a change in neutral wind is instantaneous, but the polarization field
mechanism works only if the flow of Fregion current is inhibited by hori-
zontal variations,

The diffusion mechanism is illustrated in Fig. 5. Here it is supposed that
an increase in the eastward electric field causes an upward increase in o).
The vertical component of @, causes the F-layer to rise from the position
shown on the left of the figure to that shown on the right. Because the diffusion
coefficient increases exponentially with increasing altitude, the downward diffu-
sion velocity, vp, increases as the layer rises. The increasing diffusion vele-
city appears in the data as a downward increase of vy which accompanies
the upward increase of v . The characteristic time associated with this mecha-
nism is the time for the height F-layer to respond to changes in externally
imposed vertical drift velocity, Theoretical considerations indicate that this
time is less than about 15 min.

Comparison of the Theories

The three mechanisms therefore differ in several respecis. The ion drag and
diffusion mechanisms both assert that the basic cause of fluctuations in oy
and v, is fluctuationsin the externally imposed electric field. According to the
ion drag mechanism, the neutral wind contribution to oy changes in response
to the field induced change In ¢ ,; according to the diffusion mechanism it is
the diffusion component of oy that responds to the change ifi #,. The pola-
rization feld mechanism differs from both ion drag and diffusion by atiribut-
ing the fluctuations not to externally-imposed electric field change but to ex-
ternally-imposed change in the neutral wind, We do not, at present, know
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why ecither the wind or the field should fluctuate on a time scale of hours
during theanight, but identification of which of these mechanisms is respon-
sible for the negative correlation of vy and =, would tell us which fluctua-
tion requires explanation,

ton drag Polurizalicn fickd Difius ion
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Fig. 6. Predictions of the threc mechanisms coneerning the correlation
hetween change in flayer heighl and change in the velocity componeuls

The three mechanisms differ also in their predictions concerning the
time lag between fluctuations in one velocity component and fluctuations in
the other. The time resolution of the data is not good enough te permit a
choice between the instantancous response of the polarization field mecha-
nism and the 15-min. response of the diffusion mechanism, but it is good
enough to rule oul the 1 fo 2 hour response of the ion drag mechanism
(see Fig. 2).

Finally, the three mechanisms differ in their predictions concerning the
response of F-layer height to changes in ion drift velocities, These responses
are compared in Fig, 6. According to the ifon drag mechanism, a sudden in-
crease in upward v; causes a rapid rise in F-layer height. Gradually ion drag
increases the northward neutral wind and vy ncreases downward. Increasing
negative = drives the F-layer down again until, after several hours, the ver-
tical components of o, and v, are equal in magnitude but opposite in sign
and the F-layer has returned to its original height.

According to the polarization field mechanism, a sudden downward in-
crease in 7y is accompanied by a sudden upward increase in @,;. The mecha-
nism is not perfect however; some current must flow, to return either through
the E-region, the conjugate point ionosphere, or in a horizontal circuit through
the F-region. Therefore the upward increase in v, is not as large as the down-
ward increase in on. As a result, the F-layer moves downward in response
to a net downward component of the combination of @ and 2.

According to the diffusion mechanism, a sudden upward increase in o)
causes the F-layer to rise. As it rises the downward diffusion velocily increas-
cs until a new balance is achieved, with v, upward, a smaller o,y downward,
and the F-layer at a greater height than before. The important distinction
between the polarization and diffusion mechanisms, therefore, is that the
former predicts a positive cotrelation between F-layer height and 7y while
the latter predicis a positive correlation befween F-layer height and o.

<7
o



We therefore compare, in Fig. 7, the measured F-layer height and the
meagsured velocity components for the night illustrated in Fig. 2. The correla-
tion between F-layer height and v, during the latter halfiof the night is
striking, Unfortunately, therc appears o be an equally strong correlation bet-
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Fig. 7. Measured F-layer height (dotted line) compared with mieasured velocity componenls

ween height and oy during the first half of the night. Examination of other
nights of Arecibo data leads to the same resulf. The negative correlation of
oyand v is nearly always well-developed, but the height of the F-layer cor-
relates sometimes with one velocity component and sometimes with the other.
Possibly both the polarization field and the diffusion mechanisms are contribut-
ing, with a relative importance that varies during the night for unkown
redsons, ’
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Snggestli:c.n__ls for Further Research

T
It mi'ght}”be possible to distinguish between the polarization and diffusion
mechanisms by comparing F-layer height changes at the two ends of a geo-
magnetic field line, Figure 8 indicates what the two mechanisms predict.
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Fig, 8. Changes in F-layer height at the ends of a geomagnetic field line accord-
ing to the polarization fleld and diffusion mechanisms

