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Introduction

It is known that there is a large number of physico-chemical processes which
bring the different atmospheric components into a state of excitation. A consi-
derable part of the day airglow is emitted as a result of pholoionizational exci-
tation. For instance, the photoionization of the oxygen molecule can bring to
excitation one or two oxygen atoms:

(1) Oz+4 (from Sun)—>0*-+-0O,

The atomic and molecular excifation of the upper atmosphere can also be
provoked by collisions with the precipitating particles from the magnetosphere
in a reaction of the following type:

© Ote—> O*te,

The electren in the left part of the expression (2) possesses energy slightly
superior fo the thermal energy of the electrons in the ionospheric plasma. The
atomic or molecular excitaticn level depends on the electron or proton energy
as well as on the cross-section of the interactions.

The ionospheric subthermal electrons, the so-called pholoelectrons obtain-
ed during the photoicnizaticnal process, can also take part in reaction (2)
during the day (E- and F-regions).

Particularly important is the contribution by the recombination aerono-
mical reactions, primarily by the so-called reactions of dissociative recombina-
tions of the molecular ions in the irradiational ionospheric processes. The main
reactions of that type are:

(3) OF4+e > O0*40 (O
{4) NO* +e - O*1LO up(NO+)
(5) Ni4+e > NN ap(N2)

These reactions are of an order of 10-7 cm3s -1 [1, 2] and their velocity con-
stanits are written at the right-hand side of the expressions,
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Reactions (3), (4) and (5) operate diurnally and they play a particularly im-
portant role during the night, when there is no ionizing source. That is
how the concentrations of electrons and of molecular ions are delermined by these
reactions. The quick disappearance of the molecular ions during the night is
compensated on account ol the ion-exchange reaction of the following type:

(8) O++0, -»OF 40 velocity of K, according to [3].

In the ionosphere the aeroncmical reaclicns of type (7) are around fifty in
dumber or more. A teview of these reactions in the ionosphere is offered in
greater detail in [1-6] and in some other papers.

The examples given until now refer predominantly to the oxygen atoms and
molecules, because they play the most important role in the F-region.

The irradiation of the atmospheric components can be obtained by the
re-emission of some lines and bands of the solar light. This phenomenon takes
place mainly during the twilight but essentially it has no considerable effect on
the airglow processes of the upper atmosphere.

It could safely be maintained that the airglow emissions from the aurora and
from the upper aimospheric layers above the middle, low and equatorial lati-
tudes are practically the same. The difference lies mainly in the infensity and
in the fact that the polar emissions operate according to reaction (2), while at
other latitudes reactions (1), (8), (4), (6) and (6) are valid. The theory of air-
glow emissions through the aurora and upper atmosphere can be found in [1].

Notwithstanding the fact that considerable progress has been made in the study

of the upper atmosphere airglow and that there are many publications on this
problem which show the connection between ionospheric processes and airglow,
there is still no unanimous opinion on the nature of these connections. This is
due mainly to the fact that until now the airglow emissions have been studied
1 an isolated manner. In such an eminent publication on atmospheric emissions
s [1], these connections are treated mainly as being statistical in character,
while one of the latest monographs published in 1975 on the ionosphere [7] con-
tents itself with the deseription of the airglow-ionospheric connections obtained
during the 1960s. ;

The purpose of this paper is to describe the first measurement results from
the ajrglow emissions of the upper atmosphere carried out in Cuba and to show
the connection existing between some of them and the ionospheric parameters
measured there.

Selection of Measuring Emissions,
Measuring Techaniques and Equipment

In order to study the ccnnecticns between the airglow emissicns of the upper
atmosphere and the ionospheric parameters, the best way is to choose emissions
from the E- and F-layers. This is determined mainly by the presence of a rela-
tively small number of atmospheric components and by the absence of complex
molecular ions (e. g. negative ones). Furthermore, in order to reveal the physic-
al connection of these parameters it is most convenient fo choose the emission
lines because, as it will be seen later on, they are best suited to photoelectric
measutemerits. .

The following emissions were selected for the purpose: First is the red oxy-
gen line with 2 6300 A of longitude (in fact this is the doublel $300-6364). This
Tine is emitted in the F-region. Second is the green oxygen line A 6577 A Ttis
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emitfed mainly in the E-region {80-120 km), though about 15-20 per cent of
its intensity is emitted in the F-region [8]. The third is one of the lines of the

first negative system of the Ny* molecule. Iis longitude is 4278 A, The negative

system is excited only by direct particle precipitation, and this provokes simul-
taneous ionization and excitation. Therefore, when controlling the emission,
we can study the precipitation particle effects on the upper atmosphere.

