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Introduction

Airglow investigations were initiated at the beginning of th
experiments of the English astronomer Simon Nucomb, teld
ments of sky brightness. He was the first to make the conc
brightness of stars, galaxy, zodiac light and other sources
interpret the observable night glow. These experiments laid
a new scientific field, intermediate between astronomy and

mainly astronomical methods orientated to geophysics, the

tions, especially during the 50s of this century, largely
more complete understanding of the physico-chemical proce
‘low-temperaiure surrounding space plasma.’
We may summarize that this type of measurement proy
mation on:
I. ncutralizing processes in the ionosphere ;
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2. availability of minor constituents and their distribution into the atmo-

sphere;
3. wide range of aeronomical reactions, their velociti
dependence;
4. intcraction between jonized and neutral components:
5. magnetospheric effects on the ionosphere, both in 2
and low latitudes,

es and temperature

iroral and at mid-

These studies provide important information on many
phenomena which cannot be efficiently investigated mainly
radiophysical methods.
transformation (irradiation and particles) info a giow as a

The Buigarian contribution to the "airglow studies star
mov’s theoretical works in the 60s I, 2. 3], They were su
to the interpretation of the green oxygen line behaviour
arcundmidnight maximum,

The first experimental observations and the initiation of

airglow investigations in Bulgaria had started later, in 1968

of photographic and electrophotometric instruments were

other processes and
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Ouvservatory of Stara Zagora. Various tfechniques for [spatial and speclral
study of the optical emissions were developed here along with stationary
airglow facility [5] successfully used not only in the Bulgarian observatories,
buf also in India [6], Cuba [7] and Guinea, Konakry [8].
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Fig. 1. Scheme of the dissipation of solar energy in the upper atmo-
sphere

The first Bulgarian airglow instrument was launched into space in 1977
This was an electrophotometer aboard the VERTICAL-6 rocket, developed for
the measurement of the vertical profiles of various optical emissions [9]. Success-
ful experiments were carried out on VERTICAL-7 and 10 and on the two
Indian rockets CENTAUR-II B [i0}. -

A 6-channel electrophotometer was launched aboard INTERCOSMOS-19 in
February, 1979 to measure the main spectral emissions in the upper atmosphere
in the visible spectral range.

Successful experiments were carried out withtilt filter photometers, opesat-
ed by cosmonauts aboard SALYUT-6 and SALYUT-7 stations. These studies,
atong with the various optical experiments aboard the INTERCOSMOS-BULGA-
RIA-1300 satellite, launched on August 7, 1981, substantially contributed to the
understanding of the physical processes in the surrounding space plasna, sone
of which will be discussed here,

28



Airglow and nighttime F-region behaviour

Some scientists had originally conciuded in the 40s that
red oxygen line with a wavelength of 630 nm correlated

the behaviour of the
with some parame-

ters of the nighttime F-region of the ionosphere. Nevgrtheless, only at the

beginning of the 50s D, Barbier [11] suggested a semi-g
the relationship between the measured integral intensity
the F-layer height and its critical frequency. This formt

(1) loso=K{ foF P20 1 ¢,

Here K and C are two constants, depending both on
observational station and on the concrete observation con
of a more advanced theory for the ionospheric processes
assuming that:

a) the main generative mechanism of X 630 nm dur
dissociative recombination of the OF ions;

b} they are obtained through exchange reactions bety

¢} the density of O, beyond 200 km varies after the

d) the electron density around the layer maximum i

mpirical formula for
of the emission and
la has the form of:

the situation of the
ditions. On the basis
in the F-layer and

ing nighttime {s the
veen Ot and O,

exponential law;
s approximated by a

parabolic function, and above this by an exponential, Serafimov: and Gogoshev
have obtained [12, 13] 2 much more accurate dependence|than Barbier, where
part of the empirical constants acquire also physical content. This is as follows :
R F—200
=g

2) loao = K foFY o (H, Z,)e +C

Here, similar to (1), the critical frequency of the F-
Jof, B'F being the virtual height of the F-layer, H is the
neutral atmosphere and ¢(#, Z,) is the function descril
the F-layer.

- Very important result is the fact that the constant K
lae acquires the following physical meaning

(3) KC___ 1.24 . 104[(&»: [02]200’

where K is a constant of the velocity of the exchange reaction O*++40Q,
—0;+0 and [Oy}yy, is the oxygen molecules density at a level of 200 km.
Obviously, when through a series of experimental observations on lyag the nu-
merical value of K is determined, then it is possible 1o obtain such an impor-
tant parameter as [Oylage

ayer is denoted by
scale height of the
ing the geometry of

of Barbier’s formu-

Investigations on topside F-layer portion
through optical emissions

Few are the optical emissions, irradiated into the topside H-region. Two of the
most substantial are the oxygen AX 1304 nm and 1356 nm. Situated into the
region of the so-called vacuum ultraviolet, they are inaccesﬁsib]e to direct mea-
surements from the earth surface. Regardiess to this, their great informabi-
lity was demonstraied in the few rocket and satellite expefiments performed,
Serafimov devoted series of theoretical publications {14-17] to the theory
of excitation and glow of these two spectral lines. Further, this fundamental



theoty was dccompanied with various experimental works, based on direct
measurements of the intensity of the two lines aboard the INTERCOSMOS-
BULGARIA-1300 satellite {18-21].

