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ABSTRACT. Rocket photometric measurements of airglow intensity in the atomic oxygen green line

at A =5577A are very important for understanding a great number of physico-chemical processes
going on in the upper layers of the Earth’s atmosphere. Basically, the onboard and terrestrial experiments
carried out solved the problem of airglow generation and its altitudinal distribution as well as deactivation
of corresponding excitation level of atomic oxygen. However, in the experiments of the second half of the

last century the height of the maximum airglow intensity layer 1 =5577A was not defined with great
precision. Rather, it was defined within the permissible error limit. The imperfections of other experiments
has been partially removed within the present project. In particular, we carried out the experiment in the
midlatitudes (site of Kapustin-Yar, Volgograd, 1986) in calm geomagnetic conditions of late twilight.
Appropriate geomagnetic conditions and proper geometrical position of photometric measuring equipment
allowed us to define the maximum height of the airglow layer. In the experiment, the measurements were
made with a three-channel on-board spectrometer. Height dependence of airglow intensity in the range of
80140 km has been defined and the mechanism of generation of excited atomic oxygen has been provided
for ascending and descending segments of the rocket trajectory. There are Chapman one-step mechanism
and Barth‘s two-step process dominating in the excitation of atomic oxygen. © 2013 Bull. Georg. Natl.
Acad. Sci.
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While repeating some measurements obtained in
earlier experiments, the experimental results presented
here supplement them to a certain extent [1-3].

The experiment was carried out in a midlatitude
site in the region of the city of Volgograd in 1986.
Meteorological rocket MP-12 was launched in the
late twilight.

There was a set of measuring apparatus placed
on board of the rocket. Ionosphere airglow intensity
was measured by three-channel spectrophotometer
developed and produced in the Kutaisi Polytechnic
Institute (now Kutaisi Akaki Tsereteli State Univer-
sity) for measuring the atmospheric emissions and

atomic oxygen A =5577A, A =6300A and neutral
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lithium 2 =6708A . Threshold sensitivity of the
channels measuring emissions A=5577A,

A=6300A, 2 =6708A wasequal to 20+ 5 Rayleigh,
80 + 15 Rayleigh and 25 + 5 Rayleigh, respectively.
Angle of view, time constant and dynamic range were
almost similar ~2.3°, ~0.15sec and ~10* for each chan-
nel.

The spectrophotometer was placed on board in
perpendicular to the longitudinal axis of the rocket.
Over the blend of the instrument at an angle of ~45°
there were installed reflectors registering the airglows
from the horizontal direction. The sampling rate of
the telemeter was 100 Hz per channel. The apparatus
was switched on from the Earth surface. However,

the channel registering the airglows 4 = 6300A mal-
functioned. The other two channels worked normally
throughout the flight.

The wings of the rocket opened at an altitude of

~70km. From that moment the apparatus began regis-
tering of the airglow intensity line A =5577A. There

was observed no increase of telemeter level on the

channel registering airglows A = 6708A. Apparently,
the volume of airglow intensity of the atmospheric
neutral lithium was below the threshold sensitivity
of the channel.

In processing the information of the telemeter,
the report on airglow intensity was obtained every
~0.5 second.

The airglow intensity of atomic oxygen

A =5577A was minimum at an altitude of ~85km
and equaled ~50 Rayleigh. With increasing the alti-
tude 95+103 km the intensity also increased and
reached its maximum (~180 Rayleigh). Then a rapid
decrease of intensity followed up to the altitude of
~110 km and a slow decrease of intensity up to the
~150 km was observed. At the apogee it was equal to
~40R.

In the descending segment of the rocket trajec-
tory from the apogee to ~120 km, the airglow inten-
sity was comparable to that of ascending segment.
After that, it sharply increased reaching its maximum
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of ~200 Rayleigh at an altitude of 95+100 km. Then
there was a sharp decrease, when it reduced to a
minimum of~70 Rayleigh at an altitude of ~83 km. In
the descending segment the intensity of the regis-
tered airglow at an altitude of 80+120 km was greater
by 30 Rayleigh, on average, compared to that of the
ascending segment. The thickness of the atmospheric
layer of the maximum airglow was slightly greater
compared to the analogous values of the other ex-
periments[1, 3].