In order to establish the quick variations of these emissions, which is par-
ticularly important for the phasic processes in the ionosphere, we have selected
the two-filter photoelectric method, As we know, electrophotometry enables us
to obtain a very high temporal resolution and, on the other hand, the sensiti-
vity of this technique greatly exceeds that of the photographic method.

The two-filter technique has been chosen for the following considerations:
The latitude of each one of the selected emissions is of the order of 10-2 A (at
normal ifonospheric temperatures). There exists no filter with such resolution.
The filters used in the equipment have a half-latitude of 50 A. Therefore, each
filter together with the emission is also pervious by the spectral phone. We used

Fig. 1

a second filter in order to isolate the photte, and by that filter we measiired the
phone close to the emission.

The electrophotometer used for the observations consisted of an optical
system (fnl! angle — 109, a disk with interference filters, and a photoreceiver —
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photomultiplier FEU-79. The principle blocks are shown on Fig. 1. Besides the -
six photofilters, there were two more positions on the disk-—one for the measure-
ments of the dark current and another one for mounting the photostandard for
the purpose .of continuous control over the sensitivity of the equipment., The
disk with the photofilters was rotated by a motor provided with reduction gear.
More detailed information about the equipment used can be found in [9], and
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A

# . pending on the_time, is shown in Fig. 2 (green and blue lines) and in Fig. 3 {red

greater details on the electron blocks are to be found in [10]. The technique of
information processing is described in i4].

Measurement Results

In Cuba, the first observations on atmospheric emissions were carried out during
the nights of November 3-4, 1975, from the area of the Institute of Geophysics
and Astronomy of the Cuban Academy of Sciences. Similar observations were
performed during the subsequent three nights. Tt is necessary to have in mind
the specific requirements on the atmospheric conditions during such kinds of
observations. In the first place, the atmospheric transparency must be very
high and stable, without any clouds or scattered light. The obesrvations can
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Designations as in Fig. 2
r

be effected at lunar phase smaller than 0.5, though the best siluation is about

the new moon period.
., The behaviour of the intensity of the measured atmospheric emissions, de-
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line). The threshold sensitivity of the equipment for all three lines is of the or-
der of 4-5 R, The relative error of the measurcments is 5 per cent and the tempo-
ral resolution is 6-7 min {i. e. two neighbouring values are divided by an in-
terval of 6-7 min for one emission).

The behaviour of the green emission which had been observed for four nights
did not differ distinctly from the measurements of this line at midlatitudes —
ci. [1, 4, 8, 11]. The emission intensity changed within the range of 190-400 R,
which was the normal limit for disturbed conditions. Quick intensity fluctua-
tions were typical here, as in the case of the midlatitudes. This was explained by
the fact that the red emission was irradiated in the E-region in the range of 80-120
km at a reaction of the following iype:

(7) O+0+0—-+0,+0(D).

This reaction, initially suggested by Chapman, is known as the triple col-
lision. Therefore, oxygen concentration fluctuations {atmospheric density) can
strongly influence the intensity of the emission. 1t is also well known that strong
atmospheric turbulence takes place in the region of 100-120 km.

It was interesting to follow the behaviour of the 4270 A emission during
the nights already mentioned (Fig. 2). It can be seen that the intensity of this
line changed within a narrow range of 3-4 R. As we have already observed (Sec-
tion 2), the threshold sensitivity of the equipment was of the orderof4-5 R, and
the measurement error was about 5 per cent. Therefore, we can assume with
certainty that there was no emission of the 4978 A line during these nights, i. e.
no particle precipitation had taken place. The increase of theorder of 7R record-
ed at 01:30 was probably due to the pass of a star source through the angle field
of the apparatus.

The behaviour of the red line will be examined further omn.

Correlation between the Irradiation
of the Red Oxygen Emission and
Some Parameters of the F-Region

It has been shown by D. Barbier [12] that between /.F and and A'F para-
meters of the night F-region and the irradiation of the red oxygen line there exists
a definite relation of the following type:

® Toaan=K(oF)® exp(— 520 +C,

where foF is the critical irequency and A'F is the operative height of the F-
region, while H is the scale height. K and C are two constants determined for
each stalion separately during simultaneous jonospheric and optical observa-
tions.

