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THE LIRGE SEHI-AINULL VARILTIOH IN EXOSFHERIC
DENSITY: .. POSSIBLE EXPLSNATION
by
G¢. B. Cock

SUMLRT
~n anelysis of tire orbit of the satellite Calsphere 1 confirms the iarge
sezi~annual variation in density at neights near 14100 im previously found from
the orbit of Echo 2, and not predicted by present atmospheric models. This
variation is probebly due to relatively smaller veriations at auch lower elti-
tudes, in particular varistions at *eights neer 120 km, which is taken es the

lower boundary for the construction of upper-atmospnere models,
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1 INTRODUCTICH

. . . . s <1
Velues of eir density in the lower exosphere have recently been evaluated

from the chenge in orbital period of the spherical satellite Echo 2 (1564-4i)
for dates between Februery 1964 and December 1965. The possibility that Echo 2
experiences apprecieblie eclectric drag2’3 cannct be entircly ruled out, but both
induccd electric drag and .1fvén wave dreg should be insignificent for smell
srtellites. The electric drag acting on Echo 2 hes therefore been investigated
by compering its dreg with that of Caelsphere 1 (4964~63C), which is a polished
eluminium sphere having a diemeter of 0.36 m and 2 weight of 0.98 kg.

Colsphere 1 and its companion, Calsphere 2 (1964~63Z), which is of the same
size tut has ¢ weight of 9.8 kg, were originelly placed inte orbit for use as

< s L . - s - R
standard radar targets . The diemeter of Echo 2 is &1 = end exceeds the

diemeter of the Calspheres by a factor of 11k,

Valwes of &ir density obteined frop Echo 2 were found to exhibit s
pronocunced seoi-annuel veriation. In the present paper this effect is comfirmed
by the sccuier acceleration of Calsphere 1, end the scurce of ihris large varia-

tion is discussed,

-4

Orbital dats for 1964-63C are given in the form of 'five-card elements! by
g -

Spadets/Specetrack; new values of these elements are issucd whenever the predic-

-

tions based con the previous set

evelop apprecisdle errors, At the tinme of
writing, elements sre aveilable for dates between Yodified Juiien Day (MJD)
33785 ard LJD 39218, Since the ecceniricity is extremely szall, verying tetween
egbout 0.C01 end 0.C025, velues of zir density can be found at the mean beight,

assuming 2 circular crbit, without introducing significant errors. The cccen-

-~

tricity &lso appecrs to be siwEficiently snell Dor the effert of solar radiation

For e nearly circular or>it therc con be an epprecisble varietion in

()

enomaiistic period due to the repid motion of perigee. .s with Echo 2, the

corrected snomelistic period T is teken as

where w is the zrgument of perigee ard K the zcen znomely. The corrected

secular acceleration is given by

s ot perie o
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1 = - .? .
(.+¥).

t
Values of & + ¥ were obteined froa the five-card elemenis by differcncing corsecu~

tive velues of @ + U and aividing oy the tice intervai; the results ere shown in
Pig.1. The gquentity @ + ¥ veries very little, so that the secular acceleration

is proportional to & + K.

3 ViLUES OF DESSITY

The aversge eir aensity experienced by a satelliite in e circuier orbit of

I=)e
o
\¥

radius 2 is releted to the rate of change of orbitel pericd

rJe

" 3x2b ’

shere § = FSC /o, S is the cross-sectionel arcs, C
b 4 D

which ellows for aicospheric rote-

'-qe er_{; cee—‘ Z.CIvH-o Candvan
n tlg 5&33 Of t&.‘e sa“e'l.te t“ ('ocm

?, the ¢
. . - . . st s . s . o

tior, is unity for Celsphere 1 sincc its orbitel inclinetion is 89 .9. Txe

colecular speed retio is ckout 3.5, so thet the dreg coefficient’ is u.‘_u.-fe r to

differ from 2.8 by core then atout 1C per cent, We then nzve & = 0.261 /zg.

