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SUMMARY

Thls tbesie descrlbes erçerimts perforneô usf.ng roaket a¡d

getellite-borae fæ cbanbers gensitive to Tacul¡m ultravfolet radlatioi-

The obJectives of these experiuents r€rê:-

(r) tbe ueasì¡renent of uoLecul¡r o)qygen ôeoslty by the

tecbuigue of absorption spectroscopyr and

(ff) tJre neasure¡neut of absolute solar flux at tbe wa;nelength
0

of Ìryclrogen L¡rnan-o (fZfl.fA) a¡<l in the vavel-engÈh

bar¡ct'.¡ r¡+aoi to rl+80i, ana 1550i to r6goi.

Ion chambers with both glaes bocties ancl copper botlies have beeu

<lesigneö and conetrtrctetl fcn uee in tbese erçerfmeats. The constructLon

anct testlng of these detectors are firJ.ly discussecl.

Itn thc.utrper æsosphere (?O Itu to 90 Kn) a¡tl Io¡rer thermosphere

(gO lfn to 200 I(n), seesonel, geographlcat antl teuporal variatione in

the atOoeBheric noleo¡l¡r orqfgen ôensity profile are etill largely

r¡nlçDo!¡n. Ae ¿ reeult, signifieant r¡ncert¿lnties stlll exlst vlth

regard to rrmodeltt or ttgta,Ddarclrr atmOspheres usecl to represent the

molecul¡¡ o:qfgen tliEtribution.

In thc present vork, flve rockete carrying lithlun fluorlðe -

nltrlc oxlde fon cha¡nbers (rrhfch respond natnly to hydrogen Lynan-cr

iitdtattou) have been lar¡ached from l{oonera, AustraÌia. The mal'n

obJective of these erçerinents ïas the cleternination of the nett¡re of

Eeasonal va¡latíons in the molecuf¡r orrygen tlenslty proflle fn the

altltucle range 8O fn to 95 lfu. Only two of the rockets ' EAÐ 309 a¡tl

UAD 3IO, perfornetl satlsfeetorfly. The HAD 309 er¡¡er1ænt gave the
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fLrst slnter æaaurerent of nol-ecrrla¡ o2$¡€en deastt¡r L¿ tue cqr¡the¡t

heniapbere in tbe region of tbe atrnos¡ibere neer 90 l(n.

A corya:rf.gæ of the IIAD 309 a¡rð UAD 310 (sr¡nner) reeultc nLth

sl,DiLer reasurenÊnts by otJrer workerg has 1uèicatetl tbat the Èverage

ecale hef ght of tlre ôensity ùistrlbutlon, in the altltud,e range 80 Kn

to 95 Km, Ís greater la wLnter than 1n suÍner.

Austrnìtars fLret satellitc, SIBESAI 1, carried litbtun fluorldo-

nltrlc o:cl,cte, spppblre-lgrleue anct gua.rtz-trfetþrlonlne íOn cba¡ibers'

Thls ex¡lerLnent vas alesfgne¿ tq lreasure etrcspheric ¡roLecular o1{fgèu

<leuelty at satellLte sr¡nrfse and aunset, 1a the attltutl'e range 90 lfu to

220 ¡Cn. A ¡¡ethoô of ana\ysis of the lon cha.nber ôata has been clevelo¡redl

wbicb atlowE for the effect of the fioite size of the eolar disk. All

of the avall¿ble TJRESAT I ilate has beeu analyseit uslng tÌ¡ig nethod'

[o ¡rltbfu tbe cxperirnental r¡¡certalnties, t]re ]ilRESAT I ôenelty

reEultE ehon general agreerent sitb the nean f965 CIBA nodleL atnosphere

ln the rcglon nea¡ 100 Kn. [onever, ln the belgþt range 130 Kn to

220 Kn, tbe s,veraç deastty values a¡e a facton of tvo belo¡r tl¡oee of

tbc uean 1965 CI¡A nodel anal show dqf-to-dey varletlæs greater than

tbose prÇd.lcteal by the 1965 CInA nodele.

Tbe regl.oa of the Eol,ar teupereture nialnrn, betveen the upBer

pbotoc¡ihere a¡tl lower chromospberer ls of conelderable luportance for

the theor¡r of tbe soJ.ar atnosphere. The sola.r flux ttata obtalnetl fron

the sapphtre-4yleue and quartz-trietbyLantne lon chambers cerrleô m

WfiESAT l, lnctfcate a value of (t5?O 1 ¡O)"f for the eolar nlnlm¡¡

brlgþtnese ter¡rrature. A corya:rison he,s beeu ueiþ betrveen tbls velue

entt the va.luee obtelneil b¡r workers uslng cllsperalve fnstntneutg.
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PREFACE

-ltlg theslE contalns no material vhleb ba¡ been accc¡rteô for

the avard of an¡r other d,egree or cllptæa [n any lbLwrefty. !f,o

the beEt of the authorre *nonledge ancl bellef tt eo¡tal.¡¡ no

materlaL prevlously publtehedt or vrltten by anothcr PQr'sçr¡¡ clcoqpt

çhen dlue reference 1s matle ia the te:ct.

G. LockeSr
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SOI,AR N.AÐIATTOIT FROM 1000A To 20004

1.1 Prevlot¡s Meesuræçqþ

f .1.1 Introclucùl'on

Before 19b6, kaowleclge of the Eolar spectrts wa3 llniteil to
o

wavelet¡gtbs longer tUan 2869Ã. SboÉer Ìtavele¡gtbs are prenenteð

frçn reachlng terreetial or ba.lloon-borae equl¡ment by the strong

absorytfon procesÊes that tatçe place 1n the upper afuosphere (gectt6n

2.1)- ft¡e flrEt meaßureuenta of the aoler spectrtn bq¡ontl' the st¡¡os-

pheric cut-off lrere nacle rrith a norß41 incldenee gratt¡g epeetrograph

carrled by a V-2 rocket to an altitucte of 88 Kn (¡ern et a1', 19¡¡6) '

A serÍes of 35 spectra vere recorded, on fìutn antl these showedl a

contlnr¡atton of tbe rrlsible contiuutn dova to 2r0Ol' Dr¡rlng the nert

five yearB, cousiaerable fnpronenents were uatle fu the apccil anô

reBolutlon of spectrographs. Hor¡ever, ecrteoslon of the speetnD to
o

vavelergths nuch below 2IOOA nas not posaible. This vas nalul¡ dlue to
o

the rapltl ilecrease !n tbe contlnur¡o Íutensity below 2L004 anct the

lnabiXtty Ùo obtaln long ocposurea on flights lúhere the rocket rras

r¡nstebl1:lzeil.

1,he aeerl for a stabllt zecl rocket-borne pletfo¡m frm 1rù1ú to pofnt

a spectrograpb at the sr¡n lecl to the itevelo¡ment, ty the unl'versity of

colorailor of a b1-acfa-l polntlng control, euÍtable for r¡se 1n tbe

i/
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Aerobee rocket. Before thls was achleved however, non-dlspersfve

photometers were applled with success Èo Èhe detection of golar

Lyman-c radiatlon (Section f.1.5). Sfnce L952, when the polntfng

control was used successfully for the flrst tf.ne, lnvestigatfons of

the golar ultravfoleË spectrum have followed two maLn Ll-nes:-

(1) dlspersive measurements for which a pointing contlol 18

essentLal, and

(1f) non-disperslve measurenenÈs for wtrich a Pointlng control

is not necessary.

1.1.2 DlspersÍve Measurements

In 1952, wfrh rhe ald of the b1-axial cont,rol, Rense (1953) was

abLe to photograph the Lynan-c resonance Line of atomic hydrogen

(1215.28) for the ffrst tfme, and to ehow ühat iÈ was fn enlsslon.

Fron 1952 to 1960, all dlspersíve measurements of the solar ultra-

violet spectrum ¡¡ere made with single dlspersfon grating speetrographs

uslng photographic recording and operatLng at either notmal or grazLûg

incidence. The spectra fronn these Ínsttuments rilere generaLly unsuft-

able for absolute intensity determinatlons due to the effects of stray

long wavelength ltght. Ho¡uever, imPortant features of the solar

spectru¡D were observed for the ffrst tÍne in Èheee sPectra and so a

shorÈ descriptlon of the moet sfgnfflcant measurements will be givea.

RevLews of these and subsequent measurements up to 1963 have been

given by Pagel (1963) and Tousey (1963). A revLew of the oore recent
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ûeasurements has been gfven by Goldberg (1967) and Noyea (1971).

In 1954, Johnson et a1. (1954) uelng a nor:ual incídence fnstru-

ment obtafned nany intense fmages of the Lyman-c llne of ¡auch better

quality than those of Rense (1953). An lnstrunent of the Éane type was

flor¿n tn 1955 by Johneon et al. (1958) and nany emfgslon ll.nes were

recorded, the shortest wavelength being that of the CIII line at 9778'.

Also fn thia fllght, the continuum could be Èraced down to 15508 and

the sudden decrease in the conËinur,m lntensity at 2f0Q8. was oeetr for the

fÍrst time. A grazlng lncidence spectrograph was flo¡un 1n 1958 and

1959 by Violett and Rense (1959) and emission llnes were recordeð

do¡cri Ëo S3.98. Ttre resonance lines of HeI (5848) and IIeII (3048) were

seen for the first tlae but strong stray light made interPretatLoo of

the spectra very dfffLcult. ltre best spectra obtained trlth a sl-ngle

dLspersfon lnstrunent were those taken tn 1959 by Purcell et al. (1960) '

Although a special coating was used on the gratiog to reduce the

effects of stray lÍght, l-ntensity determfnatlons could only be nade at

wavelengths l-onger than 17508.

A great lmprovement was made ln the spectra by the ûee of the

double diepersÍon lnstrr-¡ment, first flown in 1960 by Detwiler eÈ al.

(f961a). A gratfng was used to pre-disperse the lncident solar rad-

fatLon al-ong the entrance slLt of the naín spectrograph. As a result'

the stray light from the vlsible and near ultravlolet portions of the

solar spectrwl fell beyond the ends of the elft and was reJected from

the spectrograph. Ítre ffoal spectruo was rendered stfgnatLc by



4

mechaûlcaL1y dlstortfutg the pre-dispersl.ng gratf.ng ln euch a way that

ft compeosated for the astlguatlon of the mafn gratLng. t'llth thts

syetem, the l-ntensity distributlon along a spectral l|ne cornegPônded

to the fntensfty dlstributfon at Ëhat wavelength {n a slLce along a

dlameter of the sun. From the sPectra obtafned during this flfdht a¡t

lntenslty dfstributLon was derived over the range 8508 to 1550R' Ttre

absolute leve} of the sPectrutr wag referred to Lynan-c, the ÍnËenslty

of whlch was Deasured during the flfght by an l-on churber, aenaítfve

to the range 10508 to 1350R, attached to the spectrograph houslng'

By cornbÍning the spectral resPonse curn¡e of the Íon chamber wÍth the

measured lntenslty dfgtrfbutioa of the solar sPectrum' a correctl-on

of L57( Iùas estfinated for the contributLon of the contfnur'¡n and lines

oÈher than Lynan-ü to the lon chauber sigrral-. The results of this

flfght have been published by Detwtler et al. (1961b) Ln the forn of

the toÈal lnteuslty of contfnuum plus llnee fn 508 lnten¡als and the

lntensÍtfes of the etrongest enission lfnes. Ttre lntensiÈy dlsÈrlbu-

tion has also been publlshed, in dlgLtsllzed form, by Brtnknan et al'

(1966) and these values are used Ln Sectlon5.6 to cleùennlne thê

contrlbutlon made by enission li¡es to the sigual from an ion chamber

Bensltlve to the rêDge 14208, to 14808. These values are also used Ín

Sectfon 3.8 to estlnate the change in sensfÈfvLty of thfs ion chamber

due to varlatlons ln Lts temPerature durlng a rocket fl-fght.

Two double dfsPetsion spectrcgraphe covering the ranges 12008 to

20008 and 8008 to 1250R were flown in 1962 by Tousey et al. (1964).

Tt¡e almost conplete el-lmlnatfon of stray lfght enabled the contl'nuuu
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density Ëracing of photographic exposures. No attempt should
be made Ëo read líne intensities, as the sPectra I^Iere traced
Ín rapid scan and some of Èhe lines may therefore not have
been properl-y recordecl (lliding et al., 1970).

The intensíty disËribution of the solar spectrum
0R and 17808: The spectra were obtained by the
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to be traued down to approxÍnately 9508. The double dispersíon

lnstrument was refloløn ln July 1966 by Purcell, Snider and Tousey and

gave spectra Ëhaü were sigulfÍcantly betÈer for photometry thau those

of the 1962 fllght or those from a flfght wfth a sinilar lnstrument

in February 1966. Ffgure 1.1 shows adensltometer trace between

1520R and 17808 from one of the sPectra taken during the July 1966

fllght (t{lding et 41,, 19tO). Ffgure 1.2 is a densltometer trace for

Ëhe regÍon 11508 to 1520R published by Toueey (1964).

The nost recent photographicalLy recorded spectra fn the 10008

to 20OOR range were obtaLned Ln 1970 by Brueckner and Moe (L972).

Unllke earller lnstrumente, thelr double dispersLon spectrograph

accepted radiatlou only from a localLzed area on the solar dfek' The

angularq resolutio¡ !¡7as determined by Èhe size of Ëhe enÈrance SllÈt

r¡hích was 2 arc sec by I arc ofn projected on the solar dlsk, and by

the poiutlng Jltter of I 2 arc sec. Spectra were taken at Posltions

7 " 24, 40 and 300 arc sec dÍsÈant from the llob, nakfng ft poselble to

study centte to linb variations wLth ê spatLal resolutÍon of t 2 erc

sêc¡ Ttre spectra obtafned covered the range 11758 to 1795ß but the

instrunent was only absoLuÈely calibrated above 14008. As the spectral

resolutlon sra6 0.078, it was possible to determine the abeolute con-

tinuum level fn many sectlons wLthout Lnterference from absorption or

emlssÍon features.

Burtoo and his co-workers at the Astrophysics Research Uol-t,

Culhan Laboratory, England, using the Skylark rocket fltted ¡¡lth a
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tri-ax1al pointfng control, have been able to direct their sPectro-

graph alit 10 arc sec outsfde the solar linb to an accurasy of ! 2 etc

. 
Êec. Thls has enabled then to photograph the chrourosphertc ¿nd

coronal eml.selons ifi Èhe tange 300ß to 2800fl wlth very fittf" inter-

ference fron the stro¡rg phoËospherlc radlatfon. Burton anô Rldgeley

(f970) have publlshed e lfÊt of wavelengths and lntensitlee of about

600 enlsslou ll¡es uost of whLch are Ldentfffed. The chroooepherlc

aud coronal spèctra have also been obsef,ved by Speer et a!-. (f9?0)

and Brr¡eckner et al. (f970). They carrfed out separate obserttatlons

of the "fla3h" epectrun fron 8508 to 21508 during the total ecllpse

of tfarch 7th, 1970.

the determfnatlon of abeolute fluxes when usÍng PhoÈograPhfc

recording technfques fe difficult, as has been pofnted out by Rense

(f961) and Detwfler eÈ al. (I96fb). Both the f1ln sensl'tfvLty and

the Lnsttumentrs trananieslon efff.cÍency must be meaeured ag a fr¡nc-

tfon of wavelength. Ttreee two quantltfes can be determlned separately

br¡t are usual.ly ueaeured ef.multaneously by placfng the I'nstrunêDt ln

a vacuu¡tr chamber and exposing 1t to an absolutely calfbrated source

of ultravfoleÈ radiatl-on. Thls rüa6 the nethod used by Brueckner and

Þtoe (1972). Even when uslog a source of known absolute fûtenolty

dfstrfbutlon, errors can be ÍntroduCed due to scattered lfghtr sp€ctfal

f-mpurLtles Ln the lfght aource, overlaPplng orders and the fect Èhat

the radiatLon from the laboratory soutrce Day Dot have the saoe angular

dlstributfon as thaË frou the sun.
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In early spectrographfc meaaurements, absolutely calfbrated íoa

chambers were flown wtth the speetrograph. this uethod ¡¡ae fl.rst used

by Byran et al. (f958), who used fon chambers sensltlve to the ranges

fO50[ to f3508 and 12208 to f350t to correct the absolute fluxes

derlved photographlcally by Johnsorl et 41. (1958). the dlfficulty

wlth Ëhle nethod 1s that the integrated intensÍty fron the toÈ41 solar

dlek (whtch {e generâlly not unLfornly brfght) nust be calcul.ated fron

Èhe spectrographÍc data before comparisons caa be uade wÍth ttre ion

chamber data.

Photoelectrlc recordiug technfques have also been applied to the

measurement of the golar ultravtolet spectrr¡m fton both rockete aod

satellltea, gl.nteregger and hls co-workere have flo¡vn a gtazfng

lncldeuce gratlÊg monochronator in whfch the spectrum ís scanoed by

a sI1t ln a uovlng belt and ie detecÈed by a wlndowlees, nagnetlcally

f,ocussed, resÍstaace sÈrip photomultfpller. The output of the

detector fs telenetered dfrectly to groutrd. Due Èo the lnsensLtlvity

of the detectorrs photocathode to wavelengths longer than approxL-

uately 13008, backgrouod problens, inherenE !n' gxazfag lacldence

Ínetrunents due Ëo lntense long waveleogth stray lfght, have been

elû¡lnated. ThLs lnstrument, wtrich was flown successfully for the

first tLne 1n 1959, ls described fn detaLl by trlnteregger (1961a).

the ffrst relÍable lntensfty measurenents were taken on a flfgbt ln

August, 1960. Intensftles, extrapolated to the top of the atnoephere,

have been glven for all of the fmportaat IÍnee and Ëhe coutlnuum ln

the range 508 to 13008 frou both the 1960 f$ght (Hfnteregger, 1961b)
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and froo 7atær fllghts 1n t963 (Eiateregger and Eall' f 965), A srn-
ì

nary of all of Èhe lrnportant rocket fllghtE nade with thts lnstruoent

up to 1969 has been gfven by llall et al. (1969). In all of,these

flfghts the meaeurements have been of the lntegrated radlatfon from

the whole solar disk under non-flare condÍtione.

A se.aoning monochromator of the sane t)æe as that descrfbed

above has been flown on the liIASA satelllte 0SO 3 ar¡d has provided

absolute measureuênte of the total dtak radLatÍon ln the waveleugth

range 2708 to f3008. As no correctl.ons âre needed for resl.dual

atooepherf.c abeorptfon these resulËs are superÍor to the rocket

values. ltre satelllte fnstrr$eat r¡orked for approxfnaËely six months

tn 1967 during w.hlch ÈÍüe tts sensltlvlÈy gradually decreâsed..

Absolute faÈensftles of the loportant lines and the continur¡m have

been glven by Hall and Elnteregger (f970) for observatíons taken before

apprec{able deterloratlon had oecurred. the decrease lu sensltÍvlty

was slow enough to allow the 27-day variations of the emlesf.on lLne

lntenel.ties to be clearly seen. Or¡er one 27-day perlod the lntensfty

of the hydrogen L¡rnan-c llne ¡¡as found to våry by approxlnately 301.

A normal lncLdence scarurlng monochromator was launched tn 1967

on the saÈellfte OSO 4. This fnstrr¡ment was deafgned by Goldberg aad

hls co*rorkers at the llarvard College Observatory to obtafn BPectral

6can6 over the range 3008 to f4008 from a I arc nln square aÈ the

centre of the solar dl.sk. A number of scans made fn October 1967 have

been averaged to gfve a ueÊE apectrum of the qulet sun (DuPree and
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Ree;r¡es, 1971). The instrument could also be used as ê sPectrohelfo-

graph and durÍng October and November 1967 approxlmately 4000

spectroheliograns of the entlre dlsk were obtained in about 50 lndivt-

dual emisslon llnes or contlnuu¡r wavelengÈhs, wlth a spatLal reeolu-

tlon of about I arc mln. These results have been publlshed fn atlas

forn by Reeves and Parklnson (1970). A sinllar lnstrunent, wfth the

somswhat, better spatlal resolu¿fon of 35 arc sec' htae otbfted ln the

OSO 6 spacecraft a¡rd recorded spectra at many dÍfferent pofnts on the

solar disk (Dupree et aI. , 1970).

TLurothy and Timothy (1970), uslng a dLfferenË sPectroneter on

OSO 4, nonftored the lntensfties of the Lynaa-o emlseion línes of

hydrogeo and hellum over the perlods October L967 to December 1967 and

June 1968 to Decembex Lg6g. As the first of Èheee aonLtorfag periods

covers the data acquisitlon phase of the !üRESAT I satelLlte, the

hydrogen Lyman-o intensitLes obtained by the OS0 4 spectrometer are

compared in sectlon 6,3 wtth Èhe values obtalned in the Present

work from the IJRESAT I ion chambers.

A phoËoelectfÍc scanniug monochromator, whfch for the flrst tfne

was not llmlted Èo v¡avelengths less than 14008, was flown tn 1968 fn

an Aerobee-[Sg rocket by Parkinson a¡d Reeves (1969). This lnstrument

was designed to make an accurate determination of Ëhe solar contiû-

uum level in the range 14008 to t875R, where the radfation ls believed

to orfglnate in Èhe vlclnity of the solar ÈemPerature mÍnfnum (SecÈLon

1.2). To provide better data than existíng photographlc obselrvations'



10.

high spatlal and spectral resolutiolls htere requÍred. Ttrls was

achieved by ustng an EberÈ spectlometer equipped wfth a telescope

systêm. The measured spectral response \üas 0'068 and the spatial

resolution 20 arc nin by 7 arc sec. the detector was a phoÈonulti-

pller wLth a llthiun fluoride window and a calcit¡m lodlde photo-

cathode, The phoËocathode was relatively insensltlve to wavelengths

longer than 25008 whl1e the short wavelength cut-off was deÈermfned

by the detectorfs ¡rlndow and a calclum fluorLde filter placed at the

exlt sIlr. Ttre effect of scattered llght above 20008 and below

13008 nas not ueasurable. Although Èhe bi-axial poinËl'ng cootrol

operated only Lnternlttently during the fltght' úany ínteoslty measure-

mr..fits were made near the centre of Èhe solar dÍsk throughout the range

1400R to 18758. Substaotfal agreement at 14008 was found between

Èhese results and those of the llan¡ard OSO 4 sPéctrometer descrfbed

above. A second flfght, ln whlch the poinÈlng control operated

correcÈly, trùas oade wLth thie fnstrument in septenber 1969' Hlnter-

egger (1970) has reported that the results of thls experlmenÈ, which

have not yet been published, tend to conffrn those of the earlier

fltght. The contfnuum intensftles derlved from the 1968 fllght are

compared fn Sectlon 6.3 wfth the photographLc meagurements of

I{tdÍng et al, (1970) and Brueckner and Moe (1972) (both described

above) and with the present Í'IRESAT I fon chamber measufements.

The absolute callbratlon of photoelectric scannlng monochromators

has been dlscussed fully by llfnteregger (1961a, 1965). As the call-

bratÍorr procedure 1s eaeÍer than that used for photographLc
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fnstrr¡ments, the monochron¿tors allolt oore precÍse absolute lntensfty

neasurements than the spectrographs. Due to the speed wftþ whlch a

spectral scan can be nade, the moqochromators are also quCh better

sul.ted to sEudles of the absorption fn the earÈh¡s atmosphere of

radiatlon of a particular wavelength. ll,owever, fn spfte of conelderable

progress fn photoelectrlc recordfng technfques, the photographfc platg

remains superl.or for any precfse wavelength oeasurementa as well as

fot ycll deffned f.nage foroatlon such as that requlred Ín aPectro-

helfographs.

f.1.3 Proflles of, the Solar Lvuan-c Lfne

Ttre proflle of the solar hydrogen Lynan-c ll.ne was studled at

hlgh resolutl.on ln 1959 a¡rd 1960 by Ptrrcell and loueey (1960' 1961).

Proflles were also taken Lt L962 by Garrett, Purcell aud Tousey

(Tousey, f963), fn 1966 by Bruner and Parker (1969) and 1n 1967 by

Bruuer and Rense (t969). All of these measurements have Ehoúto that

the lÍne proffle Ls charaeterized by a half naxlor¡m width of about

t8; a wÍde shallow eelf-reversal due Èo absorptlon fn the eolar atmos-

phere; and a deep, ûarrow reversal foroed by abærption due to atomlc

hydrogen beb¡reen the rocket and the sun.

Ffuure 1.3 shows the llne profÍIe as ûeasured ln 1959 by Purcell

and lousey (1960), who used the gratfng of thefr nornal fncidence

specÈrograph fn the thlrteenth order to obtal-n a reeolutfon of

0.03R. From the 1959 and 1960 flfghÈs, Lt ¡¡as found that the sePare-

tfoa betl¡een the proflle nâxfoÂ varled fron 0.38 to 0.48 for plage



L2.

regtons end from 0,48 to 0.58 for quiet regloas of the sun. The

m¡*fmum on the short wavelength sfde was found to be usuall.y, buÊ not

always, hfgher fn Lntensfty than the oÈher. As the value of the

absorptlon crosa-sectfon of molecular oxygen changes rapfdly neâr the

Lynan-a wevelength, the posftlons of the maxf¡ra aad thefr relatfve

lntensitles can be of lnportance when determfnÍng the effectfve

absorptlon crogs-sectfon of nolecular oxygen for the whole Llnan-c

llne (SectÍon 2.2).

1.1.4 Solar Inaqes at Llman-s

In 1956, Mercure eÈ aL. (f956) obtaÍned rhe flrsr {nage of the

solar dlsk at the wavelength of hydrogen L¡rnan-a. AlÈhough the frage

wae enall and the stray llght background lntense, it ¡vas ç.oncluded

that L]toÂn-a Ís emltted frorn CaK p[ag" reglons with fncreased fntenafty.

rn 1959, whèn the sun was very actlve, Purcèll et aI. (1959) obtefned

a gtlgnatic Luage of the êur¡ at Lynan-c wfth a spatial resolutÍon of

I arc nfn and with a very Low stray light background. It was fortnd

Èhat the L¡¡nan-c plage regfons correlated r¡ell wLth Ëhoee of Ca ß, sûd

to a lesser extent wfth those of ll-c. In 1965 spectrohellograns of the

sun aÈ Lynan-c were takeo from the 0SO 3 satellfte wlth a resolutLon of

I arc mfn (Tousey, f967). These l-nagee also showed good correlatfou

bethteen the L¡rnan-c andCa Splage regfone. Sloan (1968) has napped

the lntenslty dlstrlbutlon of Lynan-c over snall areas of the sun wÍËh

reaolutfons of up to 2.5 arc sec. He used as a detector an íon

clm¡nber, sensl.tive nainly to Lyoan-a, poslttoned, behlnd a pia-hole et
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tbe focal plane of a sall telesco¡re. Bright features 6 to eO arc Eec

1n Eize were founct with inteneLties ty¡rical-¡y 20% brlghter than tbe

background..

Departure of tbe solar ctfsk fr@ r¡nlfo¡ø brfuhtness at \man-c

can lead. to serloua dlffieultieg whe¡r r¡Btng the abospherlc occr¡ltetlon

of the Bun, as seen fr@ a satelllte, to meåsure rleaslty profllee

1u the ea¡thf s afuosphere (Section 6.2.2).

1.1.5 ltlon-cll-spersfve Measu¡eûents

Before the developncnt of a poiuting cotroJ., rocket spectro-

graphs nere unable to ûeasure the eoJ-ar spectrrn below appro:ci-uate\y
o

2lO0A (Sectlon 1.1.1). Because of thfE, attøpts were nadle to develo¡l

non-ùl.spersLve ctetectorE whl.cb, becauge of thelr hlgher sensftl.rrlty,

cor¡ldt be usecl to measr¡re iutensitles belo+r 21-0Oi frcn r¡nstablllzect

rocketg,

The flret non-ùispereive cletectors to be usecl eoployed the

tbemoltmlnescer¡t properties of the pbosphor CaSO¡:l[n. Detectore

sensitlve to the ra¡rgeô lo50i to rSbO;, an¿ I22oT to rEt+oi were ðeslgned

antl Torrsey et al, (fg:f ) uave cleecrlbed a nrnber of ftlghtg of these

d.etectors that took place frø 191+8 to 1950. Tbey proveô to be

r¡nreHabLe for absolute lntensity meaau¡¡enentg vith the moet rellabl.e

ercperfmeut gtving a value of 0.h "rg *-2 ,""-l for the L¡rnan-cr flur.

o
Gelger cor¡nters sensf.tLve to tbe waveLength bancùs 11004 to

ooooo
13504, 1l+254 to 16504 and 1T254 to 21004 vere fLou¡ ln rockete frcm
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1949 to 1952 by Frf.ednan and hts co-workers (Frlednar¡ et al-. ' l95l

and Byrao et aL., 1953). The EosÈ accurate data were obtafned in

measureDents of Lyman-cl intençftles uslng Èhe 11008 to 13508 detectors.

Ttrese detectors aleo proveil unreliable for absolute inteusfty measure--

-, -1
uenta wlth the best erperimenÈ yfeldtng a value of 0.L erg cm -gec -

for the Lynan-p fntensLty.

Ttre flrst lon-d{epersive detectors to gLve rellable solar flnß

values nere the ion chanbers florm fn 1955 by Byran et 41. (1956).

Ît¡ese detectore enployed a lLthfi¡n fluoride wfdow and a nftrlc o¡ß1de

ftlltog gas Èo give a spectral reaponae range fron 10508 to 13508.

Absolute callbratlon of these detecÈors lras both slople and accurete

(Sectlon 3.6)' Ttre L¡rnan-q lfne dominatee the radlatlon íû the

10508 to l35OB range to such an e:ßtent that only between l0Z and l5Z

of the Íon chanber eÍgnal ls due Èo other wavelengths (Sectlon 1.1.2).

Ae a coneeguence, lfthü¡n fluorÍde-nitrfc oxfde lon chanbere have beeo

ueed exteaelvely for the purpose of measurfng solar L¡man-c râdl.êt1otr

fron both rockets and satellftes. A lfst of most of the rocket

neasurements up to 1967 has been nade by l{eeks (1967r. Ee bas found

a slgniflcant solar cycle varlatloo Ln the L¡rman-cr Level wfth a mean

val.ue for the naxLmun of the solar cycle of 6.1 t 0.45 erg cn-z "".-1
a¡rd a mean value for the nlnimr¡m of 4.3 t 0.35 utg *-2 """-1.

Etght ion chambers seûeltÍve to different narrow wavetength

bands beüueen 10508 and 16808 were flown ou a Long Ton rocket 1n 1966

by Canrer et aL. (f969). Sepphlrs-:ßylene (14208 to 14708) an¿
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quartz-trierhylanLne (15708 to 16808) lon chambere rüere lncluded Ín

thfs experfment, theÍr spectral reeponsès lÍe tnEÍde the wavelelrgth

band belÍeved to be emftted from the vfctnfty of the eolar teüPera-

ture ulnfur¡m (Sectlon 1,2). Ttre fntensLtfeo derlved from these Ër{o

lon ctra¡bers are coupared ln Sectlon 6.3 wl.th neasutenests nade 1n

the preeent work wlth I{RESAT I ion chambers of the same t:¡pet.

Llthtr¡n fluorLde-nÍtrfc oxiile lon chambers have been flo¡rn l¡

eeveral satellLte vehicles !ü'lth the af.n of monftotlng contlnuouoly

the Lynan-c output frou the total solar dlsk. Ír¡o of theae detecÈore

l¡ere Launched fn the Solrad I spaeecraft 1n June 1960. Sone anbLg-

ultLes 1n the derfved flux levels resulted from the deterforatfon of

the sensÍtlvlty of the detectors. Eolvever r Ít wae posslble to cOuclrr¡de

that ovet the perLod fron July l3th to August 3rd, 1960, Èhe day-to-

day varl.atlons ln aolar Lynan-cl enfsslon dfd not exceed 18Í (Kreplln

et al., 1962). It was algo coacluded that the Lyuan-c enlsalon from

a claee 2 dl.ek flare does not exceed !L7. of, the qufet euD total dfsk

enlssl-on. Ttre OSO I satelllËe, launched fu March L962, also carrLed a

llthlr¡n flrrorfde-oltrfc oxÍde lon chamber. The average Lyoan-c flux

waE fouud to be 5.0 erg ct'2se"-l and euhanceoents Wtre asaoclaÈed

rrtth large flares . A 5Z enhance¡¡ent was caused by a class 2* flare

aud a 72 enbaucenent lras caused by a clase 3 flare (Brandt' 1969).

Lithir¡u flr¡orl.de-nftrfc q:<lde Lon chanbers oû the laterkoeooe I eatel-
-,

lLte showed varl.aÈLons in the L¡rnan-c flux fron 3,7 to 4,7 er8 cm

"""-1 
durlng tbe perlod frou October l5ttr to October 23rd, Lg6g, w1Èh
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a Eean value of 4.1 u.g "r*2"..-l (Felske et al ,, LITO). Ip the

Present rrork, rocket flfghts of lfthfi¡n fluoride-nfËrfc oxfde ion

chanbere on July 24th, 1969 and December gth, 1969 resuLted ln Llman-c

fhHr determfuatÍons 1n aubstantlal agreenenÈ wlth thoee of ttre Inter-
koerce r satelllte (sectl.ot 4,4.2). The two lfrhlun fluorlde-nltrfc
oxfde Íon chanbers on the oso 4 satellfte deterLorated rapldly.

lbwever, ft was posefbre to qxÈrâpolate the response of one of the

lon chambere back to the flrst orbft (Ttnothy and rfmothy, 1970).

Close agreenent r¡as found between the value of the Lynan-c lntensl.ty

determlned fn thfs way and that derived from a uoaoctrrouator also on

the OSO 4 sarelllte (page 9).

A¡¡ {qrFtoveneot l¡ tbe cpcctral rceol.utloa of, the lfthfr¡n fluorlds-

nltric oxfde fon chamber has been made on the Solrad 8, 9 and 10

Batellftes by flyfog wfth 1t another Lon chamber sensÍt,lve to the

range L2?O8, ro 13508. The latter Íon chamber enables a calculetfon to

be uade of the contrfbutfon to Êhe tO5O8 to 13508 detecror, due to

wavelengths longer than L¡rnan-c . AlËhough eaturatlon of the Solrad

I detectore and a gradual decrease fn thefr sensftlvíty uade analysfs

of the dâtâ dffficult, lt was possible to show that durlng rhe perfod

fron Deeember 1965 to July 1966 day-to-day varfatlons lrere lees than

W (Foesf et ar.r 1970). The solrad 9 Lou chaobers deterforated

rapidly and no useful data were obtafned.

The Solrad l0 satelllte also carrled an fon chamber sengitfve

to the wavelength band f 4OR to 16608. Prlvately conrmunicated f.ntensity
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meaaurements obtained r¡fth this detector are eonpared with those

obtained ln the p/esent work ¡sith lon chanbêrs on the I,IRESAI I

satellfte (Sectton t.6).

Ttre measureuent of absolute lntensÍtfes usfng satellLte-borne

ioo chanbers hag not yet proved to be vety sât{sfactory, oafnly'due to

Èhe loss of fûstrument sensltivlty. The satellÍte experiments have

been valuable, ho¡¡ever, Ln showfng that the day-to-day varJ.atl'one fn

the Lynaa-a flu¡¡ 1evel appear to be srnall wfÈh the Sreatest changes

being less than L0Í, ALso enhaûcemenËs in the total L¡nnan-o flur

due to large flares have been shol,tn to be too snall to cause eignffl-

catrt geophysl.cal cbaugee (euch as ao fncrease fn D-regton lonlzatlon).

However, these enha¡rcenents funply very large local lncreaEes fn

Lyoan-cl brightness and nay therefore make sígniflcant conttÍbutfone

to the eaergy lost fron fl.ares.

1.2 lhg l{ature and OTlgia o-f the solar ultraylo}e,t spegt¡run

Obserltations of the solar specÈrum have Ied to a descriptfon of

the eolar atmosphere 1n terne of three enlÈting zonesi-

(1) The photosphere. Thls 1s the lnnermost zoüe and 1t extends

fron the lf.nb of the vislble solar dlsk down to the deepesÈ

obsen¡able layers. It 1s about 350 fn thfck a¡d ltg temP-

eratute decreaseg frou about gOOOoK at the bottour to about

450oox at Êhe top.
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(1f) Ttre chromosphere. Ttrfe zone lÍee Lmedlately ¿bove the

photoephere aad ls about 20,000 Xn thfck. Its temperature

increasee fron 4500oK where ft meets the photosphere to

about 4Or00OoK where 1t meets the coronâ.

(lfi) Itre corona. Ttrfe 1g the ouÈernoet zone and durfng Êote1

eolar ecllpse 1t hae bee¡r seen to extend to a distance of

at least 40 solar tadtÍ. Between the chro¡¡oephere and the

coronå there ls a very narrow transftfon reglon where the

temperature rfseE frou 40r0OOoK to about I nfllfon degrees.

