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The deduction of the quantity relationships between the airglow and the upper
atmospheric parameters provide for the complete analysis of the phenomena
in this medium. The aim of this paper is to obtain the approximale analytic
expressions for the integral infensity / of the red oxygen line A 630nm, ge-
nerated in the upper atmosphere of the earth, The formulae for the volume
emission rate dl/dh, obtained in [1, 2], shape the background for these ex-
pressions based on the models for d//dh in [3]. The latter are based on the
model for the neutral atmosphere CIRA-72 and the International Reference
lonosphere [RI-75. The analysis of the new models for 4f/dk in agrecment
with CIRA-79 and IR[-79, as well as the models based on MSIS, combined
with IRI {sce [4]), do not change the nature of the analytic expressions, Only
their digital characteristics are changed. Through the expressions thus deduced
for the integral intensity / in dependence on the paramcters of the madels
for the neutral upper atmospherc and for the ionosphere, a possibility is pro-
vided to resolve seriesof direct and reverse problems — from the known para-
meters to determine the intensity, or from the known infensily, combined with
measurements on the intensity of the line A 1356 nm and single measurement
on the local electron density, to measure the values of the maximal electron
density NV, F {or ifs respective critical frequency f,F); of the height of this
density £,F and the constant 4, of the distribution N(#) in agreement with
IRF—see the method in [5]. On the other hand, such cxpressions enable us
to consider the effects of various factors determining the intensity of the
line & 630nm, and to compare the models of the neutral atmosphere and the
ionosphere.

Complete Expressions for the Intensity 7,

In [1} from the general expression for the volume emission rate
(1 al _ Kdgy v 10:]Ndh

dH ™ A4 [+dRATN + B
approximation of the denominator is obtained

2) (14 dB) A1+ BN o(hoF)e=2ih—m = k),
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where K=1, Ag,=0069 s~ 4=00091 s, N — electron density, (k) de-
notes the fotal deactivation of collisions of excited ox 'gen atoms in state
O(*)) with neutral nitrogen molecules and with the electr}Lns: By e N
+Ya[Vpl/eaV, where v, and v, are respectively the coefficients of the exchange
reactions between the ions of the atomic oxygen and the neutral oxygen, or
the nitrogen molecules; and o, and @, are the coefficients|of the dissociative

recombination for ions O} and NO¥, respectively. For the values of the exa-

mined coefficients and their temperature, temporal and spatial vatiations see
[1,2]. In agreement with [1] at midgeographic latitudes (cp:i- 45°} in 00" sum-
mertime under R=10(T,~550°K) and 4,F~180km, we hf.we (o (180)~347,4
and py~0,4.

fa agreement with IRL-79 for N(#) under 4 =4, F (further for simplifica-
tion we shall use N,F=AN,, and k,F=4h,) we have '

3) NNy [ A1+ 25l 45 exp (~ Al

where: A, — constant of two fixed values (for low and high solar activity,
seeIRD); Ay;=2(atlow solar activity); A;=3(at high solar aclivity); A;=A,—1;
A=A A/(A—A)—005. It is clear that under known solar activity all
the constants are known from IRI, excluding A4, which is| cither taken from
IRI or specified through measurements similar to those in [6]. Expressions for
N(h) are given in IRl for k<4, F which introduce series| of new constants,
But we use in [5] the known fact that the circummaximum| area of the F-re-
gion has distribution very close to the parabolic one .and is| characterized with
symmetry with reference to £, Therefore, we use expression (3} for h<h F
also up to heights of about 180-240km, and in this reglon in agreement
with [2, 3, 4] the airglow with A 630 nm is initiated. For the purposc we only
substitute £—4,, with the argument £,,—#%. |

We have shown in (1, 2] that ¢(%4) is given with the| expression (2) up
fo a2 height of about 280km over the earth. At %= 280 Km, we have {msl.
Therefore, we analyse the following cases:

1. Region with {4 1(4=<<280 km), |

This case can be divided into the following subcases, considering the
lecation of 4,,F: '

1.1. A, F<280 kmn,

The airglow occurs in three parts: a) &, < A< 280 km; bYh<h,; ¢)2=280 km,
We denote with 7, g and 2 the respective parts of the intensity

(4) I=l,+ 141, |

a) k,, <280 km f
For low solar activity, the following expression for { is obtained from
|
|