According to the polarization field mechanism, an equatorward wind at one
end of the field line causes the F-layer to rise while developing a polariza-
tion field that causes a downward ©,. The polarization field, but not the
wind perturbation, is transmitted to the conjugate point by the large field-
aligned electrical conductivity of the topside ionosphere and protonosphere.
Thus the F-layer rises in one hemisphere while falling in the other. The dif-
fusion mechanism, on the other hand, predicts that the F-layer will rise at
both ends of the field line under the action of the externally imposed electro-
static field. Changes in neutral wind are not involved in this mechanism. A
study by Petelski (1972, 1973) . indicates that F-layer height changes at
conjugate points are generally correiated positively, but the correlation has
not been investigated for stations at geomagnetic latitudes as low as that of
Arecibo (30°N).

The considerations described in this paper have been ecntirely qualitative.
Quantitative theoretical analysis of the various possible explanations for the
negative correlation of uvn and v, combined with a careful comparison of
theoretical predictions with data can be cxpected to clarify the situation.
Scientists of any nation wishing to use the observing facilities of the Arecibo
Observatory or existing Arecibo data to study this or any other problem in
ionospheric physics (or in radio or radar asironomy)are invited to contact
the Director of Observatory Operations, Arecibo Observatory, P. O. Box 995,
Arecibo, Puerto Rico 90612, U.S.A.

Conclusion

For reasons that are not known.either the wind or. the eleciric field (or both)
in the nocturnal- F-region fluctuates in direction on a time scale of an hour
or two. The resultant fluctuations in the externaly imposed ion drift velocity
wotld have a very large effect on the structure of the nocturnal ionosphere
were it not for the existence of an imperfectly understood negative feedback
mechanism tha{ causes a negative correlation between ion drift velocity com-
ponents parallel and perpendicular o the geomagnetic field. This paper has
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called attention to the phenomenon and has offered several possible explana-
tions, but sufficient work has not yet been done to provide a clear under-
standing of the mechanism.
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Koppenguust Mexay Berpom u SACKTPAUECKUM TIOCM
B eCTECTBCHHON F-o0aacTh

dowe. C. Hoe. Yowep

{Peswme)

Mamepeduasd cxopocTh HOHOB B E- u F-061acTHX NOKazmnBaer OTPHLATEABHYIO
KOPPENSUMIO MEXAY NApalIC/IbHON KOMIOHCHTOR SJCKTPHYCCKOTO [OJs, KoTopas
NpeAcTaBAfeT cobolt komOurHpOBAHHER sddexr Aubdysun U MEPHIHOHAILHOTO
BeTpa U MNEPOEHJHKYJ/ISPHON KOMIOHEHTOM, KOTOpPas BhI3BAHA 30HAJBHLIM 31CK-
TpuyecKuM noseM. llpeacrasaenst oGbAcHenns 31o# Koppensuuu. OAHO H3 HEX
CBABAHO C HOHHDIM YBAeUEHHEM, KOTOpPOE BH3LIBAET OTKIMK BeTpa B F-obmactu
Ha M3MeHEHHE MOHHOH CKopocrH. JIpyroii mexanusMm npeanoaaraer, uro Berep B
F-00nacTH  SBAKCTCA IIPHUHHON BOSHUKNHOBEHHS MOJADUBALHOHHOID 3JIeKTpHUEC-
KOro noJsl, KOTopoe BbidblBaCT ApeHd. lUCKyTHPOBaHb] BOSMONHBIE CACACTRUS
OT OCHCTBHA OTASALHLIK MEXAHH3MOR,
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Measurement Results and Conclusions
on the Spectral Reflective Coefficients of Volcanites,
Granitoides and Gneisses

H. B. Spiridonov, A. H. Krumov, N. K. Katzkov, S. N. Yovchev

1. Definition of the Problem

The remote sensing of the Earth by air- and space-born high sensitive instru-
ments provides for images (photographs and photoelectton pictures) of land
and water surface in several ranges (channels) of the visible and near infrared
portion of the electromagnetic spectrum. These images are of general applica-
tion and the different formations are outlined within the respective channels.
Based on this information, the geological and geomorphological studies specify
the location, shape and sizes of various geological bodies;, maps of lineament
and circular structures are compiled. All this is an initial stage in applying
remote techniques in geology. In future there have to be developed methodics
of identifying geological objects, based on their spectral reflective characte-
ristics. A necessary condition here is to provide for system and multiple labo-
ratory and ground (field) studies on the main classes of geological object with-
in their different behaviours and to prepare a catalogue of their spectral ref-
lective characteristics (SRC). Referring to that, some work has been done in
Bulgaria in cataloguing the SRC of the major genetic rock classes: magmatic,
metamorphic and sedimentary. It is known that the SRC of a given object is the
dependence of the spectral reflective coefficient on the wavelength within a given
range of the electromagnetic spectrum. The spectral reflective coefficient (SRCQO)
is the ratio between the reflected radiation from the studied object (B, obj.)
and ihe maident radiation on the reference object (screen) (Byref.), i. e. with known
reflective coefficient and spectral characteristics within the studied range.