The geaeral coronal temperatures are betlteen 1 arrd 2

nÍlllon degrees,

the vfslble solar radlatl.on comes almost entlrely fron the photo-

sphere and cørsists of a contfuuu¡tr, wlËh a radiatlon temPerature* of

about O¡O0or, croseed by numerous Fraunhofer abaorptfou llnes. lt¡e

continuous opaclty of the eolar gaeeÊ Le a nlnlur¡m Ln the vislble

epectral range where lt ie predonlnantly due to the free-free and

bouad-free transitlone of Ëhe negatlve hydrogea foa. At waveleagths

both longward a¡rd shortward of the vislble spectrum, the contln¡¡oue

opacfÈy fncreaaee, wlth the result that the eoergeot eolar coatinutt

origfnates la progresslvely hlgher layers. In partÍcular' lte expect

that lo both the far lnfra*red and the extrene ultravLolet, the

* The radfatlon temperature of the sun êt a partfcular wavelength fs
the temperature of a black body whfch would enlt the sane fnteasity
of radlatlon at that wavelength as the sun.
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fadlatJ.on temperature of the contfnur¡u l,¡ill pass through a ufnlmum aÈ

sorne wavelength for nhich the radfatlon fs enftted fron the temPersture

Elnlmum reglon between the photosphere and chromosphere'

Begl¡nfng ln the near ultravÍolet, the conÈlnuoue opaclty

fncreases towards shorter wavelengths as the Lonlzatloû l{¡rfts of the

abund,ant neutra]- metals ate crossed. Ae a reEult Ëhe radlatfon

tenperature of the contlûuur drope fron 6300oK to abouÈ 5500oK at

21008. Near 20878 tn. character of the solar sPectrum undergoee a

rapid change wlth the contfnur¡m lnteneity fallfng by a factor of flve

in the space of about 158 (¡olan¿ et a1., 1971). At 2OOO$ the rad-

latlou teu¡perature has dropped to 5O0OôK whlle the cores of the

absorptlon lÍnes fol[ow a 4900oK black body cunre both abor¡e and

below the cootÍnur¡m dl,econtlnulËy. The conclusfon 1s Èh¿t the con-

Èlouum radLatlon belosr about 2OSO8 arieee or¡ly a short dfstance below

the tegLoo of the Èemperature ofuLnuo, whÍle the absorptfon lloee are

forted ellghtly cloeer to the temPerature ofnlmr¡n ¡Vhere tbe teoperaÈure

ls a l1ttle lower.

lbe moat recent úeaeurenents of the contLnuum intenslty 'below

20008 are those of tlldlng et, aI. (f970), Parkfnson ánd Reerreg (f969)

and Brueckner and ¡úoe (1972) al-l of whlch are described fn Sectlon

1.1.2, lhese ûeasgreüents are generally ln cloee agreeuent in ter:ne

of tbe wavelength depeadence of the Lntenetty but there are stf1l

large dfscrepancles betlteen the varlous measuremente of the absolute

lntensity leve1 (Sectlon 6.3). Qualftatlvely, below 20008 the
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coûtfnuum followe a cleecendlng black body curve down to 17008.

Bet!ùeen 17008 ancl 14008 there Ls a broad radiatlon teuperaqure ulnlmum.

Selow f400R (Ftgure L.zr, the tenperature beglas to slowly rfee wf.th

a more rapÍd Íncrease occurrlng ae the wing of the very fntenee

Lynan-c l1ne begÍos to domlnate. On the shorË wavelength sfde of the

Lyman-c lLne the radlatlon tenperaËure fallg to another nlnLnum at

11801 but never reachee a temperaÈure as low as the nlnlms on the

long wavelength sfde. Belor¡ llSOB the radlatlon tenperature of the

contlnuum rfges agalo to a maxfmr¡n at 9708.

In the 20008 to 10008 range the t1rye of line seen agafnsÈ the

contfaur¡m changes from absorptÍon to enlgafon. lhe flrst emfsgfoa

llnee êppeâr Just below 2OOO8 and towards shorter wavelengths the

abeorptfon 1lnes progressfvel$ dlsapgìeat aE the eol,ac.loa lt¡es beeme

lnre ûuû¡erous. Below f6828 (whfch corresponds to the b absorptfon

edge of Sf I) there are [o aËomlc absorptfon llnee and the only

absorptfon featurea are the barid heads of CO. All of the emfeslon

lfnes show lfnb brlghtentng Ín keeplng rtith thelr origl.n l.n the

chronoephere where the tenperature ls fncreâsÍng outwards.

The spectral range fron 16828 to 15258 Ís of partfcular lnterest

because the emergent contlour¡u radlatloa can be showu fron obaenratLone

to arÍee fron the reglon of the teûperaÈure ulninun. Above 168ff tbe

contfnuu¡n ls st1Il photospherfc ln orfgln. Thfe ls shown by the con-

tl,nued presence of shallow abeorptLon ll.nee (Flgure 1.1) ¡ñfch, as

nentloned above, fndfcêtes that the energent contlûuum arfees from
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Just below the temperature mlnlnr¡m reglon wtrere the tenpereture fs

stlll decreasing outwards. Additlonal conffrnatlon of thls ie gLven

by the fact that above f6S2ß the contLnuun fe still trfub darkened.

There Ls a snall,but rapld change ln the contlûuum lnteustty at 15258

which colnctdes r¡lth the 3P *b"o"ptLon edge of Si L ltre lntenefÈy

fe highest to the short wavelength slde of the edge and thls, coupled

wfth the strong lfnb brlghtening obaerved below f5258., fnplfee that

the coutÍnuum radlatlon below 15258 Ís chromospherLc in orLgln.

Betweeu 16828 aod 15258 there are no atomfc abeorptlon ll.nes and the

centre Èo lfinb va¡fatfons are snall (Brneckner and Moe, L972). Both

of these characterLstl-ce are expecËed for rodl.aÊlm arfsf.ng frou the

reglon across the tenperaÈure minLmun.

Recent theoretlcal models (Cuny, 197I, GLngerich et al., 1971)

are 1n agreement wlth the obgervatLoas fn suggestlng that Èhe regfon

between 15258 and 16828 1s partlcularly sLgnifÍcaut for lnvestfgatÍons

of the teûperature mLafmum. A conparlson of the varÍous nðasurenents

of the radfatfon tenperature in Èhfe wavelength band ls nade fn

Sectlon 6.3,
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CIIAPTER, 2

ULIRAVIOLET RADIATION

2.L Introductfon

Although considerable effort hae beefi erpended 1n uea¡urrag tbe

pËoperties of the totgl neutral atmogPhere, relatively few ¡neåeure-

nents have beeo nade of the propertiee of the indlvldual atnocpherfc

constltuente. TtrLs ts eepecLaLly true wÍth regard to nolecular

oxygen above about 90 fu, ltherê both Lts dfeeoclatioû fnto atomic

oxygen and d{ffusfon begin to bêcome lEPorÈaot. Seasonal, latftud-

{nal and tenporal varlatlooe ln the molecul¿r oxygen deusfty profile

are still largely uokno¡rn and slgolEfcant uncerta;tles exlgt wfth

regard to modele ueed to rePreaent the dfstrlbutlon of nolecular

oxygen. At lor¡er altftudes, whefe ¡¡olecular oxygen {e a weLl'tlxed

epecl.es, Dore lnfornatlon fS avaflable from meaeufenents of the total

neutfal at[osphere. llowever, eyen here more lnfornation le needed on

the uolecular oxygeo dLetrLbutlon aod fte varfatlone with sessont

latftude and tfme of day. Sucb measurenenËs fn the nPPer meeoephere

(70 rn - 90 &n) and lorver thernosphere (90 Rn - 200 frn) w111 be

helpful fo r¡nderstandfng atoDlc oxygen and ozone photocheolatry as

well as vertl.cat aad horlzoatal transPort mechanfsns la a reglon wùere

several of these prOblens are probably LnpOttant. These Eeeauremeûts

wlll also be helpful 1n tnprovlog erlstfng "st,andard or reference
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atmospherearr, thaÈ attemPt to give a dlmamlc fnterpretatfon of the

beh¿vlour of the real atmosphere. As pointed out by Sch1ll1ng (1968),

even mluor varlatlone in the propertfes of a refererice atnosphere Ln

the upper nesosphere - lower theruosphere reglon can lead to very large

varLations fn lte Propertles at hlgher altítudee. Ttrereforer a

proper fnterpretatlon of the varfatlons Of the uPPer thernoepheret as

detected by earth-orbfting gatellltes, depends uPoo a thorough know-

ledge of the varfatfons fn these lowet reglons.

The two baeic nethods for deternÍnLog the concentratlon of

different neutral specles fn the upPer atoosPhere are abeorptlon

sPectroscopy and mass sPeetroscopyi At present, absorptÍon epectro-

scopy ts prefetred for accurate quanÈltaÈlve deterninatlous becauee

the data lnterpretattoB fs relatLvely etralghtfarFrd ' and unamblg-

uous. the agcuraCy of the varlous ñtss spectrometrlc methode |s

compromleed by effects aasoclated with notlon of the rocket a¡d

reactlons at the walls of the lnatrr¡¡neot (Sectloo 6'1"3) ' In

addÍtlon, mass Epectrometers can only be operated abotre about 100 ßû'

Both dlsperalve lnstrr¡uentatfon, such as sPectrographe, and wfder

baod non-illepereÍve lnstrr¡¡neOÈat|on, such as Geiger coufitera and lon

chambers, are ueeful ln the applfcatLon of abaorptlon sPectroscopy'

In the preeeûÈ work, the study of nolecrrlar orygeq densitl'es I'e based

oo experlments usl.ng fon chambers carrfed on sound{ng rockete and on

ooe satellfte vehicle. fùfthln the wavelength range f000ff to 1700ß,

ft can be sholm that atmospherlc absorpÈ1on fE due almost e[tirely to

uolecular o:(ygen. Bowever, the nL¡ror atmospherLc coostftueute do
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abeorb to a sn¿ll extent and this can be of lnportance at the wave-

length of the solar Lyman-cl lÍne (sectfon 2'5)' !

Figure 2.1 shows the varlatlon of the atmospheric penetratLon

heightrt as a fuactlon of wavelengËh (FrLednan, l96dt). From 2OOO8

to 3O0OR the radfatÍon 1s absorbed almost enÈfrely by ozone, whlch

reaches lts peak couce¡tratÍon at an âltLtude of about 25 ßn' At

wavelengths shortet than 2000R, molecular oxygen abeorbs st¡oDgly

and the absorption takeg place at hfgher altftudes. The absorptfon

by rnolecular oxygen léads to Lts dl6soclatlon and the productLon of

atontc oxygefr. At wavelengths shorter than 10008, molecular nltrogen

also abEorbs strongly and atomlc Orygen' whtch Ls the prlocÍpal

atnospherfc constituent above about 150 Kû, contrlbutes to the

absorptlon of ltavelengths shorter than abouË 900fi'

2.2 Absorotlon Cross-Sectlon of Molecular Oxygen

the ebsorpÈfon of vacuum ultravlolet radLatlon by nolecular oxygen

has beet lnvestlgated by a number of workers. Detal'led ttleasutementa

uelng photoelectrlc technLques have been nade by t{¿tanabe et al'

(1953a), Merzger and Cook (1964) and Blake et 41. (1966). The8e

meaaurements are eubstaotlilly. fn agreement lfith one anoÈher.

Flgure 2.2 sho!üs the absorpÈ1on spectrr¡m of molecular oxygen as glven

*Ttre atmospheric peaetratlon heÍght 1s the hefght above the earthrs
surface at which the solar flux hae been attenuated to Lle of lts
value above the atmoePhere.
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by Cook and ChÍng (1965). The Schunann-Runge dfseociatlon cottfnuuB

extends from abouË f3008 to about 1750R r¡Íth the maxLmurn cross-sectÍon

of 1.48 x 10-17"# o.",rrrÍng at 14258, Ttre Schunann-Runge baade are

at wavelengtbs longer than I75OR. thê crons-sectfons of theee bands

decreaee wfth fncreasfng wavelength until they nerge lnto the weak

Hertzberg contlnuum. At wavelengths shorter than 13008, the specÈrum

shows a nr.mber of strong absorptlon bands separated by 'bfndows"

where the cross-seCtlon ls much lower. The mOst Lnportaut of theee

wlndows fs the one that alnost exacËly colncídes with the very r¡trong

solar Lynan-e Lfne. The ftrqpe of thfs wÍndow fs shotm fn Flgure 2.3

(Ogawa, f9ó8) wtrich aleo indfcates the approxlmate posftlone of the

two naxloa ln the solar Llman-cr 11ne (SectÍon 1'l'3)' Al-though the

wLodow f.s very nartolf, the Cloge ptoxfmity of the Lynan-cr line to the

ceotre of the wfndo¡l Dea1a that the varfatfon of the absorptfon

cross-sectfoa across the line Le euall. the absorptlon ctross-aection

åt the boÈtou of the wÍodow hae been found to be Pressure dependent

wfth .a rate of change of about 1.7 x 1g-23"t2tott-1 (B1ake et 41.,

1966, Shardanand, L967>. As the value of the crosa-sectfon 1s about

1.0 x 1O-20"t2 at L]¡Dåft-c, the Pressure dependence fs negllgible for

the rânge of pressures encountered Ln the regfoA of the atmosphere

where absorptl.ou of solar Lyuan-o radfatfon takee place.

Table 2,1 shows the values of the absorptlon cross-sectf.oû at

Lyuao.c that have been obtalned by varlous r¡orkere us{ng photoeleetric

technLques. The ttüo measurements of Ogawa (f968) refer to the cross-

gectÍongtthe¡ravelengthgofthetwotraxlDaofthesolarL¡ruan.crll.ne'
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TABTE 2.L

1.03

I .13ogawa (f968)

1 .08Shardaaand (1967)

l.L2Blake et aI. (f966)
1.04Metzger and Cook (f964)
1.00Watanabe et al. (1953a)

l.o4 x 1o-2ocn2Preston (1940)

Cross-SectlonReference

llore recently, Gâfly (1969) (aLso uslag a photoelectrlc technfque)

has studied the pressure dependence of the cro6s-sectlon at Lynan-Q.

and at several shorüer wavelengths nearby. Hls reeults et L)¡uan-t are

f¡r gubstantlal agrement rúlth thoEe of !üatanabe et aI. (f953a).

Dltchburn eÈ al. (1954) and Lee (f955) used photographlc tech-

nlquee to obtain valueg for the êross-eectlon of 0.84 x 10-20ct2 aod

0.85 x l0-20-r2. rn the pregent work a value of 1.0 * 1o-20.t2 hae

been adopted for the L¡fnan-q cross-eecË1on. îhe values quoted above

lndlcate an uncertal.nty of ! L4l fn the adopted value and thfs uncer-

taÍuty muet be takea fnto account when derÍving nolecular oxygeû

de¡e{tfes from atpospherfc L}man-e absorptl,on proflles (Sectlon 2,3).
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Deoe tfes from Ab Measutements 8ét¡¡een

loo08 and 17008

A reaaonably conplete treatûent of the derlvatlon of atmoepheitc

ûeutral partÍcle densftLee, from u€asurements of ttre attenr¡atfon of

solar urtravl"olet radfaÈfon, has been gfven by Efnteregger (1962r.

rn Èhfs chapter, the diecusslon wtll only apply to the absorptf,on of

radlatlon Ln the wavelength range fron 10008 ro 17008. rn thla wåve-

length range' the absorptlon due to atmospheric coneÈltuents othcÉ than

nolecular orygen cen be fgnored (Sectfon 2.5). The dfscuestoa wfll
also be resürlcted to the caoe where the solar zenl.th augle*, Z, LÊ

leeg than 90o. lhe Bl.tuatfon where z la gËeater than 90o 1¡ consld-

ered in detafl f.n Section 5.3,

Under the above restrfctlons, the flux fn photons .r-2"".-1, of

perallel uonochromatlc radlatlon of wavelength, I" ar a helght, h,

above the earthts Êurface, Le gfven by the Beer-LoberÈ la¡r

0(r,h) . d(À) exp[-o(r)N(h)l ,.. (1)

where d(¡) rs the flux above the atmosphere iu phoron" d2*."-1,
q(t) 1s the abeorptlon cross-sectlon of nolecular oxygen

,ln cu-,

and N(h) la the colr¡¡n¡¡ar denelty above a helght¡ h¡ l.e. the

nt¡mber of oxygea noleculeg fn a colun¡r of area tcu2 aloog

the path of the radlatlon.

*The eolar zenfth angle fs the angLe betweeu Èhe directfon of the eun
ånd tbe local zenfth.

3



If o(À) 1s aleo dependent on tetperature ot ptegsure lt nay, as a

result, Êhott an lndirect helght dependence. For uolecul.ar Oqrgen, fn

the helght and stavelength ranges applfcable Ín the presenÈ woçk' these

effects nay be oeglected.

In practfce, ariy radiatfon deËector wflL have a finfte baoówf'dth'

AÀ, wtthln lrhlch {t wl1l respond. From equatlon (l)' the flux, ln

photons "r-2"""-1, 
rtthln the ÍneÈrr¡mental bandwfdth, from tr to

À + AÀ Íe gtven by

0 (r,ar,h) - f|*u 0o(À)exnt-o(r)N(h)ldÀ ... (2)

where Oo(À) Ís the differentLal photon flux above the atmosphere fn

photons 
"r-2"""-1 

8-1. If e(À) repregents the spectral responae

functlon of the detector (Sectfon 3.6) theU the detectorrp rlgn¿l at

the hefght, h, fs given by

I(h) - tl*o^ e(r)Qo(À)exp [-o(À)N(h) Jdr

28.

...(3)

ff O(À) can be replaced by a conetant crogs-secËlon' or then equaüÍoa

(3) can be eLnpllfLed to the form

I(h) - I - Io exp[-oN(h)] ... (4)

where to - fl** e(r)qo(À)dl fg the fon chamber signal above the

at¡losphere. Thls Sfnpllffcatlon fs ¡roselble 1n ttr7o câse3.

(f) A solar emieefon llne nay doninate the radlatlon wfthln

the bsfrd!üldth of a detector to such an extefit that the
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bandsldth, ÀÀr can be teduced to the bandwldth acrose the

lÍoe. ttrfs le the ca¡e for the fon chaober wlth'a lLthtr¡m

fluoride wludorls and nltrlc oxÍde flllfag gas, wh{ch reeponds

over the wavelength range 10508 to 1350R (ChaPter 3). As

mentfoned ln Sectfon 1.1.2, the Lyuan-a eolseion lfne at

LZL5.78 accounts for approxünately 852 of the output of

thfs detector. Alao, the Lynan< lÍne lfes close to the

ceuÈre of a ¡rindow ln the nolecular oxygen abÇorptton

spectru8 tbere the croes-eecülon 1s very low (Sectlon 2.2).

Thfs neanfi that uosÈ of the other wavelengths wlthln the

f0S08 to 13508 range wfll be abeorbed at much hfgher alti-

tudee . Ttrerefore, in the regl'on r¡here the total solar

radlatfon La the bandwidth 10508 to 13508 has been reduced

by about 152 or Dore, the loa chamber can be consldered to

be reepondlng Purely to Ll¡Esû-c radfaËfon. As the varíatlon

of the absorptlon crose-secËLon of nolecular oxygen fs soåll

over the wavelength range covered by the Lyman-c ll'ne

(Sectfoo 2,2), eqt¡atlon (4) ís a good approxLnatlot wÍth

o equal to l.o * lo-20"t2.

(11) The abeorption Crosa-8ectlon oay be constentr or nearly aot

throughout the bandwfdth of a deùector. An exanple of thfe

behavfour ls provlded by the Lon cbanber wl.th a sapphfre

wÍndow aod Êylene flllfng gae (chapter 3). The band¡¡fdth

of thie detecror 1s 14208 to 14808. As can be seen from
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Ffgure 2.2, tlne varl.atfon of the uoleculat oxygeD absorptfon

cross-sectlon âcross thLs wavelength range fe snåIl'

Equatfon (4) le therefore a good approxLnation' Ìtlth o

havl.ng the value 1.45 x 10-17".2 ¡¡hlch lc the avçrage

value across the bandwfdth. The estlnated probaQle error

Ín this value 1s t l0%.

ltre thlrd type of fon shamber used Ín the PreÈefit work has a

quarrz tlndow and trlethylarnlne f1ll1ng gas and a bandwldtfl extendfng

fron 1550R to 16908, Ae can be eeen fron FÍgute 2.2, the abeorptfon

croBs-sectfon of uolecular oxygen varfes gometthat over tbl'{¡ wavelength

traûge. Therefore, the elmpllflcatfon of equatfon (3) used above fe

noß appllcable to thfs detector.

Let us consLder the change ln the sfgnal of a quartz-trlethyla-

nLne chauber over the height range h t Ah t'o h. Ttre dffferêûtial'

photon fLux at the helght h + Ah fs given' by conparfson wfth equatLon

(l), as

ô (t,h+Ah) - ôo(tr)acnf-o(À)N(h+Ah)l

EquaËfon (3) can therefore be tersrftten as

r(h) - ff*u e(À)0(À,h+ah)e:q[-o(À)ax(h)ldr ...(5)

where AN(h) - N(h) - N(h+Ah).

If Ah 1s euffÍclently Emall' !0e Eay neglect the changlng df.etrl-

butlon of the radfatlon ae fÈ passes through the layer. We tray then
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approxlrDate equatl.crn (5) by

r(h) - r(h+ah)qrp [ -deff G+ah)aN(h)I . .. (6)

rhcre o.rr(trÞAh) ls the 'reffecÈfve abeorptlon croes-sectLon[ and Ís

deflned by

)r+ôÀ
tI e(À)0 (r,h)o(À)¿r

o*r, (h) = ., . (7)
r(h)

Ttre value of o"ff can only decreage or renal.n constant aE the radl.atfon

peaetratee do¡pn through Ëhe atmosphere. IÈ wtll decrease when o(À)

varf,eg acroes the bandwldth of a detector because the radlatfon of

wavelengths where o(f) fs larger wltl be abaorbed ncre qufchlyt

leavlng a hfgher proportfon of the radLatfon of war¡elengthe at whlch

s is enaller. thfs changlng dfstrfbutfoo of the racllatLoa wlthfn a

detectorrs bandwfdth fs known as itradÍatfon hardenfngt'.

Ilhe varfatlon of o.r, wfth hefght was lnvest,Lgated fot the

quarÈz-trfethylanlne lon chmber uefng the followlng asstaPÈlona.

(1) The vertLcal dLsttÍbuÈfon of molecular oxygen w83 asei¡oed

to be that glven by the 1965 nean CIRA atnosphere (CIRA

r965).

(fl) îhe eolar zenfth angle was Èaken to be oo.

(üf) The vatfatlon of the uolecular oxygen absorptlou cro6É-

secrlon between 15508 and fôpOR was aaarted Èo be that
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given by Blake et a1. (1966).

(iv) Ttre spectraL dfstribution of Ëhe solar fl-ux waq taken to

be that of a black body aË a radiation temPerature of

46oooK (sectJ.on 6.3).

(v) Íhe specÈral response used was that shown ln Ffgure 3.12

which Ls a typlcal exanPle.

Equatlon (7) was used to calcuLate vaLues of o"ff for varÍous

helghts. These valueg are listed in lab1e 2.2 aLong with the correa-

pondfng values of the attenuâtlou of the Íou chamberrs signal

((Io-I)/Io). The vaLue" of o"ff and attenuatlon, gtven fn Table

2.2, ate lndependent of the assr.¡ned denstÊy dístrlbutfon and the

sol_ar zenfth angle. The helght values, howêver, depend ort both of

these parameters. The values of o"r, are not strongly dependent on

Èhe assumed solar ffu¡x dfetributlon. Ae shovm 1n Sectiott 6.3r

the solar spectrum ln the wavelength range fron 15508 to 16708 1s

closely represented by that of a black body wlth a radLatLon temPera-

ture of 4600oK. If, however, the solar flux ís assumed to be con-

stant over thls wavelength range, the value of o"ff above the atmos-

phere is changefl by less than 8z from the value gfven tn TabLe 2.2.

As expeeted, the vaLueg of o*ff decrease ae Ëhe radlation pene-

trates deeper ínto the atnosphere, due to the effect of radfatlon

hardenfng. However, ovetr the helght range q¡here the attenuation of

the Íon chamberrs sfgnal 1s less than 80%, the values of o.rt are
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greater than 80ß of the value above the atnosphere. therefofer over

this rang e, 6eff. can be takeu to have the value ?.2 x ro-l8cJ ¡úth

a maxL¡u.n arror ot 127,. The valuee of o(tr) used fn the above çalcu-

latfons have a probable error of about t 5Z (Slake et 41., 19ó6).

Itre probable random ertror fn the values of o"ft, gÍven {n lable 2.2'

duc to the eÍrors fn the values of o(f), e(l) and $(À), le not

ercpected to exceed t 82.

ÎABLE 2.2

0.97

o.82

0.58

o.37

o.24

0.00

2,2

2.8

3.2

3.4
3.4

3.6

100

105

r[0
115

120

Stgnal AtÈeauatÍon
(ro-r) /ró

aef,tHelght

To rslthln the above accuracy ltnitatlofrg we nåy therefore ¿seunc

oeff to be a coaÈtaût, q, r,ttth Èhe value 3.2 x l0-18cn2. EquatLon

(6) therefote becomes

I(h) - I(h+ah)erp(-oÂN(h) |

wtrfch, by a slnple lteratíon procedure, leads to Ëhe equatfoa

r(h) ' ru exp[-oN(h)]



Tlrerefore, equatlon (4) fs vall.d for all three of the fon chaober

types uged Ln the preeent work.

Up to thlg polnt, the Èheory developed fn thls chapter le valld

for solar zenlth angles up to 90o. In faeÈ, f.f the variable, h' le

regarded as a mfnLmr¡m ray helght (Sectlon 5.3) rather than a

rocket hefghtr thie theory aleo applÍes for zenfth angles ln excees of

90o. However, the renalnder of the theory ln thlc chaPter r¡fll be

concerned !üLth the sl.tuatlon where the eolar zenlth angle fs suffl-

cfently susl*l for the flat-earth.approxlmaÈl.on to be uged. Tt¡e

geonetty of thls sLtuatfon fs sholtri 1n Figure 2.4.

The dlfferential forn of equatloa (4) fs

I dr d dN(h)
!-(lnI)c-o-

ldh dh dh
.. . (8)

Frou Figute 2.4, {t can be eeen that

34.

...(9)
dN(h)

' -n(h) sec Z

dh

where n(h) le the nr¡mber density of nolecular oxygen ln molectl.e 
"¡n-3

anô Z le the solâr zenith angle. Therefore, substftutfng fnto

equatfon (8) and rearrangfng we have

I
n(h) '- oeecZ

d

- 
(lnl)

dh
.. . (10)
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Tt¡e number densl.ty at any helght ís therefore proportlonsl to the

eLope, at that hefght, of a senf-logarfthnfc plot of the fon ehauberte

ef.goal versus the helght of obrervaÈion. It ehould be noted that

denslty deter¡nlnatfon8 do not depend upon an absolute measurement of

the sLgnal.

For solar zenith angles fn excess of about 73o, equatton (9)

(and hence equatl.on (f0)) begine to become lnaccurate due to the effect

of the cunreture of the earth. In the satcllÍte atmospherLc occulta-

tlon etcper&ûent deseribed ln Sectfon 5.3, where the absotptlon

Eeaaurenent6 afe made at 3Atellfte gunrlse and suneet, both the

curvature of the eåfth and the ffnlte eLze of the sun uust be con-

sidered when derfvlng denslty profflee. For the rocket experlments

descrlbed ln Sectlon 4.3, the aolar zenLth anglee lrere such that

equatlon (10) could be ueed wfth negltgible error.

2,4 Rance for Molecular o¡rvsen Deneltles

Equatfon (4) naY be rel¡rítten És

I r Io e:<pf,-t(h[ ..'(11)

where the opÈical depth for the wavelength band l, to I * AÀ ls gfveo

by

r(h) - oN(h) .. ' (12i

Therefore¡
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r(h*)-o¡|(h*)ãl .. . (13)

where h* fs the penetratlon helght (Seetfon 2.1).

. If the nu¡¡ber denslty of molecular oxygen varl.eg exponeutlally

wfth hefght, x, wfth a ecale height, H, we have

n(x) - no ex'(-xl')

Thfe ¡¡111 be a good approxioåtÍon over a lfnl.ted helght rarige.

therefore, from equaÈloa (9),

oo

N(h) . - fn ro exp(-xlR) sec Z dh

- NoH exp(-h/H)eee Z

and so, fron equatÍon (12),

r(h) - onoH exp(-h/H) sec z ...(14)

Usfng equatlons (f4) and (lt) ttre varLarfon of I ¡rfrh hefght

ean be determtned as shffin fn Table 2.3.

tABIE 2.3

Ð.07

o.37

, o.67

0.97
,0.95

2,7

1.0

0.37

0.14

0.05

h*-II
h*

h¡t+lt

h¡t+2II

hrr+3H

u roth
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As caa be eeen frou lable 2.3, the absorptlon takes place over

a helghÈ range equal to about 48. Thle repreærits the practLcal

l.tnlt to the rangê over ¡¡hich deaeftles can be determLned by the

measurenent of absorptLon at oûe value of o. The rauge Ís llnrted

fn the reglon of low attenuatlon by the dffffculÈy Ío oeasurfng the

vety suall changes 1u I ¡¡lth hefght, ad fs lfnlted fn the reglon of

hÍgh attenuatfoa by the diffLcuLty ln measurlng vety srnall values of

I. In general, the moet âcçurate deusltles w111 be obtafned near

the penetratlon height, where the rate of change of efgnal wftb

hefght ls a naxfmum and the effors due to data reductl.oo therefore a

nfnl¡u¡n.

Frou equatton (13),

onoll oecZexp(-tr:t/n¡-l ...(15)

Thereforer the value of h* wlll be facreased as Z le lncreaeedr but

the values ln Tab1e 2,1 w111 renaLn unalteted. As a tesult, the

absorptfon takes place hfgher up but over the sane hefght raÂge.

Frou equatlon (15), 1t can be seen that aB the zenfth angle changea

froo 0 to Z, the value of h* fg fncreased by ar¡ anount h¡,aËü thåt,

sec Z - exp(hl/H). Values of hr/B are gÍven Ln Îable 2.4 f,or varloue

values of, Z,

It can be eeen fron Tabl? 2.4, that even for large changee 1n

the zenlth angle the helght rarQe over v¡trlch oxygen denstËfes can be

determLned fs not shffted by a large aDount. thle stat€rert lg
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îABIE 2.4

0.00

0.06

o.27

0.69

1.07

oo

2oo

400

óoo

7oo

ht/ltL

strlctly true oaly when the f lat-earth approxJ-natfon f'e valfd '

In fact, due Ëo the curvature of the earth Ëhe range ia not raLeed

E¡ore than several gcale heighte for zenfth angles up to 90O' Never-

theless, obseftratÍçns at large zenf.th angles provfde a useful way of

extendlng, eignlflcâûtly, the range of hetghte over whl'ch deneltles

can be measured at one value of. ú . For zenfth anglee less than 70o,

the nornal helght raage for detêrnfnf.ng molecular oxygen deneftLee

wlth the lfthfr¡¡¡ fluorlde-nltr1c oxl.de fon chamber fs 70 Ktr to 90 ft¡¡'

lleeke and SmlÈh (1968), usÍng large zeû1th angles by naktng rocket

fllghts near gunrlee and sunset, have raLeed this hefght rauge con-

slderably. For example, at a zeûfth angle of 95o they have determlned

uolecular oxygen deoefÈ1es over the height range 94 |¡t to 112 b'

Sl.nfl.arly fn the saÈell1te experfment degcrlbed fn Chapter 5 r mole-

cular oxygen dengftfes have been ueasured above 90 f,p by usfng lLthtun

fluorl.de-nltrLc oxlde Lon chanbers to Deasure the atmoepherLc atteu-

uatlon of Lyuaa*r radletion at satelllte sunrlse and 6unset'



39.

2.5 Absorption of Lwran-o by Constltuents other than MoJ-ecu!-ar

Oxygen

In general, throughouË the wavelenggh range 10008 to 17008 and

fn the heighË range near ruher. $f, t" a maxlnum, atnospherfc absorp-

tfon is due almost entirely to molecular oxygen. Thereforet

oorror(h) ,2 oz(À)nz(h) + 03(À)n3(h) + ...

where the cross-sectlons 62¡ 03 eÈc. and the number denslties n2' n3

etc. ref,er to the constituents other than molecular oxygen. However,

Lynan-tr radlatlon almost exactly coLncfdes wÍth a window ln the

ooLecular oxygen absorptlon spectrun where the cross-aectlon ls

partlcularly low (Flgure 2.2). A1so, as can be seen from lable 2.5,

all the oÈher constÍtuenËa excePt molecular nitrogen have hlgher

abSorptÍon cross-sectlons at thls wavelength. Therefore¡ even smAll

concentraËlons of these conetituents ruay make soue contrfbutfon to

the absorption. of L¡ruan-o radiation. In the followLng, the absorptlon

of L¡rman-q radlatfon by each aËmospherlc constituent, s¡le wfll be

expressed as a fraction of the absorpÈlon due to molecular oxygent

o n . The results of these calculations are ehown in Table 2.5'
oz 02

(a) Molecular nltrogen

Above fOQOR the absorptfon spectrun of no|ecular nítrogen con-

sÍsts only of the very weak band Eystems correspondlng to several

forbidden transitLong. Upper llnlts that have deËermlned for the

""o""-"""tfon 
at Lynan-c are 2 * 10-22"t2 (Preston, 19åO), 3 x LO-22.t2
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(1) The crosE-sectLons at l¡rnan-o (see text) are reLative to the

value 1.0 x 10-20 *2 trk o for molecr¡lar orygen'

(Z) Tbe ctensltíes a¡e rel-atlve to that of moleculsr or\ygeû as glven

ty the U.S. Sta¡tla¡ô Atnosphere (]¡g6Zl. ÍIhe values for I{, andl COt

Êpply for the horcepbere (1.e. below abolt 90 Ks where tbe atnospbere

1e well ntxeð). [he va'lues for the otber constftuentg are taken

frø the ãources quoted La the text, tlre flret valuc bej'ug tbet

at T0 I(m a¡ct the seconcl value that at 90 I(!'
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(t{atanabe et aI., 1953b) and 6 * 10-23"*2 (Ottchburn et 41. , 1954) '

Using Èhe lowest upPer llmlt of the cross-sectlon the absorption due

to molecular nitrogen, at heights below 90 lfu, is less tl¡.an 2% of'

that due to molecular oxygen (Table 2.5), At gteater hefghtsr thls

percentage will be sLightly greater due to the more rapld tall-off

in molecular oxygen clensfty due to dissociatl'oo'

(b) Carbon dLoxide

The absorptÍon cross-section of earbon dfoxide at Lyman-ct

hag been measured as 7.33 x fO-28¡n2 (Inn et a1., 1953)' Thfs value

agrees closely wfth the válue or. 7.47 x Lo-20"t2 dua"rnfned by

Preston (1940). There is no experiuental evidence concernlng the

distrlbution of carbon dloxLde 1n the reglon above 70 Km. However,

Bates and lùfÈherspoon (f952) have concluded that the rate of dlssoc-

iatlon of carbon dloxide ls appreciable only above 100 Km and so lt

seens tlkely that the fraction of carbon dloxLde fn the âÈmosphere is

constant up to IO0 Kn. Under Ëhis assumptfon the absorptfon of carbon

dioxide relatfve to that of molecular oxygen is 1.1% belor^r 100 hilr

(Table 2.5) and less t'han thie at greater heights'

(e) l,later Vapour

The abgorptlon spectrt¡ül of water TaPour Ls shown fn Flgure 2'5

(tlatanabe and zellkoff, 1953). It can be seen from Figure 2'5 that

Llman-o occurs near a maxfmr¡m ln the absorptÍon sPectrum. The values

of the cross-8ectlon obtafned at Lyman-c by various workers are

1.45 x 1o-17.r2 (prestou, 1940) , !.45 * 10-17ct2 (wata,ttbe and

zeLlkoff. 1953) and 1.34 x 1o-17"t2 (ottchburn et aI" 1954)' As
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these values are more than el thousand Ëimes the value for molecular

oxygen, even very snall concentrations of r¿ater vapour above 70Kvn

couLd conÈËlbute signiflcantly to the absorptlon of Lynao-Ê rad-

l-atLon. The very strong band structure 1n the water vapouf

absorptlon spectrtur occurg l,IlÈhin Èhe 10508 to 13508 bandwldth of

Ëhe lon chamber used fn the present !üork to detect Lymarr-o radla-

Èion. Due to the very high cross-aectfoa valuea aÈ the peaks of

these bands, even very small traces of water vaPour ln the üLÈrlc

.oxLde flllfng gas of this detector can serLously affect lts opera-

Ëion (Section 3.6.3).

there have been no experimental determlnatlons of !Ùater vapour

coûceotratlons above 70Ky¡ but a theoretical proflle has been

obtaj,ned by Bates and Nl-colet (1950), as a result of an analysLs

of the photo-chemistry of a hydrogen-oxygen AËmoE¡phere. The forma-

tlon of noctÍlucent, clouds near an altitude of 80 Kn , fn aumrer and

at latftudes above 45o, hag been studied by Chapuran and Keodall

(1965). They have concluded that these clouds are forued when water

vâpour is carrÍed (by convectio' at nfght) up to 80 Km , where lt

condenses on dust partlc!-es. As these clouds apPear infrequentlyt

Lt must be assumed that the transport of !üater vapour to these

helghts 1s a rare phenomenon. It should not therefore affect the

overall concentratLon of ltater vaPour at these heights.