During 1965 the meen rete of chorge of orbital pericd for Calsphere 1 was

-8 e . - 3 .
-1,80 x 10 7, #hich gives 2 value of 8.83 x 10 5 g/c:;"’ for the mean Gensity ot
the pean heigat cf 4080 k=,

There is eviderce in Fig.1 of & semi-cnnusl yorietion irn éen sity, with 2o
minicun in July-lugust end & cexizue in October, The minizuz value of -7 occurs
- . = -5
in July end is sbout 1. '-8 x 40 7, giving e zinicue Gensi of €.75 x 40 -19 g/cn

the sexicun value of T occuro in Cctober and is 2,23 x 10
density of 10.9 x 10 19 g/c; o Urfortunetely

variations in greszter detail,

.;'n.ng & cexious
ihe cate cre too sparse to shew

4 PISTUSSICH
The neon end two exirene valuves of density cbtained froa Celsphere {4 sre
shown in Fig.2, togetner with the corresponding values of density &t z height of
. -1 - — .
1130 Iz obteined frono Echo 2 for 1965. Wnen the meen density froz Cal alsghere 1

is adjusted to e heignt of 1330 ka, it is fo.nd to be 133 lomer thon the corres—

ponding value froo Echo 2. It is to be expected that the zeen dersity froa Zcho

will show & siighi bias towards the larger doytize velve, since perigee never

seoples true night-tize conditions, The sgreecent betmeen the cean éensities

from these two setellites, whose diazeters differ by a faoctor of 44k y gives ade-
quate corlirmation thet the eleciric éreg E t

ting on Zcho 2 is not lerge; in fact,

N



the averasge velue is unlikely to excewd absut 407 of the reutral perticle dreg.
The electric drag ooy, of ccurse, exceed this velue at certain points in the
orbit, c¢,g. where the satellite's velocity vector is perpendicular to the

-~
»

Tt . - 3
Zartn's BE2LZ1I2IC 118

Bcho 2 hes indiccted e pronounced semi-omnual veriation in density1 et
1430 kz=. Jlthough the ocognitudc of the effect is not so large in 1965 as in the
previous yesr, the meximus density still cxceeds the m=inizus by e fector of
over 2, Calsprerc 1 Goes not indicete such a lzrge cagnitude es found feor Echo 2
the Oclober maxizuz density exceeding the July cinimun by 2 fezctor of only just
ever 1.6, However, the dzta for Celsphere 4§ ere neither suficiently accurate

ner sufficiently frequent to ellew e gcod esticete of the maxdimen and sinimus

wd

.-

values of density., Tne values quoted in 3ection 3 pay well be underestizates

"

of the extrezes,

idso shown in Fig.2 ere values of demsity given by Jocchiae's static

/

. . 103 o - < S 5
f2asion models’ for exsspheric temperstures of 7C0 and 900K; these velues 2re

-

-

representative of the extrezes of the day-to-nignt variztion for the solar con—
ditions preveil 1

b
!
!;o

$65. The zean densities obtaired fvoz beth Calsphere and

Yy S 3 T te e T »ns k- 3 -~ -— - > 'y o=
Echo cpresr lcw=s then zighti heve been expected fron extrepoletion of the =cdels.
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r densitics cbicined using a

.8 . . s = . 2ot Am e & ..
zecniz belicves thet the sezi-amrzusl effect is due to tezeraiwre
7
+ 3 3 s = Ao 3 3 23PF i o —ndal 20 3
veriations in the therczosshere. on the tesis of diffusion zséels’, w=aich are

constructed froz obscervetional veives of Zemsity et heights tetmeen 350 sznd

>4
then decrezsss, so that the effect is zizost non-cidistent ot 4000 k=. Since

the observed cnange at heights resr 1100 k= is by & facter of 2bout 2, it is
=l Aordt Fhn* - + 3 » 320 3 At al 3 ES
evident thet & teoperctiure chenge cf 75 is cospietely inzdequste es en

expienation.

nere appeer to be two possible causes for the discrepency between the

jerse observel csgnitude of the seci~anrnuel effect and the scell =aznitude
. -

predicted on the besis of diffusion models. First, there mey be & further

source of reating, in which case part of the effect zight be due to the solar
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®inc, &8s originally suggested by raetzold and Zschormer”. CSoze of the heat input

-

could 4hen arise fron variatisns in the Ezrihi-Sun distence 2nd in the Farth's
-

fobo

heliograpnic lstitude. In this respect, it is worth noting that there is & ro-
nounced minimuz= in July when the Tarth is at its greaiest distance froz the Sun.
Tne seconZ, end unore likely explaretion, is thet etooespheric varistions
cennot be exrlained entirely cn the besis of veriztions in tcexopersture. The
theoreticel models probaebly underesticate thc zmagnitude of the semi-annual ceffect
in the exosphere deczuse they are constructed assuzing 8 fixed composition at a
height of 120 k=. To calculate the concentraticns of recutrael constitusnts in

o= -

t is necesssry to choose an arditrary level sbove waich

e

the upper sicosnrere,

Vo)

