COPAe Varuo (9 H e 2
bl looolsw 4(‘{0%
Pimedontd (genoft) o eugesie

s R L S
| AW bleenilo !
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The equivalent duration of air-density fluctuations during
a geomagnetic storm is proportional to the integral of the
corresponding geomagnetic indices. The coefficient /g/ has
been determined by the orbital-drag method in 58 cases. We
have found that - the farther the drag acts from the centre
of the bulge, the larger g is, and the steeper its increase

with height.



1. Introduction

Density fluctuations in the upper atmosphere during
a geomagnetic storm are transient phenomena superimposed
on a relatively slow variation of the "background" density
(p,) - at least at a fixed point with respect to the Sun.
According to ouf suggestion, made at the 1970 COSPAR mee-
ting [1], they can be considered as a kind of perturbation,
and their total intensity is easily obtainable by integra-
ting the curvé of relative density variations during the
storm. As the period curve of a satellite accumulates the
drag effect of the geomagnétic activity, the observed total
change of the orbital @eriod from the beginning till tﬁe
end of the storm,APObs, implies information on the strength
of the phenomenon. The observed value may be directly com-
pared with the corresponding theoretical one, APC obtained
by a step-by-step orbital integration procedure. Using the
exact area-to-mass ratio values and a perfect theory of the
satellite’s motion (geomagnetic effect included) APobs: APC.
Their syStematic deviation from each other is to be conside-
vred a sign of inadequacy of the theoretical model.

Such a direct comparison has been carried out in order
to check our earlier coﬁclusion'that during geomagnetic storms
thé Jacchia-71 model needs an appropriafe correction between
200 and 300 km [2]. Altogether 9APObS Values, measured during
one geomaghetic storm in 1966, were selected. The results,
given in Table 1, refer to heights'below 300 km and on an ave-

rage show a 28% excess in the total period change, during the



7 days of strong geomagnetic activity, as compared to

theoretical values calculated in the Space Research Insti-

1

tute, Moscow. An indirect comparison with the Jacchia-71
model yields a similar 18% excess. A simple relation was

used to transform equivalent durations [1l] into

v = APobs _ Dobs +  (b-a) (1)

AP D +  (b-a)

Jg71 TJ71
In Eq. (1)(b-a) is the duration of the storm. These results
support our earlier conclusions.

The value of APO in itself is obviously not a suitable

bs

parameter of the geomagnetic effect, because it depends on the

time interval taken into consideration and on the area-to-mass

ratio of the satellite. If A P is, however, devided by an |

‘integrated mean value of éo (the acceleration in storm—-time

without the geomagnetic effect) we have the equivalent duration,
(é-éo)dt AP J(p— Poldt

: —_ (2)

P Py e,

D is practically independent of the factors mentioned above.

If the density ig proportional to the rate of decrease of the

orbital period, é, the equivalent duration characterizes the

total intensity of the atmospheric response on excess geomag-

netic heating during a storm at a given position in the atmos-—

phere. Therefore D is related to a ﬁarameter L; characterizing

the total strength of the geomagne?ic phenomenon, e.qg. S(ap— apo)dt

or ‘jApdE or J(Kp - Kpo)dt. We assume, for simplicity, a linear



relation D = BL, where the coefficient g may be function of

the position (height, geégraphic coordinates etc.) and of other
parameters. In §.3 we shall give some results concerning the
form of two g functions.

2;»Method of Analysis

Three kinds of data were used to derive 58 equivalent
durations with the help of 30 different satellites and 14 storms
from 1961 till 1972: a/ visual observations of artificial satel-
lites carried out at Hungarian, Soviet, Roumanian, Finnish, French,
British and Dutch tracking stations; b/ orbital elements given
by prédiction services like NASA GSFC,SAO,‘Appleton Laboratory;

c/ air-density and é values published in the literature.

Special methods [3] wefe used giving us a possibility to
improve considerably the time resolution of the period curves.
Frém every pair of visually observed transits of a given satel-
lite a mean value of the anomalistic period, P, was derived,
(leaving all other orbital elements unchanged) by the PERLO
orbital analysis programme. These values complemented succesfully
the ihfﬁequent series of anomalistic periods given from time to
time by the prediction services. The accuracy of the two kinds:
of data proved to be practically the same; no sysﬁemaﬁic deviation

was found. The accuracy can be considerably improved if photo-

graphic observations are also available [4]. While deducing the
equivalent duration values from the period curve, the effect of

solar radiation pressure was also taken into consideration.

The other part of the equivalent durations comes from the

integral of different density or P curves published by Jacchia



[5] and others. The six largest J(‘p - po)/po dt values given
in a paper by Romer [6] were included as well.