There is obvlous!.y still a great uncertaLnty Ln the concentra-

tlon of Ìrater vapour above 701(nr but for the present work 1t was
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assumed thaÈ the water vapour concentratlon ls as calculated by

Eates and Nicolet (1950). Under thÍs assumption the absorpËfon due

to rùâter vapour, relaÈfve to thac clue to molecular oxygen ls 3 .87'

at 70Krn, 0.577( at 80Krn', 0.10% at 90Km and less at greatef, hefghts

(Table 2.5).

(d) Ozone

Tanaka et al. (1953) have obtafned a va.lue of 2.3 * l0-17"t2

for the absorptlon crosg-section of ozone at L¡iuan-o. The only

experfnental- determination of the coflcentratlon of ozone above TOKm

1s that of Rawclfffe et al. (1963). They have determined the density

to be 4.5 x I08 uo1s,"*-3 at T0Knand I x 106 mo1s.".-3 
"a 

90Km.

Ttrerefore the absorptlon due to ozonè relatfve to that due to mOIe-

cular oxygen ts 0.30% at 70Ktn and O,L07" at 90Km (Table 2.5),

(e) Nltrlc oxfde

A value of 2.5 x l0-18"r2 h"" been obÈafned for the absorptlon

cross-section of nftrlc oxlde at Lyman-d (l{armor 1953). Pearce

(f969) has detemlned the concentratfon of nitric oxide to be

L.2 x 109 mols.cn-3 at 701(rn, 2.8 x 108 tole.cm-3 at 80Km and

I x 107 mo1s.".*3 .t 90Kfn, Usfng Ëhese values the absorptiorr of

nftric oxlde relatlve to that of molecular oxygen 1s 4eglfgibly enall

(taute 2.5) .

Atomic oxygen and atonfc nÍtrogen exhfbl.t contLnuous absorptlon

only bel-ow theLr firet lonizatLon lfnLts whfch are at 9108 and 8528

reepectfvel-y. they can therefore be negl-ecÈed when conslderLng



44.

absorptfoû Procesees above 10008. srrrllarty' the luert gases which

have tontzatf,.or Umlts at B8ó8 (Kr), 7878 (A) and 5758 (Ne) need

not be considered.

In the presetrt work uo correctfons have been made for abeorp-

tLon due to constl-tuenta other than molecul-ar oxygen. From the

values given iii table 2"5 ít may be concluded that the tota,l contrf-

bution due to constl-tuents other than molecular oxygen le not more

than seveû percent. The exagt contrfbutlou ís r¡ncertaln due to the

uncertaf-nty in the concenEratfons of some of the constltuentsr Partl-

cularl-y water vapour.

In rhe wavelength bands 14208 to 1480R and 15508 to f69OB

(which are the bandwtdths of the oÈher lon chanberg described l¡

Chapter 3), the effectfve abeorptlon croas-secËlon of molecular

oxygen ls respectÍvely 1.45 x 103 tlmes and 300 tLmes the value at

L¡man-c (Sectfon 2.3r. As a result, the contribuÈ1on to the absorp-

tLon of radlatfon Ln theee wavelength bands, due to atnosPherl'c

coostituents other thao molecular oxygen, Ls neglfgíble'
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CINPTER 3

TEE CONSIRUCÎION À}ID TESIII{C OF

vAcur4{ urjrBåvrorEl IgN cBùfBpRs

3.1 Introductlon

In prlnclple, 1t le posslble to f1y dfspereive Lnstrunenta to

üêasurc the tËansÉtsslon of solar radl.atLon by the attospherc (Sectl.on

6.1). However, especlally when uelng unsÈebfltzeil rocket vehfclee,

a slnpler and more practlcable method Ls to use non-dfaperslve buÈ

epectrally seleetfve detectors.

ltre broad-band non-dleperelve detecÈord ueed for the detectlon

of ulÈravtaLt radÍaËlon, Ls the reûge f0OO8 to 20008, can be put lnto

two broad catÊgortes:-

(f) photomrltfplten or photodlodee havlng hfgh work f,unctl'on

photocathodee that restrict Èheir sensftlvltieÊ to reglote

below approxfmatefy 20008, and

(11) decectofc uttlfzlog the photofonfzatlon of gasee and havlng

relattvely natrow band-passes ln the range fo508 to 17008.

The ehort wavelengtb llnits of both types of detecÈot are deternlned

by the use of var{oue wtndow naterfale thst can only ttaaaoft rad-

Latlon of wavelmgthe longer tbû¡ aoue defÍûlte value.
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Detectors of the ffret type have been dcccrlbed by Dunkel"uan et

al. (f962) who have detalled ¿ varfety of hfgh rcrk f,unctloa photo-

c¡thodea, both opaque and eemftranspatent, that harre been developed

to pfoduce detectors spectrally seJ,e,ctlve to the vacuuû ultravfoleË.

I¡rplcal exanplea of such neterLals are Cu-I, Ce-I and K-Br. gow€rter,

the nature of the photoernl.eslve process fa euch that the decreaee ln

eensitfvity towarde loager oavelengths fs only gradual. As Èhe

foteneity of eol6r radiatfon fncreasEs raptdly towards longer ltave-

lengths, these detectoro have poor epectral eelectfvlty when uged ln

experfnente r¡here the sun 1e the Êouree of radfation.

In conÈrast, detectors of the second t¡pe have quite a definite

upper lful.t, or cut-off, to thelr loag wavelength eeogltivfty. thls

llott fs eet by Èhe energy needed to lonize any molecule of the flllfng

gao. Apart f,rom a atssll low energy tafl, nafnly due to the theroally

qrclted vfbratfon¿l and rotatlorsL statee of the neutral molccules

(Iùatanabe, 1957)r thie gncrgy correegonde to the adfabatfc foolzatfon

potentla1 (IP) of tbe gae. Watanabe et al. (f962) have glven Èhe IP

valuee of abouc 300 noleculee fn the range 7 to 15 eV. lhe gasee

nost suftable for use ln radLatfon detectors wlll be those for whlch

the photolonizatLon efffclency (defined as the nuuber of Lon-elecÈron

palro produced for each photon absorbed Lo the gas) rfsea rapidly at

the photofonlzatfon tl¡resho1d. À sharp long weveleogËh cut-off, ¡1111

be prevente¿ 1f there ls appreclable photoelectrfc emlesl.on ftou the

cathode (Sectton 3.9).
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ftre earliest detêaBore emPloyln8 the photolonlzEtloa of a gae

were the Getger counters deecrlbed by Chubb aud Frlednan (1955) '

Ttrese couuters proved urrfeliable aad were replaeeil by lon ChanberE

(Frlednaa et e1., 1958). Ion chambers wLth nachlned copper bodle3

have been used at the u.s. Haval Research L¿boratory (Frlednen et al.'

1964) a¡rd at UnfvereiÈy college, Iondon (llflluore, 1961)' Aft lnter-

nally plated ceranlc fotm hae been used at NASA Goddard space Fusht

centre (stober, Lg62, Dunkelman et a1., 1963) aad at the Meteorolo-

gical Offfce, BrackueLl (wttdruau et al. ' 1969). Ion chambers with

bodles of extruded copper tubfng have been used at the unlverafty of

Melalde (Cawer and Èl1tchell, 1964, Carver eü 41., 1969) and are

deecrÍbed Ín Sectfon 3.2.

ThesedetectorerwiththeLrwidefieldofview'excellest

apectral 6electlvf.tye ruggedness a¡rd sm¡al!. size have Provèó to be

¡¡ell eufted for uêe iD geophyslcaL experfments deslgned to be flown

la enall unetabLllzed rocket vetrÍcles'

3,2 Constr-ucF,fou of t'he,Ion Ç4anberg

3.2.1 Coppgt-Þodled IoJ Cha¡obers

Frgure 3.[ ehows a cro's-Ëectfonar diagran of a copper-bodfed

io¡ chæber Ldentícal_ to those descrlbed by Garver aad Èlftchell

(1964).DetectorsofthletypewereusedfntheSkylerkrocket

experluent deecrfbed ln $ectloo 4.2 and l¡ the eatelltte experfnent

desc,rlbed fn chapter 5. the body of the clranber consisted of a
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length of I fnch copper tublng, lnto whlch copper end pfecet were

¡oldered. . The cathocle waÈ a I m dta¡reter tungsten rod suppOfted by

a kovar-glass seal. A length of annealed copper tublng r¡as eoldered

lnto the back of the chanber and acted aB an evacuatlng aud flllfog

tubê. Soft ellver eolder wae ueed fn assembllng the chanber ánd the

window materlals wêre attaßhed wlth epoxy resln.

In the pt:esent Ìrork, so¡ne difficultfes were e>rPetienced ln the

nanufacture of f.on chanbers lrlÈh lfthlr¡n fluorÍde ¡rlndows a¡d nltrlc

oxfde ffflfng gae (LIF-NO fon chanbers) due to contâminatfon of the

f1lllng gae by Ìrêter vaPour. Xhls Ìtas thought at firet to be dUe to

the nlgratlon of ltater through the epoxy wlndow eeal and so Ellve¡

chlorfde was Lnvestfgated as a eeallng uaterlal. Sl'lver chlorlde

caDnot be appl-led dLrectly to copPer and so ¡I,*ao"b.odfed chanbere were

constructed (Sectlon 3.2.2) to enable this seal to be used. As a

reeult of Lnveetigstlons usfng glaes-bodied fon chambers Ít was found

that the aource of r¡ater vapour !ilas the llthiun fluorfde wladows.

Due to their ease of manufacture, copper-bodl-ed eha¡nbere were agafn

coûstructed.

FÍgure 3.2 shoWs a crose-sêctlonal dl,egram of the nore recently

deeigOed copper-bodLed chamber. It ls sl"nflar 1n deslgn to the fon

chaober sholtn Ln Flgute 3.1 but has the advantage of befng sfqller to

eotstrucÈ and much eaCfer to clean. The body cousfsted of a I fuch

length of copper tublag tulth an outsl.de dlaneter of 0.813 lnch End a

wall thfckness of 0.094 l¡ch. the supçort for the ce[tre electrode
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üas a kovarrglass séal wtrlcb lgcorporatcd a guard rlng. Af,ter clean-

fng 1n ao ultrasonlc bath, the leakage reeLetance betwaen tt¡e guard

ring and the centre electrode was always greatet than 5 x l0l3f¡. Ttre

¡eal was soft soldered on to the back of the copper tube and at the sanE

tl¡e a ttll1ng tube wae sof,t eoldered lnto the uetal flange of the

!eal. Ttre cathode was a length of sol1d, ground tungsten rod of lm

dlameÈer whlch l|as hârd eoldered oo the tlp and then soft eoldered

lnto the back aeal. Tlte assembled chambers were cleaned Ín nfttlc

acl<t and then bolled f.n detergent. They were Èhen scrubbed wlth eteel

wool, washerl |n dletllled water and flnally washed in acetone'

Both lon chamber and window wets heated ln ari oven to a teDPera-

ture of approxlmately 90oC and the wfndo¡¡ then aÈÈached. wlth the epoxy

reefn Areldlte AV10O. At the same tlme" a glaSe exÈencLon ¡rae loloed

on Èo the copper f1L1fng tube with epoxy resln, 5o that the Íoo

chanber could be co¡urecred to the glaee nanffold of the ftlllnB 8yÊten

(Sectlon 3.5.1).

3.2.2 Glass-Bodied lon Cha¡obers

Glass-bodfed lon chambers were ueed 1a the HAD 309 aud EAD 310

tocket fl.tghts deecrfbed fn Sectlons 4,3.5 and 4'3"6 regpecttvely.

Ftgure 3.3 sholte a croas-sectlonåI dLagram of a typlcal glasa-bodted

ehæber. Tbe body consfsted of a length of glass tubÍng, wf'th an

outel.de dlaneter of l9m and a standard rúall thLcknesg, wtrlch was oFeû

at the f,ront eod and had a doned seal at the rear end. Ttre front
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gurface wae gtourrd flet, arrd square to the tubfng nalle, on a lathe'

A length of glass tublog with an outslde dÍaneter of 4¡nn was eealed

lnto the rear of f,þs cþamher and senred aE âB evacuating anil ffllfng

tube. A glass to metaL seaL was nade on a 1.25 Lnch length of solld

ground tuugsten rod of lm diaueter and the rod llae then eealed ftto

the back of the chaobet. Ttre aseenbled chanber nae cleåued l¡ the

safûe way as descrlbed above for the eopper-boéfed chambere'

To provlde å aecond electrode' platlor:n ¡taa coAted on the fnsfde

lgall of E glase chamber tn the followLng way. Aftet the ctra¡lber lr¿lcl

been cleaued, the lnslde 1¡411r Ð(cept for a emall aree arowrd the

centre electrode, was painted wlth Mathey Bright Platlnuo Solution'

Thls coatlng wae coûtLnued across the front face and ou to the front

L inch of the outelde wa1!. Ttre chanber It¿É then gently heated fnsfde

and outeÍde wÍth a ga9 flane untfl a brtght platLarrn surface bec¿se

apparenË. A eecond coat Of PlåÈùlun wae applÍed in the eame ûlâtft€f '

For those chaqbers requlrfng a hl'gher leakage resl'stance a gtrard

rfBg lras lncorporated. ltrfs was done by deposltrng a rlug of platÍnuu

o[ the glass around the back eeal of the cenÈr€ electtode, on bottr

the lnelde aud outside walls, ln the sane ttay as desctlbed above'

Theee two layerE were then Jolned through a flne hole ln the Cha'nber

wall r¿hich wae later Sêaled wlth oflver chloride and cot¡eted wlth

epo:ry tesin.

Ttre wln'3ow was coåted wtth $I-atfnum around the edge of the lngfde

face and then sealed on to the body wlth sllver chlotfde.
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3.3 l.Ilndow M¿terials

Ttre propertLes of Èhe ¡.¡indow u¿Èerials used 1n ÈhLs work are

llsted 1n Tabl-e 3.1.

TABLE 3.1

T{IIiIDO$T PROPERTIES

r0358

104s8

1r+158

1s45R

3/4 inch diameËer
x 314 nm thick

3/4 loch dianeter
x lL m thick

3/4 ineh diameter
x 0.02 lnch thick

3/4 fnch diameter
x 0.063 inch thick

Lfthlum fluorlde

Llthlun fluorfde

Sapphfre

Quartz

TransnissÍon
llmít

$1zeMaterial

the transml.ssfon Linft, as given !n Table 3.1, represente the

Ehortest wavelength trangmitted by the wlndow. Ttre ltthlum fluorl.de

r¡lndows rilere unpolfshed, cLeaved crystals, whfle the sapphlre and

gu€rrtz windows were polLshed plates. A hlghly refined varl'ety of

quartz known as Speetrosil A was used to obtafn a transmissfon Lf-Bit

at a much shorter wavelength than the nomfnal 18008 lfu1t of natur-

ally oceurrLng quartz,
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a-L R¡l¡lno fhe T,'f thfirm Fl rrar{¿la ülJn¿lowc

Contaotrnatlon by l¡tater vapour of a LIF-NO lon chaûber could be

easlly detectecl by the apPearaoce of absorptfon dlps fn Íts spectral

response (Sectfon 3.6.3). The cont¿minatlon was found to be pre-

vented by baktng the rulndolt to a hígh temperature for a Perlod of

geveral hours before attachfng ft to the chamber, Ttrfs generally

produced a matked change in the transmisslon of the wfndow. ELgure

3.5 shows the trgfismiEsfoû, as a functlon of wavelength, of a 1.5tn

thfck cleaved |{thft¡n fluorfde wfndow, both before aûd after bakfng

for trm hours at a tepfPerature of 300oC ln an electrLc oven. It can

be seer that the traû8m189íon was inproved at all wavelengEhe as a

reeult of heatÍng. lhis lnprovenent was found to be Pernaneut Pro-

vided the wLndow wae kept ln a dry atúosphere or under vacuum. Balced

windows left exposed to the laboratory atoosphere deterioraÈed to

thè1r orLginal condition over a period of thrae to four weeks. The

concluslon 1s that wtren a lfthlrm fluorlde ¡rlndow is exposed to tbe

atmosphere íÈ takes up a eurface layer of water. Baklng the window

drlves off the layer and so the wl.ndow trans¡nissfon ls improved. If

the windolt ls not baked before Lts attachmenÈ to a chamber, the

erater layer on the inner Burface of the wfndow subsequerrtLy out-gaees

i¡rto the nítric oxfde and so reduces the quantun efflcfency of the

Lon chaober at L¡ma¡-a (Section 3.6.3). Iilhen f{lled (Sectlon 3.5)

LIF-NO l.on chambers were stored fn a deslccator to prevent the forna-

tlon of a water layet on the outer surface of the w"lndow. Not only

would such a layer lower the seneLtlvity of the Lon chamber by
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reducfng lts window traosmissÍon, but subseguenÈ out-gasslng of the

layer during a rocket or satelliÈe fltght would cauee lts seûsftivf-ty

to vary.

3.5 Fillfne the lon Ch¿mbers

3.5.1 The F1l1fne Systen

Ttre glass fflllng systen cons{sted of a manl.fold, nercury ñano-

meter, cold trap and sectfons to which pressure gar¡ges¡ gss flasks

and lfquld containers could be attached. The uanlfold had eeveral

glass 6tams to r¡hlch the glass ffll1ng tubes of the Íon cl¡anbets

could be easf.ly Jolned. A 2 lnch dlffusÍon pr$¡p¡ backed by a rotary

prJrtrpr ¡¡as used to evacuate the detectors to pressures belolr 10-5 torr.

The preesure lras monÍtored by neans of an lonlzatlon gaüge uor¡nted

above the butÈerfly valve that, feolated the dLffuslon puop from the

glaesware. The varlous sectlons of the glassware were oeparated by

bakeable tape and the whole glass syetem, other than the mercury

natoneterr was eneloeed ia an asbestos-waLled oven. Baklng the Êysten

whtle evacuatlag the fon chanbers resulted fn a more complete renoval

of contaninants,

Table 3.2 llsts the three different coubfnatfona of wl.ndoru

uaterial and filllng gas eûployed 1n the fon chaobers used ln the

present nork. Also shown are the fÍll1ng presaures of the gases and

the epectral responses of the ion chambers.
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TABLE 3.2

ION CTIA¡{BERS

r050-1350R

1420-14808

r5s0-r6908

15-20@ of ltg

4m of Hg

9.5mn of Hg

Nltrlc oxlde
(No)

p-Xylene
(csBro)

1?fethylamÍne
(c6rrrsN)

Ilthtr¡n fluorfde

Sapphlre

q¡artz

Spectral
reBponse

Fflltng
PfeBsure

GaeWlndow

the Lon chambers wlth eapphÍre windowa and p-:rylene fflllng gas

wf}l be referred to as S-X Loa chambera, and those wfth quartz

sfndows and trJ-ethylanfne flllfng gas as Q-T lon chambers.

3.5t2 .The Fi1l1ng ProcçdurSr

Ttre lon chanbers to be fllled rtere evacuated and nalntafned at

â preasr¡re legg than 10-5 torr for geveral days. They were perlodl-

cally he¿ted to a temPerature of approxfinately gOoC to aesÍ¡t ln the

removal of contami¡ânts. NÍtrLc oxide (purtfied as described {n

Sectfon 3.5.3), whLch Ís a gae aC room temperaturer !üas fntroduced

lnto the fllllng systeû frou a I lltre glass flask. A uercury lnêno-

meter was used Èo ensure that the fiutng pressure was Ln the range

of 15m to 20m of roercury. Ae the other gages were liqufde at roou

temperature, they were lntroduced lnto the f1lIfng syste$ from a

snall glaes phla1 contalnlng approxirnately 5 nl of lfquld' Tlre aLr

fn the phlal ltas punped away by Uhe rotary Prr¡ûP, before the gas was
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adnftted fnto the manffold. The fflllng pre6sute8 of these gaÉes

were mositored by connectlng a callbrated o11 fllled manometer to

the ftlllng aysËeo.

Chubb a¡rd Frf.edrnan (f955) have ehown Ëfuat pre-treatmeot of a

chamber wf.th an electrouegatÍve gas llke nftrlc oxlde fncreases the

wotk functLon of the metal surfaces aad so reducea photoemiaslve

effects. For that reaso¡, any chamber to be f1l}ed with P-xylene or

trlethylarofne ¡ras ftrst ftlled with nltrlc oxide, to ê Pressure of

30m of Dercury, and left for an hour. Ítre nitrfc oxlde wae then

punped away and ttùe requfred fflltng gas adnlËted'

Each glass lon chamber was rer¡oved fron the f1lltng syBten by

eealfng lts fLlling tube with a gae fla'ne, approxluately sLx |¡chee

fron the back of t,he chamber. lhl-s avofded the decrease fn fflll'ng

pressure that would occur durlng eeal off, lf the lon chamber !üaB

heated whfle stll1 con¡rected to the nanLf old. Ttte f f Ulng tube was

later seâled off cloeer to the back of the chamber'

Before reoovlng a copper-bodfed lon cha¡nber, fts coPPer flufog

tube wae compreased in two place6 approxfuateLy 4 fnch apart. A sesl

lras then made between these compresslons by cutting the flll{ng tube

lr"lth a pair of plncers. Tt¡is formed a vacuur-tfght cold weld pro-

vided the copper tubing had been well annealed. The seal was coated

wfth epoxy reslu to gÍve lt mechanical strength'
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For maxlmum efflcfency, the ftlllng presEure should be hlgh

eaough to ensure that the Lncfdent radfatfon fe conpletely absorbed

fn the gas. lable 3.2 llste the fllllng Pressureo needed to eûeure

that ¡nost of the ultravlolet radfation enterlng the detectors fs

absorbed by the gas.

Fl.gure 3.6 shows the three dffferent tyPes of glass and copper-

bodled lon chanbers afÈer assembly and flllfng. the earlfer type of

copper-bodfed lon chanber 1e ehown r,¡lth the back seal and leads potted

fn stllcone rubber for protectlon. For mechanÍcal protection and

electrfcal lsolatfon, tbe glass-bodfed fon chambers are laÈer potted

in ellfcone rubber fneide a copper holde.r sultabl'e for mountlng ln

Èhe rocket.

3.5.3 Ttre Purlflcatlon of Ntttlc Oxfde

NltrÍc oxlde was obtained connerclally 1n storage cylinders or

prepared cheml.cally Ín the laboratory. In either ca8e, the lnpurltÍes

enpected were the other oxLdeo of nitrogeû, lvatet vapaur and nftrogen.

I1e technl-que used to reúove thesí fuopuritÍes stas to pass the nl'trlc

oxÍde over sÍllca gel cooled to -80oC. Ilughes (f961) has ehorlt¡ thfe

to be as effecËlve as twenty fractlonal distlLlatl.ons ln temovLng all

the tI[purlÈlee excePt nl.trogen.

Ttre nftrlc oxide contalner rüas connected to two U-tubes fflled

wtth sfllca gel r¡hlch were Ln turn connected to ¿ I lftre glass flaek

fltted wlth tapa. the U-tubee and the flask wère then evacuated to a

pre6eure lees than 10-3 torr whtle befng heated. Ttris helped ln the



Fiç. 3.6 Ihe three dfffetent types of fon chober sho!ün

¿ftcr aseenbly aud fllllog. The earlLet type of copper-

bodfed fcn chanber 1e ehonn wfth the baek eeal and leads

ppütêd 1n ellfco¡e rubber for proteetLon.
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removal of water vapour and other gases that lrculd coataminate the

nltrfc oxlde. Ttre vacur¡¡o syetem Ìras then closed off and the U-tubes

aurrounded by a telusht ufxture consfsËfng of 502 clorofont E¡d 502

carbon cetrachloride partlally solidlfled by the addltlon of lfquld

aÍr. NÍÈrÍc oxide lras then allowed to flow slow1y through the U-tubes

untll the pressure ln the glass fLask was aPproxfnately equal to the

atmospherl.c pressure,

3.6 Absolute Calfbratlon of the lon Chambers

3.6.1 Introduction

Each lon chaober was calfbrated by ueasurfng fts qrJa¡rtr¡D efft-

cLency:t as a function of waveleugth. The lon chambers used ln this

lrcrk were run at unLty gas galn, that i.s ¡¡lth no gas multlpllcation,

and so the quantr¡n efftclency ltas gfven by the product of the wfndow

transmisafon, the fraction of the photons absorbed by the gae and the

photofonizêtlon efficieney (Sectfon 3.1) of the gae. Ffgure 3.4 ehows

typfcaL gas galn curves for bottr positlve and negative voltage applted

Èo the ehamber body. the applled voltage \,tas always such that the

detector operated fn the rplateaut regÍon, between approxùnatel.y lOV

a¡rd 90V, where the current hras almost lndependent of the voltage and

the ion collection efflefency close to 1002. To nfnfmfze photoelectrfc

*The qua¡rtr¡n efficfency of an fon chamber, at a gfven wavelengthr fe
deffned as Ëhe number of fons collected at the cathode' dlvided by
the nr¡mber of photons of that !ùavelength Íncldent on the wfndow.
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effects (Sectfon 3.9) the ion chambers were operated wfth posltfve

voltage on the case.

The dispersed ultravfoleÈ radfation used for the callbratfons

wae obtained frm an half oetre McPherson vacr¡um monochrooator. A

gratfng wlth 1200 lÍnes *-1 g"rr" a dfaperslon of 6OU 8-f at the exlt

ellË. The lntensfty of the monochromator bea,m wag monitored by means

of a photonrultipLier that vfewed the fLuorescent radLation from a

sodfno salLcyLate-coated wLre grld plaeecl ln the bearû (Ditchburn, 1962r.

The photonultfpller cr¡rreût was taken to be proportLonal to the bean

fntensl.ty. the assu¡trPÈfon nade was that the lntenslty of the fluor-

escerit radfatl.on wae fndependent of the fncldent wavelengËh. I¡¡atanabê

and Ino (1953) and AlLison et al. (1964) reported that the quaûtrn

yfeld (the nr¡nber of fluorescent photons ptoduced per lncldent Photon)

of sodlum salfcylaÈe, in the range 10008 to f7008 waa constant.

However, Knapp and Snl.th (1964) and Sanson (1964) h¿ve shown that a

fresh layer has a conetanÈ quantul yleld frou 9008 to f2508 with a

rlee of approxLmateLy 2A:Á up to a uaxlmum at approxfnately 15008.

lhey have also shown that ptolonged exPosure to the attnosPhere of a

monochromâtor produces a slow decrease in quantútr yfeld !Ùtth the

greatest effect occurring at short wavelengths. In this work, eall-

cylate layers were alr¡ays !.ese Èhan three days old, and so the quaûtu[

efflcLency betweerr 10508 and 17008 lùas assuned to be constaût to at

least ! L07,. No Correctloas were made for such vat'latlons.
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3.6.2 Spectral- ResPoose

The experfmental arraggement for determinl.ng the shape of the

spectral reeponse of an lon chauber Ls shown 1n Ffgure 3.7. RadlatÍon

f,ro¡¡ the exft slfË of Ëhe monochrmator passed through the sallcylate-

coated grld (0.5on spacfng) and entered the ton chamber whlch wae

electrically tosulated fron the oonochronator. A voltage of + 3W

was applfed to the Lon chaober body whích Deant that the foa chamber

operated at unlty gafn. the fluoreacent radLatlon fron the sodir¡m

salicylate ltas traûsnLtted to a type f,lfl 95145 photonultiplfer by a

polfshed perspex ltgbt piPe. New ealfcylate layere were depoelted on

the grfd by placlng Lt 1n a stream of warm air and spraylng lt w'Íth a

saturated solutlon of sodfi$ salicylate I'n nethyl alcohol. Old layers

were sfmply rmoved by washtng the grld fn water.

The currents frou the fon chaober and photonultlpller were uoni-

tored on Keithley microaLcroemneters, anrrl the ratlos of these currents,

as a function of wavelength, gave the shlpe of the spectral response

curve fndependent of the lonp spectru¡l. An absolute efflcfetrcy ecale

was derfved for this curve as descrlbed 1n sectl0n 3.6.3.

3 6. 3 Abaolute ouantun Efficlencv

The quaotr¡n efflcl.ency of a LÍF-NO fon chambet ltaa calculated

aË L)tman-o by cooparing lts lon curreût ltlth that fron a etandard

garallel plate fon chamber fllled wlth nftric oxlde and subJected to

the game bean of radfaÈLon fron the ¡nonochromator. ltre quantum

effiefency of any other lon ch,auber was obtafned by cmparLson ltfth
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lncluafo¡r to Sêct 3.6

By nonlng wludowe wfth verlous short wavelength cut-offa in and

out of the uonochromrtor begn la the regfon betrreen the Donochronator

cxlt sl1t ¿nd the sell.cylate coated grfd (ffgure 3.7), tbe followfng
f,acts rere aacertefned:-

(1) The percentage of the or,gnar of photoutrr.tlprier

P.VI. 2 (ftgure 3.9) due to etray lfght ras alwaye

lese tlran *f, of. the sfgaal due to the ,nain bea,m.

(r1) Al¡oet all 0f the stray llght lras et wavelengthe

greater thm Êhoee to rdtrfch the lon cha¡nbers

peaponded.

Ttrese facts Ehow tha,t the atray ltght produeed by the oonochrmar

hod no ofgnff,lcant effcct or the carfbratfou of the lon chaobers.
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the calfbrêted onee Nltrl.c oxLde was uged in the standard ton ctunber

aB fta photof,onizatlon efflcLency has been calculated to be 8L1Z by

lüatanabe et al. (L967r.

Fl,gure 3.8 sh'ows the standard fon ctra¡rber ln posítion at ttre exlt

port, of the nonochromâtor, Ihe lfthtun fluoride wfndow was attached

to a brass plate that Tras Lnsulated from the monochromator. A¡l

adequate collectLng fleld was provfded for fons fo¡:ned close to the

wtndow by eIectrlcally corurectlng the wlndow mount to the positfve

plate of the standard lon chamber, Suppose that 10 fs the Íon current

frou the staodard lon ctramber (oPerated at unlty gaÍn) wtreu all of the

Lynan-a photons enterlng 1ù are absorbed by the nl.trlc oxide. Thent

lol0.81 represeuts the Íon current, that ræuld be produced by the

etandard Lon chanber ff all of the photons produced an Lon-electron

pair. If fL fs the lon current from a LI3-NO ion chanber subJected to

the same beam of radÍatJ.on ls the standard lon chanber, then the

guantun efffcfe¡¡cy of, the iou chamber at Lymaa-cl ,ls given by:-

QLo
I

An abeolute scale for the spectral response cultre of any lon

chamber (obcafned ae described 1n Sectfon 3.6.2) was deterufned fn the

folLowlng way. The lon chamber was posÍtLoned on the nonochromaÈor,

as sho!ûr fn Flgure 3.7. the photomtrlttpller current, I^, and the fon

chamber current f¡r were noted for any wavelengËh, À, wlthfn the

eeneLtlve range of the detector. This lon chanber lrae then replaced

o



uA

uua

UA

P.M. 1

P.M.2
TO trITRIC
OXIDE SUPPIJY

SI!,INTESS SIEEL PI,ATES

POSTTIVE
VOTÎAGE

LIGHT PITE

EXIT SLIT

ÏIISULATED WTI\TDOW

MOtn$T

GI,ASS PIATE COATED
$IITH SOÐIIJM SALTCN,AIE

ï,ERE GRID COÀTED

WITH SODIIIM SA.LICTI'ATE

Fie. 3. B

I
TO VACT'IJM

PI.'MPS

Experímental arrangemenÈ for absolutel-y calibrating, ion chaurbers.



61.

wlth a Lftr-NO lou chaûber, callbrated at Lyuan-c as de!Ê,ribed

{bgue, 6ûd thc,correcpondfng cuttesGo at Lym¿n-c' I, æd 1r, tpgËe

noted. The quantr¡¡n efflcLencyr of Ëhe uncalfbrated Lon chamber' at

the wavelength tr, was then calculated from the expresslon:-

Ql'Qt "H

where Q" fs the quantr¡m efftcfency of the LÍF-NO Lon chamber at

Lymaû-c.

FLgure 3.9 showE the epectral response curve of a tlryfcal LiF-NO

lon chamber. The wÍndow of this chanber had been baked, ae debcrfbed

fo Sectlon 3.4, The cur\re folLows closeLy that obtafned by ntrltfplyfng

the measured srlndow transmÍsaÍon by the values of the photolonlzatl'on

efff.cfency of nl.tric oxfde, as measured by [ilatanabe et aI. (1967) '

Ff.gure 3,10 shows the spectral reaponse curve of a LIF-NO foo chamber

cootamLnated by lrater vapour. As the wLndor¡ of this chamber waê ûoÈ

baked, subseguent out-gassiog of If,ater vapour from the wÍndow I'nto

the nÍtric oxfde (Sectlon 3.4) hae produced promfnent abeorptlon

dtps ln the sPectral regponse. The centres of the sttong water vapour

aÞsorption bands berween 10401 and 13508 ate fndfcated in Fígure 3.IO

by snaLl arrolts. It can be geen that Ehe wavelength of Lyman-c lles

close to Èhe centre of a gtrotg etater vaPour absorption band (Ffgure

2.5). the degree of contaminatfoo of the nLtric oxide was found to

lncrease raptdly ¡sfth lncreasfng tenperature. Ttre rapid change fn the

quar¡tum efflcfency at Ly¡ån-o that would therefore occur durfng a
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rocket fI1ght, renders such an ion chamber uselèÊB'

For the LIF-NO Íon chambêrs, the monochromator e¡rft ellt wae set

to glve a resolutlon of 58 and values of quautum efflcl'ency !Ùerç

measured at 58 intervalg. For Ëhe S-X and Q-f lon chambers the beåm

reeolut|on ltas Bet to 28 and the quantum efffcfency measured at 28

lnten¡alS. Room teúperature spectral reeponse cuntes are ehor¡n for

these chanbers fn Ffgure 3.11 and Fígure 3.12 respectfvely'

3.7 Ansul,ar Response

wtren ¡¡eaer¡rtng the fntensfty of solar radlatl-on wlth å rocket-

bofne lon chamber, Correctlons must be uade Èo the lon ctranberrs ouÈ-

put to allow for varfatione 1n the angle of incfdence*, ü, of the

radíatLon. AB an in-flight ueasurenent of an ion ehamberta angular

re6ponse (Sectfon 4.3,6) could not be relied upont each detector ¡tas

callbrated, in the laboratorY.

Ttre fon Chamber to be callbrated was mounted fn a chamber on the

end of a rotatable shaft Èhat passed through an o-tÍng seal Ín the

top of the ehamber. The source of uLtraviolet radLatloo lvas a port-

able hydrogen dlscharge lanp wlth â llthluE fluorfde window' A

100co long glass tube motmted lnto the slde of the chamber ltas used to

provide a vacuum-tighÈ connectfon beÈwee¡r the chaober and the [a'np'

*The angle of focidence 1s the angle between the normaL to the
detectórrs tllndow and the dfrectlon of the suû'
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Iacluelon Èo Section 3.7'

Eluctuatl.ons in tbe Laup output were checked by rnakLng a

nl¡lu¡n of three conpecutlve angular response determfnatlons for

each fon chamber. The ffnel angular response cuFve ueed was an

averêge of theee curvea. The ecatter of the lndlvfdr¡sl pofnts

ebout tbe ffaal soooth cuñre was alwaye found to be !ùlthln that

e¡Ðected from the other experLmental uncertaintfeg. Gontfnuoua

uonltorlng of the 1*p, by Èhe uee of a chart recorder to monltor

the output of an fon chamber e¡qrosed to the lnnp, revealed that

short perlod fluctuatlons 1n ta¡nF output were neglfgible. There

nês t gradual decrease fn lanp output with sfgnlflca¡rt changea

occurrlng over a perlod of about ao hour. Ttrls slow decrease had

ao effect on the angular reaponae measureúents. Typical errorE oD

the lndfvldual pofnte of an angular Eealrooae currye such as that showri

lo flgure 3.13 ranged fron !12 near nornal lncLdence tn !3Í tor

anglec of fncldenee near 40o.
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Insfcle the tube sraa a serfee of baffles deslgned to prevent feflectl'one

fron the wa1Is of the tube and to ensure that the radlatfon reaching

the fon chamber luas almost paral[el. The chanber and Èhe glage

connecÈlng tube were euacuated and the signal fron the lon chanber

nonltored as lÈ lras rotated tn the beam. Flgure 3.13 showa a typLcal

angular responge curve.

