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Abstract:

The density scale height H is determined at low as well as
high altitudes using bthe equation of change rate of the
orbival period of Dash 2 satellite. The computed values of H
are compared with those statistical values obtained by Jacchia-
Jacchia“s values of H are given up to altitude 2 500 km. Ve
extend Jacchia’'s values of H up to altitude 3 110.7 km since
our values of H are computed from altitude 7%16.7 km to altit-
ude % 110.7 km. Finally a comparison bebween our values and
Jacchia’'s values of H at different altitudes and differen
MJD are given. For higher altitudes, our values of H are nmuck
greater than Jacchia’s values while at smaller altitudes, our
values are approximately the same as Jacqhia's values.

1. Introduction

The problem of the determination of the density scale
height. H has been studied by many authors. Xing-Hele  /1963%/
stated two metnods for determining H; the first: knowing
the perigee distance and eccentricity e of the satellite
orbit for two different dates, we can compute the mean value
of H during the time interval between the two dates; the
gsecond for finding I from the changes in the orbital pericd
for small eccentricity, and the equation for this purpose

plied for (<3 ‘with e < 0.02 , where C = ae/H (a is the
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semi-major axis of the orbit ) and H = - ¢/ (dg/dz), wvhere
¢ is the density of the upper atmesphere and z is ti

vde. However, the 44 average day/night values of H obiained
by King-Hele were up to about 450 km altitude. dis conclius-
ion ie that the increase of H with height beccmes much leszs
rapid at heights above 350 km.

2 - The data used

The present paper deals with the determination of H for
low as well as higy altitudes above the Earth’'s surface for
some selected MJD Dbetween 38397 & 41045, which correspond
to altitudes from 5.464 to 300 km; using the equation of the
rate of change of the orbital period derived by Stern (19£0),
under the effect of alr drag only. The rate of change of the
period P is related to a , e of the satellite’s orbit as
well as to Pp density at perigee, the cross-sectional arca
to mass ratio of the satellite (A/m), and the air drag coef-
ficient CD . For this purpose we used the data of the ball-
oon satellite 1963 30D (Dash 2 ), which was derived by
Slowey (1974). Slowey computed densities using J 71 model to
represent the variation in density arcund the orbit, improv-
ing'the J 71 model for use in the beginring interval ( MJD
38397 to %8814 ) which corresponds to altitudes from 7 464 to
%.112 km. Also the end interval beginning with MJD 40237 to
41045, which corresponds to altitudes from 1 81l.4 to %00 km
dufing five time periods, each seperated from the next by a
pericd when the orbit was partly in shadow,

We selected 103 different WMJD distributed, as much eas
possible, over the mentioned two intervals for computing H
using the equation of P. Of the 103 MJD, 20 LJD

x/ MJD = JD-2400000.5



lie in the beginning interval where the perigee height is

very large and th maining MJD lie in Ul nd interval.
ry large and the remaining NMJD lie in tvhe end interval

% — Determination of H from the
rate of change of the orbital period

The rate of change of the period P for an artificial sat-
ellite, given by Sterne (L960), as

: A/ & —-C 4 Y f‘.E ’ 4:?.. 2
P=-3 CD (A/m) aan Vp{ e ( 1+ f¢ +ce(l+ % e DS

+ —%—ce(l +-§ 02) & 05(8/8) (l+~%§ e )y + (L/64) ot (14
Ben
+ —% e +iis )]} (1)

%e used the above equation when ¢ was small ( c<2 ), and e
very much smaller (e < 0.07).

For ¢c»2 and e larger than 0.07, we used the equation
of Sterne (1960)

. ‘ ¢ B¢ 1/2 A 1/2 e
P = —5bD (A/m) a Pp (1+e) /(1-e) (x/2c) (1+ EEfl +
+—-S~‘77—f9+..-. ) (2)
128cc ~
where
fl(e) = (1l-8e¢ +5e2) / (1—e2) and
£,(e) = (3- 16 6% + 16 & = 5 ¢* ) /3(1-6" )P

Equations (1) & (2) can be solved separately, knowing
the values of a, e, (&/m) , Cp » Op and ﬁ, to find ¢, and
hence H from H = ae/c. However, because e and ¢ are small
quantities, we retained in equation (1) powers of ¢ up to ¢
only. It should be noted that equation (1) is suitable for large

4.
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perigee distances in the beginning interval, while the zecond
equation is applied to smaller perigese distances in the end

intexrval.

low the part L---} between braces in equation (1) depends
on c; let it be K(c), then equation (1) is writen in the form

P = ~3Cp (A/m) a & ?b K(c), from which we can compute XK(c)

Which, in turn, ie solvable for ¢, since all other parameteres
are regarded to be known. Therefore H = ae/c is the value of
the density scale height computed for given MJD and the corr-
esponding altitude.

Equations (1) & (2) are derived without taking into acco-
unt the atmospheric rotation and the Earth’s flattening. The
rotation effect, as pointed out By'Sterne (1%60), can alter
the density deduced from P by as much as one part in ten.
Therefore the negligence of the effect of rotation of the
atmosphere is to affect the computed values of H by as much
as one part in 500 only.