On the other hand we tried to find a characteristic para-
meter of ﬁhe total intensity of geomagnetic variations during a
.storm by integrating different geomagnetic indices. Two cases
are of special interest because of the nearly linear relation

between Aap and the corresponding density change Ap

Ly = J(ap—apo)-dt and L, = jap dt. (3)
All Ll and L2 values were derived by the numerical integration
of ap curves. The results are given in Table 2, as well as other
parameters characterizing the position where the drag-effect was
most effective on the motion of the satellite. Circular'andynearly
circularkorbits were omitted.

3. Results and conclusions

The corrélation between the total intensity of the atmos-
pheric (Dobs) and the geomagnetic (L) phenomena was investigated
by plotting first the coefficientvel = Dobs/Ll as a function of
different parameters. 81 proved to be independent of Ll, i.e.
the linearity of the relation is a good approximation. If 5y is

piotted against the corrésponding h value (Fig.l top section)

ref
the conclusion can be drawn that at 600-800 km Bl‘is somewhat
larger than below this height.

If instead of DObs a theoretical equivalent duration DJ7l
is determined by intégrating the density curves of the Jacchia-71

model, a similar quantity BlJ can be calculated. In accordance

with our previous results[2] concerning the altitude dependence

of D ps/Pr71

stronger than that of~Bl,

the increase with altitude of B1g is significantly



Romer, on the other hand, comes to the conclusion that
B1 is constant and "this linearity proves that the upper atmos-
phere is a linear recipient" [6] . His stﬁdy of B is based on
89 events of a single satellite, and he neglects the variation

of By with height and position. The value By = 0.0128, given

in his paper, fits our observations only under special conditions

(see Fig.l and 2).

The middle and bottom sections of Fig. 1 show how the

Bl(href)
perigee with respect to the centre of the bulge. Obviously the

function depends on the position of the satellite’s

increase of By with height is significant only outside the bulge.

It means that there must be a noticeable difference between the

in-bulge and outside-the-bulge values of By at higher altitudes.

The effec£ is demonstrated on Fig. 2, where By is plotted as a
function of bg at different height intervals. Below 350 km By
is almost constant, but it increases steadily with the distance
from the centre of the bulge,‘¢B,
and 2 one can draw the preliminary conclusion that in case of
geomagnetic storms, at least over 350 km, the total response of

the upper atmosphere is smaller in the bulge than on the other

side of the Earth.

If B1g values from the Jacchia-71 model are used for compa-

rison, it is remarkable that below 350 km (Bl‘— BlJ) is signifi-

cantly positive in the bulge, but converges steadily to zero on
the other side. It means that according to our observations the
atmospheric response below 350 km is stronger around the bulge
than the model sﬁggests; there is a satisfactory agreemént on

the antibulgeride. It is interesting to note that according to

at higher altitudes. From Fig.

1



Romer the specific geomagnetic heating at night is about
30% larger than at nodn - in qualitative agreement with our
results at higher altitudes. |

There is no obvious correlation between Bl and ¢, which
is probably due to the fact that only few points are at higher
latitudes. The local solar time LST ought to be also related
to Bl,'but iﬁ is léss suited to this kind of investigation than
bg*

Finally the same effect has been investigated using 82
instegd of Bl' A simple relation between the geomagnetic index
Ap and the corresponding atmospheric density is publiéhea in [7]:
o = po(i + BAP) . Using a, instead of Ap and integrating both
sides we have

D =8 jap dt = 8oLy ‘. : (4)
where 32 = 0.003 at 200 km and 82 = 0.015 at 700 km. It can be
seen on Fig. 3 that Egq. (4) repfesents a good fit if ¢B:>7OO,
but is completely wrong in the bulge where practically there is
no altitude dependence.

There are,vof course, further possibilities to check all
kinds of model relations between an appropriate geomagnetic
index and the corresponding density fluctuations. Aﬁvattempt was
already made earlier in connection with a model of Elyasberg and
others [8] . We do not think, however, that the results of our
investigations can be extrapoiated to smaller geomagnetic distur-
bances, which might represent a différent class of geophysical

phenomena.
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Fig.1l.

Fig.2.

Figure captions

The coefficient B, = D /L, is plotted against the
1 cbs’' 71

-reference altitude. In the middle and bottom sections

data are separated according to the distance ¢B of the
satellite’s perigee from the centre of the bulge. Thin
solid lines represent the Bl value as given by Romer [61].

The coefficient Bl =D /L is plotted against the

1

distance ¢B from the centre of the bulge for different

obs

height intervals. Thin solid lines represent the Bl
value as given by ROmer [6].
The same as on Fig.2. for the coefficient 82 = Dobs/L2’

Solid lines represent the 8, function as given in [71].
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