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H-E L--P.GE SELI-2T.NNUL VRIZTION IN EXOS.iERIC

DENSITY: . POSSIBLE ECPL:1S4 0NYTi

~by

G. E. Cock

AM analysis of the orbit of the satellite Caisphere I confirms the large

semi-annual variation in density at heights near 1100 km previously found from

the orbit of BEcho 2, and not predicted by present atmospheric models. This

variation is probably due to relatively smaller variations at much lower alti-

tudes, in particLlar variations at hei-ghts near 120 kin, riich is taken as the

lower bounda-y for the construction of upper-atmosphere models.
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S INTRODUCTION

V-a!- s of air densit-j in the lower exosphere have recently been evaluated
from the c.hange in orbital period of the spherical satellite Echo 2 (1964-4k)

for dates between Feb~raUj 1964 and December 1965. The possibility that Echo 2

experiences appreciable electric droag2 3 cannot be entirely ruled out, but both

induced electric drag and iffvAn wave drag should be insignificant for small

sattellites. The electric drag acting on Ech:o 2 has therefore been ivestigated
by com.paring its drag .ith that of Calsphere I (,1964-:63C), iwnich is a polished

aluminium sphere having a diameter of 0.36 m and a weight of 0.98 kg.

Calsphere I and its companion, CaIsphere 2 (1964-63E), which is of the same

size Iut has v weight of 9.8 kg, were originally placed into orbit for se as

standard radar targets4 . The diameter of Echo 2 is 41 - and exceeds the

diameter of the Calspheres by a factor of 114.

ValeIs of i- density obtaird from Echo 2 were found to e3ibit a

pronounced semi-annual variation. In the present paper this effect is confirmed

by the secular acceleration of CaLsvhere 1, and the source of t.is large varia-

tion is discussed.

2 0RBUiTL D.2L.

Orbital data for I64-63C are given. in the form of 'five-cead elements' by
Snadats/Sancetrack; new values -f these elements are issued whenever the predic-

tions based on the --revious set develop appreciable errors. Lt the time of
• .-riting, elements are available for dates between 'Modified Julian Day (UJD)

38785 ,nd KJD 39218. Since the eccentricity is extremely szall, varying between

about 0.001 and 0.0025, values of air density can be found at the mean beight,

assuming a circuir orbit, without iLtrodncizng significant errors. Tne eccen-

tricity also appears to be sufficiently small for the effert of solar radiation

pressure on the oita period to be negligible.

For a nearly circular orbit there caun be an aypreciable variation in

anomalistic period due to the rapid motion of perigee, Ls with Echo 2, the

corrected anomalistic period T is taken as

T -
CB+T

where w is the argument of perigee and M the icean anormaly. ne corrected

secular acceleration is given by



T= - •

Values of .6 M were obtained from the five-card elements by differencing corsecu-

tire values of w + M and dividing by the time. interval; the results ar shown in

Fig.l. The quantity (B + H varies veix little, so that the secular acceleration

is proportional to &6 + "L.

3 Vi.UMS OF DFiSITY

The average air density experienced by a satellite -n a circular orbit of

radius a is related to the rate d, chcange of orbital period by

P= 3-a

where 6 = F S C/m, S is the cross-sectional area C the drag coeff icient and

m the mass of the satellite. F, the factor whdch allows for atmospheric, rota-

tion, is uity for Calsphere I since its orbital Lclinuation is 890.9. T e
-6molecular speed ratio is about 3.5, so that the drag coefficient is unlikely to

2differ from 2.8 by more than about 10 per cent. We then ".have 8 = 0.291 r:

During 1065 the Eean rate of c~m-age of orbital' period for Calsphcre I was
-8-1. 80 x 10 - 8 ,  ich gives a value of 8.83 x 1071 9 g/cm3 for the exn dens.ity at

the mean height cf 1080 km.

T1here is -. ider.ce Ln Fig.I of a se--_t-" variation density, .th a

minimum in July-.a-ust and a xun in October. T ino um vu ue of -T occurs

in July and is about 1.38 x A - , giving a minimum densi- of 6.75 x 1019 g/C3
th e ximum value of - T occurs in October znd is 2.23 x 107, giinr a -9um

densit-y of 10.9 x 10 g/3 Ufortunately the da-ta are too sparse to show

variations in greater detail.

4 DISMZSION

The mea n a-nc t..o exte,_-e valuCs of density b cb-Lned from Calsmhere I are

shown in Fig.2, together rit the corresponding values of density at a height of

1130 I= obtained from Echo 2 for 565. ,Thhen the mean d&-nsitv from C as-here I

is adjusted to a height of 1130 kin, it is fcz.yi to be 135 lower thann the corres-

ponding value from Echo 2. It is to be expected that the =en der=it-y from Echo
will show a sliit bias towards the larger day-tize value, since perigee never

samples true night-time conditions. The agreement between the rea.n de-sities

from these tw~o satellites, r.-hose diazeters differ by a factor of 114, gives ade-

quate confimation that the electric drag actr..r on Echo 2 is not. large; in fact,



the average value is unlikely to exceed about I0* 4 of the nebtral particle d-rag.