It is well known that the airglow of the atomic
oxygen green line is generated at the expense of tran-
sition 'S — 'P_.In the midlatitude ionosphere the ex-
cited state of O('S) is generated according to the

Chapman one-step mechanism [6]:
O(C’P)+O(*P)+O(’P)—2—0, +O('S) 1)
or according to the Barth two-step process [7,8]:
OC’P)+tO(°P)tM—-2—0" +M Q)
0’ +0(°’°P)—=—0, +0('S) A3)

where O(CP) is the atomic oxygen in ground state;
M — the sum of concentration of molecular oxygen
and nitrogen; O”, - excited state of molecular oxygen;
k, k,and k; reaction rate. In every case, the source
of excitation is the combination of atomic oxygen
and three components.

Assuming the Chapman process to be basic in
the green line airglow we can explain the trend of the
curve obtained in the experiment. The observed trend
is explicitly determined by concentration of atomic
oxygen, which is one of the main components of the
upper atmosphere at the altitudes considered in the
experiment. The increase of intensity at the apogee
up to ~100km was caused by the increase of concen-
tration of atomic oxygen, while the decrease of airglow
intensity below ~100 km was conditioned by the de-
crease of concentration of atomic oxygen and by the
increase of efficiency of the deactivation process in
excited state of O('S) [10]:

O('S+O(*P)—4 5 O('D)+0.255 eV @)
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0('Sy+0, —50('D,*P)+0, 5)

O('SytN, ——0('D, P}N, ©)
Here, K " K,and K, are the coefficients of deacti-
vation; O('D) and O(’P) states of the atomic oxygen.
It is difficult to determine a dominating role of any of
the above-mentioned mechanisms in of O('S) state.
Difference between the thickness of maximum
airglow of the observed experiment and those of the
other experiments appears to be caused by gas emis-
sion from the rocket and formation of additional rea-
gents of the atomic oxygen excitation. Certain differ-
ence in the airglow intensities in the ascending and
descending segments of the trajectory is also caused
by different levels of gas emission from the rocket

and by the geometry of relative position of the airglow

aa(’)tBO%Odb

layer and the apparatus.

The registered distribution of intensity accord-
ing to altitudes can also be explained by Barth mecha-
nism. According to the laboratory measurements [11],
basically, excitation of O('S) occurred by that mecha-
nism. Confirmation of such a conclusion was obtained
in therocket experiments [12-14].

The profile of the green line airglow intensity al-
lows to define the atomic oxygen concentration, de-
activation coefficient of the excited state O('S), coef-
ficient of vertical turbulent diffusion and other pecu-
liar aecronomic parameters of the upper atmosphere
that are imperative for controlling the balance of the
atmospheric oxygen. The measurements carried out
can also be used as the basis for other similar projects
in future.

b@maﬂﬁo .2].)586.);!\)015 A =5577A bsbol 5.)0136015
0563513030')6013 Bobmﬁém %mémaaéﬁ)ong{)o 3.)%(*)333250
150‘330;33(*)3053;1\)(')3.)5 omsm'ls%aﬁ)m'ao

m.anOB:—;OQO *, 6. mjﬂ)mg(ag\noda*

34930 Eaﬁ)amgmls 1531‘)3@3%’003(\') ‘360335)130@)3(3)0, j‘ambolso
(Fo@Bmmagboemas 93598030l . @emdobsdols  3og®)

o&maﬁﬁo ﬂ.)ﬁab.)a\m’ls A =5577A 3%'3.)53 babol G.)maan'ls 05(5351“)30)6015 t‘)odaémg—

gm&maaéﬁo-ﬂg 3"%"’83361’ 6005500 abs'ls.) 5‘80’6{]6’3&0 350'3353;20)3.) QagaaoVols %DQ.) oéam]staaﬁ-ag
(535.)'80 HOBQQE.)&{] 6030 tao%o 6-36—:]030-860 36(')(331533015 .)blssolsomaols. 335bosb 3 6.53'305)3600)

Bo&oﬁabagao Bobmﬁ&m > 30%’01;306.5 351533603356363.), Joﬁom.)Q.)a\) 6.)Q.)V830®315 >3 a.)ﬁmlsbosa&ols
33536000013 Lo dombo, dobo 30QQ030 aos‘ﬁ’omabo [ Qa‘b.)ﬂ&oa.)eo.) o&maﬂﬁm ﬂaEaBQQoB '331&)3.)30150