(D (2 (3
(5) l,r:[n“"'[rg;

285G
o~ Prp) {A—180)

KAy
(6) =B 0 (180N, 4, [ ETNE2
3 ey

The exponential approximation for the altitudinal distribution of the mo-
lecular oxygen [0,] (£2)==[0,],(180)e—2:"—180) versus the possibly lewest boun-
dary of the airglow of 180km is considered in the yielding of {6). It is con-
sidered that, regardless fc the complex naturc of the temperature (and there-
fore altitudinal) variations of y,, in agreement with (1) we may consider that
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v;=21,60 101 cin® §—1 in the examined aftitudinal region. It follews from (6)
that

i =K N, Ae” (‘o”"p‘)mm_éu_.m”{ﬁveji—{-f’d 'HJ_W
AN Vo i
& 280— :: km
— A po—p ) E, [ A pri— pg)ul} 0ot
U=t
where K= Mw v, [05]6(180)A, ; E; is the generally accepted denomination of

the exponentral-mtegral function.
At high solar activity (R = 100) we have

%o { ) (f—180
—( o) (2—180)
(8) =KN,, f G dh;
l+ g1
Hun ( Ay )
o~ pa—py
!r.|:f<1N A e —( P .l”l) {hm"‘Ail_"%){.i._.‘zrji.__
280—h —A
s — ) Ae— BBV (py—py)2AL _ ) il
@  lemmi + 5 ElAdp Ul

The expression for I, does not depend on the solar activity and we ob-
tain

280 fhy
L e
(10} I,= KA{sso 71[02]{(180) AN, fg—(m—p,}(a 180} A dn
—{ pe—r) {7, —180} i 230_;11
(11) I,= K’onf(Vpe P {1—-3 i pe—p1) Agt-Al] }’
2 '
where
a2 _ Kde 01,1804
2= T4, YilVele 3.
by k<h,,

As we have already shown, in this case we substitute in {3} the expres-
sion A—h,, with k,—#, which is yielded at low solar activity

_KleAag_(Pe—ﬁl) (h,,+A—180) {__'eﬁo( Pa—polf

By Ag—180
13 + A pa—p)El A a—pDUT}
~{Zps) (R, —180) o ” 180
(14) [g, K?.Aone {l-e [A—t o R:}] A }-
Ag— (pe—pi)de
At high solar activity we have
( pe—p1) Al
"{g. — K\MHAUg_{ Pa—p) (nm+Au—180} {_ e i
£ A A—180
{ ga—p) A0 "
IR o N . PV
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f,, has the form of (14).

c) £>280 km

This case is treated under {=1.

1.2, h,F>280km

In this case the total intensity is also formed in thr
=280 km/{=+1; submazimum tregion; b) 280<h<h,/E=1;
and ¢) A>4,/0=1; abovemaximum region. Cases b} and d

=

pe layers :

a) 180<h
submaximum reglon,

) will be considered

for £=1. For case a} we use {13) and (14) for low and high activity reSpec-

tively and substitute the bottom boundary in both cases wit
2. {=1(%>>280 km)
2.1, h,F<280km

h (i, +A,—280)/A

We have again the subcases and the respective comlponets given by the
indices 7, g and #, shown in 1.1. We use for the compongnts r and g the al-
ready deduced expressions {7} and (9), (11), (13), (14), (15). The following de-

pendence is given for the component n

{16) JH::[’h—'_[!fg!
where at low solar activity
—Pelli—180)
(17) =K . [0,], (180)N,, 4, f e L
280 _m
4004 Ay—7
P2,U o
(18)  Iny= Kslybhoe "m0 — A E(—pado)) %
2804 Ay—h

At high solar activity

e_pz-’dou PEAO"’_‘

"

Ao

7oL

( 1 9) !?!1 = KBNmAae_PEmm-AD_I 0}y [

207
600+ A,—*,,
Ay

2U°

p2A2
+‘_22_G E:'(“‘FSAOU)] ’

280+ Ag—h,
A!I [

where KQ—KA63071[02]0(180)A1/A

It is considered in (18) and (19) that in agreemen
upper boundary of the airglow with A 630 nm is abouﬁ
activity and about 600 km at high activity. For [, we hay