2. Instruments and Measurements Techniques

Our Laboratory has developed a portable spectrometer to measure the SRC of
various earth formations and objects in witro and in sifu. The instrument,
known as ISOCH-020, consists of twenty channels with channel width 10-12 nm
and works within the range of 400-800 nm at aperture angle of view
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--13°% The natural sunlight is used in ficld work and a xcnon lamp with power
of 100 W or other artificial source of light, and the non-unifotmity of its
spectral characteristic of irradiation within the range of 400-806mi’ does not
exceed 30%,. A specially designed screen 80 mmi in diameter is used as refer-
ence object. The screen has a photometric characteristic close to the one of
ideal diffusion reflective white surface. The average SRCO is over 959, land
the non-uniformity of SRC within the range of 400-800 nm is +-0.258/,.

The rock samples to be studied have the shape of irregular polyhedroun,
with natural roughness and in certain cases one of the faces was additionally
polished. Studies were perfomed under natural sunlight and the sclar zenith
angle varied between 46 and 65° In order to reduce as much as possible | the
influence ol the diffuse scattered light by the surrounding objects, the instru-
ment and the samples were placed on black-mat tissue. In dependence on the
sample sizes, the distance to the optic aperture of the instrument was selected
so that the field of view would embrace as much as possible of the measur-
able surface. That was necessary because of the fact that the diffuse indicat-
rice of the actual object had to be considered, due to large solar zenith
angles, microshades would appear and they reduce the SRCO.

3. Brief Petrographic Characteristics of the Rocks

Samples to measure the coelfiicient of spectral brightness are taken from vari-
ous oulcrops obscerved in different parts on the Bulgarian territory and are
selected in such a way as to be representative of magmatic and metamorphic
rocks.

a} Volcanites

Samples from two big groups of volcanic rocks are selected — acid and med-
ium acid, The samples are taken iainly from the Rhtodopes and  the Western
part.of Sredna Gora mountain, i, e. Soulh and West of Bulgaria. The group of
acid rocks comprises rhyolites (samples Nos. 7-6), rhyodacite (No. 7}, delenites
{Nos. 8-9) and the medium acid rocks are presented by No. /0 -- latite and
No. 7/ — andesite.

The age of the volcanic rocks is Palecogene and they are related to the
Alpine orogenic volcanism. They occur as flows, subvolecanic bodies and dikes,
intruded in the crystaliine complex and the granitoides of the Rhodope massif,
as' well as in depressions located between its major morphostructures.

Among ihe acid volcanic rocks the rhyolites are widespread. Their com-
mon feature is the presence of aphanitic ground mass, composed of potassium
felspar, quartz and volcanic elass. In it phenocrysts of plagioclase, felspar,
quartz and sometimes biotite, amphibole and pyroxene are observed. The ground-
mass versus porphyry individuals is from 85 to 309, The rhyolites: are mainly
of felsitic (samples Nos. 7-4), porphyry (No. 5) and hyaline (No. 6) texture.
Accessory minerals in the rhyolites are zircon, tourmaline, titanium, magnetite.
The rhyolite texture is fluidal banded.

Macroscopically the plagiorhiyolite-rhyodacite (No. 7} has fine porphyritic
texture - holocrystailine for the ground mass, The main rock-forming miner-
als are: plagiociase, felspar, biotite, amphibole and rarely quartz.

The coarse porphyritic delenites are subvolocanic bodies. They have micro-
to medium-grained alotriomorphic texture. Main intratelluric minerals are: pyro-
xene, amphibole, plagioclase, quartz and felspar (sanidine). Accessory: zircone,
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apatite, tijgnite, magnetite, orthite, some secondary minerals as epidote, chlo-
rite, sericite also occur,

The medium acid volcanic rocks are presented by latite (No. 70) and
andesite (No, /7). These are melanocratic rocks with typical hialopilitic {ande-
site} texiure and massive sfructure. Microscopically the ground mass is apha-
nitic composed of plagicclase, pyroxene, volcanic glass, Porhyries of plagio-
cllase, pyroxene and amphibole may be observed here and very rarely —
olivine.

h} Uranitoides

1
They are from Rilo-Rhodopean batholites. Samples of grancdiorites, biotite
granites and two-mica granites are coltected. [Here are sampics of numbers: 4584,
4732, 3011, 7107, 2086, 5368, 2193, 8653, 3735, 2224, I and 11
The granitoides are mainly coarse- to medium-grained granular rocks,
Their structure is mostly hipidiomorphic granular, sometimes porphyritic and
in certain cases — cataclastic. Their texture is massive, sometimes parallel,
Main rock forming minerals are: felspar, quartz, plagioclase, biotite and two-mica
muscovite, Secondary and accessory minerals are: orthite, titanite, zircon, apa-
tite and ore winerals.