On the basis of a more up-to-date theory of the region, Serafimov and Go-
goshev worked out a new formula in 1972 which is similar to (8), with the empi-
rical constant K of formula (8) now being the following:

(9} K=1.24>10% . R,[0q) 00 .

where K,—=4.10-" cm®~! [3, 6] is the rate constant of exchange reaction {6} ..
and [O,]s is the molecular oxygen density at 200 km level.

Other publications (e. g. [13, 14]) show the use of the N, (A} profile lor the
calenlation of the red emission theoretical profite. _
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Figure 4 shows the behaviour of the % 6300 A line intensity (by observaticns)
for the nig ht of November 3-4, 1975, and also the behaviour of foF and h'F by
observations at the San Jose ionospheric station. Since November 3rd was a mag-
netically quiet day as regards the solar activity (see Table 1), coefficients K and €
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were calculated, havihg the following values: K=1.96 and C=60 R by the
correlation function

(0) L o= f{(foF)? exp (- ZEZ20)]

After that, using formula (8), the theorerical intensities of the red emission wele
calculated as shown on Fig. 4. :

It sheuld be borne in mind that, on account of the clouds, the apparatus
hed to be switched off several times (see interval 21:30-22:30; 22:30-22:45;
22:45-23:20). Theoretical-to-experimental data scatter appears during the night
and immediately before the morning hours. There was good agreement between
{hecry and practice during the 23:00-04:30 interval, In fact, as shown in [15],
formula (8) and the other similar formulas give the rate of the ionospheric re-
ccmbinaticn, Therefore, Fig. 4 can be interpreted in the following manner: the
red emissicn increase which begins at about 01:00 is due only to the dissocia-
tive recembinaticn increase given by fermula (3). But it is still difficult to suggest
the reascns for that increase. .

Befcre examining the emission behaviour during the other days, we shall
examine the solar and geomagnetic activity: levels for one period of observa-
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tion. Data irom solar observations were obtained at the Observatory of the In-
stitute of Geophysics and Astronomy of the Cuban Academy of Sciences, with
the exception of the radioemissicn in the range of 10 cm — Boulder. They are
givenn in Table 1.

Table 1
. | | |
November 1 2 3 ‘| 4 3 6 ‘ i 8 ] ‘ 10
o o 3 | - -
Radioemission 2 cmi 515 | 518 | BT l 51¢ | 523 | 5256 | 525 ‘ 526 | 524 | 522
Radicemission 4 cm 149 156 151 154 167 159 159 | 159 156 15%
Radicemission 10 cm 72 73 74 ‘ 77 80 | 82| 8 83 80 | 80

The radicemission data are given in 1072 w/m® iz unils.

According to the dala obtained, the firsl days of November were guicter.
Over a period of three days — from the 1st to the 3rd November, the radicemis-
sion increased from 72 to 74 units. On the 4th day it had already risen to 77, and on
the 5th day it rose fo 80, remaining constant on the 6th and 7ih davs. The inten-
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Fig. &

t — experimenial; 2 — theoretical

sity decreased after the 8th day, The magnetic data show {hat a :Ilnagnet;"lé dis-
turharice had set in on the second day and that iis maximum;appeated about the
4th to the bth November. ' ¥ IFTFET ORI PSP 1 SIEN
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Resuliing from the increase in solar and geomagnetic activity, there appear-
ed a gradual intensity increase of the red emission, as can be seen in Figs. 4
and 5. Thus the minimum night intensity on the 3rd and 4th November was
already of the order of 60 R. On November 4-5 it became of the order of 80 R,
and on November 5-6 it rose to more than 90 R.

A bright star source crossed the zemith about 23:45 and 01:30 of the first
night, and this resulted in an intensity increase. The disturbance of the pealk
during the other nights 4-5 minutes earlier than during the first night confirms
the fact that it was really a star source.

In addition to the intensity increase, which was probably due to the solar
activity increase, we examined yet another important detail. This was the scat-
ter between the experimental and the theoretical data for November 4-5 and
5-6, when in calculating them we used the same constants as for the November
3-4, namely, K=1.96 and C=60 R. This phenomenon probably has a bearing
on the negative ionospheric disturbance during that time — probably the re-
sult of the geomagnetic storm. This was immediately {o be observed in the night
drop of the critical frequencies.

As it is known, one of the suggestions made for explaining such a drop is
the redisiribution of the eleciron density in height, which cannot possibly be
controlled by vertical sounding. In this manner the electrons over the maximurm
of the F-region can contribute considerably to the irradiation, which is still
uncontrollable,

In all probability, at this point the thermal excitation source G (ID) by reac-
tion (2) already begins operating, but because of the unavailability of data on
the ionospheric temperature at that time it is difficult to express a positive opi-
niofl on this problein.