As the angular dlvergeace of the laboratory bean waa not

e:<actly the saae as that fron the gun, ft wAs e¡<Pected that the

Laboratory calibratlon would be sllghtly ln error. Ho¡vever' a com-

parÍson betr¡een the laboratory angular reaponse curveô and ln-fllght

qlryes taken durLng Èhe HAD 310 fllght (Sectfon 4.3.6) showed that

the dtfferences ¡¡ere about 3f f.or angles near 4Oo and less than thfs

fof snaller angles. Ae correctlons Itere not made for values Of c¿

greater Ètran about 4Oo the laboratory callbratfons ¡üere qufte adequate.

3.8 Temperature Effects

The Íon charrbere uaed fn rocket and satellite vehicles are sub-

Jected to a wÍde range of teoperâtureÉ. Because of thls, Carver aud

Mltchell (1967) fnvestigated the effects of temperatule varfatlons

fron 15oC to loooc on the sensftivitLes of aeveral dfffereat tJrPeB

of lon chanbers. Ttrey found that the maLa effect of an Íncrease fn

temperatúre !ùas a shtft to longer wavelengths of both the short and

long wavelength limite of the sPectral range. In all caseB the shlfts

1n the shorÈ wavelength linft, due to varlatLons !n the wlndow
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Iucluelon to Sectfon 3.8

To avofd contanlnatlou of the windosr, a therulstor naa noË

attached to tbe wlndos of the S-X Íon chanber used fn the experlment

deecrlbed. InÍtially howeveE an old S-X fon chanber Ìras teeted wfth

tbernletorg attached to both the wludory aod the chamber body. Ttre

temperature dffference fndl.cated by the Ewo theml.stors flucÈuatEd

but never exceeded 2oc ovet the teoperature range 5oc to g0oc. Ag

the açeu¡acy of the callbratLon of each therofstor nas g1.5oC, ft
was conch¡ded that no sfgnifÍcant error ¡sould be produeed by taking

the rrfndow teuperature to be th¿t ft¡dLcaÈed by the thermÍstor

atteched to the clr¿nber wall.



64.

transmfsslon, were larger than the shifts 1n the long wavelength

t{rult caused by theruaL excitatfon of the ground state gas molecules'

Ttre results of Garver and Mitchell (1967) sho!ù that whl1e the se0sÍ-

tÍvfty changes of the L1É*ÍO ancl Q-T ion charnbera are sûall' S-x'ion

ctranbers can be expected to thow signfffcant ehanges 1n thefr sensi-

tfvlty fn the teûPerature range 15oC to loooc'

To LnvestlgaÈe the magnltude of the tenperature lnduced sensÍ-

tivlty changes that could occur durlng a rocket fught' the 6pecÈra1

response of a s-x fon ctranber lrss measured at several tenperatures

fron 15oC to 87oC. The fon chauber Ëo be tested llag mounted aÈ the

exlt port of the monÖchromaËor as shown fn Flgure 3.7, wf.th the

difference that a waÈer-cooLed brass nounting plate wae I'acluded

between the fnsulated ion chamber mount and the end of the nonoehrona-

tor. Ihis plate prwelted the conductf'on of heat Èo the monochrm¿tor

and photonut tLpller, A calfbrated M53 thettietor It88 attachetl to the

wall of the fon ctramber. The lon chanber ltas then surrounded by a

heatfng Jacket and its epecüral re6p9nae measured, as descrfbed in

section 3.6.2, aü serreral temperatuÏes 1n the r¿rnge lsoc to 87oC'

After each fncrease fn the current passíng through the coll of the

heatfng Jacket, euffLclent tfme was allowed for thè tenPerature of

the ion chamber to stablllze before the spectrâl response ilas ueasured'

Ttre lon chamber was finally allowed to cool down and fts spectral

response agaÍu measured at room temperature to ensure that no petilan-

ent change had oecurred.
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Íhe spectral response curves obtalned are shown ln FLgure 3'14,

superf.urposed on the solar spectrum as gfven by Brlnknan et 41. (f966)

(page 4). IË can be seen that both the absolute quantu¡n effl'clency

at the peak of the respongee and the band-pass' change consLderably

above about 40ÔC. Ttre peak sensitÍvity l-s ehffted towards longer

wavelengths as the temperature {ocreases, befng at 14458 at 15oC

and at f46o8 at 8?oc.

The change wlth temperature of Èhe output of a S-X lon chamber'

dl.rectly viewlng the sun aborre the eafthrs at6osphere, can be deter-

mlned 1n the foLl-owlng way. Let Q^r1 rePresent the quantum efficLency

of the lon chamber at the wavelslgÈh À and for a teuPerature of ToC'

*a 0r rêpresent the nr¡mber of photon" 
"""-1 

unlÈ wavelength-l lncfdent

on the fon chamberrs wfndolt at the wavelength À. Then, 1f q fa the

electronic charge, and À1 and À2 are the wavelength ll¡rlts of the

Bpectral rânger the lon chamber currerrt I's glven by:-

i, = ef|f Qr,r or dÀ.

üfe nay deflne the sensltiviÈy of the Lon cha¡nber at the t€mperâture

Îoc, sT, by the expressfon;-

ST
fT

3-

F

where F represents the total radlant energy fn the Lantl-paee of the

detector, incideot on the detectorts window per second. Hence'
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Àr
s'l,t El dÀ

úhere E^ la the ener8y per photon of wavelength 1,. A lfst of valuea

of S* and Èhe corrêsponding values of temperature 1s gfven Ln Table

3.3. The values of S, have been normalfzect to 1 at 15oC.

ÎABËE 3.3

S-X ÎEMPERATURE SENSITIVIE

l5

39

68

87

1.00

0.97

0.80

0.68

Temperature (oc)Sensltivity (Sr)

In flfghts on unstabilfzed rocket vehlcles such ae the Long Ton'

the fOn chambers (whtch are mounted near the ekfn of the rocket to

glve a wfde fleld of view) nay reach temPeratures fn excess of 80oC'

It can be seen frour the values glven 1n Table 3'3

that under such cÍrcumstances the fn-flight sensitlvlty will be much

less than that measurecl in the laboraËory at room temperature'

Flgure 3.14 show6 thât the contributfon to the lon chamber slgnal

due Èo Èhe enissloo lines between 14658 and 15008, increases as Èhe

temperaËure fs raÍsed. thÍs conpllcates any attetPt to Lnterptet the

level of the solar contínuum from uhe lon chamber slgnaL (SectÍ.on 5'6) '

-.-fr,
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3. 9 
-Long 

hravelene9h SeggltiviÇI

If the spectral resPonse of an ion chamber Ls to have a eharp

long wavelength cut-off, lts response due to photoelectrlc emlssfon

from the cathode must be neglfgíbJ-e. Thie fs usually so' as Èhe

ftlI-lng gas absorbes strongly at wavelengths greater than I'ts photo-

lonizatLon threshold wavelength. Therefore, as the photoelectrLc yfeld

of metal surfaees decreases rapldly ¡¡fth fncreasing wavelength, the

radiaÈlon most effLcient at producfng photoelect'rons ls absorbed

before lt can reach the exposed surfaces. To reduce the poseibílity

of long wavelength sensftfvLty even further, the Lon chambers used ln

Ëhe present work ¡rtere oPerated wlth the chauber walls as the anode'

The centre electrode and back seal ¡tere then the only poeelble s¡ftterrÉ

of photoelectrons. In addltlon, before beLng fflled' each fon

chamber was pre-treated with nitrfc oxide Ëo lncrease the work

functlon of Lts netal surfaces (Sectlon 3.5.2)'



68.

CHAPÎER 4

ROCKET MEASURBIENTS OF }I,OLECUI.AR OXYGEN

DENS ITIES êìP-goLAR V4$rÙef u-tmA,vJPJ.gr RAD rArrog

4.I Introdustlon

Flve rocket vehicleg ltere l¡rstrumented ltÍth Lon chanbere of the

ÈypeÊ descrlbed !.n chapter 3. Each experlmeat had two obJectfves:-

(1) the ueasurement of molecuLar oxygen denslty proffles by the

technlque of abeorptlon spectroscopy descrfbed Ln sectLon

aud

(ü) the neaBuremeût of the lntenelty of eolar radlatfon 1o one

or rore wavelength bande 1a the range f0508 to 16808.

The skylark rocket, sL 781 , !la6 Lnetrr¡mented wf.ttr LÍF-NO' S-X

and Q-T lon chambera. llowever, no usêful Lnformation was obtained as

the rocket fal.led to reach an eltitude at whlch solar ultr¿vlolet

radiatfon could be detecÈed. ThÍe oçerl"uent is deecrlbed brlefly fn

Sectlon 4.2'

Three llAD rockets were used to carry LÍF-NO fon chanbers to

heights Ln excess of 70 Km. The experf.ments flor¡n ln the vehfcles

deeignated AAD 309 and HAD 310 were succeseful and are described Ín

derail ln sectfon 4.3. Ttre thlrd of these rocketsr ËAD 311' falled to

reaeh ao altLtude of 70 KB and so no useful data were obtafned'

2.3r
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Ttre cockaËoo rocket, cocK 113, wae used to carry an expert'uent

ldentical to that flown tn Èhe IIAD rockets. Due to the very large

aspect angles, which reeul-Èed froo exceselve preceesfon of the rocket

ro11 axfs, the data was not reduced.

4.2 Skvlark E:rperiment

A sectlon of the skylark rocket, sL 781, Iitas instrumefited l¡íth

nlne 100 cl¡ambers ¡¡hlch $tere mounted 1n three banke Euch that thelr

look directlons were ûornal to the rocket ro11 axis' Each detector

baok consÍsted of a LiF-lilo, a s-x and a Q-T lon chamber aa well as

aspecË Befr8ors of the type descrlbed Ln SectLon 4.3.3(c). Ttre I'on

chambers were a ulxture of the copper-bodled type flown prevÍouely by

carver et al. (1969) (Flgure 3.1) and the rore recent glass-bodfed

type shown 1n Flgure 3.3.

ThenainobJectfvesofthlsexperlmerrt'weretomeaBurethe

vertLcal dLstrlbutlon of molecular oxygen 1n the helght raûge 70 Kn

to 150 Kn and to üeasure the lntenslty of solar radfatlon both at

Lynan-c and Ín the wavelength bands 14208 to 1480ß and f5501 to 16908'

The radl.atlon fntenslty ln these bands has lmportance Lu eetablÍshlng

the value of the solar mlnfnuu temperature (Section l'2)'

As explafned ln Seetlon 2.1, in the helght range 70 KB to 150 I(n'

mrch uore lnforuation Le requlred on the variatlons of the oolecular

oxygen dLstrfbutlon wlth seasofi, latLtude and tlme of day' Thls 1s
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especlally true above about 90 Kn where the dls.sociatfon of mole-

cular oxygen Loto atomLc oxygen fs sl.gniflcant. It was äoPed that

useful comparl.sons would be made bet!¡een the results of thls experL-

uent and those from the I^IRESAT saËellÍte (ChaPter 5) and the Long

Tom rocket experl.urent of Garver et al. (1969).

Skylark SL 781 was launched fron T,Ioomera at 1355 houre local

lf¡efron January 21st, Lg6g. Due to the premature actlvatl'on of the

head release mechaufsn, the vehlcle fatled to reach ari altl'tude at

wt¡fch useful data could be obtalned.

4.3 Ttre HAD Experiments

4.3.L The BAD Rocket

Tt¡e IIAD (Hrgh Alt{tude Denslty) rocket was developed by the

Fltght proJects Group of the tleapoos Research Establlshoent' Department

of Supply. It Ls a two stage vehLcle with so1ld fuel DoÈors and when

fully fnEtrr¡mented |t can reach an apogee hetght fn excesg of 90 ftd'

llAD rockets were ueed to carty LIF-NO Lon chaobers to helghËs Ln

excess of 70 I(n, to enable meaaurements to be made of the atmospheric

absorption of L¡rnau-o radfatfon. As explained 1n Section 2.3 such

neasurenents can be used to determlne the vertÍcal dLsürlbutÍon of

oolecular oxygen. BeLow about 90 Km, where molecular dissoclation Ls

snall and the najor aÈmospherlc constituents are well mf:ced, the

vertlcal dfstributfon of molecular oxygen can be inferred from

*Local tLme - Greenwich }lean li.ne + 0906 hours.
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measurements of the Ëoüal neutral atmoephere. tlowever, dLrect

measurement,s of molecular oxygen fn thfs regfon are valuablet lf only

as lndfcators of Ëhe total atmospherlc densft'y'

An attempÈ hras made to lnvestlgate seasonal varfaÈlons of the

molecular oxygen dfstrlbutlon, 1n the hetght range 70 Kn to 100 l(ltr'

by flytng LIF-NO ioo chambers at dlfferent tlmes of the year' Howerrer'

only ttro of the IlaD flights (the results of which are givea 1n

sectlon 4.4) were successful. The resulÈs of thege experÍments are

diecussed 1n sectLort 6r2.L Ln relatlon to slnflar meAaurements

nade by other ruotkers.

4.3,2 Inetrltrenf atfon Lavout of Rocket llead

space f,or instrr¡meotatlon ie provtde in the HAD rocket in the

forward sectlon of the gecond stage whf.ch has a df'ameter of 5 inch

and a length, lncludlrrg the nosecone, of 48 inch' The dlstrlbutlon of

the payload fn the rocket head is shown in Flgure 4.1, whíle FLgure

4.2 shons the varLoue sectlons of the head prlor Ëo its assmbly'

AscanbeseenfromFigute4'lrthedetectors'andthefrassoc-

lated electronÍcs, rùere contaíned 1n the sectlon of the rocket Ímed-

iately below the telemetry aerlals. The eectíon above the aerlals'

includlng the nogecone, housed the telemetry equipment' An ttackafdt'

oscillator, used to asslet the radar fn trackfng the rockeÈt was

mounÈed bel-ow the experÍment sectlon'

Slgnals fron the detectors (oV to 1'5V) were fed to a 24 pln



Efß. 4.2 L vlew of the varioue cectloûe of thc ËAD he¿d

prÍor to fts asscobly. The eectlon on the far rlght houaed

Èhe tel€netry oqufprent ¡nd r¡es later nounted fn¡Ldc the

æaecone á6ctloû of the skfn shown on the far Left. Ihe

radlatlo¡ deteçtorB and thelr asaoclated electronlca were

housed 1n the aecÈÍon eecond frm the rfghÈ whfch wae later
uounted lneLde the Bectfon of black anodlzed ekin shorrn

Eecond from the left.
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rotating swftch, the wlper aru of whlch rotated at Êbout 80 ren/cec.

Ttre vol¿ages on the wÍpet ara ttere fed to a voltage controlled

oscfllato¡, the frequency oodulated output of which was used to

€nplf.tude modulate a 465 lifËz carrier !ilAve. Ttre telenetry sl.gfråls

were recelved at the ground and reeorded on ûagneÈlc tape.

The detectore t¡ere arranged la t¡¡o banks wtrlch ltere mounted on

oppos|Ëe sfdes of the rocket. The look direcÈLon of the detectore

fo each bank r¡as norural to thê rocket ro11 axls. Each bank contaÍned

a glass-bodled L1F-NO fon chamber (Flgure 3.3) wt¡{ch was potted I'n

slllcone rubber fnsfde a coPPer holder euLtable for mountlng 1o the

rocket. The pottf.ng naterfal mechanlcally proteeted the 1óu chanber

and also electrlcally leolated ft from the rocket' enablûrg the

reguired voltage to be applfed to the chanber body. In addl'tlon to an

lon cha¡nber, each detecÈor bank contafned sunslite and ân anplltude

tatfo aspect aensor. These detectore, which are deecrfbed tn Sectfon

4.3.3, were needed Èo deternlne the solar asPect angle.

It¡e current from each lon chauber rr8É fed Èhrough a l(Mfl

reglstor connected betlreen Èhe input of a lLnear arnplffler and ground.

Ttre gain of the anpllfler, tbe cl.rcuit of whfch ls sho!ùri ln Figure 4.3t

could be varied beËween 1 and 1O to allow for varÍatfone ln the quari-

t¡¡ul ef f lcl.encies of the lon chambers. ftre lnput of the anpllfier

waa a dual p-channel MOS fteld effect transietor whlch Save ari lnput

lnpedance of greater thaû 10160. The maxfmun anpllfier temperature

recorded fn the HAD fllghts lùas 60oC. In the laboratorYr the change
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1n the zero level of an anpltffer, when heated from room teüPerAture

to 60oC, was always founcl to be less than 15 nV (which rePresefits lZ

of the tel,emetry range).

4.3.3 Solar Aspect Sensors

(a) the solar aepect angle.

The aspecÈ angle of an lon cha,nber ls defined as the angle

between Íts look dLrectfon and the dírectLon of the Lncident radlatlon.

Sf.nce the output of an ion chamber changes as the aspect angle varies

(SectLon 3.7) ¡ Lt fs essentlal Èo know the solar aspect augle during

a rocket fl1ght. thfs allows Èhe slgnal to be corrected to what 1t

would have been lf the Lon chamber had been pointfng direcÈly at the

8Un.

uauall-y, the ro11 rate le greater than the rate at r¡hlch the

ro11 axis changes lts orfenËaËfon in apace, and so an fon chamber

w111 show one peak fn lËs outPut for each ro11 of the rocket. fhe

peak value occure When the solar aspect angle is a nfnlnum and Lt te

thÍs angle, termed Ëhe rocket aspect angle, oo ¡strl.ch muet be oea6ured.

For an ion char¡ber wfth a look directlon normal to Ëhe rocket ro11

a:rls, a 1s Ëhe complement of the angle between the rol-1 a¡cls and the

directLon of the sun.

The two different types of aspect sensor flown wfth each fon

chamber are descrÍbed below.
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(b) Sunslfts.

One of the aspect sensors flown on the IIAD rockets Ea a nodl-

fLcatlon of the sunslits ueed Ln Skylark rockets and descrlbed by

Gross and Heddle (1964). SunslÍte only respond when the sufr crosseg

oae of seversl planee ffired relatlve to the rocket body. ltre eolar

aspect angle fs deduced fron the tÍne fnterval between the pulses

produced ln thls way. In the HAD sunsllts, these planes were deflned

by three eIlts, O.3m wide, cut 1û an afu¡mLnft¡m henl'ephere (fneet

Ffgure 4.4). one plane eontafned the rocket ro11 axis whfle the other

tr¡o made an angle of 45o wÍth the roll axLe (Ffgure 4.4, . Ttre Ëhree

planea fntersected aloog a lÍne that wag perpendfcular to the rocket

ro11 axle and paosed through the cenËre of the detector. The lfght

detector ltas a enal-l elllcon photovoltalc cell Olullard type BPY l0)

$trlch waa mouuted behind a plnhole flxed at the cenÈre of cunraËure

of the ah¡¡ninlum henlsPhere'

In Flgure 4.4, whÍch Llluetrates the operatfon of the EunalÍtst

Ê represente the angle betr¡een tbe planes of the sunslf'te (ß ' 45o

in thfs caee) and c Ls the rocket aspect angle. It fs assuûed that

the fon chamber fs pofatf.ng Ín the same directfon as the srrnsllts'

If the rocket rolls through an aagle Y, ln the tLue lnterrtal

between Èwo pulSes from the sunElfts, then the angle a fe glven by

tanc ¡' siny cotß = slny

therefore, by neasurlng the ro11 rate and the Èlne between cuccegslve

pulses from Èhe gunsll.tsr T €md hence c can be dete¡ml'ned.
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Each set of eun¡lits rúaa callbrated by rotatlog ft {n front of a

nercury-Íodlde lanp placed behl"nd an aÞerture. The dfstance betsteen

Èhe aperture and the sunsllts was adJusÈed so that the aperture sub-

tended an angle at the sensof equal to the angular dianeter of the

Surtr Ttre above relatfonship was found to hold for aspect angles up

to about 40o. At greater angles no sfgnal ltas obtefned through the

45o sl1ts.

If the ro11 ax{s of the rocket does not cofnclde wfth fÈs longl-

tudfnal axls, or ff the roll axfs changes fts poeitLon fn epace

slgnifteantly durfng the tLme Lntenral between the pulses frou Qhe

45o slfts, then the above relatLonship wtll not hold. lbfs type of

rocket behaviour fs made obvLous by Ëhe use of three slÍte, as under

these condÍtfons Ëhe three pulses wlll not be evenly spaced. Suuslftg

may alsO become useless when the rocket ro11 rate is too fast. For

exanple, if the ro11 rate of the rocket 1s 2 cps then, as the aAD

telemetry rate ls about 80 sanple" "."-1, the error ln deteruinfng

the angular separatfon of the tr¿o 45o sllts ls t 4.5o. Ttre error fn

y le therefore t 2.250 whlch nay lead to an error Ln o that sould

cauae serlous errors in the corrected Lon chamber slgnal. In all of

the HAD fllghts¡ Èwo teleuetry channels were allocated to each sunsllt

thus gfvlng an effectÍve eamplÍng rate of about 160 aaopl", ""t-l'

(c) Anplltude ratio aspect senoor

The second type of asPect Eensor ueed wae a oodlffcatlon of the

aspect aeo6or designed by Þfttchell (1966) ' $fo lfght detectors, wfth
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dLfferent angular responsesr were needed for each aspect sensof. .

Each detector conslsted of a sma1l vacur¡m phototube (RC¿\ type 1P42) ,

surrounded by a teflon lnserË insfde an alumlnlu¡¡ holder. As shown

in FLgure 4.5, the teflon insert ¡vas flush wiÈh the front faCe of the

aü¡mfnlurn holder for one €etector and ProÈruded past the front face

for the other. As the teflon acted as a dtffuser' the respoose of

each detector depended nainly on the effective area of the e¡rPosed

teflon. Thfs reeulted 1n an almost flat response fot the detector

wlth the protrudlng teflon pfece, whlle the flush teflon plece resulted

Ln a response atrongly peaked fn the fortnrd dfrectfon (Ffgure 4.6).

A 0.1 lnch deep hole of 0.014 fach dianeter nas dr1lled down the

centre of the flush teflon plece Ëo enhance the peaked ûature of the

response. As the spectral re6ponses of the two detectora ltere the

Brñêr and as they responÉed to the sane fnteneÍty of llght, the ratfo

of, thelr outputs was a unÍque functlon of the aepecÈ angle a¡rd was

fndependent, of the lfghÈ fnteasl.ty. The aspect sensor was uouated

fn the rocket üo Ehat the detector pafr polnted ln the same dl'rectfon

as the fon chamber.

The angular response of each detector !¡âs measured ía the labora-

Èory by roÈatfûg 1t ln front of a xenon lamp. The lanp was placed

behlnd an aperture and Ëhe dLEtance between the apetÈure and t'he

detector adJusted untÍl the aperture subtended an augle aË the deÈ-

ector equal Èo the angular dlameter of the eun.

lhe outpuÈ algnal from each detector wae obÈained by connecting
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Èhe 1P42 and a varLable reelstor, R, 1n eerleE f¡tith a *45v eupply.

The voltage developed acroes R was then taken to the telemetry swl'tch'

The absolute level- of each detector was adJusted prfor to launch by

poLoting the aepect senBot d{rectly at the sun and thea varyfng the

value of R unËÍl the outPut voltageÞã +1V. This ensured that the

telemetry li¡nlt of * 1.5V would not be exceeded durLog the flighÈ ¡then

the detector was exposed to unattenuated solar radiatl'on. Once the

abeolute level of eaeh detecEor had been eet, Èhe angular resPonse

cutr/ea ¡üere noEmalized and the tatlo of the detector outPuts plotted

as a fuactlon of aspect angle (Flgure 4.6>. thls calibråtl-on curve

was lndep'endent of the llght fntensíty and eo asPect angles could be

derÍved tn fllght, eveû ia regions where considerable scatterÍng and

absorPtlon of solar vfsfble llght occurred'

In the orfgtnal aspect aeûsor deeLgned by Mitchell (1966), the

llght detectors were s|llcon photodlodee (Phillfps type LS 400)' the

outputs of rûrÍch were very teEPerature dependent. In the Present

work, ft ¡ras found to be dlfflcult to obtaÍn pafrs of these photo-

df.odes wÍth exactly the s¿üe tenperature resPonse aod so 1t wae

declded to replace theü wlth lP42 vacuum phototubes. Thl.s latter

detector is ineeneltive to teDperature varfations Ín the raoge l5oC

to 9ooc.

The LS 400 has a wavelength reEPonse that peaks at 9800R. Each

detecr,or has a wtde fleld of vLew and so lt is Posslble for 1t to

respond to llght reflected aad scaÈtered f,rom the earth and clouds

(earthshlne), as well ae the direct solar radiation. Tttfs results
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ln a varylng background level that has to be conefdered uhen deter-

nlnlng the ouÈput of each detector. Mitchell (1966) haa reported a

maxlmr¡m sÍgnal due Èo earthshine that was 102 of the elgnal due to

the dfrect Bun. To nfnLnlze the effect of earthshfne, the detector

should be sensftlve to the waveleogth regÍon whete the ratfo of the

fntenslty of the earthshine Èo the l.ntensl.ty of the dfrect eolar

radfatlon fs a ufnlmum. The epectral di.strfbutfon of the earthehlne

is not accurately kûotrn howêver, so lË Le not posefble to say lthere

thls regfon 1s. It was hoped that as the lP42 hae a dlffere¡¡t sPectral

reeponse (peak response at 47008) to the LS 400, the earthshÍne elgnal

would be less. llowerrer, on thç EAD 3f0 fflght (Sectf.on 4.3.6) the

naxfuum background level due to earthshfne ltas agalû nearly tOZ of

the dlrect sun slgnal.

(d) Stmuary.

T¡ro types of aspect sensor were flown wlth each fon Ch¿nber.

Sunelftg are the preferred method of determlnlag asPect anglee due to

thelr ease of calfbratfon a¡rd the fact that response to earthshlne

does not affect the aspect aagle detetmfnatÍons. Holùever' as sunalfta

ar'e useless when the rocket motÍon fs unstable or Lrregularr anplf-

tude ratlo aspect sensor6, wtrlch do not rely on a aultable roLl ratet

were lncluded.

4.3.4 The Form of the IIAD TrajecÈory

Part of the traJectory fnfornatÍon derlved frou the radar track-

lng data 1s the hefght, h, of the rocket above eea levelr gfven at
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0.5 cec lntetr¡a16 from !.aunqh. lttreo the trackfng 1s fncotpleter the

hel.ghte 1n the nfsslng porÈlone of the trajectory Dust be lnter-

polated. To do Èhj.e, the ¡nathenatical foru of the traJectory û¡et

be kno¡¡n.

If, Lo this sectl.on, we let t rèpreseût the tlne from apogeet

then the traJectory cao be repreeented by the sfnple balllstfc fom

h(t) - h(O) - ti1tz .

the two noet lnport¿r¡¡t facËors that câuÊe the traJectory to devl'ate

fron Èhia f,orm are air drag aod variatlons fn the accêleratlon due

to gravltyz E. Ae shoytn ln Sectlon 4.3.6, the effect of afr drag 1a

¡regLlgible when the rocket fe above an altftude of about 50 KE and ag

the oxygen denclty deternlnatfons take place above 70 Kn thfe effect

¡eed not be consLdered.

ttre value of g verfes l¡vetsely as the square of the dlatance

from the ceûtre of the earth' but over a height rauge of abouÈ 50 Kn

the clecrease ln g ltlth hefght wtll be very closely l{near. tle nay

therefore nrlte

a(t) - - Go + kfh(o) - tr(t)l

wtrere a(t) ls the vertlcal accelerattoa of the rocket, 8o 1s the

value of g at apogee aod k fs a sna1l positlve congtant. If a(t) and

Bo are ln unfts of IGn "".-2 
and h(O) anil h(t) are fn uuÍte of Krr,

then k has the value 3'0866 x 10-6 """-2 
(cIRArf965). Because k Íg
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snall lte mayr to a good approxlnationr puÈ

a(t) - -(eo + l¡ Lgotz)

If v(t) ls the vertÍcal velocfty of the rocket then, as v(Q)

-0,

and therefore

t
v(t) - fl "t.la. - - (sot +|r.sot3)

t
h(t¡ - h(0) + fo ,t(t) ¿t

- h(0) n 4 Botz<r + 17 tt2l

- h(0) - rn got2(l + 2.572 x Lo'7 tz) ...(l)

Thls equatl-on accurately describæ Èhe trajectory of a ttaD rocket

above 50 Kts. If we assume an apogee heíght of 100 l(6 then the dlffer-

ence between the values of h(t) detetmÍned from equaËl-oo (1) and ttre

equatlon

h(t) = h(o) - 4 eotz ... (2)

aüounts to only 0.05 t(D at a heighE of 70 Kn' As the density deter-

nlnatlons are made above 70 KEr and this dLfference decreaeee wft'h

increasing height, lfe caî use equaÈion (2) to deecrfbe the HaD

trajecËory wfth no signlflcant loss of accuracy in the <ieternfnatLon

of oxygen densities.

4.3.5 ,Ítre IIAD 309 Flfeht

The rocket HAD 309, was fired from l{oomera (latftude 30o35ts,
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longftude 136031"8) on July 24th, Lg6g.. at 1615 hours local tiue wtren

Èhe solar zenith angLe wae 78o. It carried two LIF-No Lon cha¡rbers

with their assoclated equfpment as desçrfbed fn Seetlons 4.3'2 and

4.3.3. The apogee helght of, 12L.3 P,n was reached L72.5 sec after

launch. A IP42 phototube Ín one of the ratÍo aspect sensor6 falled

soon after launch, but good telemetry signals were recefved frou the

remaLning det,ectors unt,ll the loss of tele¡nefty ZAh sec afËer lâunch'

As the telemetry fallure occurred soon after apcgeet no fnformation

was úecelved from the downward portlon of the flfghÈ.

Above 72 Kn, L¡rmao-c radíatlon r¡as deÈected by the fon chambers

each tÍme Ehe rocket, whlch rolled once every 3,7 sec, pointed Èhem

Èowarde the eun. No respoage lvas seen from the fon ehambers below

72 Kn inrlfcatlng thaÈ thelr long waveJ-ength seusLtfvfty (sectíon

3.9) was negllglble"

Ttre tracklng of the rocket IilaB poor' with Èhe radar n'evetr lock-

fng onto the vehfcle. However, durLng the perlod from I00 sec to

200 sec after launch the radar was slave Ëo the signals fron the

ackafd tracklng oscillator mounted ln the rocket head (sectlon

4.3.2). This meant that the azlnuth and elevation of the rockeÈ

were knorsn relatlve to the location of the radar station' Also, the

rânge of the rocket ldas determÍned on five occasions durlng thls

perlod. From these flve stgtrtings 1t was possfble to establLeh the

plane of the rocket traJectory. usLng the azimuth and elevatfon

lnformatl.on and the poeitlon of the radar staËlon lt was then possfble
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to calculate the rocketts altftude as a functlon of tfne fron 100

sec to 200 sec after launch. Ttre apogee hei.ght was estfmåted 1n thÍs

way to be 121.3 ! 1.0 Ka ancl Ëo have been attalned L72.5 sec after

launch. Using these values the rocket tËajectory above 70 Kn ¡sas

derÍved froru equatton (2) fn SectÍon 4'3.4.

As the rocket rolleil, each ion eha¡nber sho$ted a peak Ín fts

teleuretry output voltage as 1È looked Ëowarde Èhe gun. The peak

value occurred when the åsPect angle was equal to the rocket aspect

aogle (Sectfon 4.3.3.(a)) and lt ¡¡as thÍs value Èhat had to be

determined. The eunslfts (SectLon 4.3.3(b)) r¡ere used to determfne

the rocket aspegt angle values. The rc.cket ro11 period of 3.7 Sect

coupled wfth Èhe samplfng rate of 143 sanpl." =."-1 (tno Èelenetry

channels recre used for each EeÈ of sunsllts), reeulted 1n a naxù¡um

error Ín the derlvecl aspect angle of t 0.254. Addl.tloual uncertafn-

tLes resulting frour the laboratory calfbratLone and alfgnment of the

detectors ln the rocket fncreased the error Èo about ! lo. The anplf-

turle ratio aspect sensora showed almost no reaponge due to earthshlne

(Sectlon 4.3.3(c)) an¿ so they were used to check the sunslft deter-

minatLons of the rocket aspect angle at a ferv pofnts. ftre dffference

betneen the aspect angles derived by the two types of aspect sensor

never exceeded 10. This denonstrâtes the accuracy of the laboratory

cal-ibratlon procedures for Èhese sensors.

As the rocket €rspect angle rras not zèto at any stage of the

flfght, iË was not possfble to obtaÍn an fn-flfg4ht calibratlon of the
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angulaï response of the fcn chambcre (sectLon 4.3.6r. Therefore, the

l-aboratory angular responae cun¡es tTere used to derlve Èhe factors

needed to correct the peak tel-enetry vol-tages from the f.on chambers

to their values aË zero aspect angle. Ttre roqkeÈ aspect angles and

the correspondlr1g corîectlon f actorg are ploÈted fa FÍgure 4.7 ae a

functfon of tilre from launch, for the perlod durf-ng whÍch the heLght

of the rocket lras above 65 Km. The rocket altitude 1s also shor¡r¡ at

a fer¡ pof.nts.

the aspeet corrected values of peak ion chamber volLage were

converted to currents, uslng the knor¡n fnput reslstance and Safn of

each lon chamber anpltfier. FJ.gure 4.8 shows a semi.-logarl'thnfc plot

of the fndivldual currenta versus altfÈude. lhLs response cufve

lncludes ,Jata fronu bcth fon cha¡rbers but the values refer only to

the upward portfoo of the fllght duè to the fallure of the telemetry

eencler ehortly attex apogee. ìfolecul"ar oxygen densfties and Èhe abeol-

uËe solar L¡fnan-<r flux were determlned froo thie response curve af¡

described 1n Section 4.4.

4.3.6 The Il¡\D 310 FLfehc

The rocket, IIAD 310, was flred frosr woomerâ on December 9th'

1969, at 0726 hours local Èlme when the 6oLar zenÍth aagle wae 59o'

It carrfed two LIF-NO fon chaml¡ers in an erçerlmenÈal package ldeutl-

cal to that catrÍecl by IIAD 309, Good teleuetry signals were recefved

throughout the flight and all of the lnstrumentatlon perfcnned satLs-

factorf!-y. Ilowever, due to the vefy large rocket asPect afigl.es that
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occurred cn Èhe dcr¡nward pcrtfoû of the fl1ght, only the resulËe

obtained from the uirward portíon were reduced.

Ttre rockeÈ ltas tracked by FPS16 radsr froa 19 sec before aPogee

untll lmpact. The apogee helght of 98"3 t 0.O2 t(n and the apogee

tLme of 151.1 sec after lauach lùere dlrecÈly detertfned from the

tracking data. Usfng these values the rocket traiectory vtas derived

from equatlon (1) fn Sectlon 4.3.4. The derlved traJectory lras then

cornpared with the actual ÈraJectory (as given by the tracking data)

for the downward portion of the fllghË. AÈ low altitudes, due to

afr drag, the actual traJectory heights were higher than those of the

derfved fraJectory f.ot the same Èfme fro¡r apogee. The hefght Ciffer-

eûce rùas about O.l I(n at aB altltude of 50 Km and decreased rapidly

ruith Lncreasing altitude, llterefore, fox Ëhe purpose of molecular

oxygefi densiÈy determlnaÈlone, Ëhe effect of air drag on a IIAD

vehfcle can be lgnored.

the anplLtude ratlo aspect aensors responded to earthghine

(Sectlon 4.3.3(c)) as well as the dlrect golar radlatlon, wfth the

earthshine signal at tl¡nes reaching about t0% of that due to the sun

at zero aspect angle. Becauge of the regultant uncertalnty Ín the

output levele of these sensors, only the sunsllts lüere used to deter-

mlne the rocket aspect angLes. A6 Ër¡o telemetry channels were

ecrployed for each set of sunslits, the roLl perfod of 0.82 sec

resultecl fn a maxlmur uncertainty fn the derived aspect angles of

tlo. Flgure 4.9 shows the rocket aspect angle as a functlon of tine
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from launch for the upward portion of the flfght, durfng Èhe

perfod when the rocket was between 68 tfu and 98 I(n. As ca¡r be seen

from Flguxe 4.9, at 121 sec from launch the rocket aspect angle was

Oo. The angular response currTe of each fon chaurber htaa determined

fron the signals obtalned during one ro11 of the rocket at thfs tlne'

Good agreement wag found beÈween these in-fI1ght curves and the

laboretory calibrations descrÍl¡ed ln Sectlon 3.7' $tlth the differ-

ence belng less than 3% for aspecË angles less thao 40o. The fn-

flfght calibratlons were used to derÍve the factors needed to

correcÈ the peak telemetry voltages from the lon chambers to thelr

values at zero aspect angle, It can be seen fron Flgute 4,9 that

between 82 Krn and 96 IQn the correctl-on factors were ah¡ays 1e88 than

1.6. Ilowev.er, both l¡etween 72 Kn and 82 Km and above 96 I(g the rocket

aspect angle rapldly lncreased and the corfectlon factors becane

large. Rocket asPecg angles greaËer than 40o could not be measured

r¡1th the sunsllts, No ion chamber signals ltere detected below 70 Kn

indLcatlng that the long wavelength senslË{viËy of the fon chambers

(SecÈio¡r 3.9) was neglfglble.