¢} Gneisses

Two types are considered: biotite and iwo-mica (samples Nos. 340, 7907
and 5005).

Gneisses are fine- to medium-grained rocks with lepidogranoblastic struc-
ture and parallel texture. The main minerals are: plagioclase, quartz, biotite and
muscovite. Accessories are: zircon, rutile, apatite and ore minerals,

4. Discussion of Rosults

Both within the period of measurements and when discussing the results,
the factors with greatest influence onthe rock SRCO maybe defined separate-
ly in two principal groups: internal and extcraal.

Among the external factors the msin role is played by the source of
light, which may be of natural or artificial origin, but its inftuence is known
as a rule and could be considered in data interpretation.

Among internal factors significant is the influence of the struclural-textur-
al feature, the mineral and chemical composition, the surface of the measured
samples, efc,

When measuring the spectral brightness of the different genetic classes
of rocks, sun was used as a source of light. The strength of solar irradiation
for the geographic latitude of Sofia (eastern longitude ---23°2045"; northern
latitude - 42°41'02") depends on solar location over horizon, i. €. on the
zenith angle. Measuremenis were performed during the autumn of 1978, Sept.
30 and Oct. 3-4, within the interval 11:23-15:51. During these days the zenith
angle changed from 46 to 65°. When comparing the measured values of the
SRCO for the three days and for.ihe interval ' of noous-hours of the autumn
seasen, it was determined that the solar zenith angle is of weak iinportance
{Tables 1 and 2). '
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a} Volcanites

Data obtained by sample measurements of acid volcanic rocks show that high-
est is the SRCO of sample No. /-rhyolite taken from the Eastern Rhodopes.
Sample No. 2 — rhyolite from the same volcanic region is defined by lowest
indices of spectral brightness. Both samples de not differ in such structural
indices as shape, size of porphyries, but there is considerable difference in the
quantity of ground mass. Referring to this index, the acid volcanic rocks may
be divided into two groups: (1) with great amount of ground mass (over
800/y for samples Nos. 7, 6, 7), and (2) with increased porphvry content
(30-400/y — samples Nos. 2, 3, 4) (Fig. 1, Table 1), The rock samples of /the
first group are characterized by high values of SRCO within the range of
600-800 nm. The rhyolite (Sample No. 5) under equal content of porphyry and
ground mass has average indices of reflective capacity with respect to the
upper two groups (Fig. 1, Table 1). Sample No. 7 — plagiorhyolite has the
followng specifics: within the range of 400-500 nm t{he spectral brightness,
equals the rhyolitic one, but within the range of 600-800 nm it augments,
which may be interpreted with structural features of the rock. It is of dense
almost aphiric structure for the porphyry and holocrystalline — for the ground
mass. This structural index of the sample brings it closer to the rhyolites
with higher amount of ground masses. In the case, the small sizes of the
minerals definitely influence the increase of the SRCO within the range of
600-800 nm. The reverse is the effect on the spectral brightness in augment-
ing the porphyric sizes. Typical example is the coarse-grained porphyric dele-
nite (sample No. 9). Here the lowest values of spectral brightness are observ-
ed — 100/y within the short-wave interval of the electromagnetic spectrum,
up to 249 in the IR range. The other sample (No. &) of coarse-grained por-
phyric delenite does not differ from No. @ in structural indices (sizes and
shape of minerals) but its indices are with [09, higher on the average. In
macroscopic compatison of the two samples a difference between the surfaces
under which the measuremenis are taken, appeared. For sample No. 9 it is
rough and uneven, with difference between roughnesses up to 5 nm. At equal
other conditions one more index isintroduced, namely the surface of the measur-
ed samples. Under natural conditions, this index woule probably be of lesser
importance because of physico-chemical rock weathering, dust, development of
microorganisms, ete.