The electric dra-g m~ay, of cc-zrse, exceed this val'ue at certai n poinits in the

corbit, e.g. wihere the satellite's velocity vector is Npjendicular to the

Earth's Ma-ntic field.

&eho 2 hes inicc.tcd a pronounced semi-ahnual variation in demnsilmf at
11130 k=-. ;Athough the cmgnitudc of' t-e effect is not so large in 1965 as in the

p~revious year, the mx-im-am density still exceeds the a~da by a factor of

over 2. Calsphar- I does not indicate suceh a large nagnituap- as found for Echo 2,

t"he 0Ce.ober maxi=-! densil- exceedinig the July rininunm by a factor of omly jus t

ever i.6. However. the data for Calsphere I are neither steficiently accurate

ncr suf iciently f reqauent to a-lec, a good estimate of the maximmu =An r~i

valesofdesiy. The value qutdi etion 3nay well be =erestivmtes

of the extzerms,

.!~so shown in ?ig.2 are vzlues of density given by JzcchiJC'ssai

diff-Ision zo--tl for exshcric, teE er_,tures d' 7C0 and 9000 K; these velues 3re

rezresentati:ve of th..-e extrezes of the da.t- to-nigt variation for the solar con-

di tions preva iling in 19,65. The nean desitie ob- d r oh asnhr n

Echo czme-_r _,-.=:- than it have been,- extvected fr-'o= extrcolaticn of the mrdels. M

The reasort for thi is that the rmoiels =-e based on densities chtci ned using a

constu-nt drag coefficienat of 2.2, tiherens f' increases -zith height F.Id the

destisfrom ch 2 an01 Ca zzere I were cbttine using a.drag coefficient of

2.8.

Jacha 8 believes that the se i-zrnnual effect is due to te=ner-atze

Vari~ations in !-he C:roshr . ~I e Casis of ffso !Ies' =4-ich are

constructed from observational valueB of 2:esit-y at heigPhts betzeez 550 ea

700) k,-. the sceai-tunal variation in aezsit' cormescnds to a vitonin. exo-
Spheric tereratire ef about ;20 ;K f. nthe -ac-tar rwi-,n .'mu ta ,-v'ailed

in IIOJ,,F. A-;,. t~se coAIAln -;,he Lode.s "~-a~that the za.Sntxde of the
saei-annual effectI reachnes _- =-_aiuu 0-- c o 2 athigt near 5CC-600 Iml, and

then, decrezzes, so that the effect is alnost n--xistent at+ 1000 1m. Since

the observed cC.-=ge a~t heigh-ts near .100X k- is b-y a factor of about 2, ilt is

evident that a teprtaechange of 750 IS cepIIetely, ir-dews-te as an

exp'anation.

There appear to be 41. possible causes for the discrepancy betwreen the
large observed magnitude of the se::i-armual effect and the snall =agitude
tjredicted on te basis of diffusion mode1 z. First, tV. a e ute

source of heating, in which case part, of the effect might be due to the solar
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inas origin&.Uy suaggest14-ed by Faetzold. and &A1~ne one off the 'neat input

could then arise from -'ariations in the Er th-Sun distance and in -'--he Ear'

heliographic " atitude. In thIs respet iti ot oigta sA.3 r

nounced4 rinimmiun in July when the E~arth is3 at its greatest distance f'roya the Sun.

The secon:, and u~ore '2..11ely explarAtion,. is that atnospheric variaicins

cannot be erolained entirely cn the brsis of .variations in ttrtue*The
theoretical m~odel- pr~cy underes tirat the -an e of. the- seMAJ-annual efffectC

in theP exosphe-re because tn~. ar osrce suigafxdcmoion at a

heizht of' 120 k--. To calculata the concentrations off ne-utracl- cons atit~ntr- in

the umoer atmosphere, it is; necessary to choose an arbitraryv level above r&'ch

diffusive -cu iibri"m is asue.The exact base of' the difusion-ontrolled

region is diif-icult to defi-ne, lhcwever, since t~-'e-e -is a gradual transition- ,Lro-,:

A0Perfec-t tur=bulent mixirng to Enolecular diffTusion. It !,as recently been suggested

thaFt the levwel Seir-_ratin:; the regionsele nd~ rlli _

is best defined as thehegh at -ichl the eddy and zclecula diff'usicn coeffi-
N cients amc eet- 1 .* 2-is heigit, rh-I~ hs bee= terza-' ti _ m op --e differsfr

different constituents Since their nol.ecular aiffhusio-n cf'cinsare not the

sa-e. * The rate off _,diy zimx-ne is -zl=I-y -.he facter wt'aich controls the Oos52

tionof' he tzos~cr in he r ~an cito-, a-- hec. at all highe alttudz

MW P_ ao r c o nstu, nt i th IOMC em -M-'~ isy w)j hose Cc--c-
tzation iz muzno. esiih.ta oth.er ci'to the dfusion e-Uieri

level. Lc-cordin&-b to andnrt I UaCOICt' a deraeof 5 nthce diffusion
eou~ili riu levci ",,0 s-zond to n creasc by a fector ef shout 2 in the 'he~alm

concentration Lan l'h _r zes-, ~.. IC -** :2-3-- .-

5W0k and =y..ards. cl~haz a long o'- i: e of' orde- 2-4 ~ekso
ttfor this Constituax-nt lcn-tc Meatc'. C t r-s ~s i~cyto fte

attributable to chruges the hIght cf't 1  byie It is not ulkl
that variations in this heizhit acozqtesGz-nna hotn VI n ctn