Now, we amend equation (2) to permit computation of H in
the following way:

oi 3/2 1/2 Lauit

Pz 3 C‘D (A/m) (l+e) /(1l-e) a ?P (x/2)° K1), (3)
where L = (1 /01/2) and ,

E(L) = L+ 817 £ + p25 17 %, | (%)

Ve can obtain K(L) from equation (3), as a, e,P, CD .
A/m, and Pp are all known, and then I from equation

(4), end hence H from H = ae /¢ . It should bte noted that
® used in squations (1) & (2) is that part of P, which is
related to drag force only. Also CD is considered to be

2.6 for thebeginninginterval, 3 for the early portion of
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the semi-major axis a and density scale helgnt H are mea-
iy oy A hra fa 1 I - 3 - Y ¢ r - 3 0t Y
sured in km, the density ¢, is measured in L“/C“ We shall
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1%
height computed from either equation

denclbe ocur density
1) or {2) by H; and those statistical values of pressure scale

zkt given by Jacchia by H; , while the density scale height

H¢ can be computed from values of H .
P
b

4 ~ Computation of Ho fron hp

Indeed, the values of scale height given by Jacchia (1970)
P + . . . y

L :p’ and it is inmportant to coanvert

them froum pressure. to density scale height to be able to

are pressure scale heigh

compare our results of He with the corregponding values H§ at
different alvitudes. Thus if we assume that density ¢ is an
empirically determined function of altitude z in.the form

¢ = oy TR0 My )
where Zg is the altitude at perigee, H9 the density scale
height, and et theodensity at perigee. Vie can compute the
pressure p (dyn /cm®) at different altitudes, using the

ideal gas law, p :'gRT[u-; where R is the universal gsas
constant, w4 is the ween moleculer weight and T is the
avsolute temperature, or using p :‘?‘Tn/(“b’ where 5“6 is the
sea-level moleculer weight 28.960 gm, R eqguals 8.2143%9 Joules
/OK ¢ Tn 1s 'a fictitous "molecular temperature!" given
physically . by.T =T (a///u) . 1t 1s thus possible to compute
0r¢ corresponding known values of @ at

es of temperatures. '

As the pressvre p decreases with height, similar to
that of the density, one can agsume an exponential form
for the pressure similer to equabion (5). Therefore, we can



write,

§/‘ % e~(z~zo) 7 H?, 2y ate RSy M e e T 0 p, where
, \’,P b

H? and Hp are the density and pressure sca

respectively, and Pp is the pressure at perigee. Taking ln

of both sides of the two above equations, we can write

s0 Ho may be computed fron

p y 3
chia /1970) if we know the pressure,

2] ~ B OR /AT
ln(l/Pp)/ln(g)/yp) = r‘g,/ H
velues of Hp given vy Jac
density, temperature, and altitude.

5 - Figures

We have plotted four figures to represent the altit
the x-axis, with the density scale heights H, and H
y~axis. 1t should be noted that we extend Jaccnia’s values

of Hg for altitudes greater than 2 500 km; values of H. and
Hg are computed at the same altitudes.

Fig (1) shows that Ho values are much greater than g
values, maybe due to the different values of the density used
by Slowey and Jacchia. Altitudes are ranging fro% 7.084 to
3.110.7 km and corresponding to MJD from 328720 to -1&
noted from Fig(l) that H, values are increasing with decreas-
ing altitude, while H§ values are approximatéely const
values in Fig (2) are greater than H§ values for altitudes
between ] .800 and 1,200 km and for MJD from 50240 to

; . Fig (3) indicates that Ho values are slightly greater than
H; values for altitudes from 983.0 to £95.9 km, except for ait-
itude 983 km, where H, = Hé = 230 ki, and approximately the
same from altitudes 695.4 to 600.5 km. These altitudes
correspond to MJID from 40720 to 40894,
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Fig (4), sives aa clear picture for changing He and H
at altitudes from 216 to 600 km and MJID from 40850 to
41000. It also scems that ES values oscillate around
H$ values with differences between them ranging from O
to 10 km.

H.and H '
¢
‘...‘1)
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Fig (1) : Hy and Hé with altitude. Hy values are
increasing with decreasing altitude, while H9 values
indicate approxzmately constant values for different altitudes.
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Fig (2) : H, and Hg values with altitude.-H? values are

greater than Hg for the same altitudes.
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Fig (4) + Ho & Hy values with altitude. The differences
between HY & H§ values are small and ranging from O to 10 km.

6~ Conclusion

Our H? values are in'good agreament with those values of
Jacchia H§ for altitudes ranging from abcout %216 to 700 km with
an arithmetic mean percentage 5 % of the differences between
H? & H; with respect to Ho, while for altitudes from 700 to
1,760 knm, 39 values are grealter than H& with an aritvhmetic
mean percentage about 14 % for the mentioned differences. For
sltitudes greater than 3 000 km, we obtalned very great values
Tor H? compared with those of Hg. Nevertheless, the inaccurate
values of vhe density of upper atmosphere for high altitudes
nay ve the reason for such great diiferences between H9 and

.

7~ Acknowledgment

It is a pleasure to thank Prof. Dr. L. Sehnal, for his
valuavle discussions when we were at Ondfejov Observatory

ast year, 3eptember, 198%



- References

Jacchia,L.G. (1970), "New Static lodels of the Thermosgrvere
and Exosphere with Empirical Temperature Profiles'.
Smithsonian Astrophys. Obs. Spec. Rep. No. 213.

King-Hele.D.G. (1963%), "The Contraction of Satellite
Orbit under the Action of Air Drag, Allowing for the
Variation of Scale Height with Altitude". Dynamics of

Satellite, Springer-Verlag, Berlin.

Sterne,RB.P. (1960), "Atmospheric Drag on Hon-Sphericel
A.E.3". Space science Review, Rep. No. 65 .

Slowey,W.Jd. "Hadiation Pressure and Air Drag effects on
the Orbit of the Balloon Satellite 1963 %0 D". Resec
in Space Science, Spec. Rep. No. 356. Smithsonian Inst
Astrophys. Obs. Cambridge, Massachusetts, (1974).

itution,