The dominant colour of the acid volcanic rocks is rose-violet and pale
rose. The perlite (sample No. ) represents an exception — it is almost white
and the rhyolite (sample No. 4} is of intensive red colour, And in fact, only
these rock samples have shown SRCO indices which differ from the others
and this influence is especially remarkable within the short-wave inferval of
the electromagnetic spectrum, between 400-500 nm. In this range the perlife
shows values of speciral brightness of 109/, higher and the difference with
reference {o the rhyolite of intensive red colour attains 15%. I“h;s difference
is the smallest within the range of 546-557 nm.

The latite (sample No. /4) and the andesite (sample No. 77} refer to the
medium-acid rocks, Here a steep decrease of the reflective capacity is observ-
ed. A slow increase of the SRCO is found for the latite — from 14 to 180/.
The lowest values of spectral brightness (from 10.5 to 17.59/,) are measured
also for the andesite, and in the near-infra-red region a certain decrease is
detected between 753 and 802 nm. The latite demonstrates ancother peculiari-
ty — from 557 to 802 mm the values of SRCO are almost the same. Obvi-
ously, within the increase of the dark-coloured minerals, the reflective capa-
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city of the volcanic rocks considerably decreases and this is tobe traced with-
in the whole measurement range of the electromagnetic spectrum, .

The colour of the medium acid rocks is: grey-greenish for the latite and
dark grey for the andesite. The f{ollowing peculiarity has been determined:
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Fig. 1. SRCO curves of volcanites
Samples: 1, 2, 8, 4, § — rhyolltes; § — perlite

500 o0 ounm |

i 7 — plaglorhyolite-rhyodacite; & 9 — delenites; J0 — latite; 17 —

andesite; Broken curves refer to polished samples
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Fig. 2. SRCO curves of granitoides and gneisses

Samples: blotite granites — Nos. 208G, 5368, 2143, 3735, 80653, 2924; twao-mica graniles — I, 11; plotlle granodiori”
tes — Nos. 4584, 4732, 3011, 7107; gneisses — Nos. 1907, 505, 3HM | i = ] . |
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under all measurements the SRCD of the lathite is higher than the andesite
SRCO by 4-5%, on the average,

Measurements have shown that the rock surface influences significantly
the SRCO, that is why one of the sample faces was additionally polished
(Fig. 2, Table 1). It was found that within the interval of 400 to 550 nm, the
coefficient of light brightness increases by 109, on the average and to the
near infra-red range gradually decreases and is about 59.

b} Granitoides

When measuring the coefficient of light brighiness of granitoides, it was deter-
mincd that its highest values are attained with the two-mica granites and gra-
dually decreases to the biotite. granites and the granodiorites.

The two-mica granites perform SRCO changes from 48-519/ at 408 nm to
59-649/, at the near infra-red region. The lower values of sample II compared
to sample [ are duc fo the greater size of the mineral grains.

The biotite granites have SRCO from 28 to 60%. Their average values
are between 35 and 50v, (Fig. 2, Table 2). Lowest are the values of sample
No. 2224 (from 28 to 40.59/,). We assume that this is due to the weathered
sample surface and the greater quantities of the biotite. Highest spectral bright-
ness valucs has sample No. 2086 at 775 nm — 620/, The reflective capacity
increase results from the augmented content of salic minerals as the percent-
age - of the potassium félspar is particularly high. The surface of the rock is
smooth. For the cataclastic biotite granite (Sample No. 8653) SRCO has almost
identical values, which is due to the uniform distribution of the mafic and
salic minerals.

Results from SRCO measurements of biotite granodiorites show that they
have lowest value compared with other granitoides. Sample No. 4584 is a cer-
tain exception, where SRCO changes from 44 to 549, while for the other
samples this varies between 22 and 35%,. There is no difference in structural
features and mineral composition between the samples. The difference is to be
traced in the gravity ratio between the mafic and salic minerals. Sample
No. 4584 contains about 650/, light minerals (quartz, felspar, plagioclase). Further-
more it is cut by a small aplite vein. The surface is very fresh. Lowest valueg
of SRCO has sample No. 3071/, here the mafites are predominant. Sample
No. 7/07 — biotite adamellite — refers to this group. Its graph does not differ
from the other granodiorites.

¢) Gneisses

Gneisses exhibit the lowest values of SRCO. For the biotite gneisses (samples
Nos 1907, 5005) the SRCO vaties between 13-209/, at 402 nm to 30-31.5%
at 802 nm. Surprisingly, the lowest SRCO was determined for the two-mica
gneiss — 340, i. e, from 7.5 to 279/ We assume that the reflective capacity
decreases due to the highly expressed banded texture.