.)Qa%sabaQo Qmsols. oraaeo ao’lraQo lsom 635013 33(*)63 50533.\6’30 aos‘bmﬁeoagabag osonao‘aﬁo
dQ.)lmls 3:]]53360335&'30 A=5577A 303(')1550333015 babol 3.);]]503.);:)-360 oséﬂﬁlmzimaols (335015
bodsmeol 336Lsbmg®s brgdmps 363 olg bybise, dogmsd (3pmdomgdol ©sbsdggd Labmgnddo,
6.)(3 .)ols.)'bﬂbma\).) 3Q6m3.)63m60'ls 335.&50%33601} Qo%-alséaa.)'ao. 30515153.)33300) Baéoﬁaaﬂmo
3:]133360335&360’[5&605, 53351& 3036 6.)550;:)-8;2 36(*)3:]@'30 a'ls 50633‘5360 50%’0&«)6603 a.)am'lﬁmﬁa&agmo
ogm. wﬁde, 53350 a:]ls3360335®o &oﬁQUBmQ.} Bo'a-aogm 30535233%3 (‘r] 3mQama€)bQoB 300630,
603"315&05—0.)6013 3mgoamﬁ%a) 330050 305;2013013 98506 aamaoasoégﬁ 306(*)333'30. Bo&oﬁabag

Bull. Georg. Natl. Acad. Sci., vol. 7, no. 3, 2013



Onboard Photometric Measurements... 43

3;]]53360335&'30 a.ﬁ')m33330 éoﬁm\)aﬁmﬂ\)o Ladsérbosbo Bo&mt’)&m 13335&60’)(30’)&0133@600). oaabagoo

A=5577A oE&aE’lm;}mBols 3.)Q;Qo3o QoamdoQa&amabo 63 1’08°QQ{]{]6%{], %’oﬁ)amﬂ\)aasomoa
.)Qa%sabaQo Qmsols 63536000013 33:]050%3330 6.)&]@01} éﬁoaﬂémﬂmoh .)QH.)&)Q > Q.)QB.)&)Q
3698%3. damBstigmBols smabbgdol dowgst 9360533l othdmaraghl Bg3dgbols ghobsggbmtosbo
33;].)50%30 > Baﬁéoh mﬁls.)g;jb-aﬁo.)ﬁo 36003150.

REFERENCES:

1. D.I. Baker, R.O. Waddoups (1977), Journal of Geophysical Research, 72: 19.

2. J. Chamberlen (1963), Fizika poliarnykh siianii i izlucheniia atmosfery. M., 280 p. (in Russian)

3. L.M. Fishkova, GV Markova (1959), Bulletin of the Abastumani Astrophysical Observatory, 24: 161.

4. TG Adeishvili et al (1986), Otchet Gosudarstvennoi Registratsii, 01.85.0026747, Kutaisi.

5. T.G Adeishvili, A.A. Gabeshia, A. Kh. Jincharadze, et al. (1989), Coobsheniia AN GSSR, 3: 133. (in Russian)
6. S. Chapman (1931), Proc. Roy.Soc., 132: 353.

7. C.A. Barth (1964), Geophysics, 20: 82.

8. D.B. Bates (1978), Planet. Space Sci., 26: 897, Pergamon Press.

9. E.G Mullen, S.M. Silverman (1977), Planet. Space Sci., Vol. 25: 23, Pergamon Press.

10. T.G. Adeishvili (1995), Doctoral thesis. Tbilisi.

11. G Black, T.G. Slanger (1977), Planet. Space Sci., Vol. 25: 79, Pergamon Press.

12. L. Thomas, R. G. H. Green, P H. G. Dickinson (1979), Planet. Space Sci., Vol. 27: 925 P.

13. G Wittet et al (1979), Planet. Space Sci., 27: 341, Pergamon Press.

14. T.G Adeishvili, J.G. Lominadze, G.G. Managadze (2011), Georgian Scientific News, 1: 15. Kutaisi.

Received June, 2013

Bull. Georg. Natl. Acad. Sci., vol. 7, no. 3, 2013