Ion chambêr curreûts Ì,üete derived as described Ín SectLon 4'3'5

fcr the IIAD 309 detecÈors. The lndlvfdual current' valuea from both

ion chaubers are plotÈed fn Flgute 4.10 as a functfon of the rocket

alritude. lhe data refers only uo the upward porË1on of the fltght

as the very large aspect angles on the downward portÍon made accuraËe

aspect corrections irnposslble. The daEa points can be aeen Ëo follow

a smooÈh cu¡îve except where the aspect erngles are large and the
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correctfon factors consequently of greater uficertê+oty.

4.4 Resul ts from HAD 309 and IIAD 310

4.4.I Mo1ecular Oxvgen Densities

As shown ln Sectlon 2.3, when the solar zenlth anglet Z' fs not

too large, the nr¡mber densLty fs proportLonal to the slope of a

seni-logarithnlc p!-ot of Íon chamber sfgnal- versus hefght. In

practfce, the analysls Ls best carried out by deternfnlng the aver-

age number densitfes fn a eerÍes of equal helght intervals Ln the

followfng way.

Toagoodapproxl.natfon,ltnaybeassr¡medthatoverallnÍÈed

helght range near the helght, h, the denslty dtstrlbutioa of oole-

cuLar oxygen le of the form

o(hr) - n(h) exP [-(ht-h)/]U

I:f we eonsider the atmo8phere to be dfvÍded lnto layers of equaL

hefght intervaL, ah, then, prcvfded ah is less than II, the densLty at

the hefghr (h + Ah/2) can be taken wfth hlgh accuracy to be the avef-

age nunber density over the helght range h to h + Ah' Equation (10)

of Chapter 2 then becomes

I
n(h+Ah/2) - --

osecZ

rn F(tr+au)I-ìlh E(h)l

Ah

... (3)
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Tr^ro maÍn aseumptfons were made when deriving densfties fron the

Lyman-c absorption Proflles :-

(1) the fon chamber was assumed to be respondÍng only to L¡man-

a radiatlon (Section 2.3).

(tí) Molecul-ar oxygen rüas assu¡ned to be the only atmospheric

constltuent contrlbutfng to the absorptÍon of Lyman-cl

radfatíon (SecÈ1on 2.5).

Ttre dengiry profiLes obËafned from the HAD 309 and IIAD 310 fltghts

are df-scussed separacely beLow.

(a) ttAD 309.

Flgure 4.8 shows the vertical distribuËÍon of molecular oxygen

(hfstograrn) de.rived as described above assunfng a layer helght of

I Kn. The 1965 nean CIßA atuosphere (CIRA, 1965) is also shown

(fuL1 curve) for comparÍson. The value of the zenith angle used in

equatfon (3) was 78oL4r which occurred rshen the rate of change of

signal wfth height was a maximum. Tt¡e density values follow closely

those of an exponential- dÍstrfbuÈÍon wlth a scale height of ? '5 Kn'

Random errors in the densítfes are due to uncertainties affsLng

fron the data reductÍon and noise on the tel-eÛetry records' In thls

flÍght the errors due to telemetry uçise are less thas' ! 2"/"' As shown

Ln Sectlon 2.4, erfora ln the daEa reductlon are generally a mfaimum

ln the viclnlty of the penetration height where the rate of change

of the sfgnal wlth hefght 1s a maxfmr¡m. In thls fLight, the probable
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errors ln the density values arisÍng f,rom the data reductfon, 1n the

hetght range 80 Kn to 100 Km, are est{mated to be less than t 5%

\rlth the greatest error occurring near 85 I(m where the asPect augles

are largest. An addftlonal error results from Èhe lnaccuracy of

the flat earth approxlmatfon (sectfon 2.3) at large zenlth angles'

For an aspecr angle of 78o lleeks and Snlth (1968) have shown that

thls approxfmatfon results Ín an error of approxfurately ! 2il f'ox a

specfea haviug a scale helght of 6.5 Kn. Ttre total probable random

error ln the densÍty values between 80 Kfû and 100 ltu fs therefore

not expected to exceed ! 7%.

AsshownÍnSectÍon2.2,thereisanuncettaíntyofabout!L47"

ln the value of 1'0 x 10-20 tt2 t"k"o for the absorption cross-

sectlon of molecuJ-ar oxygen at Lynan-a' As can be seen from equation

(3)above,thleresulÈsfnasystematlcerrorof!L4T"fnthenumber

densitles.

There le álso a systematfc error of t L lcn in the helght Valuee

of the data polnts due Èo an uoeertalnty of I I lb in the estlDåted

aPoseeheight.Asthescalehelghtofthedensltydfetributlonle

aboutT'5Km,ÈhiserrorÍssl'gnl.flcauÈaodmustbeconsfderedwhen

cooparfng these resulte with siÛtilar measurements by other wprkers

(Sectlon 6.2,1).

(b) IIAD 3r0.

A Layer hefght of I Kn ¡uas used to derive a molecular oxygen

distribuÈlon from the IIAD 310 absorptfon data' Ttre resulËs are



89.

shoütn as a histogra$ in Ffgure 4.10 r,'hfch alsq shows (full llne)

the 1965 mean CIRA armosphere (CIRA, 1965) for comparlson. The

denslty profile fs wel-l- represerited by an exponentlaL disÈríbutfon

!"lth a scale heighË of 6.5 Km.

Random errors in the density values due t'o n6lse on the tele-

meÈry records are esÈlmated to be about ! 2"Á. The randoln errors

resultlng from uneertafntles ln the data reductlon vary wfdely due

Lo Ëhe rapld change of aspect angles Èhat occurted. Bet!üeen 82 I(m

an<l 96 1(m, where the aspect angles are less than 22o' the PrÓbable

errors are less than t 8%. Outsíde of thls hefght range the aspect

angles become rapfdl-y larger and the errors therefore lncrease. If

tbe systemaËic error of t 147 rhte to the uncertalnty of the value of

the absorptl.on cross-sectlon fs irrcluded, the ËoÈaL error Ln the

densfty values between 82 I(n and 96 Ifu fs not expected to exceed

! 227". Errors fn the traJectory heights are estf.ûated to be less

than 0.1 Kn.

the HAD 310 densfty results are compared 1n secrÍon 6.2.I.,

with those from the IIAD 309 fJ-ight an¿ wíth sínllar reeults obÈafned

by other workers.

4.4.2 Lvman-a E'lux Values

The lndlv,lduaL aspect correct,ed currents from each fon chamber

were conver¡ed to Lynan-c¿ flux values by using the known effecÈlve

area of the detêctor (1.60 cn2) and ÍËs absoLute quanËuf' efficiency

at LJnran-c.' ueasured as described fn Sectíon 3'6'
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To obtain the Lyman-e f}¡:'- above the aÈÐosphere for each fllght,

l-t was necesaary to as6ume that Èhe derfved molecular oxygen dlstrÍ-

butlon could be exÈrapolated to hígher altltudes ¡rith che sa'ne scale

hetght. A plot was Ëhen made of the logarÍÈhm of the flur as a

functlon of the coh¡mnar denslty (SectÍon 2.3) Ln unLtg of the

columnar tlensÍty at a chosen hefght (90 Xn for llAD 309 and 85 t(n

for IIAD 310). The st¡aLght líne graph that resulted was then extra-

polated to zero columnar deneity. The values of the solar L¡rnan-a

flux obtalned fn this way for the HAD 309 and llAD 310 f11ghts hlere

3.9 t 0.4 erg 
"r-2.""-1 ^od 

4.2 x 0.4 erg "r-2 """-1 
t""p""aÍvely.

these values are comparecl wÍth other measurements ln Sectlon 6.3.

In the ILAD 309 fl1gtrt, the flux values at heLghts fn excess of

110 Kn were found to lle above the extrapolatlon of the strafght

l1ne fitted to the points belo!ù thls hefght. This addiÈional sfgnal

nas due Èo radlatlon cther thaa Lyuran-o in the 10508 to 13508 band-

pass of the ion chambers. At Èhe apogee heighË of 121.3 l(trl thls

addlClonal sfgnal was abouË 77" of. the exÈrapolated Lynan-o flux.
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CHAPMR 5

rHE, IIRESAT 1 IO![ CHAMBER EXPERIMUTT

5-1 Introcluctloa

ITBESAT l, a snall sclentifl.c eatelllte, nas Iau¡cheil from Ìlooocra

in Novenber 196?. It naE ¿esignecl ancl ilevelope'1 tryr tbc lfeapons Recearcb

Egtabllsbment, Depa,rÊmeat of supBly aûd the Deperbucnt of Fh¡rsfcst

Unlversity of Attelald.e. ltre lar¡nch vchlclc veg prw|ile'l ÙJf tbc U'S'

Departnent of Defence, nhl.Ic tbe l.er¡¡ch facflltles rfere Drorrlcletl b¡r thc

u.K. Mtnlstrtrr of Technolo6r. $etellite trackfng a'att ileta aequlsltlo

vere perfo¡necl by the staDAI{ netrork of tbc u.s' Natfona'l Aeræeutl'ee

and Space AdminlEtratloa (t{AsA) '

Inclu<leôlntheec¡lerfuncntsflo'fDonlfRESA[Irreregfxio

cbambers of tbe t¡rpes tleecrÍbeö ln chapter 3. llhe tvo ObJectlrres of

the io cbsüber ex¡rerincnt Y€re:-

(r)[heueaeurenentofmlecu].g¡orygen<tengftlcsblrutl'Ilzl¡g

the oaerrltgt,l,on of the errn by the earth|s atmoapberc et

satelllte ef,r¡rise a¡rû eunset (Sectton 5'3) '

(rr) îbe tteter:nlnatl.on of tbe golar fll¡* ln the vevelength bandls

1\2oi to r¡+8oi antl 1550i to r6goi aodt at tbe r¡arrcleneth of

búrdrogeu Lyuaû-a (Sectlon 
''6l 

'

Ittagbope<lthetthedeusltyd'etcrtlnatlonsvõt¡lcl].eaÄto

lnfcn¿tlon on posefble ðay-to-rla¡r antl geographlcal varl'atfone f¡ thc

vcrtlcal uoleeul¡r orygclr ùcuslty profllc. :Ibc solar flt¡r neasurenrnts



Ffg. 5.1 A vfew of, the Iü,E8AT I eatelltte rrndergoing

envlromentsl teetfuig at Weapons Ree€arch Est€blLshn€trË.

The atde-faclng detector package cen be seen to the left of

the aperture for¡¡ed by the renoval of a aectíon of the elcln'

Ilre slde of the fomard-fsclng package can be geer¡ at the

ape* of, thê coae. ' ,i
4

--\
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¡rênÊ GxIrêctcô to glvÊ l4tortant lnfqz¡tl'æ relatlng to tbc ¡olar

teqr,eretrrre nlnln¡n (Section I'2) .

f,he sete].llte (Ftgure 5.1) wag co¡¡lcal 1a shape rltb a bese

èiameter of 30 lacb aacl a belgþt ot 6Z Íneb. AII of thc l¡Etn¡nentatlo

r¡nftE vere thernally lgolatett fron tbe mein stflrctr¡¡e r+¡l'ch cøslc¿êa

of a francvork a¡ct eklu of alr¡mlniuu alloy. 3Ûr r¡atntl¡s thC bulk 9f

the exüe¡aal surfaßee black anô the Lnterlor Eurfacee vblte' lt vaç

possible to êDsurê that tbe teqrerature of thc lntera¿t egullmq¡t

rcnaiaetl rlthln satlsfacto4r llntts ag the EateIILte orbit¡ð the ea¡t'h'

llbe Eetelu.te stnretr¡re and equl.¡meut rrere subJected to

eavtrøncntal tests l¡¡f tÌre llcepona Researcb Establlebmeat' These'

testa lncluôetl statl.c aact (ynarnfc loatling, vibratlø tcsting, fr¡ract

load.lng aa¿ tclttng at elevatedl terperetgres. In aÀiltttc¿t tbÊ co4ùcte

eEtcllltc ras teated la a hlgþ vecrrum cha,mbcr et tbe Pbústcg Depa.rtncnt'

Univeralty of Adel¡,f.tle. fþe eatel}lte vas hel't at a preesurc of tO-[ u

of Hg rblle belng cyclect J.n teuperatr¡rc betrrcen +5OoC antl -l5og ovêr a

perloô of ebout l+ aa¡rs. All r¡¡1ts surr¡Lvedtürls tsst rrlthot¡t obserVablc

pctmaneut chcngcs 1n tbelr o¡reretlon'

}IRDsArt(alsogtve¡theCOSPARôeslgaatlon].96?-rt8A)va¡

l¿ruchett o¡r 29th l{ovenber, 196? at Ih25 noure Âustrallao Ce¡tral Standlarû

TlEe. The la¡¡ch vehLcle wag a Reilsto¡e nlesfle boost notor nodtftetl

to acceBt tno goll.tl firel upper stagce. A nearly Bola'lr crlfptie¡I orblt

vas ac¡leveaf ïith a perigec of 1?0 Kn a¡d sn apoæe of l2l+9 f4' 3¡ê

o¡blt¿l incltaatlon lüBs 83.30 antl the orbltal perlotl 99 nln' Ílhe sub-

eat€lllte treck of IÍRESAT I le shoïD rn Flgurc 5.2 tot thc flrgt I

orbltÊ.



f

(

)

7

r
[\

I

'ro -*

Ì

W NKF ELD

b'

\
\

6

I

1r
T

!zT

ER

No

\

IJ\

J\
)\}

ÛD

5

Q

¿çt

FbF3

F

I

\

I

\,
-51 .

/

- w58

s':
J
,t

lo

4

I

" Fa,!I

t

&

05r
o36<

I
wsv

oz5
ws¿
o37

O ORRORAL 
'\r¿ ll 1J

TOOWOOMBA

\

ì1 .

bü

Y
\

/

\

>¿

\
F:ìi

\
I

ê

TELEMETRY RÉCORD NG ONLY

MINÍRACX SIATIOfl
o
a

I
) KAUA

l

lr

I

)í

O FAIRSANKS

I

)

\\
't*
@ù

,

\

\

è
C

5T JOHNS

CROSMAN

2.

>k

sz

A

L1

{>'

FORT }'IYER5

I

'i>
QUTO_

)

)

I

80

70

60

50

40

30

20

10

o

l0

20

30

40

50

60

o204060 80 loo 120 140 180 160 140

first I orbits.

120 100 80 60 40 20160
20

ríe.5.2 The sub-satel-Iite traek of WRESAT I for the



93

The aetclllte enterctl orblt with a spf.n rate of 2.1 
"co "ce-I

aÞort tbe cone axlg wbich vaE incliaecl at a¡rpro*fnat ery ?flo to the

eartl¡re rotational a¡cis. Due to the lack of lnfluftc rlglôlty of tbc

satellitc, and other factora, tbe a¡ris of spf.n nuteteô a¡ô tbe notlon

becane thst of a flat epln about tt¡e axis of maxim¡n uonent of laertla'

Ttris latter anls, ubÍeb vas cleaigneô to be at rtgþt angles to t'hc cone

atLe, was parallel to the origfnal spfn axis of the setellltc on lts

lasertion tnto orbl.t. AE tbe retLo of the mc¡rents of I'ucrtle ebd¡t

the cone nrrf6 anð. the fLat epln axfe was 1:5, the fiaal flat splu

rotatlon rate was about 0.5 rev ""o-1. 
The convers!'oû to the flet sltla

rnode vas ecceleratetl by tbe ì¡se of an ener€Sf tlfsslpator ¡or¡¡ted lncl¿le

tbe satelllte. AB a reeult, the convergloa vae co4llete 35 uLn fron

ls¡ncb.

Tbe orbltal lifetime of IIRESAE I wes he Aa¡¡s, rc-entrlr oceunl'ng

on 10th Januar1rr1968. Eørever, the use of bottcrLee for sate]-llte

power ttnitecL the usefirl tranenittlng tifc to 53 orbLts¡ f'€'¡

approxLnatery 3 da¡rs.

5.2. ., Satetllte Instruûsntatio+

5.2.L. I,'lre lon.Chanbers antl Àßpllfiers

Figrrre 5.3 sborrs the layout of the ltREsAT I fnstru¡¡entatl'On'

lbe ra,dlatLon cteteetors vere nountetl Ln t¡ro seBarate packages' lfhe

frOut-faclng package was located near tbe apex of the coae (t¡e ttp ot

rhtch Ìfag separateil after the laJectlon of the Eate1-llte lnto orbit)

vfth the look dlrectlon of lhe sensora being fonra¡tl along tbe cone

a.xLs. lltre side-faclng package vas locatedl nea¡ tbe su¡faec of the cOBe'



Flg. 5.3 The layout of the IÍRESAT I ÍûEtlutre[tatfoû.
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30 lach fron the apex (flgure 5.I) , such that t'he look ôl'reetfon of

the ee¡gorE 'waa at rlgbt a,ngles to botb the eone axls aûô tbc a¡tlclBated'

arclE of thc flat spin nodte. !ü1th this geonetry, flret tbe ftont-faclng

ion cbanbers a,ntl then the sitte-faclng iou chanbers 1rere e¡q)ectedl tb

ecan ôlrectly across the so3.ar tllsk aB the gatelll'te rotatecl' BoÌ¡lever'

tbe actr¡a.l axfs of the flat spln nod.e vas at rtlbt angles to the cone

alcls but rotated approllnÊte1y 30o Ebout the cone axla reletlVe t¡ lts

predlctedlPoBltlon.Aaareault,thefront-faelngdetectorgsca¡¡cô

ôlrectly acrogs tbe sun wblle tbe nlalur¡u gola¡ as¡rcct angle for thc

stile-faclag dtetectors ras 3Oo (Sectlon 5'b'3)'

The lon cbanber ex¡nrlneat consl.stecl of tr¡o IriF-lIO, trro Q'T anô

tl¡o s-x copper bocltect ion cha¡nbere of the ty¡re shoïû l'n Flgure 3'J''

Both rletector packeges contalnecl three ion chanberÊ (oDe of each type)

end'asetofoptlcalaspectSenBors.lfbegethreecøbinatlonsof

!|'lnðor¡ naterlal ancl fllI1ng gas were chosen becauEe the resultlng

effectfve nolecular oergen absorptlon crogs-sectlons (Sectto¡ 2'3) arc

such that an al.uoet contÍnuous <leneity proflle can be obtalnetl over tbe

hetgþt raûge 90 Kn to 22O Kn at eetelllte sunrise anô eunset' llhc

Luportance of such neasurements h.s been polnteð o¡t ln Scctl'æ l¡'l'

Arr of the Lou cba,mbers vere operateil at rrnity gal¡¡ vttb porltlve

volte€e a¡rplleô to tbe cbanber rra]-le to nlnintze long wavelength photo-

electrLc ef,fects (Sectloa 3'9)' the lon chanber ctrrents vcre fetl to

logar|.übnlca,4lliflers.[bosea,4l}lflerEfeilbythel,lF-solon

cbambers dlevelo¡ndl. output voltaçs flom 0v to +5V for I'nBut currentE

frm to-10 "r¡, 
to to-6 eÍ{I,, vbÍIe those ferl by the Q-T an<l S-X foa
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cbâú|tefs proah¡ced. the sa¡ns !a¡8Ê of voltego fc,f¡ In¡rut s¡I¡rCnta frø

1o-I2 a,nB to ro-8 atlr.

5.2.2' OotlcEl AEpect SengorE antl Magnetopeters

Aeetofar¡llltucleratloespeetaeDgorggln{lartothoaeflorr¡ln

the rocket ex¡lerLments (sectlon l+.3.3) vas lAclUdtetl Lu eacb of the

tletector packages for tbe purpose of ¡neesuriug solar aspect' orlgtna-llyt

three nutually perpendlCular flruc-gate uagnetometers were fnclucled ln tbe

pa¡rloaù to tletertinc the attltudle of tbe satellLte antl to ¡rrovlrle e cbeck

on tbe !¡eegurenentE of the optlcal as¡rect seasors' owlng to ïetgþt

linltatious,ttroofthena,gnetometerEhacltobercmoveôfrmtbe

setellttep'lortolar¡ncb,leevlngæerrlthltsaxigparalleJ.tothe

ccnc arci¡. [hfs renafning nagnetoneter enabletl' an lnilepead'cnt check to

be nade ou tbe Eolar aspect ¡n81e for the front-faclug dletcctor pcckage'

flowever, tbe so18,r aspeet angle tteterralneÔ for t}re slôe-faclng pach¿gp

rellecl entlrely ou tåe optlee-l aspect 8eDÊors (sectloa 5'h'3)'

,.2.3. 1[tre llelenetrry SYstem

fhe lfEEgAT I telenetry eyetem was prrrchased cc'r"nerclal-Iy a'Bð rAs

co4ratible wltb tbe NA.SA STADAI{ network. As there wEre Bo facllLtles

for tl¿ta storage ln the gatelllte, on\r tbose obeernatLons E3'dle rtthtn

rgngeofatelemetrystationereaval]¿ble.lbeeau¡lJ.lngratewas

256 sanple, "e"-1 
rrlth the san¡rling fo:mat belng a l6x8a*ay' Eecb

positlonvasean¡llectlntrrm¿ucltbccoryletea,r^reyecannedl¡halÊa

second. Thls neant thet there Tere 128 sarpllng posftl'ons avå'll¡ble for

thera.d'l'atio<letectorsancltlregeueralvoltageanclengf'neerÍng
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non!.tor lcvelg. Tlbe lon chanber a¡tl espect Eensor outputs ncrc

allocatedt to posltionE Ln the telemetry natrix auch that eacù dlctector

waa ear¡rlett at lntenraLe of i/t6 sec. llbls geve sufflclent ilata polnts

to ðeflne tbe shape of the slgnal pulses frø the detectors as tbey

scannetl acrosg the su¡. Sr¡nEllts were not fnclr¡decl in the iletccùor

packages orlng to the higþ sa.u¡rll.ng rate ttenantled, by then (Sectfon

l+.3.3) rblcb coulô only have been achievett et tbe ex¡rense of tbe otber

e:çerf.meats Lnvolved.

5,3 Tbe Atnospberic Oecr¡l'tatlon Experinent

5.3.I. [t¡e Prlnclple of tb9 Em.erínent

obeervatlonE of the orbltal clrag on artf'ficial satellLteE have

ylelðedl iafo¡ns,tLoD on atmospherle deuslties tlowu to an altituôc of about

l8O K.n. Eowever, for loner altltr¡tles thÍs technlque ls l{rn{t¿fl by the

short ttfetine of satel.lltes (e'g' Cbeu¡tiou et al"' 1969)' K¡or¡leðgB of

atuoepberlc <lensltLes betr¡eeu 90 Kn anct 180 Kn has been derfæô frou a

rclatlvely snÀIl number of rridl.ely scattereô rocket fugþts ' ote of tbe

naln obJectlvee of the l¡aEsA3 1 ton cba,mber oçerfment naE to nake

repeaterl reasurements of uolecular oÛçygen ctenelty over tbe hetght rfrnge

fron 90 Itn to 220 I(m. It ves hopeô that luporta¡t I'nfo¡'netion ro¡lil be

obtainetl on the ex¡rectecl tlay-to-<lay aotl geograpbical varlatlons 1n the

molecr¡la¡ o:cygen denslty profÍIe orer tl¡l's beigþt rarrge' St¡ch

lnforoatlon 1e neeôed to l.ryrove existing thernospberLc modlelg ancl to

pronlôe a better nnôergta,nilf.ng of tbe relatlonsbip betveen tbe themo-

sphere a¡ô the untter\rlug atnoepbere'
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ray hetgþt of the central aolar ra¡r variecl qver t'he hetgþt ra¡ge I00 Kn

to 2OO Kn. Equatl.ons (f) to (h) a¡ð equatloa (8) fn Chapter 2 verl

deriveô for the sltuatlæ where the solar zenftb angle at thc obsei"trlng

polntls].esgthan90o.llheseequationsarealsovalldlforthe

satellIte sunrlse-euDSet' experiment provldledl that tbe rocket heLghtt h'

Ls norr co¡rgltleretl as tbe ml¡irnrnr ray heigþt of tbe eentral solar ray'

lberefore, tf I(h) le the ion chanber current vhea the nlnlmu ray

het!þt ls h, we have, from equatlOn (8) fn Cbapter 2, tbe e¡pi'caaûoa

L tro r(u)l = -o 
d {fh) ...(r)df tl.n r(u) I = -o ã-- ..

The coltunar rlenslty, U(U), can be for¡nd bry lntegrating alo¡g the ,ray

from the satellLte to tbc slxt, If s lE tbe illstaûce elong tbe ray frø

the polnt P, then' rrith refereBce to Flgure 5'l+' vc heve

u(t)-Çnas+[nas ...(2)

nbere n le tbe number densfty of nolecular oqrgen'

At satEtllte er¡¡rise andl sunset, tbe Eatelllte vae at ao altltuile

otr about 900 I(n ebove the eartbrs surfsee' It r¡as therefore above tbe

effectlve abaorblng atmospbere a¡<l so the secü'l tntc6ral tn equeùf'on (2)

na¡r ateo be taken to lnflnlty rlth no loes of accrrracy. lfherefoe

eguatloa (2) tecones

n(u) = aJi n as "'(3)

To evalr¡¡te thle lntegral the va¡iatlon of a rrlth hetgbt mret be

specifiecl. I,f lre asËutDe an cxponcntial tu'strilnrtlon of scale heigbt' E'



a(x) = n(rr) exp(-xlH)

where ¡(x) tE the nr¡mber clensS-ty at the height (u + x) above the

eartbte surfaee an¿ ¿(h) is the value et the hetgþt b' As nost of the

abeorltf.on ls taklng place at belgþts lees tha¡ two Ecale helghts above

h, the assrruption that the scale beigbt I's consta¡t ctocs not lntrotluce

slgnificant errors into tbe calculatlons u¡less the scafe hetgbt

g¡a.tllent, #, is l¡r8Ê.

Frø Figure 5.\ ce see thet

"2=(R+h+*)2-1n+u)2

l- .è. "2 = r(zR + 2h + x).

It f,ol].ons that

lúe nailr nrite

be stn¡rlifletl to the fo¡rs

99

..,(lr)

...(6)

Çnas=o(h)[ffi d¡("'(5]

Íiince, ier tne rarlge of lr¡rortanee' (n + n) >> x' equatlon (5) n¿y

If rve put t = x/.H, equation (6) can be rerrrltten as

Ç o u" = ¡* å 
r¡t n(u) f, *F4-L dx

fi o a" - 
LER Ë 

h)-lt"tol [ ts dt ...(?)
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I[or
-trle- ¿t=l'(*)= ,ñ
t

ana eo, substitutlng equatfon (?) Lnto equatfon (3) gl'ves

rt(rr) = tãIH (B + u) lt n(tr)

t

Itbe differentlal fom of equatÍon (8) is, to a very gooit epproriuatioû'

d N(h) = [att s 1n + u)l+ dh
¿ n(t¡)

dh

...(g)

...(91

But, from equatfon (b)

¿ n(rr) - -n(u)/H ...(10)

$rbstltut!.ng eguatfon (fO) lnto equatfoa (9) ancl rc-ana¡elne gtvcs

dlh

,,
d. N(h) n(tr)

nb

aail so, fron eguation (t), *e nay write

n(u) =
,Ht {- tu r(n) I . ..(u¡

on
o[2II(R + h)

A coastant va,lue of 6520 Km was taken tor (R + b) 1n the Bresent

rork. fhe ns,afm¡n error fn ¡(b) introduceil by tble esauu¡rtloo ls lcss

tban 0.5Í over tbe belgþt range 90 fu t'o 22O Tlm'

5.3.3.

In SectLon 5.3.â, tJreory vae alevelo¡redl for a polnt arrn' lnrt la
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reallty each ion chaubcr le4'ontlg to thc lntegratetl radl'etfon

cone of angle O.5o (¡'lgr¡re 5.\).

the dl.stance, d, from the s¿tsl1ite to the polnt P vas ebout

33OO lfu, at botb satellLte Euüise and sr¡n8et. llhe ôifferenee ln the

4[¡{nnln ray helgþt of the rsðrs reechlng tbe satelllte fron lhe qpper

and. Lower lfmbs of tbe soLar ctlEk was therefore a¡rproxloately 2t Kn'

As th1s dfffereuce LE consitlerably greater tban the sca-le heigþt of

molecular o¡vgen oner nrcb of the height renge fron 90 I(n to z2o Kn',

the attcntr¡stlon of radlatlon aloag these extrene raya rrrllJ. be verT

differeat,

In <leveloping a üethod of ana.lysÍs that allowe for the fl'nlte

ef.ze of the sun, re wl}I natre tbe essuqrtJ'on tbst the eun fs a unlforuly

brtgbt ctisk subtenrlfng an angle of O.!o et the eatellite. lhe possible

errors introducea þ assrrntng the Eo1ar <llsk to be r¡¡iforuly brlgþt are

dligcuseecl in Sectioî 6'',2. The varLatLon in absorptlon elong rays

enittetl frou a horfzontal line acrosa the solar tgsk (t.ê' ê 11De

tangential to the earthf e horl?.on aE Been frou the satell|te) øft Ue

sEa-ll. llherefore, we cêÂ repl.ace tbe eolar <llok by a trcrtlcel l1ne

source sucb that the intenslty at a,ry polat on tbls source iB

pro¡rortlonal to the riôtb of the solar dtisk at tbat poLnt.

Consider the sltuetion shown ln Flgr:re !.lrn wbere the nlnlnrm rey

hat!þt of the ray from a poiat, Q, & ôl'eta,Dce r frø O along thc solar

line eor¡rCe, is (U + p¡, Iêt Io re¡rresent tbe ion chanber current

ôuetoracllatloaernlttectfro¡ltbeentlrer¡nobEcurett'dlsk.llben'the

cr¡¡rent ôue to rectlatlon enltte<l fron a .sectloü¡ of tåe lfae sourcc of
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lengtJe clr, ct Q ts glveû by

rn=2(R"z't2)\* 
tä

E

2
R

= z(tZ - p2 + g
Dt-

)

rrhere R_ is the solar radLus ancl t ls the cllfference ln tbe nfnfnrm ray
I

helgbt of tbe centrel sol¡r ray andl a ray from elther extremity of

the llne source. The total lon cbanber eurrent, observed rrhen the nlnfuun

ra¡r beigþt of the centra.l eol¡r ray te h, 1s tberefore glven by

2
RI

r(h) = fÏ z$2 - ,2¡\ J-
t2

øç[æ s(¡+ e) Jils

( 12)

Therefcer Lf a theoretlcal uoôel of tbe vertlca] dtEtributlon

of nolecular o¡cygen Ís essunect, a plot of f(h) versua h can be dlerivecl

from equatton (fa). Thfs computetl attenuatÍon cruirre ca¡ be eoryared rf.tb

the ex¡lerlnentelly dleterminecl attenuation q¡rve. Then, lry an lteratfø

proceclure, a denelty profile can be obtaùnect rrhtch gfves a couputed

attenr¡¿tlon curue in accøcl vitb the observations. I[ote that althoueb

abgolute values of f(h) are noù required, tbe valuee'8ef¿tfve to Io are

esgentlal for the clete¡uLnatíon of a ttenefty profile. ThlE ls f¡

contrest to the point-eun approxlnetion æthoö (Sectlon 5.3,2) tbere

ttensity cleternlnatlong a¡e not ôepenclent o¿ an¡r lraowleclç of fo but

='# fl ft' - p2\\ .,ar-orr(h + p) l.rp
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are LaEtêaå dlepend.ent æ tbe Local grad,tG¡t {þ of the flt¡x.

In the rnethocl ailopteit here, tbe Eol¡r lf,ne eource is cæ¡!.dlcrccl

to be <tlvlitecl into an odcl nr¡mber of sectfons, (eu + l), euch that the

length of each section 1s 2R"/(2n + 1). If the seetlonE are nunbprecl

sequcntlally fron the lsrer flntt of the lLne source (as seeu from the

Eatellf,te) t:on -m to tn¡ then wc Dsy replace eqrratlon (f2) W

+m

r(rr) = E

i= -m

r. cl
t_

D

I
or. # e¡ç[-o rv(u + pr)] ...(ül)

B

nbere b + pi ie tbe nlnûm¡n ray helgþt of the ray from the centre of the

I th eection of the line Bource and A, iE thE area of tbc etrip of the

solår dlsk repJa,cett þ the i th gectiø. From Figrrre 5.4t lt ce¡¡ be eccn

that

pl d
= D

Tbe value of m to be useal Ln eguatlon (]it) nuEt be such tbst for

a¡y aÊBumetl density ilfstrlbutÍø, an lnereeEe 1n thls rralue produces no elg-

nlflcant cbange fn the resultant ccmputed. cttenuatLÕû curv€. ilire incllvlclual

sectfoas of the llne Eor¡rce are then bebaving as polnt sourcss' For the

data from the Q-lI ancl S-X ion chanbers ' I value of 2 vas for¡ntl to be

sufficleBt for m. Eowever, due to the mrch emal,ler ilensity scele heigþt

of molecul,ar oqrgen fn the helgþt raBge nhere sol8r L¡rran-c rarllation

ls absorbed, a value of ? wae requiretl fø m for the LIF-I{Q I'on cha'nbcr

clata.

Tbe moitel cbosen 1n tbls rrork to represcnt the vertfcel

clietribution of noleculsr o¡grgea fs of the forn



n(¡) = äo(h"){"r.p[ (h" - rt)/Hr] + e¡ç[(h" - tr) /ur1]

101+

...(11+)

r¡here H, ancl H, are scele heigtrts ancl h" 1e the rnfnlutrm ray heigþt of

the eeatra-L eoLar ray vben the rate of cbange of the ion cba¡nber

current 1g a n¿ri-r- (gtevart anal Wilclüa.n' L969). A siugle elçonential

nodel (obtalnecl. by puttin'frZ= H, in eguatlon (1l1)) was triecl lnitlaf\v

but was for¡nct to be ina.öequate for the ttata from the Q-T and' S-X ion

chanbers. If E, is sn¿ller than Hr, then the notlel glven by equation

(f\) fs one Ln rrhlch the scale hetght at Lon eltftuttes approaches H,

nblle'the Eca1e helgþt at htgh altituctes approachet H2'

It can be sho.¡rn that çhen the polut-sun apProxin¿tlon is valitl

tbe uarlnr¡m rate of change of f(h) occurs at the penetratÍon hefght

(1.e., at the helgbt çbere r(u)/ro = "-l - 0.370)' For the clata from

the Q-T and S-X ion cba.nbers, h" was founcl to be close to the penetratlon

helgþt. llbe value taken for b" was I50 I(n for all the Q-T lon cha'mber

clate ancl 180 lfs for at1 the S-X Íon cbanber data. Honever, for the

LiF-NO ion chanber data, vbere the point-sqn approxfunation ls least

va.l1ct (Section 5.5) , bo was for¡ntl to be hfgþer than the peaetration

helght a.¡il 1n fact r¡es close to the bef!þt at whích tbe lon ehanbor

cr¡rrent hatt been attenueted b1t 50Í. Thts heigbt varied f?om about

100 Kn to 106 I(m for the ctffferent sete of clata'

For the denslty norleL gLvea in eguatÍon (fh), tbe columar

ttensity for the ra¡r from the centre of the i tb section of the line

Eource (whlch¡ ês shorú! on page 103,can be consl'dlereô as a polnt source)

Ls glven by ...(rj)

N(hi) = Nn(n")[zn(n * u)]][("*r(hc - hr)/Br] "r] 
* exp[(h" - hi) lHzJEil
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Thf.e eguatlon is obtainetl by cousidlering tbe rlgÞt hancl eidc of

eqret¿on (fh) to consist of tvo separate terms of the ga,ne fg.m as

the rfgþt hantl slôe of equatÍon (l+). Ttle ete¡rs shoil¡ ln equatfone (5)

to (8) ca,n then be applletl to eacb te¡m ancl the regults aôtleô to glve

eqr¡stion (r:).