Typical peculiarity for the volcanites and gneisses, referring to the values L
of the spectral brightness coefficient, is the presence of two plateaux. The
first is determined in the short-wave interval of the electromagnetic spectrum,
between 400-500 nm with very poor decrease within the interval 411-425 nm.
The second plateau is within the range of 700-802 nm also with weak decrease
after 775 nm. In fact the two plateaux represent ranges within the optic spec-
trum with width up to 100 nm, where the reflective capacity is constant. This
refers to the group of acid and medium acid rocks,
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Fig. 3. SRCO averaged curves of volcanites, granitoids and gneisses

I — two-mita granites: 2 — biotite granltes; & — granodlorites; ¢ — rhyolifes; & — gnefsses; 6 — delenites; 7 —
andesite-latite : ( .
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Another clearly exspressed peculiarity of the studied samples is the rdpid
increase of the spectral brightness within the interval of 500-700 nm. This
feature gradually decreases with the increase of the dark-coloured silicates,

5. Conclusions

The measurements and the interpretations of the results obtained give grounds
for the following conclusions: _.

1. Direct proportional dependence _exists between the ground mass quan-
tity and the SRCO for the acid volcanic rocks.

2. Acid rocks have higher SRCO values than the medium-acid and the
basic rocks. '

3. The predominant quantity of salic minerals augments the SRCO and
vice versa. '

4, The influence of the rock structure is manifested through the size of
the minerals: at greater sizes of the porphyries the SRCO decreases and yice
versa.

5. Smooth and pofished rock sutfaces jncrease the SRCO.

6. Samples of weathered surface have lower SRCO than the fresh ones.

7. Rock of massive texture have higher SRCO than the ones of parallel
{banded) structure.

8. The lighter colour of rocks increases the SRCO and vice versa.
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Pe3y/ibTaThl H UHTEPIpETALUA H3MepeHHH
CHEKTPATbHBIX OTPaMaTeNbHbIX XapaKTEPHCTHK
BYJIKAHUTOB, T'PaHATOHAOB M THEMCOB

X. B. Cnupudonos, A. X. Kpyxos, H. K. Kaysos, C. H. Hosues

{(Peawue)

B nauHoil paGoTe IPHBOAATCH PE3YILTATh H3MEpEHUH CEKTPalbHbIX OTDANKATEAL-
HHIX XApaKTePHCTHK CKAJNBHBIX OODASIUOR BYJKAHWTA, TpanaTomia u rrefca 3 Ja-
$0pATOPHBIX YCAOBHSX C NOMOIIBIO PagPaGOTAHHOrO GOMTApCKUMi CrelHaanCTaMiu
neaeporo cnexrpomepa VICOX-020 npu ecTeCTBEHHOM OCBEILEHHH Coagnua. Ha
OCHOBE NOAYYGHHHIX [4HHBIX C/e]aHa HHTEPHpeTalust O BJHSHMH F€OJAOTHHECKOrD
THMA, CTPYKTYPhl, OKPACKH ¥ COCTOSHAS MOBEPRHOCTH HCC/EAYEMbIX 06pasLoB
H4 KX CHEKTpalibHple OTPAXKATC/ABHBIE XaPakTepPHCTHKHU.
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Asymmetry in Irregularity Distribution
of Both Hemispheres Obtained by Spherical lon Traps
and Langmuir Probes

G. A. Stanev, L. G. Bankov, D. K. Teodosiev

Intreduction

The different irregularity characteristics in charged thermal particles den-
sity have been studied recently in a series of papers using various methods.
Radio scintillation observations 1, 2] give a good possibility to study the tem-
poral variations of the irregularity regions at a given point of the Earth, as
weli as their relation with the geomagnetic activity. Satellite use enables the
planetary study of irregularities and the direct measurement of the amplitudes
and the scale sizes of the ionospheric irregularities. Using the data from the
Langmuir probe on Alouette-2, Dyson [3] describes the equatorial and the
polar boundary of the high latitudinal irregularities, McClure and Hanson
[4] show different types of ionospheric irregularities, using results obtained by
retarding potential analyser on OGO-6. The spectrat characteristics of the dif-
ferent types of irregularitics are examined in [5] and they are shown to be
equal for the irregularities both in high latitudes and in equatorial region.
Sagalyn et al. [6] describes diurnal and seasonal changes of high latitudinal
itregularities and the difference in both the hemispheres, using spherical elec-
trostatic probe. Ozerov 7] examines the probability of irregularity appearance
in dependence on the geomagnetic latitude and the geographic one also with the
help of spherical electrostatic probe. It is shown that for given irregularity
amplitudes, the calculated ratio scintillation index, applied o the cquatorial
region latitudes, shows good coincidence with experimental data {8].