éiffusive ecuilibrius is zssumed. The exact base of the éiffusion-coniroll

region is difficult to defire, homever, since there is z gredusl iransition froz

b

. - . - e . .10
perfect tuwrdbulent mixing to molecular diffusien. It Ias recently been suggeste

thet the loevel seperzsiing the oisZing—controlied zrnd diffusior-controlled regions
is vest celinel as the height zt which the eddy ard =clecular diffusicn coeffi-
cients arc eguzi. This height, which hes been terzed the hturbopzuse, éiffers for
different censtituents since their noiecular &iffusion couficierts are not the
saze., Tk rate of 248y mixong is norccily the factor whickh conirols ihe conposi-
tion of the stposplcre iz tne irornsiticon mczien, and nence at 23l higier altitudes.
A& z=ejor constitucnt in the lomer cxosghere {500G-41500 =) is neiiu-, chose concen-
wretion is much —orc sensiftivc thern other clezonis do the diffusion couilibriu=
-

[ 3
3 ’ N | 2 s 3 - >
level. Zoccording to nockaris arné Nicolct a decrease of

eguiiibrium Jevel corresponds 10 a2z Increase by a fzctor of zhout 2 in the reiium

&% F -4 +3 3 ey nd 3 2 . -y = -
vzt for this comstituvont iong-torm veriztions arc the orcs oost 1ik y to te

£ < g LISCLY
atirivuteble to chenges in the height of the twdopsuse. I is not wniikely

P < e e ivfe tad s o as. s - s .
cnat varietions in tThis zeight zccompony 4the scoi-zmnurs heesting =

the thorsospacre.

. e it as .. < L. e =2 . . sso
It is worih noting that there heve been other indicetions that the helivz

the turdopause would be reguired %o

Froz an analysis of the dote obielined fros the mass socciro—eter expericent
gboard Sxplorur 17 (1963-92), 2% neights of 250 to 800 im, Peber azd Nicoist'd
found Large veriations In the absolube concenirations of diffcre:

ceesured atl the sasc cltitudes and lccel tinmes. lor meliun in perticuia: ., the




;

elcne end cust te atirituted to chenges in the b-undory conditions at the height

where giffusive equilibriun begins. .4s well os the possibie variations of the

8

reignt «f this level, wveriztions in 211 other etnospheric properties zoy be z

=
irportent. In perticuler, the dcnsity is now Imown' ¥ 4o be significantly grester 3
in winter then in sucser at 420 ka, shich is the height used =3 the base for the ;
constructicon of upper-cicosschere zodels, -

ke doytine heliun concentrations givern in Rig.44 of Bef.43 ere particu~

larly interesting. If the differernces in iscel tires beiween the dats points .
ere torne in ndnd, %there is a strong indicetion thet near m=tddey the helius con *

centration is nigrer in the scuithern nenisphese then in the northern, Since

these ceasurecents are for late Mey 4953, the heliun corncentration is high by day

in the winter recisthere, In the light of these resuits, = diuwrnmel bulge in
the winter henisphere at neights betuween 550 and 750 k=, as found by Keating end
a2

-— - -

Prior’”, is not so surrrisirg, ALt ti-es of Iow soler zetivity heliuz is a zsjor

constituent et heights epout half o scale reight cbove perigee for bein

5 COHCLTSIOAS

& cocperiscn of the demsilties «bleined froc Bcho 2 end Caisphere 1 curing

1965 hes corfirmed that the evercge eleciric drag scting on Echo £ is smell,

teirg of corder 10% at znst,

- e an . . s . «

2ef,1 thet there is 2 lzrge seci-zumun® vorisaiion in zir 2emsity in the region

& s ey & 33 +3 <& e L eet I 5% e ey ] &

of 4100 ==, for corxZitions of lom solar 2ctivity., Tne lorge mgnitufe conmot be
et =3 v~ £~ < = 33 MPered A —Atael 3 2 . 3 3

exslained entirely on the baosis of &Gffusion oolels and 2 se—onmus® veriation

- - -

Verictions in the bowmiary corlilicns zay &lsc explein the lccation of tke

diurnel bulge in the winter hezisphere at hoights ~f 600-7C0 im during condi-
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