Once the velues of t'he paraoeters n(rr") r E, and Ea have beFn

selecteð, columar tleusftles ca.lculated' fron equatloa (f5) ca¡ be usedl

la egqation (fS) to geaerate e eøglutect ettenuetlon eu:nre whlcb nay

tbea be corpareô rvltb the obgervatl'ons.

fthealteratl'onofthenodelBararrçterstoiuprovethe

egreenent betseea the ex¡rerimentel antt coryuteð attenu¿tlon ct¡rveg fs

carrleð out ln tvo atePs:

(r) [be centr¿I nr¡mber dtenelty, n(n"), Le uultlBlted by a

scellag factor, A, euch thgt the nerct coryutetl curve

generatccl is nornålfzecl to the e:çerLmentel curre aesr

ÙhehelgÞth".Ífbeagreeneatbetweenthctwocr¡rvesl'e

theucbeckectþmeancofthe|.ch1-squareð|.test.

(tt) WUen the tno cunres have been aortalÍzed' EL ancl Et are

aôJusteù to lrprove the agreement betr¡een thc cqrutatl'ons

anct the obserTations, at heigþts weIL belorv andl above b"

reapectively,anôanewattenr¡a,tioncurreco4utccl.

flreee two ateps are repeated r¡ntfl ao fi¡rther 1u¡lroveneut fa the

agreeneat betneen the cou¡lutett ancl obsenretl attenuetlon curres' ês

lnôleatect by the ehÍ-sqnareô teet, ls posalble. lfheee steps are

eonEl.ôerecl sepa.rate\y belor and, for ef.4ll1clty, only tbelr appllcation

to the S-X ion chanber tlata rrill be coaaf'derect I'n tletail' Thc cr¡rve
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fltting procedureg u5¡ecl for the <Lata fÌom tbe LtF-llQ a¡ct Q-tr ton

ebanbers vere velîr sinfl¡r to the one ugeô fcrr the S'-X I'on cha¡nber d'a'te'

(a) Nor¡nalizatlon of tbe theoretlcal curre

Eaeh ex¡rertreatel\y deterufnecl, attenuation cr¡¡r¡e for the S-X

fo chanber coûBigteil of values of loa cha,mber cu¡rent pJottecl as a

û¡¡ctlon of the rtntm¡n ray heigÈrt of tbe central solar ray, h, at

helght Lntervals of S IGn (Section 5.h). As erçlalnecl oa paee 1.0[' the

velue of h ta,ken for all the S-X ion cha,nber ôata vEg 180 Kn. llhe
e

effecttve molecular olsrgen abaoraltlon cross-EectiOn for t'his fon

ehanber was teken to be 1.\5 x Io-U c# (sectlon 2.3)'

Tbe first step La the nornallzation proceðure ls'to e¡l.ot¡l'sbe

the ncan relatÍve effor of tbe ccnputed cunent vafues over the heigþt

ra,nge f?5 fn to I90 I(n. fbls iE glven by

r90
S=LlU E

b=I?5

h
I h

where I(h) an¿ I'(h) repreacnt the ex¡reriænta-l anô co4rute<l iou

ebamber cunents respectively. lte reguÍre a ne¡Í coryutedl attcn¡atiæ

cr¡rve sucb. that tbe current values are gLveu by

r"(h).1'(h)(r+s)

anô ln particular rre require

I,'(tBo) = I,(t$O)(r + s) .,.(t6)

Thie new eouputetl cu¡Iye ¡rlIL be in better agreenent rtllth the

obeervatlons near I8O Kn than the tnitiat corputed cu¡nre.
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Suppose that whea derlving tbe tnitlal couputetl attenu¡'Ûl'm.

eurve it is fot¡nel that the I tJi section of the solar Lfne souree

provictes the greatest contribution to the value of Ir(f8O). Tlren for

the pr:rpose of cLeternining the sealing faeÈor, Ar the sun na¡r be

approxinated. to a poiat gource locateil at the centre of the I tb

section of the solar line source. Ihe ruinÍuum ray helgþt of the ray

fron this point on the IÍne source to the ion cha,mber ls 180 + ¡r,

(equation 13) and Bo we naY vrÍte

Ir(180) = I

a¡¡d' r"( 180) = r

...(1?)

... (rB¡

rhere Nf a¡cl.N'r are the respeetlve columar ctengities of the inittal

and requlred clensity noctel-s. F?ou equations (f6¡' (fl) and (f8) we

have

o expl-o N'(1Bo * pr)]

o e:æ[-o N"(180 + pr)]

Irx( = o [N"(t8o + pi) - N'(180 + pr)]L\
1+S'

a¡d so

= N'(t8o + lr) L

Tberefore, from equation (15) ' we lna¡r wríte

n"(180)= n'(t8o)A ..-(20)

where n'(1BO) and. n"(f8O) are the respectlve nt¡¡ber densfties of the

initial aad required. d.ensity noclels. This norn¿lizatlon proceclt¡re Ls

repeated r¡nt1l tbe value of the factor A becones wfthin O.5% of unity,

N"(l8o * pr) = N',(180 + nr)[r. 
" N-TTfroL.* pJ 1,"t1fr)] ...(19)
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or reacbes Eoüe mlniUr¡u va,l-ue' Tbe chi-squared. test Ls then appllect

to the whole of the ¿ornalizeô computedl eun¡e to test its agreenent

vitb the obse::vations.

(b) AtlJustment of tbe scale heigþts

For the s-x ion chaûber tlata, H, ls generally about a factor

of three less tha.n U, (AlpentLix A). Tt¡erefore for ya-lues of b mucb

1-ess tbe¡ IBO Ifu the l¡.et exponentLal tern in bot'b'cqua,'t'f+re (1L) e¡¿

(f5) wiff becoue vanishingly smalJ.. As a resr¡"It, a substantial changs

in E, wil-I have lítt1e effeet on the cor4rutecl lon cha.nber cr¡rrents at

heigþts vell below 180 Ifü. Sinilarly, a substa¡rtial change la E, v'iLL

not greatly effect the couputed. lon cha.nber eurreuts at helgþts veIL La

excess of I80 Kn. Therefore, esseat5.aIly inclependent aiLJustments ca¡r

be u¿cte to \. andl H, to iuprove tbe agreenent between the cxperineata-l

antl couputecl attenuetion eurves at altitutles wetl be]ow anð above

1,80 I(n respectLvely.

Suppose tbat the va"lueE of curyent for tbe conçutetl attenuatlou

eurve (nornalizett to the e:çerlnenta.I curve as deserfbecl ln (a) atove)

are glven try It(h). Suppose a-tso tb,at the mea¡ relatlve error ln

theee tbeoretlcal cu¡rent values over tbe heigbt ranrge 150 1úû to ü0 Kn

ls T. fh,en, to iuprove the agreeee¡t between tbe couputecl ancl

ex¡lerirenta-l attentuatlon curves over this betgþt range t we require a

new corputett cr:rve wl.th curreut values over tbls beight ral¡ge glven by

r"(h) = r'(b) (r + t)

in particul,ar we requlre



109

r"(t6o) r'(160) (r + r)

Suppose that when clerivLng the norn¿lized cor¡rutetl attenuatlø

curve, ft is for:¡ci. that the l th eeetion of the solar line sor¡rce

provlctes the greatest coatribution to the value of Ir(f6O). Ttren, for

the pr:r¡loee of d.eterninfng the cbange regulrecl Íu H1r the Eun nay Þe

approxinated. to a point 6oìlrce located at tbe centre of the L th

section of the line souree. Thereforer we ce¡l eee from equation (19)

that

O Nr:(

= ercpl(zo - ei)(r/ui - r"/Hi)] (Ei/Hi)

.q,n( = g ...(21)

+

I _LJI+T,J+ p.)
-l_

l¡here Nrr e.nd. Nr are the respeetive columar tlensities of the requirecl

deasity uocle1 a¡tt ttre ttensity mocle} prociucing the nornal-ized corputedl

attenuatiotl cttrvê.

As e:qllained above, tbe J.ast erçoaential tern of equation (15)

ls s¡all for helgþte vel1 belol¡ 180 Ke ancl so ve nay use the

approxfnation

wbere the soale helgþts ni aaa Hl refer respectJ.vely to the requLretl

density noctel and the cLensity mocleJ. procluclng tbe nornall-zetl conputecl

attentuation curve. If we assume the,t tbe ehange requirecl iu IIt is

smaIl, we may ne.ke the approxlmatlon (Hi/Ei)ä = f. fherefore, from

equation (22) we have



Ln (zo-pl)(1/HT-r/ui) ...(23)

Ín the ecpressioa

H

.., (zL)

1+
1?-o - er]r

LDB

S{,n11arl,y, a,n improvenent 1n the agfeeuent between the cornputed

ancl e:çerimental attenuation eurve6r over the heigþt range 195 Kn to

22O l<m, v!l-L occur if tlre ecale heigþt , Hà, of the clensity uocLe'l

producing the norna-lf zed tbeoretÍce-} eurve, is cbangecl to the value

l-w"tr6o + pi)-l

Lrtl,ø,-oril

Lt0

,..(251

Substituting equation (Zf) iuto equation (23) arrcl re-arranglng results

I
I

Hi

nà

Hä Eà
!¿1 CT- (30 + p-- -t-

In this e:çression, C is given bY

N"(210*pl) _r I 
,m{i}ç)c =FrfzTõ-ñ]=r+Alr

wbere V is the mean re].ative error in tbe ccruputecl current values

between 195 rn sncl 220 I(m antl ü'r(2lo) a¡cl l{r(ero) are thû reapective

co¡¡¡nrar clensities of the reguirecl ctensity uod.el ancl tbe clenstty ¡roclel

proclucing the norua-l-lzed. theoretlcal- curve-

The polnt-sun uethod of dlerivlng moleeular o)s¡8en densities

(Section 5.3.2\ !e sholùn in Seetioa 5,5 to be of Íneufficient accuraey'
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lfbe¡ usfng the ftnltc-sr¡n netbotl clcscrl.becl above, it vas founô that thc

chengee requlreil 1n tbe values of the para,metera of the ilcnaíty norlcl

ï3re gêDerarly s¡ne'll' Even tbougþ a polnt-suo a¡rprostn¿tlou *"" o"t¿

ln thelr dlcrlvetlon, cquatlous (ZO), (Ztr¡ a¡A (e5) were for¡nil to be

accr¡rate euougþ to ôeflae a ctensJ.ty profLle I'n accoril çltb the

ex¡rerlneatal data.

In the ercperiucntdfy dctcmine<l attenr¡¿tlo¡ cr¡rnca of tbe Q-tr

ton chEmber (Sectlon 5.h), velueÉ of lon cba,nber cugcnt wers also

glve¡ at 5 Kn lntcrvalg antl the fftttng proccdure useô for tbls ileta

raE vcry slDl.Iar to that ðeseribeat aþor¡e. Tbe vatue of h" useil r¡es

I5O Kn r¡híle tJre coqrarlson betgþte rrseù for adJusttae Et antt Ht ïêre

130 Kn a¡ô l8O Km respectl,ve\r. Tbe effective nol-ecular o:ry6cÈ croe!-

sectfoa wa¡ taken as 3.b x to-18 "# 
(sectlon 2.3) '

fon cbamber currentE were <leter¡1.¡eô at 2 I(m fntenrals tn tbe

expcrl-aentel attenuatlon curryee of the LtF-ilO Lon chanber (Sccttoq 5'l+).

Tbe value taken for h" varletl otrer tbe rânge 98 KB to 10b Kn for the

ðlfferent sets of ôata conefclered,. Tbe effectlvc nolecula'r o¡çfgpú

absorptl.on crogg-BectLon waE taken ag 1.0 x to-20 e# (sectr* z.j).

A fittine procedtse slnlla.r to thct used. for the S-X loa cbanb"" d"t"

r¡as trLecl, but ft nas for¡ncl tbat to withl¡ tbe eX¡rerlneatel errort trl

exponelrtial rcdel (He = II, la cquatLon (fh)) 1¿.aE E¿fflcient to flt the

d¿ta. Íhe coupa.rlson helgþtE used to adJust tbc scale bclgþt were

1l+ tfu ebove a¡rd lb Kn belon h". The tvo correctÍon factors oÞË¡lncil

ln thls ve¡r vere comblaccl to protluce a,n average eorrection factor fOr

the scale hefgþt.
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A coryutcr proSran, coryatlble rrith tbe cDc 6hoo argitaL

coryuter of the Unlversity of Attelalcle, vas tlevleect to carr¡r ort I

autoratleell¡r the iterative fittlng proec3gês deEerlbecl above' Thc

laput for each tleuslty proflle dlete¡mlnetf.oa eonelEtecl of the

ex¡rerimentally clcrlvetl lon cha,mber cu¡rents (at 5 I(n or 2 Km belgbt

lotenrals), the approprlate valueg of, A, anô pl (equatlou (rS))'t¡e

effcctive rolccr¡]ar orygen absorptl.on eross-3ection, O (Sectlon 2'3),

a¡dl tJne luitlat valueE of the ôenslty noôel para'neter" ¡(h") r E, aacl

82, Afber eacb nornallzation atage of the.fltÙine proceclurer the

oçcrlnentaL a¡il con¡rutecl attCouatlon curres vere Prl'nteô otrt' Also

prlntetl out, was the atteuuatlon cun¡e that r¡oul<t havc reEulteô if the

EuD rÍBS in fact a polnt source located et the centre of tbc Eola'4 cll'sk'

Îlcls letter cur\¡'e was obtalneô b¡r onlir conslclerlng tbe contrlbutfon

to tbe lon eba,uber signal due to the cc¡¡tral seetloa of tbe so3'a4 Llne

source. Algo, Bol¡r lntenalty proflles rcre printetl out for varloue

values of h, Each proflle conslEtetl of a llst of tlre cæt¡fbutLoD¡ to

tbe Lon chanber slgnal ctue to the varloug scctions of the llne courcc'

Íhese Valuea (vhlch are gLven rclative to a value of I for tbe

eontrfbution öue to the unobecurect centre scetion) are proportlonsl to

the latenelty of eecb gectfon of t'he llqe sourcc (Ftepr.es 5 '9 anfl

,,LZl. The sola¡ lubenslty profilea rna,tte lt eluple to ôeterolnc vhicb

eectLOn of tbe lfae soutce was coatrfbutlng noet to the Lon cbanber

sfgnal at a glveu value of h (Sectlon 5'5)'
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5.1+. D,aterulnatlog gf-thc Atteuuatlon CYnrcs

5.1+,I. Data Acqulsltlon

Real-tiue telenetry slgnals from the setclllte lfere recordetl on

nagnetic tape at tbe varLoug trackÍng stationg shovn ln Hgurc l'2'

![hc satellfte e:çerleneed botb sunrise â,nd au¡set on crrerlr orblt tnrt

ouly tbose obgervatLonE nadl.e vlthfn range of a tel'e¡¡ctr7 etatlon qrê

arrall¿ble. AlL of the Eateltlte gr¡nriEes occurreô ls the soutberu'

henlapbere as tbe gatellite croesecl thc su¡rrise Il'ne on tbe carth'

lhe EatelUte suaeetg were confl.aetl to the northern hcnlspbere a¡tl

oceured. nben tbe eatelllte crosgedl the su¡set l!'ne' llbe Felfba4kgr

Alaska, telemetry statlon was the on\r station fa¡ enouSþ nortb to bc

able to nonltor the eatelllte as lt er¡rerlenceô 8r¡nBet. Thoae

statløs r¡itb tbelr location naDes r¡ntl.erlLnerl ta Figr¡re 5.2 recorðeô

tetcuetry ôata frou the sate]n¡il.te ae lt paeeeô throu¿þ one or morc

Bunrl6e. In FlgUre 5.2, & alpha-nrrner!'c eystem bae been use¿ to tlcnote

tbe locatlon of tbe uean posftlon of the eub-mlnlu¡m ray hetgbt Bolnt

of the central solar ray (ttre Dolnt T fn Etgure 5.b) for a recor'ld

satelltte 8û¡r18e or su¡set. lbe letter rcpreseuts tbe first letter of

the recoröLng statloa na.me antl tbe nr¡mÞe¡ represents the number of tbe

orbit. 1[b18 nunber Lg referrcô to as the statlm pass ntrnbcr. Drrrl'ng

tbe tfne taken for h to vary fron 90 lfm to 2l+O fu at gatellLtc gu¡rlsc'

tbe t¿tltude of the polat 1I ehanges by about 20 ïhf1e lts longltudle

cbanges by ebout 1.8o. At satellLte sunget these changea are about

0.2oancl?.0oreq)ective1y.InalJ.rl?ugableEatelll'tesu¡rÍ'sesa'!d

5 usable Eatellite euJ¡sets vete rccorctecl ih¡rfng the perfoð fron
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O?38 hourð U.T. on 29th llovember to 1T58 hou¡g U.T* on 2ad DecCnberr lg6?'

llbe tracklng statlon tapes r¡ere tlecocleô by lleapona BeccaËch

Egtaþuehnent staff who tben provldecl the Physlcs Departnent, unlversJ'ty

of Adelald.e, rlth cqruter prlnt-outs of the I'on cbanber eurre¿te as

fi¡nctious of tlnc. The eonvetrslon of tbe telernetry voltages to lon

cba¡nbcr cu*ents ves Eå.ale usû.lg the laborator¡r a,qllfffer carlbretloa

cr¡ffeE (Sectlon 5.1t.21,

5.\,2. Ampllfler Calibratlons

ù¡ertbeer¡rrentrangegglvenfortbeioncbanleraupliflera

cleEcribeð ln sectlon 5,2,L¡ a p].ot of tbe logarltbn of the lnput

eurrent of an anpllfter verauÊ its output voltaç, reeults ln a

straigþttinegraph.Theslopeoftbls€traphlslnôependlentofthe

envlror¡nentar conôLtione but the whole gaph can shift as thc a'nbient

teuperature varies. For tbLs reason a system ltas lncluôetl on tbe

eatelllte to provltle aa ln-fllgbt celfbratlm of each a'ru¡rllf:ler'

Forana¡F1l'flerfe<tþr88-TorS-Xfoncbanberacurrent
-oof 2.O3 x lO' s¡Ð wes fedl tbrougþ a sta'n<larcl reEl'gtance to its f¡In¡t

once every 30 seconds. For tbe less Eêusltlve a.rpllflerg t fed Ity

the LIF-I{O ion cba,mbers' tbe callbratlon eu¡rent 1ras 1'6? x lO-T au¡r'

Tbe converslon of the teleuetr"¡r voltagee on the tracklng stetlon

tapee to lon cba,nber cul}I)ents was perfomecl using the Jaboratorxr

callbratfou grapbs. llheee currents vere thea correctccl for alE'Ilfler

drift tur atuply uulttplylng tbcn by the retio of the lebonatorxr

cê'llbratlon er¡rreat to tbc apparent fn-fttgþt callbratloD eumcnt'
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tblg latter cunent wae fo¡nd þr averagf'ng over a pa88 the callbratlon

q¡¡rent ¡rulses given evel¡f 30 seconds 1n the cqruter print-out

dterlvetl fron the telenetry tapee.

5.\.3. Aspect Angle DetertLnatLons

As mentioneit ln sectlon 5 ,2.2, oûe nE netoneter a¡cl tWO

au¡llftucle ratLo optleal aBpect selrsors r¡ere ueed to dleterul'ae solell

aspeàt relatlve to tbe d,etector packagga. llþe aspect seugor pair tn

tbe front-faeLng packege performeô satlefactorlly for tbe traasdttlng

Iifctine of the BetellLte antt lnclfcetctt rntnfnr¡n aspect angles between

Oo a¡d 50 for al I of the paases lnvestl'gated. Mfatmun eol¡r aspect

engles between 0o anillo were also for¡ncl by Jobneon (fgfO) from an

o'qlyEls Of tlre clata from tbc fh¡x-gate nagnetometer, tbe axls of

uhleh wae pa,ra1lel to tbe satetlite cone atfs. Acttng lnôspenôentlü'

the Royal Ra,ôar EstabllEbment, llalvernrEngLânclr trackeô IIRESAI 1

thrrlng orblt 36 wtth a htgþ ponered trackl'ng re.ilar. Ilo¡n thelr rad¿¡

data, they rerc eble to dtetcrroi¡e the orlentatfon in space of the

rotationaL axls of the eatelllte. Assì¡mfng the spln arla of the

satellite and, the a¡cl.E of the ns4etmeter are per?e¡¿ticu].ar, the radar

ueasr¡rementa iupJy a ul.nfur¡m solar aspect aügle for the froat-facf¡g

package of about 20 (Jo¡nsou, 19?0). TbJ.e valuc ls ln cxccllent

agfeercnt vtth the as¡lect E6nsor ead nâ'gnetoneter tletertinAtiong'

llhese tesults lndll.cate th¿t the sola¡ aepect relative to tbe front-

faclng packege was cbsnglng by at noEt !2.5o rrltb the nean velue close

to 20. Varlatlons of the aepect angLe over thl.s range r¡111 noü

proôuce a signiflcant cbange ln the orþut of o lou cba,nber (fteprê 3'ül)'
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It was aot possible to obtain coJ.ax aspcet lnfonns.tlon frm the

elcte-facing optica.L aspect senaor pair. lhls was a regult of the break-

ôorm of the flush-tefron dletector (rtgure l+'5) Ln an ear\y saterlíte

pass. Eowever, Lt was posslble to derlve aspect lnfo¡m¿tlon for tbe

elde-facing packaç by usfag the giôe-facing protnrtlfng-tcfLæ

ttetector and. tl¡e front-facing flush-teflon tletcctor ae a palr. 'lf,hls

coultl be cloae as the retio of the outButs of these two clctectora r whea

erçosedt to the sun at zero aspect angle, ba,ô been cleter"nlnetì fn

laboratory callbratlons before la¡rnch. The f¡-fllgþt zero aepect

respouse of the efile-faclng protnrdlng-teflon tletector coulô therefore

be ôete¡rined frou tbe ln-fll.gþt zero aspect response of the fon¡artl-

facLag flush-teflon ðetector. lbe laboratory tlete¡nfned augt¡l¡r

response eurve of tÀe slile-faclng detector coultl then be uged to

d,ete¡mine the ninlur¡u solar aapect a.ngJ-e for the elôe-facÍng package.

lTrf s aspect angle, wbf.ch varLecl verlr lfttle througbout a pass and frm

pase to ps,ss, rras found to have a Deatr nalue of 3Oo t3o.

Proviitetl the gola¡ aspect engJ.e is coaetaatr Lt ls not

necessa¡:lr to know ltE absolute value wben ua.king cteusity tleternfnatf'ong.

Eorevcr, the value of the aspect angle is essentleJ. for tbc ueeeurcnent

of absolute solar fI¡xes (Sectlon 5.6).

5. l+. ¡+ ' ldlatnr¡m Bqy Heisbt å,nû $¡b-tün1u¡n Ra.v Helßbt
Polnt Deterniuatloae

Satelll.te orbltel para,neters for WRESAT I were provicted et tlDe

lntenre.ls of ] nin ly Godde¡cl Space fJ;tgbt Centrc, l{a,qylancl' U.S.A.

IncÌ¡d.eô Ln theee paraneüers ûere the l¿tltucte a¡tl Jongltutle of tbc
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cub-eete}llto potnt, the tllsta¡cc of the aa'tellltc fron tbe ceatrc of

the ea¡th (g fn Figrrre 5.\) anil tbe eolar zenl'tb angle at the aatcl-litc'

ltt

As can be seen frou Ffg're 5.h, the ninlur¡n raü hctgbt of the

centra,l eola¡ ray fs glven bY

b = EslnZ-R

otrlng to the rteviatfon of the earth fron a perfectly epherlcal

shape, R canaot Þe assunedt to be tbe radlus of the earth at tÌre sub-

satellite polnt. For exa,n¡rle, at gateltlte er¡nriEe tbe e¡rb-mlnlÚ¡u

ray heigþt poLnt ls approxinatcly 2Oo f1rrËber south than tbe sub-

gatellite polnt. llhfs reEultE Ln R bel.ug aPproxlEately 7 IiGn l-ess tban

the ea¡thf s ratlfus at tbe gub-Eatelllte polnt. lberefore' 1t is

eseeat!.al that tbe latltuôe, trray, of tbe sub-rlaLÚ¡m ra¡r helgþt polnt

be known. Tbe followlng e4ltressf.oa vas dlerlvetl to calculate thls valus

sln I acogZelnÀ
À = afcsíûray

Irr thia expressLoo ÀE"t Ls tbe latitucle of the eub-gatetllte Boint antl

I Le tbe rlecllnatlon of the suD ae ôetemlne<l from epbencrla tebl'es.
Er¡Jl

As the çogrephicat locatlon of eacb clenslty iteter:uination was reqtrlred'

an erltresslon lras also ôerLved vhereby the longltudle, 0, of the sub-

mlnlnr¡m raü 'bo{gbÊ'þüf,S couldl be calarlatecl'

I'he ea¡th nodel uEed to calculate R was that'r¡secl by Goildsr¿

Space Fggbt Centre (equatorlal ractLus 6278.1;66 I(m encl fl¡'tness

coefffclent tl 298.2r) .
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A aøputer progrlo ïa8 ilefrclotr)o¿l to calsrrlate h, À""y, 0,

R, E enct a (Flgure 5.1+) at 10 sec lute1"rals tbrougþout each satclflte

BunrlEe anð suûset. As inpute tlre progra,n ha,il Eatellitecbftal

parameterg at I uln lnterrals, and solar ephemerltlee at I clay

lntelrals. Stlrll'ngrs formrla to secon'l ttegree rvaE uged t'o lnter¡nlate

betvcen these valueE.

5.1+.5. lftre AttenuatLon Curves

A peak was prodlucetl iu the eunent output from each lon

chanber ae the ctetector looketl to¡rardls tbe sr¡n oace ever.¡r revolutlon

of tbe satelllte. Thege pealc valueg vere reaô fron the couputer

prlnt-out (acnlvcil from the telemetry tapes eg tlescribed tn Sectl'on

5.1+.1) a¡ô tabulated as a, fi¡nctl.on of tine. lfhe conespondlfng values

qf nltr{¡¡¡¡ ra¡r hetgþt of tl¡e central so]-ar ray, h, vere detcrtf¡eô

fron flre prfnt-out of tbe cmputer Program dteEcribett la Scetlon 5'h'\'

PLots of I(h) versuB b were then pro<luceô a¡cl snooth cu!"re8 flttêil'

As the varLatlon 1n aspect 8!gle ttrrougþout a sunrise or su¡get vas

neglÍglb1c (Sectfon 5.\.3) no aepect correctlons were applJ'ecl to t'he

er¡rentg.

Flgure 5.5 EbOwe the varlatLon of Lon ehanber cr¡ffent rrLth

ninlút¡m ra¡r helgþt for sa¡tlago pass 2, tbe flrgt recorôcd lnEilII I

euûlse. Data fron a1l the ion chanbere a¡e eho¡a' Tbe Ío¡ cbanbcr

currcnts, wblcb heve not been aspect eorrectecl aor correetedl for

a,4rll.fler (lrifb, €ure plottett ia arbltrar¡r ualts. A8 pointect out on

page I02, ít 1s aot neeegear¡r to kno¡r the absolute values of the lon

chauber e¡rrents vhen tlctertlulug tuúber ôeAsitles' Eovever, thcLr
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the crrgent ilue to the unobscureil gola¡ ôl¡kt

ltbe slgnel fron each lon cbanber at ver"¡r low values of b was

lcss tban fO-l3an¡l ancl repreaenteil the leakage current betneen tbe

centre electrode anct the g'artl rlng (Seetfon 3.2). For values of b

betveea50lfua¡clT0K¡enl'acreaselntbeloncha¡nbersignalrree

noteð. Írhls le thougþt to be a result of photoenlsel'on fron thc

eentre electrotle anit tbe back sca^I (whlch nere both cloEe to grountl

poÈenttal) caused þ long varrcIength radlatl'on nea¡ 2100i' lfhf'a long

wavelengthetgnal,vhlehhasalsobeennoteclinthcl.oncha.nbers

car¡iert t6r the U.K. ARIEL 3 sate1'lite (Sterra¡f a¡dl llil¡'nau, L969)

reacbeil a consta¡t value for values of b above about 80 Kn. T'tre

firIl-sr¡¡ stgnal of eacb Lon cbanber Has tberefore Io PIus the long

wavelengtb slenal a,ail tbe leakage stgnal. D¡e to the higþ values of¡

Io gfven by then. the long vavelengtb signal ras negl'1glb1e for tJre

LtF-IqO ion cha,mbers (less tba¡ 0.Zfi of Io) for aII passee'

For tbe santiago 2 pess, tÅe long wavelcngth slgnal of tJrc

front-fectng Q-T anct s-x ion cbambero a¡d the slde-faclng Q-T anil

S-X ion chanbers 1¡lêB respectlve\y L.AlÍr 32fi' 6.Ofr antl 2'5fi of the firll-

sun algnal. 'llhe verXf higl¡ long vavelengÈh sfgnÂl of ùbe ffit-çaclqG

s-x lon cbamber, coupletl w'lth the lar8e ôifferences not€ð Ln tbLs

cha¡trberrs fi¡ll-snn slgnal at su¡riEe anô gr¡¡set (Sectfon 5.6),

lnillcetetl that thle ctetector was nå}fi¡¡ctLonlng' Tberefore ' ft ras uot

r¡sed for tfie cletertfnatl.on of nolecr¡lar o4rggu ctenritles or ebeolute

eo]'ar flu¡.
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As erplaineô in scctlon 5.6, the side-facL¡g L1F-I{9

anô q-ll J.on eha¡ubers lrere also auepectecl of n¿lfirnctlonlng audt so onl¡r

the fYont-facing Lj.F-NO anit Q-T ion chanbers ancl the slcle-faclng s-x

lon cba¡uter vere usecl for ôenslty a¡d. flux ueasurementg. llbe long

ravclength sfgnal of all the lon cha,mbers was fou¡rd to increasêt eB a

Dercentage of the fi¡Ll-sun sLgnal, as tbe orbit number increasetl' Tbis

vas partfally dlue to a decrease fn tbe maln sbort rravelengtb slgnal but

was naÌnly a result of an abgolute lncrease in tbe long wavelength

slgnal.

FigUres 5.6 and 5.T show the varLatlon of output cuxreut 1¡'lth

niniuun ray helgþt for tbe front-faclng LiF-NO ancl Q-T lon ehenbers

anit the sLôe-facLng S-)t chanber. The dLata of Flgure !.6 a¡rp1y to tbe

satelllte sur¡set, Falrba¡rks Þa3s 16, raile the data of FigUre 5.?

app\y to the sateJ-llte eì¡nrl'Ee, Orroral paes 22' By orblt 22' tbe

long wavelengtb levels of the frout-facing Q-T anil gfdte-fact'ag S-X lou

cha,mbers ha.tl incre¿seô to 6.2ß aÃa fl+.5% of the full-sun stgna'l

respectlve\y. For orblt auuberg ln excess of 26' thê long wavclength

signal of tbe Q-T lon cha,mber contJ.nued to inereege above 8O Kn an¿

clicl. not reach a conEtant value before tbe oneet of'the nafn StIôÉ

vavelengËb slgnal. It wae therefore iu¡rossible to estiuate accurately

the level of the background stgnal to be renoved fron the nÊln sborf

waveleaglh slgnal ancl so thlE lon chamber waa not used for denalty or

flr¡x ileternlnatlons from orbft 27 onr¡artLE. For the sane rea,aon lt l¡ras

not possible to uee the slde-facing S-X 1ø chqnber fìrom orblt 36

oawards
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As can be seen ftoa Figures 5'5,5'6 an'l 5'? tbe LLF-NO ton

chanber slgnal reacbes a¡o aLnost conEtant level at helghtft near 1l+0 Km'

flonever, as erpected (pages 29 a¡tt 90) a¡ lncreaEe of about I0Ø ta tUe

lon cha,nber current ls obse!Ívetl at greater hei@te. lf,his increase fe

ilue to navelengths other than Lyuan-a 1a the pass-banil of the detcctor'

Olrlng to the utrch greeter rclecular orygeD absOrptlon cross-Eectl'on

at tl¡ese va.rrelengtbs, tble ractlatlon iE absorbett at mreJr gfeater

altitucles tban tbe I¡]rnÊ¡-o racliatlon' lfhe signal level near tl+O Kn

1e takc¡r aE the value of Io for L¡ruan-c'

Attear¡ation curveB were obtainecl ffom plots sueh as those

ehovn Ín Fig¿rea 5,6 s,nè 5,7 W subtractfug the backgrouncl levels

(clue to lea,hage ancl Iæg vavelength effects) flron tbe I'on chanber

eurrentg, Each curve rras then nomsll"zett to thEt Io batt tbe valr¡e 1'

Velues wetre reåð ftou the Q-T a¡/t S-X lon chanber atte¡ruatl'on cr¡rves

at heigþt iaten¡als of 5 Kn and from the LIF-NO fon cbanber curves at

heigþt Í¡tervals of 2 I(m.

5,5. Molecula¡ O¡nrsen Denpity ResEllq

fl'hepofnt-sunmethoclofôerivtngnolecularo)v8enttengl.tl'es

from tJre oçerimental attenuatlon curves (sectlou 5.3.2) was for¡nil to

be of lnsufflcient aecUracy. The gfeatest errors occur for tbe <ts'ta

from the IJIF-NO Lon chamber, due to tþe snal1 rnolecula¡ o)qrgen clensity

scale heigþta (approxlnately 6 f:n) that prevall tn the hetgÌtt range

where solar L¡rnaa-a radiation 1s absorbeð. tlhe errors are aonewhet

Iega for the e-ll ion cbamber data antl even lese for'the S-X lou cba¡iÞer
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d.ata. lDhe degree of f.aaceuf,asy introducetl by tbc erylo¡rnent of thc

point-ann a¡proxlnatloa ls d'íscussed' belo¡'¡'

Figrrre 5,8 shows the couputecl attenuatlon gl¡¡¡Ye which glvel

the best f1t to the erqrerlnental ctata obtalnect from the fuont-faclng

LIF-NO Lon ehanber dtEfng the satellLte eur¡rfse' orroral paas 22' ![bfs

curve rae obtalueö fron the prlnt-out of ttre flttíng plogren usetl 1¡ thc

flnite-strn rnethoô of ana\ysls (Sectton 5.3.3)' Shonn for cou¡larLgon L¡

the attenuatlon cume coryutect for the saJ3e nolecular o¡QrgeD clenelty

profile, assrrmlng that the E1ln ls a point eource locatect at the cenùre

of tbe solar ôigk (t.e., asguml'ng tbat only tbe centre eeetlon of the

sols,r llae sor¡rce ls contributing to the ion chanber algÞ41) ' fhls

c,t¡fire was elso obtalnecl froa tbe fttting prograü (paee 112). The

e:çlanatlon for the great cllsparity between theee tvo euryes ca'n be

seen from FtgUre 5r9 tihich shows tbe correspoacllng eolar l¡te¡rslty

Broffles (page :f:J¡zt ftc,î several values of b anil also for the r¡nobscr¡retl

sun. the cllfferenee ln the nlniur¡n ray belgbt for re¡rs to the

satelltte from tbe centres of a,ctJaeeut eectfons of tbe }lae soufce fs

2"19 Km. For eech value of b, the CorresponèLng value of lon chanber

signal ls ahom! aE a percentaç of Io. It lE C1ear fron !:I'grrre 5'9'

tbat even for Lon ehamber signals witb values well Ln excese of 60% oî

Ior the ceütral section of thellne source Ls stl-ll not the naln

contributor to the lou chanber slgnaÌ. Í'he point-suû aDProriue'tion

nethod ileveJ-o¡led in Sectlou ,.3,2 ls therefore couplete\r lnarlequatc'

The clensfty proflles resultlng fron e fLnlte-sun an¿L polnt-ruu

analysls of tbe Lll'-$O lon cha¡nber clata for the Orroral pase 22 su¡rige

are ghorro la lLgr¡re 5.1o. Ae ca¡r be see¡r frm Flgure 5.10, the
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Grro¡ls in the nr¡mber cleaeitLeg resultfng frou the use of the ¡lofnt-run

a¡ryroxluation are ]-ergc ecrosg al¡ost the entlre befgþt ra,Bgc ovêr

nhich tbe LIF-SO Lon chamber respondg. Ttre beat agreement between tbe

profíles occurs near the height uhere the lon chanber euÍrent I's

approxinateLy 5}fi of Io. Tltis hefgþt cortèEponcte closely to b., the

hetgþt at wblch tbe lou cha¡nber slgnat ie changing noet raplùLy 1fftb

helgþt (page lol+).