Nevertheless, we can still consider one more source for the increase of A
6300 A. Let us examine expression (9). As we know, the upper atmospheric den-
sity in the F-region increases by one order during solar and geomagnetic acti-
vity, the increase being by several orders at higher levels (cf. for instance the
review in [7]), Let us then have an increasc of K in the theoretical calculation
I4309 by formula (8) so that the theoretical data would best agree with the expe-
riment. The best agreement is obtained at X=20. This means that we have aug-
mented K by one order. If we now look at formula (S) and assume that the coef-
ficient K, cannot be augmented to such a magnitude, which follows from the
temperature dependence of thal coefficient, there remains only the considerable
increase of [Olane. More precisely, we should say that the product [K2]-Cagou
has increased by one order of magnitude.

Finally, we would like to mention that this was one of the probabilities
given above.

Conclusions

1, The first observations of the atmospheric emissions in Cuba and their compa-
rison with the midlatitudinal observations — e. g. those in|l, 3, 4, 8, 11, 12] —
have shown that the behaviour of some of the emissions was the same, ¢. g. the
green and the blue emissions, while in the case of the red one there were definite
differences,

2. In Cuba, the red ernission, which represents the rate of the night recom-
bination process, shows a definite increase after midnight. This results from
the dissociative recombinational increase in the F-region. These processes are
probably related fo the increase of the critical frequencies f,F after midnight,
as described in [17}, but their physical mechanism is still unclarified.
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3. The first night observations of the 4278 A emission, though only for three
nights during a disturbed period (the maximum K index at that time was K=4),
showed no remarkable particle precipitation. In any case, if we use the techni-
que given in [18, 19] and keep into consideration the fact thet the intensity of
% 4978 A was close to zero, we are entitled to maintain that the upper boundary
of the precipitated electron flux, i such does exist, is below 2 x 10~%erg/cm® s.

-+ The authors express their gratitude to Professer Kiril Serafinmov, Directer of the Cent-
tal Laboratory for Space Research in Sofia, and to Dr. Rosancdo Alvarez, Direcler of the
Institute of Geophysics and Astronomy in. Havana, for lhe all-rcund help rendered by them
during the organization of these observations in Cuba.
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TlepBbie De3YJLTaTHl M3MEPEHHs ONTUHECKHX oMHUCCHE HOHOCDHEPHL,
nposenentoro nHa Ky6e

M. M. Focowes, CAK . Yanxuiros, X. C. Fonsusec,
J. Hasacuo, K. Xua

(Peawowme)

B BBejJleHHH PACCMOTPEHbI (PUaHUeCKHe OCHOBL CYIIECTBOBAKUS ONTHYECKHX 3IMUC-
cuil nonocdepsl. Buumanue yJIesieHo (OTOHOHHSHPYIOUMM [Iponeccam B RHEBHBIX
ycsioBusiX. PaccMOTpPeRbl TPOLECCH JICCOIMATHBHON PEKOMOMHAIIA MOJEKYIAD:
HBLIX MOHOB B HOHOC(Epe. ;
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Lesibio paGoTsl ABJstleTcs onucanue HEPBbIX DE3YNIbTaTOB. H3MEPEHUS OnTH-
“HECKHX SMHCCHI HOHOC(EPEL, NMOJYUEHHBIX. C HOMOMLbI) BoarapeKoii. sAekTpOdoTO-
‘METPHYECKOH anmnapartypsl Ha TeppuTopuy PecnyGimku KyGa. . i
. Onucana uameputesibnas TexHHKA W PHMEHsIeMbIE TIDH H3MEPEHHSX TeXHH-
UECKHE CpelcTBd; 06p4llieH0 BHHMaHHe Ha BBIOOD H3MEPAeMBIX SMHCCHIL,

[Tpupenens: pesysibrats: H3MEPEHHH M ClleslaHbl BLIBOABI HA OCHOBE MepBhIX
H3MEPeHHI ecTeCTBeHHbIX 4TMOCEPHBIX ONTHYECKHX SMHCCHI, IPOBEJeHHBIX 6oJI-
I'apo-KYOHHCKHM KOJIJIEKTHBOM Ha Ky6e. /lano conocraienne ¢ auasiornumnmuy
IRCICPHMEHTAMH, TIDOBEJEHHBIMH B CPeHHX IHPOTaX, H YKa3aubl HEKOTOPHIC
OCOBEHHOCTH 13MEPEHHs B HAKHX uiHpoTax, : : iU iy
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