Several theories for the interpretation of irregularifies appearance have
been suggested [9, 10, 11], but the difference in methods and the rélatively
poor data made difficult the theoretical interpretation,

This paper treats the diurnal variations of ihe high latitudinal irregulari-
ties in the Northern and Southern hemispheres, Results are based on measure-
mertits on positive ion density with spherical electrostatic probe and the Lang-
muir probe data from Iutercosinos-8 [12] are used for comparison.
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Experiment

Intercosimos-8, launched on Dec, 1, 1972 has initial apogee of 676 km over the
South pole and perigee of 215 km over the North pole. The orbit changes
retatively fast, and by the end of January 1973 the orbit has apogee of 446 km
in the Northern hemisphere, and petigee of 192 km in the Southern hemisphere
close to the cquator. This enables the observation of ionospheric phenomena
at different altitudes within a short period of time. Measurements of about 120
orbits have becn used within the period Dec. 3, 1972, Jan., 27, 1973,

Description of some equipment installed on Intercosmos-8 and of some
resuits obiained by the equipment, are given in [13, 14, 15, 16]. In order to
measure irregularities in the jon concentration, with respect to the satellite
body negative voltage - 5V is supplied to the outer grid of the probe for a
period of ahcut 3 s. The following 3 s a swept voltage is supplied, and during
that period the concentration is measured. This mode of operation is repeated
each 6 's. The high negative potential assures work in regime of saturation and
collector current fluciuations depend strongly on the change of ion concen-
tration.

Bit level sensitivity in irregularity mode depends on concentration and for
5105 cm™ it is 5%, respectively for 4x10* cm™* it is 159/ Irregularity
space dimensions, which can be recorded, are within limits of 2-20 km.

Parallel to that, the behaviour of ion concentration measured by Langmuir
probe is observed. Because of the fact that the Langmuir probe works 1 s per
each 9s cycle, the characteristics of the upper irregularities cannot be obtained,
but in the irregularity zone great scatter of electron concentration value is
always observed.

Using collector current records, the sizes and the relative amplitude of the
irregularities have been evaluated, and a comparison with data from [5] has
been made, Regardless of the different way of parametric determination and
the greater seatfer, the same linear dependence between dimensions and rela-
tive amplitude with slope close to 1 is observed.

Diurnal Variations of [rregularity
Appearance Limits in Polar Regions

In order to study the diurnal dependence ot irregularity appearance, we divid-
ed them into 3-hour intervals by local time, respectively for relatively quiet
geomagnetic conditions — k,=3, and disturbed conditions — k,>3. In this
way, the equatorial boundary of high-latitudinal irregularities, shown on Fig. 1
(solid line), have been determined. This was done for both hemispheres, at
difterent geomagnetic situaticn.

In the. Northern hemisphere (Fig. la) the equatorial boundary at k,=3 is
poteward during noon hours at about 70° invariant latitude and is most remote
from the pole during night hours 21-24h and predawn hours 03-06h. The same
behaviour is maintained under increased geomagnetic activity — %,>3, as the
equatorial boundary generally shifts to the equator, on the average by 37
(Fig. 15). Satellite height changes in this region from about 210 to 440 km.
Data on sector 06-09 are not available.

In the Southern hemisphere (Fig. 1c) the boundary at k,=3 is poleward
during noon hours, at about 75° invariant latitude, and most remote from the
pole during night hours 21-03h, at about 60° invariant latitude. Data on the
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Southern hemispere and on £,>>3 are insufficient, but show the same depend-
ence (Fig. 1d). It is inferesting to note that in the Southern hemisphere the
equatorial boundary in predawn sector 03-06h is obtained for all %, very close

Fig. 1. Equatorial boundary of high-latitudinal irreguolarities {solid line). It is given
for the Northern hemisphere at 2,<3 (a) and at kp»3(b), as well as for the Southern
hemisphere at k,=3(c) and at £,>3(d). The equatctial boundary of the frregulu-
rities obtained under the same conditions by Sagalyn et al. [6] is also shown
{dashed line)

to the pole at about 72° invariant latitude. Satellite altitude changes from 270
to 630 km.