Fig¡¡re 5.fl shows finlte-srrn antl point-sua coryutecl

attenustlon clrrres for tåe S-X ioa cha.nber ôata from the satelll'tc

snnrlse, OnrOrel Bese 22. llhege euJ:nres vere obtainecl I'n the same rra¡r

es thoee Ehorrn fn Flgure J.8 for the L1tr'-NO ion cha¡nber tlata from the

sane auûtl'se paes. Figure 5.12 Ehows soue of the eorrespoaôlng solar

proflles. By couparfog Flgures 5.11 andt 5.12 fl-ith FlgUres 5'8 andl 5'9,

It ca¡ be eeen tbat the point-sun appro:rlnatlon fs mreh rcre v¿11'5'

for the s-x 10n cha,mber clata than for tbe LiF-NO 10n cba¡iber flata.

this ls due to the mrch greøtêr tlenslty scale betgþt of roolecular

olygen (approxlnately 2O Iç4) aerosE the heigbt ra¡¡ge where thc solsr

ratllatlon 1n the naveleaglh rangp rh2oi to illtoi ls berng absæbedl'

Ffgure 5,13 ebows the ctenslty profiles obtalnetl from a

finÍte-su¡ and point-Blrn analyeLs of the S-X ion cha.mber data for the

Orroral pass 22 st¡¡rlge. fhe agreement bettreen theee profiles ie tnrch

better tùan for the c'olresponclf.ag LiF-I{O lon ebanber proflles but the

polnt-sun approxinatlon Etlll Lntrotluces signtftea¡t errors belorr

about I90 I(n.
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For the e-T ioa cbanber dlat,a the errors introducedl by tbe point-

sun approxinetion are Iaternedlate beü¡eeu those for the LIF-I{Q a¡dl

S-X lon eba¡nber data.

Due to tbe lnaccÌ¡rêcy of the point-sun nethodr on-ly tbe

flníte-sun ftttlng proceilure describeô ln Section 5.3.3 was used' to

ðerive molecr¡lar orçlrgen ¡r¡mler dlensity profí'les. l1re results are gfven

ln Appendllx A in ord.er of tbc paes uumber of the obsen¡atfons' lllrc

clate of each ob8e¡rratLon ls glven together w'itb the tilúe, tlSo' "t
rrhÍch h vae 150 I(n. The nean gBographlcal posLtion of each obeertratlon

is 6iven þ the values of the latltutle anrl longltud.e of the sub-nlnim¡m

ray heigþt point of tbe central solar ra¡¡ at tf5O' llhese values'

obtalnett fYon tbe print-out of the co4luter program èescribeal on

page 118, nere used to tllsplay the positlons of tbe recorctect satelllte

gr¡nrlse and sunset clcnslty meaaurements in F!.gure 5.2.

rhe an¡mber clenslty results bave beea presented' both ia tabul¡r

forn and. in tbe fol'm of the fi¡al values of tbe cþnslty rctlel pa'naDËters

i(n"), EI anal E2 (UI = lZ = H for the LiF-tO I'o¡¡ chanber results) ' No

realpbysicalsleElfl'ca¡eeca¡begf'ventothevaluesobtalnetlforE'

and B, as these scale helgþts refer to al-tltuctes ¡reIL outsf'le t'he

range over whlch the er¡rcrlment gfvee accurEbe resuJts' lÎre values of

t, anð E, a,re not obtainetl w'ith great preclslon/
I

Eo¡rever, tbe loca'l sca-le heigþt at the altlil}e

vtth greater precl.sioa ancl ls gfven by

E(bc) =zfi,rr'rl(Er+82)

bpr the fltting Proeeclure.

bct t(hc), ie tleternlaeô
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fherefore, for the Q-T anô S-X ion ehanber reEulte the loeel scale

hetgþt is glven at 150 I(n and' I80 lf-n respectlvely'

In presenting the density results, the aotatLon a(b) ¡as beea

usecl as an abbrevlation for a x 10b. lhe probable error' E, of the

ôenslty valueE, hêg beea giveu in the taþles at the hei6þt h" andl at

tbe e:ctreuities of the heÍgþt range over wbf.ch eacb itensity proffle

has been given. Theee errors, which clo not inclutle errors tlue to

hetgþt r¡ncerta.lnties gnd uneertalutleg 1a the valuee of the effectlve

nolecr¡Iar o:vgen absorptlon Ct.Oss-sectÍons used, a¡e digcussed fu

Sectioa 6.2. AJ-so gtven in the tablee are the values of the vertical

colr¡mnar tlensityÜ (VCO) .

rhe ÌtRESAlt I ôenslty results are coryarect wlth the rocket

reeults ilescribeð ln Crbapter L antl rdth the resultg of other workers t

ln Sectio\ 6.2,

5.6. Sola¡ FI:x Resul-ts

As stateal la Section 5.\.5' a pealt was proclueeô in tbe cr¡¡rent

out¡nrt from each ion chanber as the cletector lookeü torartla the sun

oDce everJr revolution of the satelllte. Trhe total sigpal ln firll

suatight (or tf¡e firll-st¡û signal) vas deriveå for eeeb Q-T a¡¡ô S-X lou

chamber þ averegfng tbe peak crrrrents over a perioct of et least

2 mlnutes for tlneg when h nas greater than 350 l(ln. flrhe value of Io

was then obtained by aubtractlng the background slgBal, due to leakaç

*Tbe vertlcaL cohrøar ôenslty et the helgþt, b, f's tbe nr¡mber of 2
o:Srgen molecr¡les Ln a vertfcal colr¡m, of crose-sectLonal' erea I cm '
above the helgþt b.
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and loag wavelengtlr effeeta (Section 5.1+.rr' from the full-sun sl'gpal'

As the backgrouncl level was negligible for tbe LiF-NO ion chanbers

(paee 119) the value of Io for each of tbese d'etectors vas obtal'nedl

siEply by averaglng the peak current values for betgþts near tho Km

(page 121).

Thevaluesofloobtalneclíntbiswa¡rwerecorrecteôfor

amplifler dr!fü (as clescrlbect fn Sectj-on 5.1+'2) ancl algo correctecl to

tbeir zero aspect valueE. As sholr¡r in section 5.1+.3t the nÍain¡m sola'r

aspect angle coulcl be taken ae 0o for ttre front-faclng aetectorE rrlth

negligible error. a.u in-fligbt callbration cÌu:l/e coulcl' therefore be

obtainecL for tbe angular respoDse of tbe front-faelng ioa cbanberE'

aIL of tbe loa cha,mbers hacl the sane geometry except for sl1gþt

tlifferenceE ln wiudow thickness which haô only a mlnor effect on tbe

angular response. fberefore, tbe tn-fligþt calibratf'on curves cctrlô

le useal to clerive an aspect correctfon factor for tbe slde-ftcins lon

chanbers. Ia thls vay, the niniur¡m solar aspect aJ¡gle of 30o t3o tUat

r¡as al.etermined for the s1èe-facÍng tletector package (Sectlon 5'\'3)t

was found. to result in an aspect correctÍon factor of I.66 tO'13'

Flgrrre 5.I\ ehowsg a6 a fr¡nction of tine, the valuee of Io

obtalnett for each ion chaober after correctlc¡ns for a'rE¡lf'fler d¡lft an<l

espect corrections hatl been maèe. It 'fúas ggnerally dtffict¡J't to

estlnate acc¡rately tbe backgroqntl signat level for the Q-T a¡ct S-X

ion cha¡iþers on thoae pa89e8 where the satellite ¡ras allra¡rs 1n firll

s'nlfgþt. For thfg rea'on, the values of Io given ln fllgure 5'1[ for

tbe Q-Î a¡dl s-x fon che,nbers refer only to satelllte gr¡n¡ise aatl Et¡¡set

Pasges. The backgrouncl signal for the LiF-NO lon cha'mbers raa
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negtigible ot all Passes. Horrever, to cteternt¡rc the velue of fO for a

pass iu wbf ch the satelllte we.s alwaya 1u ft¡IL sunltgþt, the

contrl.butf.on to the LiF-NO lon cba.mber eignal th¡e to Lynan+ aloae

had. to be estluated. The eontrlbution to tbe total slgnal ctuc to

vaveleugÈbs other than Lyuen-g was aLetermineil for aLI of the ¡u¡rise

and su.rset passes. llhe sverage contrÍbution res founcl to be Uf r¿tn

a Etanilartt tteviation of approrLuateJ{ zfi. Tbereforer on pasgco nberc

the eatelllte was alwaya ln fr¡Il sunligþt I Io va6 tlerlvcil for eaeb

L1F-NO ion cha,mber by mrltíplytag tbe fr¡It-sgn aignel by O.89. As

Flg¡¡re 5.fU ia only inteutletl to show the general treud' wltb tlne of

theioncha.nberalgnalsonlythelovaluesfortbesunriseanôsr¡ngct

passes are showD for the tfF-NO fon chambers '

Apart from a snalL difference, ðue to a cllfference in tbel'r

quantnm efficLencies, ion cha.nbers of tbe same Qrpe ghor¡Ltl havc gl'vcn

tbe Eame value of Io for the sa.re getellite pass. Fron FigUre 5'lh

lt can be seen tbat the sttle-facing LIF-No andl Q-T ion chå.mbêrs gB'vê

uuch sna.ller values of Io than tttö their front-facing countcrpa'rts'

For tbis reason, tbese cleteetors were not ueçtl for the soler flux or

atuospherlc tleneity determinations. [he rqe€ou for tbe fultlally los

value, Ðd tbe clecrease yith time' of the output of each of these

rletectore is aot knowa. L,oes of the flltt¡g gas <[ue to a anall lca}

clevelopecl ctr¡rlng la¡¡¡ch of the satelllte coulô e:rl¡lsl¡ thls behaYl'ou¡.

Tlre values of Io obtainect for tbe front-fecing s-T Lou eha¡iber

hs,ve been preaenteô 1n Flgqre 5.11+ ia two groups. fhose values

lncllcated tfJf open Equares refer tO gr¡¡rfEe obeefvationa while those

l¡tticateô by solld squares refer to euJrset obsen\ratione ' ft ee'a be
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seen tbat for all but the flrst record.ed eatelllte su¡rlse (Sa¡ttegO

pass 2) the velue of Io fE much less at sunrise tJran at su¡set' A

the¡tigtor ettacbett to the morrnting block of the front"facing dletcctæ

pa,ckage was used to nonitor the teuperatqre of the ftont-faclng lon

cba.nberE. Uris thernistor indllcatecl that from orbit I onva'rtls, the

teryeratr:re of the front-facing package cycletl betveen $oC at

gatel.lite sursÌise a¡tl 20oC at eatelllte sunset (tttn¿ antl' Beacb , 1969r '

Honever, fof the first Beven orbite, the satellite was cooling døn

frorn the higþ tenlleretr¡res reached ôuring the Iar¡nch phasc' Ag a

regult, the te4lerat¿re of the front-facl.ng Beckage Ìres approldnately

25oC ðnriug tbe Santiago pess 2 su¡¡rl-se anct <lr¡rlag the Fal'rba'rks pase

3 sunset. Tbe ter¡leratrrres prevelllng ctrrrtng atl Aubeequeut recordeð

satelllte eu¡rlse ancl sunset passes were 8oC ancl 20oC respeetlvely.

lf[erefore, the output fron the front-fsctng S-X lon ehanber Eeeta to

be teryeratrrre dlepenilelrt, glvlng a mrch bf @er value of Io at

teuperatures near zOoC thg^B at ten¡reratures near 8oC' As ca$ be gee¡¡

fïon Tab1e 3.3, the change i¡ sensitivÍty of a S-X ion cha¡nber over

this te4reratr¡re ral¡ge Ís ex¡rectecl to be very snall' ltÌ¡ls !E verLficcl

by the fact that to vlthin the elçerl.mental error' no slgnlflcant

syetenatic cliffereace coul<t be for¡nct betr¡een the Er¡¡rlEe anô sunaet

values of Io obtalnecl from the slde-facÍng S-Ï l-on eha,nber. the

front-faclng S-X lon chamber was not nsect for sol¡¡ flur or cleneity

tleteruinatlons owfng to its very large long vevelengt'h slgnal (Sectlon

5.h.1) and to tbe large tlJ.fferenee betnreeu lts velues of Io at su¡r1ee

a¡cl aunset.
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The ftoat-faclng Q-E lon eha¡nber Ehowecl e rapÍtl d.ecrease fn

its output rfth tfne. The reason for thfs Ls uot knorvn but lt Êeem6

ltkely that it Ís a result of the d.ecay of the trlettrylanine ffJ-l1ng

gas.uader the action of ultraviolet radlation. A¡otber posslble cêuse

of tbe dlecrcase 1a the loEs of transmlssion of the quartz rLUùow tlue

to X-ra¡r frradiatlon (¡'rieA¡nanr 1960a). ftrat the spectral response of

tbls lon cbamber was not eubEta¡tlally cbangÊd by these effeets, ls

tlcnonstrated by the gOotl agreenent betweern the nolecular o:q¡gen

ilenslty profiles obtalned fYon this d.etector and from the eiile-feclng

S-X lon chaüber (Appenôtx A).

BotÏ¡ the slde-feclug s-x lon cha,nber and the front-faclng

¡,1F-NO ion cha,nber shoved relative\y snall ehanges 1n output ¡rl'th tlne.

The side-faclng S-X ion chamber showed a gradual clecrea^se ln the value

of I . Tbfs was to be ex¡reeted,, ag the outputs of tbe S-X ìon clraabere
o

florm on the British satelllte ARIEÍ+ 3 (Stewart ancl WilcLuan, 1969) were

for¡ndt to ilecrease o,rl.ng to the cleterioratlon of üe p-4ylene fll.ling 8ÊE

under the action of r¡ltravlolet ra,tllatÍon. llbe ftont-facing L1I'-NO

f.on chanber t¡a^s the only detector to shorr a¡ lncreage la out¡ut örrlug

the transnitting ll.fetlne of t'tre satellfte. llhe output of thls

detector showed a gracluar rise of about 8f over the 3-clay perloil

lnclieated. ln Flgure 5.Iù.

For the purpose of cletermlning solar flr¡r values, srooth

curyes were fltted to plots of Io veraus tLme for tbe front-facfng Q-T

anô slile-facing S-T Lon chanbers. Tbese curlres were then extrapolated

back to the tlne of tbe flrst satæIllte orbtt. fhis extre¡rolatlon was

assistecl for tÀe Q-T loa chanber by includ.ing veluee of Io neasr¡redl in
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orbfts 1 ancl 2 for BasseB where the eatel]-lte vae a}rays {¡t ft¡Lt

sun$eþt. AE the backgrouncl signal levef for tbls ion eh"nber vas on\r

about Lfr of the firll-sna signal for the ea¡.ly peEses (fage Lt9)

it nas posslble to accurate\y estinate the value of Io from tbe firlt-

Eun value. Ílre firet orbft velues of Io, obta;inecl by ertrepolatÍoa'

were 3.lro x 10-10 am¡r ancl I,68 x 10-10 a,ur¡r for the Q-T a¡dt S-X I'on

chanberg respectivelY.

lbe s-x a.nal Q-T Lon chambers respontl to racliatlon iu the

wevelengüh banits flgOi to f¡+SOi, (i.c. a ft¡Il uidtb at haLf nalimun,

F¡{EM, response or rl+goi to rr+Zoï) ana r55oå to r6goi (r>goi to

r6¡+oi, f'$¡HM) respectlvely (Figures 3.11 anct 3.W). Io obtaln solar

flruc velues frOm tbe Q-T andl S-X lon cha,nber current neasureænts,

obtaineô as ôegcrl'bed above rLt vas aseuneð tbat tbe sol-a'r contiuut¡m

spectnrm i¡ theee vaveleugth bande cotrld' be represented' by tbat of a

black bo(y at teu¡reratrrre T, Tbe laboratory ea-tibratlon¡ of Jhe

effLciency (Sectioo 3.6.3) ancl spectral reaponse (Secttcn 3.6'2) ol

each ion cba,mber vere then used to caLculate the Lon chanber current

which woulct be procluced for clifferent valueE of E. In this weyr B

brigþtness teuperatrrre wgs clecÌucecl vhLch agreeè sith tbe setclllte

observatloug.Thecoatrll¡r¡tionsofemlsglonlinegtotheloncbanber

currentg were estLuated ì¡sÍng the soLaü apeetral tlata of Detvller et

eI. (rg6r a ancl b), page 3, a portion of whtch has been preseateð ln

a convenient cllgitalLzed foru, by Briutrnan et aI. (1966)(¡ltege 3'1b)'

[hese contrlbutions were l+.5% lor the Q-T lon cha,nber anô 12f for the

S-X fon ehanber. Af,Èer rnafthg these cor¡rarative\r snall correctlons
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for the effects of entsslon líneE, tbe brlgþtnces tcr¡reratr:re for tåe

contlnur¡n ïas founil to be l+59OoK for the wavelength region f¡80Î to
ooo

r64Oi, (e-f ton cha,nber) a¡a 451+OoK for tbe regl.on lb3OA to 1l+T0A (S-X

lou cha.nber).

Ag ca¡r be geeer fro' Figure 3.1b, the percentaæ of the lon

cr¡rent tb¿t 1Ë eontributetl by enl.esl.on lines vÍII va'1ry as tbe

teupcrattge of a S-X ion cha,mber changes. Ilo¡everr Do aignlfilcant

va¡letton is e:çectecl over the tcmpereture rengÊ from $oC (aatetllte

sunrlse) to 20oC (sateplte sr¡nset). For tble reason, the laboretor'¡r

derl.vetl apectral recpotrse cunre, detemf.netl at roon tenperatutet ras

used in the golar flr¡r dletertfnctlons for the eLde-facing S-X for¡

chanber.

The uncertalaty in the estlnstea solar flr¡x values, arf'slng

from errors Ln the laboratory eaÌibrationÊ ' efrors ln the telemetr'¡¡

transnlssLon antl errorE ln estlmatiug the firEt orblt values of lor

anor¡ntc<l ø ! $ft. A¡ acldlltloual r¡ncertaLnty of t gf fo the lntenslty

levels resuÌted. fron errorE Ln the aspect Coneetlon faetor for the

elate-facfng S-X lon cba,nber (paç J:26r '

An lou cha,mber responäing to radtlatlon 1n the navelength baail

ooo0
rl+boÃ to 166oÃ (rhroÃ ro 15?OÃ flilAr,{) bae been orbiteal on the sof,RAD l0

eatelllte (CUuUt et al ., 19?I). Uslng laboratory eaLibrationa provf'cletl

by tbe u,s. IÍaval Reeeareh Laboratory' soDe of the soLnAD 10 obserratlons

rrere ana\rgeal fn tbe sa,me vey as ve3 done for the lfRtssAT I ôata' In

the cese of the soLRAD 10 lon chember, the regulte of Deür¡[1er et aI'

(fg6lt) Íntllcate that ernfsgl.on llnes contrLbute about 25y' of t'¡.e
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observeal elgnal. After nalring thle correctfon, the SOLR'âD l0 fon

chanber tlata intticatecl a brigþtnesa tenperatr¡re of l+5a5of for the so].a'r

continur¡m in the navelengtb region rrrroi to 15?oi FI¡HM'

AE the front-facfne L'1F-NO ion chanber shoveô uo sj'gns of

tleterioratioa dr¡rfng the tra¡snltting llfetlne of the sstellLte

(ftgu¡e 5.Û), tbe inc1lvlôual values of fo were convertecl to Lytan-O

flu:r values uslng the k¡own ef,fectlve area of the cleteetor (1'60 
"t2)

ancl ltg absqlute guantum efflcfeney at L¡rnan-o (Section 3.6). Ehe

uncertainty i¡ tbe L¡rnan-o f1r^¡x values, clue to random errors in the

telenetrlr tra¡emiseion a.nd errorB in tleterninlag the values of Io'

1s estinated to Ve ! 6fr. There ls also a systenatLc uncertainty of

appro:ciuately t 6/, dve to errors in the laboratorJr callbratíon of

absolute efficLeneY.

Tbe ÌüRESAT I a¡ct SOLnAD l-0 so]-a,f flr¡r va1ueE are clLscusee(l

and coryereð rrlth other neasuretents in Sectioa 6.3.
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CEASTER 6

OF

6'l' MèPeuenenls of Morecl¡rar o)cyßen Denelty

6.1,I. fntroôgction

Agæntionetllusectlo¡2.1,tbetr¡obaalenethoôsfor

ðetemlulng the conceutratÍæ of nolec'ular o:cygeu ln tt¡e l¡IPer

atnospbere orè ultraviolet ebsorptlon sBeetroscqpsr and naes

e¡rectroeco¡4¡. Sone meaEr¡renentO that heve been nade by other rorkerE'

uslng tbese tecbniquea, a,rG ôiscusse(t ln sectlons 6.I.2 a¡ð 6'1'3' Tbe

ðlscussl-oa fs llntted to tl¡oEc resul-ts nost euLtable for cou¡rarLaon

with ueaar¡reæntE rnatte Ln tbe preseut r¡ork'

6.r.e. Meaeuleilgntg

BotJ¡ na^rrow-band, tlisperslve lnstruüÊute a.ndt broc¿-ba¡¡dl nø-

cll,spersi.ve lnstnuents have bcen used ln tbe aBpllcatlon of absorptloa

epeetroscopy. The uost succeEsft¡l noa-ctisperslve ôetector that bas

¡ssa e'nFl.oyect le the ultravl'olet ion cha'uber'

Ion cba.nberE of varlous ty¡les have been usecl by lÍeehe antl :

Sntth (SnftU antl tleekE , 1;965, tfeeke a¡d Sultb' 1968) fa a serLes of

ten rocket flfghts beüreeo l5th Ju\y ,Lg6l+ 3¡il 3tst 'faouar¡r, L96'l ' The

use of eol¿¡ zenith angtce ia tbe range I9o to 95o nacte poselble tbe

ôetcrniaation of noleeular oqrgeD clcnettles over tl¡e hetgþt raJr8e 6z r'n

to 151¡ fn (page 38). Etgbt of the fltgbta vere nadle la the ¡orthern

hculsphere et l¿tltr¡ileg between 38ot{ and [gott. '1¡e other tuo fllgbts
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were nade in the southern bemispbere at latltucles lùos (9trr Aprilrlg65)

and 32oS (fetU llovemberrLg66). As the clensity neasnremente vere na'ôe

at different times of tlay anct ln tlifferent sea6oas, Ileeks a¡ct Snith

(fg6$) have been able to draw sone tentative eonclusions regarôing.

seasonal a¡tl tlir¡rnat varlatioug. Some of the results of l{eeks and

Snlth (1968) a;re cotpareû with the present results 1n Flgrrres 6'1-' 6'2'

a¡rd 6.1+.

There have been very few tteteminations of nolecular orygen

denslty in tbe southern hemisphere. In rocket fllgþts fuom l{oøera

Ln Deceriber 1963 enô Februar¡r f965 (Carver et 81. ' 196\, 196rl L1F-NO

iou che.mberg vere used to tleternine nolecular ol$rgen tteaeitfes in the

heigþt ra,Dge ?O Kn to 90 I(m. The results of the 1965 f11êbt are

eouparetl witb the present rocket resrrl-ts in FlgUre 6.1. In a rocket

f$gbt fron lÍoonera Ln l{or¡enber L966, molccul¡r otrygen tlensitles were

ileterd.aetl from ?O IC¡n to l5O lfm uslng ion eha'¡ibers of sf:( different

typee (Carver et al., f969). WJ.ldDEfr et aI' (fg6g) have florm S-Xlou

cbanbers on sì¡n-stabilized SXVIark rockets fn a series of tbree

experlnents launchecl fron l,Ioomera in lferch anil November 1967 ancl

l¡[arch 1968. From the clata of these fligbte, noleeular orqrgen dlenslty

proflJ.es have been tterlvetl over the hetgþt rauge 100 Kn to I50 I(n'

gue of tbese profiles ís coupa,rect fn Ftgr¡re 6.1¡ wftU the preaent

sete]-lite results.

Iæ cha¡nbers bave also been useô in Eatelllte oecultatiot

ex¡reriments, slnilar to the I{RESAT I elçerinent, to cleterml'ne no}ecr¡lar

o¡Srgen clensitles at satellite sunrlse an¿l eunset. Norton a¡dl liar"nock
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(fg6$) have analygedl SOLHAD I f,tf-UO lor¡ cbanber ðate from rdnter

(Decenber J:966l- ancl 6umer (Jr¡ne to August 1196'll setelllte pasEes over

tbe Bor¡Ider, U.S.A. telemetry statfon (hOoN, I05o1{) a¡ô fron aumer

fucenber 11966l. paBBeB over the Orroral, Auatralla, teJ.enctry statlon

(36oS, ll+9oE). AltJrougb there Ls eoue scatter ln the d.ata, a

preliniaar¡r ane\rsis hae lnd,Ícated a seesonal vâriation in tbe rclecular

oJtrgen nr¡nber cleuslty nea¡ lOO Km. Tbe sr¡mner clata are a nl':cture of

su¡rlEe and gru¡set obse¡:vations antt to withl¡ the experluenta-l error

no syeteuatie cl,lfference wae ttetectecl bet¡reeu the deasfty valuee

ileternlnecl at srr¡rlee a¡dl aunset (Nortoa, 19?0). Alao, unpublfshecl

winter tlata neasurect at sunget faLL wi.thiu Ùbe sa.re scatter es tbe

winter sunrlse data (Norton, 19?0). Hre SOLR.AD I regults are compareil

r¡itb the WnESAf I reEults on page 1U+.

Stenart ancl h1s co-workere (Stewart antt lüildüEn' 1968, !969

andl parker anô Ste¡¡art, 19?2) have analyseit S-X ton ehanber tlata receLveil

from the åRIEL 3 satelllte iluring the pertod ûæ It&¡¡ to Nonenbet 1967.

þ'sl{rntnalif resulte f-ntlfcate geonagaetic rd.lgrnal anct løgltutfual

va.riatlons ia tbe noleoular o¡S¡gen clensity at 180 KJB. A ccu¡ra'rLson

betveen the ARIEL 3 a¡tt IIRESAT I resulta ls gfvea !u Flgure 6.3.

More reeently, Feleke et a1. (fgZO) have reportecl. the

cleterninatLon of nolecu.l¡r o¡sJrgen rtensity using date recelvedl fron

LiF-NO lou eha¡nbers orblted on the INTERKOSI,IOS I setellfte.

Uncertal¿ties Ln the satellite orbit Ieô to a beigbt unoertalnty of

t 5 fr. Eovever¡ from tyzan-c a.bsøption ilata obtaiaedl on t5th October

Lg6g, it was concludetl that the molecular oryten deasltlea fn tbe beigþt
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rao8e 90 Krn to 105 Kn were significantly lower tha¡ the eorrespondLng

nean 1965 CIRA noilel atnosphere values (CIRA, 1965). A eoryarison fe

nade betrreen the IMEBKOSI,ÍOS f a¡d the WRESAT I resuJts on page thlr.

Einteregger anô hls co-workere (galf et a].,, L965, 196?) heve

useè the photoclectric nonochrorators ileecribed 1a Sectiour L1.2 to

ûe,aaure the atnoEpherfe abaorptlon of solar ul-traviolet radÍetion.

lTrese lnstn¡mentg cor¡J.d oaly be ueeô above a.rl altltuile of about 120 Kn

orfag to the effect of the atnospberlc gases on the open photonrltiplLer.

Absorption ana\rsls w¿s carrÍecl out at the wavelengthg of nlne strmg

soler e¡nfssion lluee between 3ol+i an¿ 120d.. Molecr¡Lar o¡qr8ea dcnelty

proflles were derf.vetl clfreotly fron the measr¡renents of tåe f-20?i (Gf III,)

line wblle Dcagure!Énts of tbe otber cmLssfoa lineE vefe cøbinedl to 
,

Blve 0rr Na antl 0 dleaelty profilee. Results obteinetl by EaIJ. et aI.

(rg65) are coryåretl ln Figr¡¡e 6.3 vitt¡ the I{ßESAlt r res¡¡lts.

l¡ble eular o:Vgen clensity cletemlnati ons by ab sor¡$lon epectroecopy

bave beeu dLEeuesed above for trro tllfferent t¡rpes of l¡gtn¡ment. 0f tbege

lagtruments, tbe photoelectrl,c ¡nsnochronator prouidl.es the nost clctarleil

lnformation. HoweÉr, the o¡reratfon of thlE-t¡etnmnt ts lüiuttêt to

altftucLes above 120 Kß a¡cl it requl.res the use of a polnting control.

Aloo, the ttenelty cteter:ntnatlone reJ.y ou an accurate.tåor¡Iedge of the

abeorptl.on ctroEs-sectfons of the atnospheric co¡stltuente. Ion cha.nbers

have the aclvantaç of not requirlng a pointing control a¡cl tbelr

nrggedness and snsll size allow then ü0 be usedt in anelI (a,nd

relativeþ lnexpenslve) r¡nstaUfllzecl sounclíng rocketa, Althougþ the

lnfornatlon provlôed. by ton cbanbers lA J-eee <tetaileit tha¡ that provfdleit
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by ;pcctrouetcra, the hetgþt resolutlon of the ctata lg gencra$r

better. As for the apectroæter, the loa cha¡nber cteusity tletermlnatloas

rely æ an aecurate knovledge of abeorptlon cross-Êectlons (Sectlon 2.3).

6.1.3. l{eagurenents _by lt&,Es Spectroscolty

Iu e corpletely dlfferent approae?r to the problem of the

ueasureneat of etrcspherfc coqrcsltion, lûl.er ancl hls co-vorkere have

flowa aa.BB spectrorctere ln a nunber of roclcets. Olr 30rth t{onenberrl966

(niiht) antl 2nrt. Decenbetrl)66 (rUy) D.ss spectronetere rrerc florn to

luveetigate dlluraal effects ln the lo¡rer thernorphere (Kasprzâk et el. '
1968). Very little tliffereace ses for¡nd. betrreen tbe cta¡rtlna ancl.

nÍgþttlne nolecular orygeb tleael.tl.ee |n the hefgbt range I20 Km to

22o Y,m. A fi¡rther flLibt on 21st .lrrne,196? andl tno uore f].1gþts on

zOth July ,Lg67 nere naðe by tbe Ea,ne group (tcra¡lco¡sky et al. , 1968).

lbe fll@ts on 20th Ju\y were a tnue tla¡¡-nlght pair antl lt ras found

tbat the ôrytÍæ rcIecr¡l¡r otsrgen dleneíties were subEtantlalJy htgþer

than the nlgþttfne deneLties (Ffgure 6.3). Eonevlr, the very snell

d,ifference obEerrreil betr¡een the claytlæ antl nfebttlne tlenelties

neasr¡red. ln the 1966 fugbte lndicetes that ttay-to-dla¡r varletlons ln tåe

altitucle range l2O Kn to 200 Kn are at Least es lryortaot as the tliur'nat

effect.

îhe 'nnss spcctroæter does not requfre a pofntlag control¡ 1t

can be operaterl at nlgþt ancl the denefty tletertloetlons a¡e Lntle¡rntlent

of any knorled.ge of ebsorptloo eross-seetioaE. Its n¿ln dÍcadvantages

are that it can on\y be used above 120 Kn antt lt f.s very dlfffcult to
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callbrate absoluteJ¡r (ttier et €r:t. , ag6b) - Díffleulties eleo arise from

the d.epentl.ence of lts response o¡r the orientatÍon of the rocket ancl

from lts eusceptlbilfty to conternfnation.

6.2, Discussf-on of the Densitv Results

6.2.L. The Rocket l[easureænts

In Flgure 6.I, tbe nolecular o¡qrgen clensLty proflles obtalnecl

from the EAD 309 (winter) andl EAD 3IO (gr¡mer) rocket fllgþts at tloonera

(Sectlon !.4.1) are eoryarert witb the &ea.n 1965 CIRA model atnoephere

(crn¡, 1965).

The r¡ncertaÍnties 1n the ÏIAD reeultg are discusse¿l lu Sectlon

l+.h.I. The na:ciu¡m ra¡rdom rrncertalnty in the EAÐ 309 tleasity va-luee

is ! ffi over the height ra¡ge 80 lcn to L00 I(m, Tbere 1s also a hetgþt

uncertainty of I f Km whfch reeults from r.¡ncertalntíe¡ ln tbe rocket

traJectory (Sectlo¿ l+3.51. The usJ:ci¡un ra¡rdom r¡¡certaLnty fa the

EAD 310 ttensity va-lues u ! B% over the helgbt range 8z ttn to 96 K¡n.

As sbona in Section h.\.1, there is a systematic uncertainty of 3 lLÍ

ln the results fYon both of the HAD fi'igbts o¡ing to an rracertainty of

! ùlt 1n tbe va.lue of 1.0 x 10-Ð ".2 trk"r, for tbe absorptiæ crosa-

sectl@ of uolecular orygen at L¡ruaa-o.

The HAD 309 results represent the ffrst r¡lnter Deasuretent of

molecular orJrgen denslty below 100 Kn that has bee¡ nade ln the southern

henf'sphere. The nost obvLous difference betveen the tAD 309 anil tAD 310

results ls that the ¿verage scale heigþt of the forner (T.5 f¡n) ts

consl(þraþly greater tha¡¡ that of the latter (6.5 Kn). lhe two EAD
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profiles taken together suggest a reg!'on near 91 K¡¡ wbere the clensity

ls the sa.oe in sumnr a,nd in trinter. Moclels of the totat neutra-I

atrcsphere given by the U.S. Stantlard' Atnosphere Supplements (1966)'

A¡e Ln agreütent wlth the EAD reeults in lndticatlng a larger 6calc

heieht Ln rÍnter ancl a regfon Deer 90 Km uhere the tlengity ia

esEentÍaL\y the 6a¡re 1û wLnter ancl 6r¡,mer'

AIso sbowa ln Figrrre 6.Ì Ís a ilenslty profile obtainetl by

Ca¡ver et af . (1965) from a stlumer rocket fli8bt at l{oorera a¡cl tr¡o

smooth curres repreeenting average daytire proflles obtainecl from

rocketfugþteatlfa.llopsIsland(3s"N)iavinterandsr¡merbytleeks

ar¡tt Snlth ( 196S) . The reeults of Ca¡ver et al- . (t965) andt lteeks antl

gnitb (fg6$) were a-1so obtained by the use of LIF-NO ion cha.nbers. It

ca¡r be seen from Ftgure 6.t tUat tl¡e sr¡¡mer profLles measured bry Cerver

et al. (fg6f ) andl l[eeke a¡¡tt Snith (fgøA) are 1¡ good agreement wlth tbc

sunner proflle flom HAD 310. ftre winter profile neaeured by lfeeks antl

Sûtth (fg68) Ís 1n good agreenent with tbe wlnter profile fron trAD 309'

ûtber suümer ûeasr¡rements froml{oonera (Carryer et a'1., }96[, Ca'rver et a-1"

Lg6gl are also ln aubstantÍa.l agree¡nent l¡ith the HAÐ 3I0 reeults '

Belglr approxfna,tely 85 Km tJre present results are' oû tbc average'

in agreeænt ulth the values gLven by the uean 1965 CIRA noclel atnoaphere

(C1¡.1, 19651. Ecnrever, at greeter altltuctes the obeelyed' values are

slgniflcant\y hlgber than those of the mea¡ CIRA uodel. llbe local

scale hetgþt of the nean CIRA model at 85 t(n 1s 5.6 Kn nhlch ie

Eubsta.utially lower tlran thet obsen¡ecl 1n the preseut meesur.enente'
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6,2.2. lrbe sate].llte Megsurements

lflre uncertainties ln the molecular otsfgen clenslties ileternf'ned

fton the l{BtsSAT I tlata varfed greatly from paes-to*pass ' Ttre most

accr:rately cleter"¡f.ned paraneters for each proflle given ln Appenôix A

are the n¡mber tlensity anct local scale heigþt et the betgbt h"(n(h") and

f (hc) respectLvefy). The ra,nôom r¡¡eertaÍntiee ln the ôensfty values

arislng fron telenetzlr ercors a¡rd errors fn the fitting proccdtrre are

glven fn Ap¡nnttix A for eacb paSs. However, there are otber l4rortant

uscertaintles whlch utrst be consltlered.

Ae pofnted, out in Sectlon 6.2.L, there is a systematLe

'ncertainty of I f¡+% in tbe ur¡mber d.ensitles deterninecl fron the tiF-NO

lon chanber clata, owing to r¡ncertaintÍes Ín the value of the absorptfon

ctose-sêction of molecular orygen at Lynan-ct,. Sintlar1y there are

sygteg.tÍc r¡ncertaintiee ot ! ZO?l ana t 10Ø respectively 1n the ntrmber

densLties <leternfuecl from the Q-T ancl s-x lon chamber tlata onlng t'o

correspondin6 uncertalnties in the effective absorptlon cross-Bêctlone

for these d.etectors (SectÍon 2.3).

Anotber iryortent source of uncertalrlty fn the resulte arlsee fro

r¡ncertaintfee iu tbe satel-llte posÍtion. Íttese r¡ncertaintles, due

rnalnly to r¡¡rcertaintiee 1n the atmospherlc itrag on the satelllte, leacl

to a Brobabl-e error in the miniutrn ray heigþt of t 2 Kn with the

ma:cim¡n error not erçectecl to exceetl 1 3.5 ft. llbe effect of these

heigþt errors Ls mueh more sf.gnificant for tbe L|F-¡IQ ton cha'nber

results than for the Q-T anct S-X Íon cha,nber results, owÍng to the

greater scale belgbt of tbe noleeular o:Srgea densÍty iHstribution in tbe

a-ltitude raûge nhere solar Lyman-c ratliation Ls absorbeit (Appendl¡ß A).
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ru tbe finl'te-sr¡n aaaryere descrLbed 1n sectlon 
' 

'3'3' ft is

assunecl that the eolar dlsk ls unifornly brlgþt at the wavelengt'hs to

whlcb the ioo chambers respond' Eo¡¡ever, the solar t¡rnan-ct racllation

fe chronospberic ln orLgfn and as sbom is Sectlon 1.1.¡r there can be
Ft

ooasi¿erable..plage enha¡¡caent. Í'he error involveil fn asEr¡ming the so18r

tllEk to be unffornþ brigþt wlIL depenô on tbe fraction of the total

ra,cllation that cones frou plage regions. It u111 elso clepeacl on tþe

clf.star¡ces of these reglcnrs from the ceutre of the solar d.Lek meaeured

ln the ctfrectLoo in d¡tcb the earthts horÍzont as Been fton the

satelllte, move6 acrose the solar tl1Ek.

