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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]:
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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
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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):
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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
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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.
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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
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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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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-
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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

N

-5 =

] km| &
2101

on |-
1901
160}
170
o]
1501
140

Y

At

B AT OO 1 N TP
A0 =30 =20 =10 0 10

L1
5

sonk-

kmll
210t

1908
160}~
1701
160
150

140
1300 4

and (7). Fi}gl‘_{l‘f.! 2 shows this profile for
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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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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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