-e thrnosnh:Lr-e.

it is varth noting tihat thr acbeen otz nictosthtte eiz

ditiuto i's not aciequ t tl; reprcsente-C by diffusion, ='dLi -Oemr 2

AA. Oxn t-at deritc ob- 'r ta ineIs rO-- X-lorer ~ 6 w1)ould be :an better
a~reecnt ith Jcci'sstatic diiffusion models if the hceliu- concentraiticn above
6(X k~rs ncracdb 10 to 25,2; Only a veysna"U dcce--se iza the height of'

the bo~use ouid be rc-quirod to rouethis cff'eot.

?re n a:. ysis of the data obtained fron the nass sr~cctroretrer exDxrin

ao, -r-d Zxzlor- r 17 (16-4 -Aail&t of 250 t, 80 cRber and N I0
fJu, ngo eitosi h a~isolate concentrations of' difffurent, specie3

za as,!-re- at the sazno Ulitudecs and local tizcs. l orelun, particulr, the
varIztion-s = uch too lsrgc to be d=e to changcs in exospri tenpra-
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a!.cn-e an-I z'.st be a.ttributed~ to chxnges in the '4-4ar cnionz at the eight

w~here diffusive equilibritm begins. ,.s r-al2.- as the tpossible variations of the

height f4' this level, variations in all othr tmosphcric: Drovertiles =ay be

in~crtat *In rartic- O ar, the dici tN is no-. knmm.1'1 to be significantly groater

in mter thamn in suaner at 120 11m, M-ahich is the height tsed as the base for the

cons-tr-ution of' u-,mer-rata-s --:.ere E:,dels.

The &-n-tine Ine21-um concentrat1-ions giv-en in 'Fig.14 of Ref'3 are tpartiC*-

lar-'y in~teresting~. if the di'eremces in 1-.cal tizes betTreen the data ,,ints

are borzne in nind, there is a strong indication that ner =--i-Iy- the heLiun con- -

centration is hizn-er in the scuthern henisrpm-ie than in the northern. Since

these r-easuree%--t are for la1te may-, 1063, the h liuz cencentration is hinde by day

in the winter ?hezi edere. in tzhe ligh-t cf thzese- restzlts, -t ditzrna bul'ge

the w-L-ter henis-ohere a%" heighits hen550 and 750 1=, as f'oui by Keating ani

Prior 2 Is not sa sur-rising. ~ttns of Ic m la activ-ity elu is a ajo

Cons "tu-ent at heights ebout- 'hl a scr-le height nhove pe rigee foCr both

Mmi-rer19 ('10.63-53L) and ar.ZIcrer 24 (196F?-76AI oh Trere the tWO SatelitI-e3

Zused in Ref. 15. l-en if the d-enasity bulge is gem-~-~l in the winter heaisphere

in t;-e he 'L. rane 60-750 im '~ d~n 19964. ana 196 5, it -.:LL vrobably reetto

thre si~ner 'heamishere as solr atiity increaszes and ati x-gnbeoe

ir~e-ini iscrtent in this -hett bandi.

5 CCJsINS

A co=-arison ef the dermities cbteined frarn Zcho 2 mad Cal-sphecre I &:rin&g

1965 has confirz-ed that -t;he average electric drag =cting on Echo 2 is snail,

heing of crder 10% at ncrt.

T-he se'oavr accelerctiLon of I--~ h as also comfi "ed the -finding of

Ve.1tat the-re is .z are -'- vit. in -- acens.t -- te reio'

of I IW f or co dt-ions of lcx solar VL ac i -,.The larie ituie canno't be

e ~~entirel on teb--4 of &1fzio oel :liasnicu variation

:in, excauh-eric tten-erature. I6t is zrobabl-'e that, th:e larg~e nag-rdtde is partialljy

atributznble to variatioens i- th e b crmy crnit&oma at the level -ahere diff'-

sive o,itibriUz1 cc~ences, --Iz. bet--eean 100 an-d 120 !=. -Heli" is a =- jor

costtintin the 1±om--l exos3haere, i.e. t heights betwreen 500 snd 1200) k, en

its concentratio. i - Ths ragion- is zorticUaerly sensiiV e to the hegt of the

trbozause.

Variations in th-e -dr criicns zy alsexli hictinote

diurrnal1 bulg-e in t27- --inter hcipeeat he-ights -si 603)-70k -"--~ o

t-ions of -,o- solar activity.
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