80—t
otk 180} —( pady AL i

KIQAI') m€ | R
Pefot+ Ay
where K, = KAgY; [0 Jo (180)YA44/4.
22. h,F>280'km
In this case also three components of the indices 7
able, and /, is determined with (13) or (15} for low an

pectively, but with substituted bottom boundary: instead of U/

is used; exptession (7) is justified for the component 7,
gument—mstead of A—4,, h,—h. Expressions similar to
dary equal to an unit are obtamed Dependences such as

(20) I — e—( Bady+-4
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t with {1, 3, 4] the

h,~400 km at low

e
r:]

h r—.l’z 2
AH

, & and n are avail-

d high activity, res-

:1 U_, hm”f‘ﬂﬂ_gﬁg
: A

with substituted ar-
18) of upper boun-
(18), (19) and (20)
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?;e 1113ed for the components 7, with substituted bottoni boundary, namely

With the dependences here deduced, variods ionospheric or aeronomic
parameters can be determined and the respective equations are solved in graph-
analytical manner similar to the method in [6] or the regula falsi method.
The data from IRI can be used in the latter case as orientation for the search
of the respective solutions.

Discussion and conclusions

According to IRI, the cases with £, F=280km are quite rare. In fact, our ob-
servations on midgeographic latitudes contradici this concept since often
2204, F=<280 kin, see sunnmarics in |2, 10].

For the computing procedures it should be considered that in many cases
{for example at high values of the power index in the decreasing exponential
functions or at large arguments of the integrai-exponential function) signifi-
cant simplifications of fhe expressions deduced here are obtained. In agree-
men{ with the method developed in [5, 7] the expressions of the intensity of
the red oxygen line, together with those of the intensity of the ultraviolet
line with % 1356 nm and a local measurement of the electron density provide
vield of parameters N,, 4, and #,. This is the determination of all the para-
meters necessary for the computation of the maximal usable frequencies (MUF)
in radiccommunications. On the other hand, the determination of the profile
MN(k) of the electron density in this manner and its correlation with the con-
crete measurements of the mentioned airglow emissions and with a value of
the electron density, enable the performance of improvement and updating of
the IRT model. Therefore, its adequacy is enhanced.

The expressions obtained contain the unknowns N, #, and A4, of very
complex relationships. But their graph-analytic solution or through the regula
falsi method is not difficult in the application of the orientating values of the
IR], or from the ionospheric models of the CCIR.

Both through the dependences obtained here and through the formulae
found for the intemsity of the emission with A 1356 nm in [5, 8, 9] the back-
ground for the complete consideration of all the factors for the generation of
the most important oxygen lifies in the airglow and for the serious mathema-
tical theory of this phenomenon in the upper atmospheres of the planets and
ihe earth is compiled.
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Anamitnueckast annpoxcumarys HHTErpatLHoN
HUHTEHCHBHOCTH JuHHK *» 630 nm

K. B. Cepagumos

(Peawume)

Ha ocuose momean ueiitpansuos armoctepss CIRA-79 u Mnrepnaunonasnsuoit
peepenTrON noHocdeps: IRI-79 BoiBemeHnr mOMHBIC aHANIMTHYECKHE BLIDAXKECHHUS
HHTEHCHBHOCTE KDACHOH JMHHA KHCNOpOAa Ha Eaume Bouausl A 630 nm. Pacemo-
TPEHBl DAa3MUuUHBIE CAY42H ¥ MPeACTaBACHbl HOAHLIE bopMyns! aas lg, B 3apu-
CAMOCTH OT BBAMMHOFO DACHOMOMERHS BHICOTH MAKCHMAJAbHOMN 3NEKTPOHHOM
KOHUEHTPauuy N, F u secorsr 280 xM (go xo*ropoﬁ.ueoiﬁxonamo YUHTHIBATh
GaxTOp B 3HaMeHaTeqe HUTErpATBHOM uHTeHCHBHOCTY). [Toltyuennble Takum 06-
PAsOM Bhipawenus 20T BOSMOXHOCTH TOYHOTO peIIeHus | Pija MpAMbIX U 06-
DATHLIX 3ALa4 a5POHOMHUH, B TOM YUCAE ONPEfENeHus HOHOC(EpHBIX napaMerpon
NuF hF u A, (IRI-vopnenn) nocpesCTBOM ONTHYECKHX M IMIA3MEHHBIX H3ame-
pedut.
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