Serafimov assumes the following generative mechanisms into the analysis
of the & 130,4 nm excitation:

ay radiative recombination of O+ ions with elecirons;

b} ion tecombination of positive and negative atomic ions in the F-region
(OF and O—);

¢) collision excitation by soft electrons (of energies above 9 eV).

Most productive of these mechanisms is the first one, occuring in the
topside F-region.

Each of these generative mechanisms, the regions of predominant effect
of each versus the others and their guantity values were estimated by Serafi-
mov in his works. He founds in [22) the Iollowing complete expression for the
bulk velocity of the emission of /,,, into the F-region of the ionosphere

df_,
4) _gjdf?i = Cmo.Jﬁ’{ Opazor Ve [OF]+ 0 120, . [O7].[OH]

Ef
+ f6130.4 .B.N,. e_'P‘EedEe} ’
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where K, {s the quenching coefficient of deactivation of the excited oxygen
term; o, 1904 Os 1304 @re the velocity constants of the radiative and ion

recombinations of O with electrons and O—jons, respectively, ¢4, is the
cross section of the electron collision of O with electrons at cutput O(2p33s38Y%);
£, is the upper boundary of the integral by energies which in Serafimov’s
opinion may be sufficiently assumed up to 100 eV; P, is an index in the
exponential of the electron flux spectrum, B, is the amouni of electrons
from the flux of energy £,==%eV, wherefrom the excitation of the triplete
around A 130 nm starts with electron collision. Serafimov found complete
expression for the emission vertically {zenith intensity) of & 1304 nm inte-
grating by the height %, under approxzimations of the alfitudinal distribution
of the subintegral functions deduced by him. This expression is {o be pro-
perly compared with the experimental data.

Successfully using the models for the neuiral components distribution into
the upper atmosphere, Serafimov considered the increase of A 1304 nm inten-
sity due to its muitiple resonance scatier from the atmospheric cemponents.
In the result to this the observable intensity of A 130,4 nm depends on the
height of the satellite, and of the UV instrument, respectively. This effect is
significantly reflected on the measured ratio of /4, 4//;95.4 Which will be discuss-
ed further on.

Similar procedure was made to analyse the other uliraviclet emission of
a length A 135,6 nm. Serafimov defined that the output term O(2p33S5557) of

this emission had the same generative mechanisms as that of A 130,4 nm [23].
Similar to (4} is the expression for the bulk velocity of A 1356 nm emission.
Serafimov obtained for the bulk velocity of emission| for both lines
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@,(2) and @, (£) in this expression are linear functions ofi
of R, [(?V% and of KG:%—I-

The examination of the bulk velocity ratio was not
we have shown above, the zenith intensity of A 130,4 nm
stribution and density of neutrals, as well as on the ar
region.

Global diagnostics of ionospheric paramecters
through optical data only

Bittencourt and Tinsley were the first [24] to draw attenti
the intensity of the red oxygen line is very sensitive a
height at which is located the maximum of the nighttime
ously, similar is the behaviour and the dependence on the
density of & 1356 nm. The authors were the first to sSugge
nose the specifically important parameters 4, F and N, F
ed measurements of these two lines. '

Based on the thorough studies of A 630 nm and of
lines A% 1304 nm and 135,6 nm made by the Bulgarian s
mov suggests a more complete and correct interpretation o
of the two airglow emissions for the determination of th
spheric parameters }17]. While Bittencourt and Tinsley
dependence for the determination of the {5 dependence
defines the same based on formulae deduced by him for

with the use of the international reference models IRI. The
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give the shape of the profile only, while the maximum value of the electron

density N,F is given by the measured li35.6. This depend

znice is as follows:
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rameters A, A;, A, and P are taken from the IRl models
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0
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case,

Formula (6) in combination with 4, F determined throug

surements, enablcs the determination of N,F practically ir

expression, the pa-
for each concrete
ination of the intg-

rh & 630 nm mea-
any point above

the earth surface, through the use of 4 relatively cheap and

technique, i. e, with the incorporation of optical equipment.|
~- the use of a satellite ionosonde — a very

tive possibility is considered
expensive technique).

accessible satelliie
(Here the alterna-
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Verification of compatibility of neutral
and ionospheric models through airglow observations

As it is known, the first models for the distribution of the neutral components
in the upper atmospherc were built up at the beginning of the 60s (UR stan-
dard atmosph., CIRA-55, Jacchia-71, etc.). [Jata mainly from the measured satell-
ite resistance were used for the purpose, resulting from shortening of the
satellite otbit and from mass-spectrometric data, too. These models were Improv-
ed regularly and after CIRA-75 and Jacchia-77, the most precise one at the
moment is the MSIS model.