Poleward from the equatorial boundary, irregularity records were not
always continuous, As a rule, we have observed simultanecus conceniration
decrease and irregularity disappearance in the midlatitudinal trough, around its
minimum,

In the Northern hemisphere irregularity disappearance is observed at about
73° invariant latitude, but there are orbifs in which irregularities in greater
latitudes are continuocusly available. In the Southern hemisphere, irregularities
have been observed up to 80° invariant latitude during predawn hours.
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Asymmetry in Both Hemispheres

The comparison between the equatorial boundaries of the high latitudinal
irregularities, at k,=<<3 in both hemispheres, shows that in the Southern hemi-
sphere the boundary is situated more poleward than in the Northern = hemi-

Fig. 2. Comparison between the equatorial boundary of high-latitudinal
irregularities in the Northen hemisphere (solid line) and in the Southern'
hemisphere (dashed line) at £,=3

sphere, as during night hours the two boundaries almost coincide (Fig. 2). The
difference during noon hours is about 5° invariant latitude. The predawn sector
03-06h is a particular case, where the difference is the greatest — 13° inva-
riant latitude. The asymmetry obtained in the equatorial boundary agrees with
the results obtained previously in [6]. This shows that this asymmetry in
irregularity distribution in both hemispheres is probably due to differences |in
the physical conditions generating these irregularities.

Discussion

Results obtained here are in good agreement with the results of other authors.
The equatorial boundary of high latitudinal irregularities, which have been de-
termined in a similar way by Sagalyn et al. [6], is plotted on Fig. 1 with
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a dashed line. Differences might be due to several reasons, e. g. to different
instruments. Difference in altitudes of ISIS-I transits (225-3526 km) and Inter-
cosmos-8 (210-650 km) might also contribute to the differences in equatorial
boundaries of the irregularities,

Fig. 3
@ — Comparison belween fthe equatorial boundary of 1rre%u]ar-_i£-ies wwith radio scintillatlon
regions [¥] (stroked) and with piasmapanse sitnmation f1 I idashed Hney

Irregularity absence in the midlatitudinal trough as well as in greater
latitudes can be explained easily by taking into consideration the fact that the
instrument sensitivity is about 100/, and the relative amplitude of irregularities
in midlatitudinal trough is less than 1 per cent [4]. The same reference shows
similar decrease up to 3/, in high latitudes of about 80° invariant latitude.

The comparison between the radio scintillation boundary at £, =0+1 in [2]
with irregularity boundary at £,<3 in the Northern hemisphere shows satisfacto-
ry coincidence, especially when taking into consideration the different geo-
magnetic situation and that the radio scintillation boundary is determined as
latitude, at which the mean scintillation index at 40 MHz is 500/,. Especially
good is the coincidence during day hours (Fig. 3a). The difference is maximal
in local time interval 18-21h, where it is about 6° invariant latitude,
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At the same Fig. 3a shows the comparison between plasmapause situation
ky=3, taken from [17] with the obtained irregularity equatorial boundary, at
the same quiet geomagnetic situation for the Northern hemisphere. A good
coincidence of both boundaries is observed during night hours 18-06h, while

Fig. 3
5 — Comparison betwéen equater
f19] (dotted iine) and with aurdrai oval

1a1 houndary of frregnlarities with midiatitudinal trough

t

there is rather great difference during day hours, appearing till 12° invarian
latitude at the local noon.

Figure 3b shows the comparison between the irregularity equatorial boun-
dary by Intercosmos-8 measurements, with the auroral oval taken from [18],
also for the Northern hemisphere for kp=3. The equatorial boundary of the
auroral oval is situated more poleward than the equatorial boundary of high
latitudinal irregularities as the difference is maximal during day hours at about
99 invariant latltude, and is minimal at about 2° invariant latitude at local
time 21-00h.

The same Fig. 36 shows the clectron trough in the Northern hemisphere
[19]. In the night intervals of the-local ime the behaviour of the electron
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trough coindides with the behaviour of thé:botndary, which corfirfas well our
observations, i. e. that irregularities appear during night hours, immedietely be-
fore midlatitudinal jon trough. ' ;
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AcummeTpust B pacnpeencHrM HeeRHOPOHOCTEH B ABYX
nosycdepax no AaHHeIM CHyTHUKA ,MHTepxocmoc-8¢

A Cmanes, JI. . Banwros, A. K. Teodocues

(Peswme)

Paccmorpens! fanssie uoHHON KOHHUEHTPAlHH, TOJAYYeHHBE OT okojio 120 opOuT
cayrauka , Mureprocmoc-8¢ 8 mepuon 12, 1972 — 1. 1973 rr. Ananusuposansl
RaHHBIC HEONEOPOAHOCTEH KOHUEHTPAnYd H MECTO UX MOSBAGHUSI B 3aBHCHMOCTH
0T MECTHOTO BpeMeHH ¥ FeoMarnutHO aktuBHoctd. Clenano cpasuenue JaHHbIX,
NOJAYYEHHBEIX B CEBEPHOM M HMKHOM TONywapusix, PesyabTaTel HcciegoBania
CPaBHEHEl C PE3YJAbTATAMH, HOAVUCHHBIMH JIDYTHMH aBTOPaMH.
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