The ifonospheric models composed by Prof. Rawer’s group within the
scope of COSPAR and URSI were initiated in 1975 [27]. They are also sub-
ject to continuous improvement,

Many experiments on the simultaneous use of neutral and ionospheric
models for practical geophysical compuiations have shown certain incompati-
bility and necessity of improvement. Many Bulgarian publications of Serafimov,
Gogosheva, Gogoshev and others revealed a very accurate criterion for such
compatibility [26, 28, 29]). The excitation and the emmission of the red oxygen
line is used for the purpose — A 630 nm in nighttime ionosphere. Many stu-
dies, including Bulgarian, have shown that in a calm geomagnetic sitnation the
following aeronomic reactions are basic for the formation of & 630 nm at night-
{time of the F-region

(8) Oy + e—0(1,)+0(3P),

The first of these reactions {7) is limiting to the emission velocity. Here
the fon compouent (OF) participates in ion-exchange reaction with the main
ne utral Oy, Thus, we may write the following expression for the exchange
velocity of emission:

) Ao __ BfeiNpl. )
3 A [1+d—(§}—] {14 B(#)]

In this formulae, ¢, is the quantum output of reaction (8); recent satellite
measurements yield &=1,33; Agpo="0069 s71; 4=00091 s7; S{4) is proirle-
shaping factor; N, FS(E)=N,(#) is the local electron density, and d{%) and
B(k) are the deactivation facfors, depending also on the altitudinal distribu-
tion of the neutrals. Through the integration of the two sides of equation (9)
by the height 2 we obtain a dependence of the column emission {zenith inten-
sity) in dependence of the distribution of N, and O, with the height. The
latfer are taken from IR[ and any uneutral model, respectively. Experimentally
comparing the measured zenith intensities with the theoretical values thus
defined, the compatibility of ion and neutral models is estimated.

In the publications of Serafimov and others a thorough study is made on
comparison between theory and observations on the nighttime emission of A
830 nm, performed in the observatory of Stara Zagora. It is found that the
model computations give intensities at midnight of the order of several Rei-
leighs for low solar activity, while the actually measured ones are 20-30 R.
The use of various neutral models (for example Jacchia-77 and MSIS) and IRI
provide the same results. This fact, as well as some other criteria, contributed
to the conclusion that the [RI-models at low solar activity should be corrected,
since the electron density deduced by them is lower than the actual one.
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Conclusion

The study of the optical emissions in the last decade
cantly to tfhe clarification of the sophisticated complex ofs
action as a whole, and of the magnetospheric-ionospheric
cular. A lot of Bulgarian publications — theoretical a
ground-based, rocket and satellite, contributed to the mor
tion and study of the energy transfer in the surrounding
which together with its fundamental nature is of definite p
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Manyuenue ¥OCMUUeCKON MIdA3MbI — WHIHKATOP
MarHuTOCHCPHO-HOHOC(EPHBIX NMPOLECCOR

M. M. ozowes

Peszome)

Chenan 0630p OCHOBHbIX (H3MKO-XHMHUECKMX IIPOIECCOB, NMPOTEKAOMKX H IPH-
BOOAINHMX K BOSOYXJAEHBIO H HJAYUEHUIO ONTHYECKHX SMHCCHH B KOCMHUYECKOH
maasme. McenepoBadne 3THX U3AYYCHHE JAACT RBaXHYIC HH(POPMAlMIO O HeHTpa-
JH3ALUOHHBIX H MOHK3ELHOHHBIX MpOHecCax, ¢ CKOPOCTAX d5DOHOMHYECKHX peak-
UHH, O IMOTHOCTAX MadblXx COCTABJAIIINX, O B3auUMOLeHCTBHH HOHHM3HPOBAHHLIX
¥ HEHWTPaNbHEIX KOMIOHEHT, O Bo3AeHCcTBUM MarHuTocdiepsl HA HoHOC(hepy 3eMiH.
Kouxperio nokasaHo ydactie GOArapCKMX VUEHLIX B 9TEX HCC/eLOBaHHAX, HaYaB-
wuxcd padoramu K. Cepadmmona ¢ Hauvana 60-x ronos. [10JpoGHO paccMOTPeHSI!
Pe3yALTATEl HBAYUCHHS HAAMaKCHMyMHOH duacty [-0612CTH NHpPH NOMOILIM ONTH-
YECKHX BMHCCHH, 4 TaKie YJAYULIeHHs MeXIYHADOAHKX HOHOC(EpHHIX H Heli-
TPANLHLIX MOJeJeH H AMATHOCTUKY MarHUTOC(epHo-Honoc(epHBIX CBi3ell.
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