No ôirect eviclence ts available eoncerning the Lynan-U pl,age

regions on the solar ttisk dh¡riug the periocl fron 29th November to

ZncL DecenberrJ.g6?. Althougþ lrbrcure et aI. (tg56l, hrrcell et aI. (tgSgl

ancl otherg have shon¿ that there ie a etrong correLation bettreen CaK

anct Lynan-a pJ.age regions (Sectlon I.l-,1+) " it is dttffleult to estl¡'ate

the Llrnan-c intensitles assocfstecl with theee regions of higþ actLvlty.

In general the earthts horfzon, as 6een fìrom the satellfte, aweePa acrqEs

tbe Eo1ar tlfsk at different angles to the solar roÈatlon a:cis for sun¡l.se

ancl sr¡nset passee. It foltor¡e thet in the preaence of plage reglæe on

tbe solar clisk, the errors incurrecL in the derivetl nrrnber dlensltiee wlll

be clifferent for sunrLse and sp¡set passes a¡¡cl in fact nay be of

opposfte slgp.

fn the waveleugth regfons to rrhlch tbe Q-f antl S-X Lon cha.mbers

responcl, BlaSÊ enhanceneut fs not eqlectedt to be as ilrr¡rortant ae lt ie
o

at L¡rroan-o. Thls ls especl.ally tnre for wavelengths g¡eater tbaû 15254
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ats tbe contlauuüt here Ls photospberle (Sectlon 1.2) and no plaæ

enhancemeat is seer¡ iD tbe visible or near ultravLolet coutlnutrm

wavele¡gËbs except clQee to the limb' In aclctitlon, for the iletemtuatl'on

of nr¡¡nber dlensitf.es, the fintte Eize of the solar d'isk is nreh lese

lnportant for the Q-T andl s-lE fon ehanbers tban for the l¡fr-Ito ioa

cha.nberE (Sectton ,.5), For these reagonsr errora in tloe tlenslty

values tlerLvecl fron the Q-T a¡ô S-X Lon chæber clata, arlsing froq aqa-

unlforntty of tlre brfgþtness of tbe solar clf'sk, are êssumeô to be rEnaLL

ancl are not cousiiterecl 1n the present ïork'

Flgure6.2sbowEacouparigæofthemear¡196'CIRAnoclcl

atmosphere (C1ru, Lg6il vith the Falrba¡Irs l-6 anil the grrorat 5O

satellite pas8ea. llhese proflles are representative of the I'1tr¡-rO ion

cha,mber su¡,set and su¡rLse reBults respectlvery. Ae Etateil abovc' the

most accurately deternLnecl nr¡mber ctensfty ln each prof,ile ls n(bc)'

Ttre value of h" variecl fron Bass-to-pass betlveeu g6 tín ancl' 101+ Ifu witb

the uea.a value belng lOO Km. ÍIhe vertlcal bar in Ftgr¡re 6'2 re¡rresentg

the range of valuee of n(IOO) tteterntned fron the 1'¡RESAT 1 tlate'

onlng to heigþt r¡ncertaiatLes a¡ô r¡¡rcertaintles resultlng from

poeslbte non-r¡¡lforufty of the Lynan-o brigþtnees of tbe sol8r ôlsk' it

ls not certain to what extent the obsenrecl variations 1n the value of

n(fOO) represert actual ehanges 1n the molecular o¡cygen ctenelty at tlrie

heigþt. Tbe mean va-lue or n(roo) is 1'39 x 1oD "f3 rot tbe sunrlse

d.ata antl r'96 x 1or2 cn-3 for tbe Eunset ¿ata (cf' r'99 * to12 "t'3
for the neaJx 1965 CIBA ¡nodet), wtt¡ all of the sunset valuee being

gfeater tha¡ the sunrÍse meên. TIre sunrLee obsen¡ations rere na'de fn
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late eprlng-early sun'er at a 1ocal tine of approrfnate\y 4 bor¡rs an'l

at latltucles bet¡¡een l+l+.5os enô h6'9oS. llbe sunset obeen¡ations were

nadle Ln late autr¡m-early r¡tnter at a loca1 tlæ of appro:dnetely 13

ho¡rs antt at l-atltu(þs betneen 6?.5oN å&a 68'OoN (¡'1gt¡re 5'2')' llhe

cliffereuce geen between the mean eì¡¡ríse ancl Su'ûset obEe¡:r¡atlOng cot¡lcl

tåerefore reflect seesonal, ctlr¡¡na1 or geogrÊphlcal variatlons or soDe

oombination of thege- Alteraatfvely, as tl.eserlbetl above, it coulcl bc

a eonsequence of aoa-unÍforrnl.ty of the Lyuan-a brigþtnege of the aola¡

d.igk. Eoveverr lf the Latter effect is assrmecl to be ueglfglble' tlre

dlfference betweea tbe sunrlse a¡d' sunset results !s ln ag¡eeuent wlth

botbtheseason¡-landcllr¡rnalvariatf.onseuggeste<lbyroeket

obEervatLonE.

The regufts of I'Ieeks a,Bat Snlth (fg68) (page 133) suggpst a

slgnlflcant ôlr¡rnat varLatfon near 100 Kn rrt'ùh lOwer concentrations at

sunrlse tban 1A the early norniag anô afbernoon. An exa4'Ic of, thelr

reeultg ie sboïn t¡ Flgure 6,2 lor a' case 1n vülch the trso flfgþts

vere on\r one hour aoit flve mlnutes apa.rt' Fron 9\ Ifm to 10¡+ Iç¡ the

Ê,vers.ge ch8.ngÊ beù¡een sunrise anal tlaytlue at a partleular helgþt was

for¡¡cl to be approxlnately 33Ø of tbe aversge concentratlon at tbat

helgþt. flhLe varÍation iE in good. agreenent rrlth tbe clifference Bc?a

betweea tbe I{BESAÎ I er¡nrlee anð eunset neasurenêntg'

Eowever,tJremeanecaleheigþtat]-0OI(mfortheIIRESATt

results is 6.3 Km for the su:mer (sr¡nrlse) obsenrations anil T'2 Km for

the wlnter (srrneet) obseryetions. rhle antl tbe greater average u¡mber

clenslty for tbe wiuter observatlons seena rnore in agreeuent nlth the

seasonal varletlons euggesteô tt]'tbe resr¡lts ôlsplayed ln Flgure 6'l'
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The only other extensLve sateUlitc DcasurenentE of uolecul¿r

oxygen dlenslty near 100 Kn are the SOIRÀD I results reportetl $r t{orton

anrl T{a,rnoek (1968) (pege I35). No eviðence ÌÍas fo¡nd, of a ôlffereace

betveen sunrl.se and. suneet obsernations for the sane 8ea8oû ($ætæ,

I9?0). 1rhe ave¡.age arr¡dber rlensLty* at 100 I(¡. nes fou¡ô to be

I.B0 x toP cn-3 for the w-tnter ôata a¡<l 2.76 x Io12 cn-3 for the

Burmer tlata lndicatfng a seasonal clifference oppoalte to that

suggested by the IÍRESAT I results.

A slagle nolecr¡.Lar o4rgen dtensity proflte wes obtalneô fron

the INTERKOSIOS I IJiF-l$O Loa eha.mber Élats (pege 135). Onrer tbe hefgþt

raûge fron 90 Iûn to 105 Kn thls profile, cletermlneil |u October L969,

at a latltuclc of trooN, ghoneô essentlall¡r the sane Eeale heigþt as tbe

nean 1965 CIRA r¡odleI atnosphere (Cmg, L96r). Honcver, the dleaeity

values were more tb,an a factor of tbree belos thoge of the CIRA nodlel

enð Eo slgniffeantly lover tban tbe I{RESAII 1 va*lues.

Tbe witlely rllfferent nr¡mber ilensitiea derlvect from the Llf-NO

fon cbamber data frou the three sateltlte experirneuts Lndfcate the

ctifficultles eesoclatecl wlth the uee of tble ty¡le of fcn cha.nber ln

the setelllte su¡rlse-suneet ex¡rerfnent. Posslble waye of luprovlng

tbis erperinent a¡e dl.scussed f.n Sectlon 6.1+"

Cæ¡ttlerlng the r¡ncer-Èaintl.es ln tbe ttata antt the flttlng

proceclure, the I{RESAÎ f 11F-NO Lon chanber clenslty valuea at 100 Kn

rThe ùenslty va-lues glven fn the paper by Norton and lüa'raoek t
have been cbangeè to correspontt to a va-lue of 1.0 x 10-éu cNB-

absorltton crosa-sectlon of rcleeuJ.ar olrygen at I¡rnan-o.

1968)
for tbe
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are fn geaeral agree¡1g¡t wltb the nea¡ 1965 CIRA noitel atnosphere

value,..Eo¡rever, the rnean values of the scale helgþt at 100 Km for the

su¡rise ancl sunset reEults are consltlerably greater tha¡ the nea'a CIRA

nocler value of a¡proxLnately 5 '1 Km'

Inaprelf.rniuaryarra\yalsofthe}lREsArILiF-Nofoncha¡lber

ðata (Lockey, Horton ancl Rofe, Lg6g)o a tllfferent flttLng procedtrpe to

that cleecrlbecl in sectlon 5.3.3 was used and an attenpt nes nEde to

erbencl tbe ,rteasity cleter"nlnations above en altÍtucte of approclnate]'y

lro K^n. The resulting profll-es Ln'Licate<l a regJ'on flom apBroxfnate\y

lLo Kn to 120 Km wbere tbe rnoleeular orqrgen ctensLty wag al:nost constant'

lflrle effect, also reported by Groebecter (19?1), is now thougþt to be a

result of wavelengþhs other the'n L¡¡uan-a (e'g' the St III Line et

1.206.5i) contributlng eigRlficantly to the lon chember sigaal- at

these attítutles (Sectlon 2'2) '

Ftgnre 6.3 shol,rs the n'nber ttensity proflles dlerivetl from the

e-T an¿ S-X lon cha,uber ctata obtalned on the l{oomera B su'nriee pass

a¡cl tbe Falrbantcs 16 er¡nset pass ' ltrese results a^re repregentatfve of

the extreme profiles obtaÍ¡ecl. Consídlering the ra¡dom uncertalntles

in the ctensity valueg (Appenctix A) gnd the heigþt r¡¡certaLnties

rllscussed, above, it can be seen fron Figr:re 6.3 that tbere ls a

aignlficant ttlfference bet'¡reen tbe mean profiles suggeste'l for tùeee

two Basses.

AE stated. above, the most aecurately cl.etemlnecl parorrctera of

eech proflLe are the nr¡mber dlenslty a¡¡cl loeel scale helght at tbe

beletrth".FortheQ-randS-Xloncha¡¡beritatab*Ìregapproxlnate}y
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150 Kn anct t8O Km reepectl.ve\y. fbe fer¡ euaset obsenrattoas (two Q-n

lon cha.mber and, three s-]( lon cha.nber obEervatlone) ratl vltbln tJre

scatter of the sì¡¡rlse observations. I'he uea,n value of nolecula¡ o¡çr8eD

number clenslty at 150 I(m, as cleterrlneil f,rom the sr¡¡rise anÂ eunget Q-1!

lou cha,mber cleta, Ls 2.7 r tO9 
"¡¡3 

*ttl e¡ctrene denslty v¿lueE of

I.8 r to9 cn-3 anct 3.9 x 109 "t-3. 
The mea¡ value of tbe Elsb€r denetty

at I80 Km, as determlaect from the su¡rige anô sunset S-X toa cba¡nbcr

¿atan is b,7 x to8 ct'3 witu ertrenc varuea of 3.3 r to8 cd3 a¡¿

7.5 x to8 cn-3. 1.be ¡nean tlengfty va.lues at 150 Kn antl t6o Kn a¡e

{nôicatect 1¿ FlgU¡e 6.3 Uy asterieke. I¡ com¡rarl.eon, the n¡mber

ilensitles at l.5O I(m ancl I8O KB 6lven by tbe uea¡ 1965 CIRA notlel

atnospbere (ghor¡n ln Ftgr¡re 6.3) are l+.?8 x IO9 cn-3 a¡¿ 8.83 x fO8 cn-3

respectlve\r. ['be nesn ÌtREgAT I values are therefore a factor of t'8

ls$rer than the nean CIRA model values et 1.50 Ifu a¡dl a factor of 1.9

Iover at 180 Kn.

The nean scale helgþt et 150 I(m, dleternlned from tbe eu¡rlse

a¡rcl Eunset Q-T Lon ehamber data, !s 16.3 Ku while the nean r¡alue at

180 Kn, cleterul.ned fron the sr¡¡rlee al¡dl sr¡nset S-T ion chanbcr datat fs

20.3 Ke. Tbe Ecate belgt¡ts given et 150 I(n a¡rit' 180 Knby the Dea'n

CIRA norlel a¡e 15.1+ Km antl 20.5 Km respect!.vely. fherefore, tbe

I|RESAT l. uea¡r sca-le heigþts, whicb ca.n be lntergreted as tcuperattrres

|f dtffi¡slve equlllbrium ls assueed,, are gomE¡rhat higþer than the Dean

CIRA nodlel velueg at 150 Ifu a¡ct alnost the sn"E at I8O Kn'

tne ¿nt¡¡ 3 setellite su¡rise-sulset e:grerlnent dlescrlbedl on

page 135, eboweal varl¿tions 1a tl¡e number ctenslty at 180 Kn fron
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2,0 x I08 "t'3 to 8.8 x ro8 ct'3 witb one exceptionalty bieÞ value of
o-?

1.12 x IOv c']r (parker a¡ct Stæart, L972). tro tlenslty profilee '
repreeeatatl.ve of the profllea obt¿lnedt fron ARIEL 3 (Sterra¡t, 1969) are

gbovn fn Flgr.rre 6.3.

Also shovn fn Flgure 6.3 are results obtel'netl uslng the other

techniques for ctete¡mlnfng noleeula'r o:qrgÊB ctenslty dleEcrlbeö fn

Sectl.on 6.I. A slagle proflle obtainecl by traLL et al. (fg6¡) uel'ng a

roeket-borne ¡ihotoelectrlc ¡oonochror¿tor (page 136) 15 eboffit along

rrltb two profllea (a ða¡r-ulgþt patr) obta.lnedl tt¡r l(renkcnsky et aI. (fg68)

usiag rocket-borne ûass spectroneterg (pa€e 13?). Consl'clering thc

r¡ncertafntfes in the varlous technigues of reasnrl.ng nolccula¡ ots¡8en

ôeuslty (Sectlon 6.1) tJrere Ls broa,tt agrecment betwee¡ the reeults

shona in Ftgr¡re 6.3. ftre resr¡lts a,re all fn accorô ln ehorrlag that

there are gubstautla-l vajif'atlons in the nolecr¡lg.r orçtr8Ên ilensl'ty

proflte over the ra¡ge l:lo Kn to 22O I(m a¡cl thet tbe nean dengltles arc

e factor of two or ¡þre loner than those gfven by the nea¡ CIRA noilel

v8.lueg.

Ineufflclent Q-T end S-X Lon ehamber eunset deta nere obtainetl

to al-low a rneanfngfql cou¡nrlson of the I{RESAT I sunslge a¡d sunset

resultE to be ¡acle over tþe hefgþt renge 130 IG! to 220 Km' As shom ty

Kra¡kossly et al. (fg6S), clay-to-ttay varlatl'ons Ín tbts hclgþt range

are at least es lu¡rortant as dlr¡rAat varlatlons. Ílbereforet alr

obEen¡ational perfott conEf.ðerably loager than tb¿t of IIRESAT I voultl be

oeeöedl to clefiaitely eetabliEb the exLstence or otberrlse of a ôÍr¡rn¿l

va¡l.atiou in thls beigþt ranæ. The ARIEL 3 e:c¡rerlnent (363 oteenratlons)
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bae inclicatetl thet at 180 Itu the nolecula¡ orygeD clenslty 1a hlgþer at

eu¡rlse than at st¡neet. {

The verlatÍons ln the IIRESAT I clensity profLles qrrer the hÞtght

rar¡ge 130 Kn to 22O Kn are greater tha¡ those glvea by the CIRA nodel

atrcspberes (CI3A, Lg6il. Ihe ena1-l varietlona prectl'cteô by tbe CIRA

nodeLE atre a result of the fixecl borncta¡y conttltions of constant

denelty antt teryerature at 120 I(n. Jacchia (fg6g) has suggesteô Lhat

the heigþt of the boundarJr }e¡¡er be lorereti to 90 I(m and be na'cLe

isop¡rcnLe but not ieotbemsl.

Figure 6.1+ (lenonstratee the overelJ. character of tbe I{RESAI t

resu.Itg, Íhe densfty proflles fro¡¡ the L!F-NO, Q-T antt S-X I'on cha'nber

d¿ta obtainetl on tbe Joha.nnesburg 13 su¡rlse pa6s are collpared with tbe

nean 1g65 CIRA ¡noclel etnospbere (Cln¿, L965). lhe vertlcal bars ¿t

IOO, LLo, 130 s¡'d 160 I(u represeat the râr¡8e of nr¡uber clensitles

obtafnett at these hefgþte from the WBESAT l clata. Table 6'l su@arizes

the uem I|RESAT 1 results. For couparíeon, the correspoDtllng values

of number <tensity and scale heigþt fon the 1965 uesJr crBA atnosphere

(Cfru, Lg65) are given Ín pa,reatheses. At 1OO I(n the ÌlRESAf I resulte

are given separately for sr¡nrise (S.R.) a¡a sr¡nset (9.S.).

AE statecl abor¡e n at altltuttes belorr approrfmatelv 110 l(m' the

WRESAT I I,iF-NO lou chanber number ciensitfes are Ln agreenent vltb

the mea¡ CIRA nod.el to wtthin the oçerimental r¡ncertaintiee. Eowever'

''above 130 Km tbe WRESAT 1, Q-T anct S-1( ion chanber number tleneLtLes

a,re, on averege, a factor of aLuost two below those of tbe Bea'n

CIRA noðel.
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there .re ,,o results from WRESAI 1. Sborrn in Figrrre 6.\ are cleusity

profltes obtainecl from tvo rocket f,Itgþts of S-X ion eha'mbers (Weeks ancl

Snlth, 1968 and l{tlilna¡r et aI. ,1969)' These results span the gap in

the I,IRESAT I results aad, lndlcate that fn tbe regJ.on of tbe atmosphere

near IlO I(m there ls a suald.en ðecrease iu the nunber densltles, to a

value of two or Íþfe below those of the nea¡r CIRA model.

6.3. Discusçion of the So1ar Flux Results

1rhe reglon of tÌ¡e solsr tenperaturs m!¡filmm (Section Ì'2) betl¡een

the upper photosphere ancl lorer chromoephere is of consid'erable

iml¡ortance for tbe theory of the solar atnosphere' The value of the
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terperatr:re rn{nlrt¡n nay be inferred from neaaurerncnte of the brigþtaess

teuperature of ra.cl.iation enlttect' fron thls regJ'on. As er¡rlainedl ÍD

Sectlon I.2, both observatlon (Íousey, I96h) antt tbeory (Glngericb et
og

d. o I9?l) euggest that the \favelength range l52r¡ to 16824 le the

part of the spectrum !þst clearly shonl.ng the propertiee of the so:Lar

teu¡lerature mlniut¡n.

As sa¡¡ be seeu fron Ffgure 3.12, tbe spectral responee of a

Q-lI fon chanber' of the ty¡re orbltecl ln !{RESAT I ls partlcular\y veIL

sulted to a tletemlnation of tlre solar co¡tlnur¡m flux over the above

wavele1gÈh range" The Eolsr f}uces cleter:nl'netl (as tlegcribeil fn

sectlon 5.6) won the WRESAT 1 a¡d SOLRAD 10 lon Cha¡nbere are

representecl |n Flgure 6,, æ black bocty curves plottetl over wavelength

rsages equaJ. to tbe fi¡Il witlth at half Dat<f'mm (¡mU) respoaðe of tbe

Lon cbanbers. Black bocly cr:rves for VarloUs terperatures a'te also

ehovn in FlgUre 6.5 tor couparfaon with the obsen¡atlong- lthe flt¡x

valuee refer to the tntegratetl ra.d.fation fron the entire solar cllsk.

conblnfng the resulte for the IIRESAT I Lon cha,mbers, üd gfving

Sreater nelgþt to the Q-T ion cha.¡dber d.ate,, suggesta a value of

(l+:ZO 3 5O)of for the nini¡ut¡m sole.r brfgþtness temperature' These

results are eonslstent wlth the value of l+525oK obtainecl from the

SOLRAD lO 1ou chamber anct with tbe value ot l¡SOOolC reportecl Frevlou8ly

f6s sln{1ar rocket 1o¡ sþ¡mber observatlona fræ l{oomera (Cel'ter et 41.r

Lgíg'.l.

I,he lon cbamber deter¡nfnatlons are eouparecl in Figure 6.5 vlth

spectroscOplc obser:vations of tbe eolar flux n¿tle using tlíspersing
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l.nstru¡rents by Parkinson ancl Reeves (fg6g), Witllng et al,' (f9?O) s¡A

Bnrecluer antt l¿loe (tglZl. AI]. of tbese obeerv¿tlonB bave beea dlisèussed

fr¡Ity 1n Sectlo¡r I.J.z. ÌJit[Ine et aI. (fgfO), uslng photograpblc

recortling teebnj.ques, bave for¡¡rdl that the brlgþtness teu¡rerature of tlre

ultraviolet continur.¡m ernerging near the eentre of the solar illEk'

pagseg througþ a nfnlu¡n ln tåe reglon of the silicon b contlnur¡¡lry1tb

a velue of (h6?O t tOO)of. Parkfnsoa anil Reeves (fg6g) have ueeil a

photoelectric recorôlng technf.que to stuqy tbe spectral region betveen

fhOOi ana 18?51. The observatLons of ParkLnEon a¡d Reeves (f969), also

naôe near the centre of the so].ar diak, auggeat e minimr¡m brigþtness

teu¡rerature of bLOQ"f (or }o¡rer) mcl therefore sone 300oK lower than the

vatue obtalnecl by tllcliag et aI. (fpZO). Hlnteregger (fg?O) Uas

reported. that the results of a second fllght ln August 1969 teuit to

confÍrúr tboEe of tlre earller fligbt of Parkinson and Reevee' !þre

reeently Brueckner a¡tt tnú¡e (lglZ\, also using pbotographl'c recorôing

techniques, hêve tl.eterminetl the inteneity ûtstrlbutlon of the coutinuum

ratliatlon euerglag from fogr Localiaed. areas on the solar tlisk at

¡nsitlons 7, 2\, \O a¡A 300 arc sec from the llnb. T'¡e intenslty

tlistribution for tbe region nearest tbe centre of the dlsk is shonnr

in Flgure 6.5 and Lnclicates a nini¡r¡m briglrtness tenrperature itr

agreeuent with that obtainecl by !Íicling et aI' (fgfo). Tbe obsern¡atlons

taken closer to the linb lnåicate a ninln¡¡r ractiation temperature of

ùF5Oo¡ç 1n the wevelengtb region fron f66OÅ to U\Oå. 1[be spectrosco¡rLc

observationg alL refer to Local-fzecl areas of the sola'r ôisk, ancl to nake

the couparison ahqnn in Figrge 6.5 tfre observations bave been converted'



L52

to total cllsk emlgsíons, assuming that tbe tllsk ls rrnlfom\y brígþt iu

tbe wavelength region concer:oed (Section 6'z)'

As explalnecl ln sectlOn I.2, infornatlon about the solar

te4rcrature niniur¡m reglon can aleo be obtalnecl from obsernations ln

the lnfrarett portion of the spectnrn. The nost recent meaEu¡encnts ln

tbe lnf¡ared, carried. out at wavelengths spanniag the reglæ of thå

solar terperature minimtu, yielô a mean brlgþtnese teuperature of

(hgZo ! Z&I"K for the spectral range 238u to 3I2U (n¿¿v et al.' 1969).

lPhis va1ue, recordeð at eircraft altftutle, ls ln agreeænt with the

ultraviolet reasr¡rereats of Pa,rklasoo a¡cl Reeves (fg6g). Ho$ever,

tbe natr¡re of tbe Plank fr¡¡ctLon le such thet observatÌons of the ultra-

vLolet contlnul¡m lntenslty shoultl be the moet sensftive Lntllcetor of

the preclse value of tbe ninLmr¡m teuperature.

lhe rllffereDce of approxinately 3OOoK 1n the valUe of the

brlgþtness teu¡reratr¡re deternlnetl n"a¡ f6OOi by the uee of ¡rbotogrephic

and photoelectric record.Lng teehnlquesr rqpregents a dLfferenee of a

factor Of tåree ln the neasr¡red Eolar flux. As elçIai'necl fn Sectlon

I.1.2, the absolute ca-llbration of d:lspersive Lnstrunente fs dlfflct¡lt'

fhe lon eha.mber measurements provid'e an lntlepenclent estinete of the

golar ninln¡¡l brigþtness te4perature usf.ng sinple ôetectors vhieh a¡e

verlr stralght fonyartt to calibrate (Section 3.6). In the lrportant
o

reglon of the teu¡leratn:ce nini-num near 16004, tJre present lon chanber

obserrratlon6 g,re iacoasietent r¡lth ttre very low f!¡:c values reportecl by

Parkfnson and Reeves (1969).

Flg¿re 6.6 sholrs, as a fr¡action of tÍne, the Lynan-A flux valUes

obtelned from the front-faclne LiF-NO ion cha¡dber earrLetl on Ì|RESAT 1.



6

,

\

Fie.6.6 Solar

(,
o
o

Ë

u)
¡{
3
XÞ
Þìh
d
I

ã
3
É{Èo
U)

r{
I

Àt
I

L20T20L2 120
IJNII¡ERSAÍ, TI}4E (hor:rs)

L¡man-c flrlc meaeureßents d.ete¡mined. frcn the front-faclng LÍF-NO lon cbuber data.

+

+
+

+ +
+t+ + + + +

+
+ +

+ +
+ + + I +

+ + + *+
+

+ + +
+

Nov 29th Nov 30th Dec Ist Dec 2ntl



153

For thoEe l,asses vhere the sateJ-ll.te was a-lways ln fi¡LL sunltgþtt the

flr¡x level bas beea estlnated. uslng tbe netbocl tleecrfbed on page l2l '

The uncerteinty of the f1r¡c values ôue to errors !n tbe teleuetrlr

tranenleaion anrt errorE in <leternlnlng the valuee of Io fs eatlnatetl to

ve ! 6í, Apa,rt fron tåfs ra¡rðom irncertainty, tbere 1E aleo a syËtemÊtlc

uacertaLnty of approxlnately ! 6ø ao" to errors fn the laboratoqy

ca-l.lbfation of the lOn cha.mberte guantnm efflcleney at L¡rnan-O. Ercm

I'l,gUre 6,6 It can be eeen tbat to vfthin the rancl@ uncertafnty ot ! 6l

there is no evLôcace of sbort tem varlations ln the Lynan-c f1r¡x leveL'

Eonever, tbere is evideace of a gra,thral Íacrease fa the flr¡x levef à,,tt

the 3-da¡f perlocl of the obserratf one. l.lre ncan fh¡r. leve1 incree"secl fron

approxiuately 5,1 erg *-2 """-1 
on 29tb November to a value of

approxirate\y 5.5 erg "t-2 "."-1 oR 3r¿ December (1.e. e rLse of about 8f)'

f,'lris 1ouger ¡nriod variatlon le Ln accord wlth the satellite obeenratfonr

of Earr andl li¡teregger (rgZo) r¡hich showed a 2?-tlay periodlclty ln the

solar Lytan-cl lfae lntensity wlth a Va¡letfon oruer one perl'otl of

approxlnete\y 30Í (pese 8).

As deseplbed on psge 9, Tinotby ancl Tlmothy (1970) ugedl a

photoelectrl.e uonocbromator on the satel-lite OSO l+ to nonftor tåe

latensltyofthegolarhyclrogenLyrnaa.all'neovertbeperioclfrc¡u

gctober 196? to December Lg67, The value of tlre L¡¡nan-c flt¡c wes fo¡n<l

to be constsnt orer tbts perioù, to rithln the cstfnatecl cxperlnenta-l

rrncertainty of l3OÍ, nith a nean value of 5.g ""g 
ut-2 5ec-I. This

mean va.lue !s ln good agreeneat with tbe nea¡ I{RESAT 1 value of

approrlnatery 5.3 "tg "t-2 """-1.
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?hc Llru¡¡.,c flr¡x val¡¡cc ôetcrntncð fE f969 tlorn tbe neD 309 a¡tl

tAD 3IO rocket fllgþte (Seetion l+.1+.2) 
' are coaEl'tterably lower tha¡ the

v¿Iues obteinetl !n tbe periocl Norenbcr to Decenbet L96'l fron t{BESAt I

a¡<l OSO lr ob¡e¡n¡ationE. Eowever, the l¡nnal-a flux level vas nonl'tored'

Èon 15tb October ,]|969 to 23ñù October '1969 
by LIF-No lon cba¡ibers

ca,¡rleil o¡r tbe INIEAK0${G I satelLl.te (pege 15) ' Durlog thlc periodl

the fh¡x lcvcl shonecl va¡letlonc fron 3'? to lr'? erg "t-2 "t"-I '¿tu

e æa¡r va.lue of \.1 erg "']2 """-1. 
llhese values are ln gootl

agreeneut rrtth tbe value of 3,9 3 O.b ""g 
ot-z "."-I 

<Ictemlnecl by

UAD 3O9 on 2btn JutVJg6g ancl wlth the value of 1r.210.b og "p]2 "t"-1
deternlneù Þy HAD 310 on 9th Deccnber,I969'

6.¡+ Coqclusions and Cg@cnts

Acoryerlsonofthepreeentresults,obtalneclfromrockct

fuebts of LIF-I{O lon cbanbers, rr!.th the results of otÀer rvorherg haE

lodllcatecl seasona.l verl.atlons tn tbe etnoepherlc ðlgtributlo¡ of

nolecul¡¡ orygen ln the a"ttitutle range 8O fn to 95 1ç'. llhe eeason¿l

varf.atfong a,re ctearly secn Ln the ¿verage sce-ì.e hef@t rhlch ls larger

in vlatcr tìban ia su!ürr, Ae a result, rn tbe regÍon uear 90 ltn tbe

ur¡mber tlensity of nolecr¡Lar onrgen 1s almst tbe same in suÚêr a¡d

w.Ínter. Belq¡r I5 l(ln tbe preseut results ere, on tbe alrerager Ín

agreeæot ç1tb t¡e nean 1965 CIRA notteJ. atnosphere (CIRA, 1965) '

tonener, at greater altlùud,e¡ the obselrect values are slgnl'ffcantly

htgþer t{ra¡ t}rose of the neen CIRA model. The average acate helgþte

of both the sr¡mer (6.5 Kn) s,Dô wLnter (?.5 ru) recults a're

substaatlally greater tba¡ the nean CIRA uocLel va}¡e of 5'6 K¡'
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Recent atuospherie models (!¡1¡e, ;¡7TO, Jacehla, 1971) have

replaced. tbe fixed bounclar¡r conditione at 120 Iûn of earller noitels (e'8'

tUe 1965 CIRA notl.els) wlth tlme ver¡ring borurcla'r¡r conttltions at 90 Kn'

More lnfo¡ma,tion aborrt seasonal and other va¡Letfons near 90 Km is

needecl if realistfc noilels âre to be proctuced'. fo ttetertlne fÌrlly

the seasonal variati'oas near 90 tfu, a serj'es of rocket e:çerluents

slnll€,r to the EAD elçerirents of the preEent work are requl'reô at

regUlar (e.g. tvo uouthly) intervat' over a perloct of at least two

year8.

Resutts obtainecl fro¡n tbe I¡IRESAT 1 LiF-No 10n cha'nbers are

corplicated by helgþt r¡¡rcertaintl.es a.Dtl by unborm but ¡ntenttelly

slgnificaut r¡ncertainties arfsing tuon non-unifo:mlty of the Lpnan-cl

brlgþtness of the solar ôisk. To wlthln the r¡acertalnties ln the ôata'

the obserr¡eô nolecul¡r o:Vgpn clenslties at lOO Kn are 1n agreenent vith

the uean CIEA nocte]- velue. Hovever, the avexage ecaJe helgbt at L00 I(m

of both tbe sì¡nrlEe (6.3 Kn) a¡è sunset (?.2 Kn) resr:lts is coneiderably

greater than the nean CIRA ¡¡odel value of 5 '1 lfu'

A systematle cllfference rag for¡ndt bet¡¡een the I{RESAT 1 LiF-l{o

ion ehamber sì¡nriee (eu@er) a¡¿ sunset (wûter) data. Tlrls dtlfference

coulcl be erplalnecl aE a seasona} effect. Ilowevert results obtelnetl

from a sinflsr elçeriment orbitecl on the SOTRAÐ B satellite lntllcate a

seaeonal diffetence near lOO Kn which 1s the reverge of that suggeetect

by the ÌIRESAT I results.

The large rLifferenees Lu the reEulte obtelneð near 100 Kn by

the I{RESAT I, SOLRAD I aaô I¡SIEnKOSIOS I e:qrerinentE lndllcete the "
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rlifftculties involved. fn the use of LIF-NO lon chanbers in satelllte

atrnospheric occultatlon e:çerl.nents. The effect of tbe flnlte sl'ze of

the sì¡¡t cor¡J-cL be greatly ttlmlnlshed by llnltlng the flelô of vl'ew of

eacb ion chamber EO that it cOulfl on\r receive racll¿tfon fron e snal'l

a¡ea of tbe sola.r dlsk, An accr¡rate pointlng control uoulcl be neetled

to enEure tbat the tletectors renained poiated at the sa,ue regl'on of the

eolsr df.sk.

TheI{RESATIq-Tar¡tlS-Xlouc.banberresultsshc't{tdtbatthere

are eubetantial ôa¡r-to-tl.q¡ variatlons fa tbe nolecular o:vgen

clistribution 1n the altltucle ra,nge JjiO Kn lo 22O l(n'' llhege varietl'ong

a,re greater tban thoEe glven by the CIRA nodel a,tnoephetes. fhe

oeaû densitiee fn tbe aftltutle ra¡ge I3O Kn to 220 Kn were for¡¡tl to be

eLrost a facto¡ of two lower than those of tbe reet L965 CIRA notlel'

lhe eatelllte atmoEpheric occultatl.on erperlnent gives tlata

ooþ durlng arrnrtee ancl sqnset perlods but is usefirl for stutlylng

ebangee iq denslty fron tta¡r-to-d.ay, with season, rlth geographiaa-l

positlon a¡ct tturlng geonagnetlc sto:!88. To dfetlaguteh betúteen these

ve¡Lous effects, satelllte neasurementg over a ¡nriod of greater than

one year are required. Unfortr¡nately, ultraviolet loo chanbers suffer

a loes of sensltlvtty nlth tiüe olring to r¡ltravlolet degradation of

their filllng ga€es. flowever, the uEefu.l lifetine of Lon cbaubers

coultl be prolongect by e:rtrene li'mitatloa' of the ex¡losecl ç'lnôo¡ areas

aact the use of hlgþ gain a^u¡rllfiers'

Tbe sol¡r ntaluun teu¡lerature between the photosphere ancl low

chronospbere 1g an luportent para,oeter of theoretlcal Eoclels of tbe



L'7

solar atnoapbere. The natr¡re of the plnrrk fi¡nctiæ ís sucb tbat

obserrstlons of the ultravlolet continuun inteneJ.ty ehoulcl be tbe

rnoet geûsitive indLcator of the precise value of the solsr mLaln¡n

te4crature. Eowever, there !e a d¡.fference of approxfnate\y 3O0oK

fn the velueg of the brlgþtness teqreratqre tteterni¡eô êt wa¡elengtba

o
nea¡ t6OOÃ by the use of ôispersive lnstfusênts vlth photographic gnil

photoeteetrl.c recoratlng technfques. This teu¡rerature d'lffere¡¡ce

represents a cllffeleûce of êpprogf¡ately a factor of three ln tbe

ebsolute fl¡¡c leve!. Tlre IIflESAE I 10Û eba¡nber Beagurenpnts prot¡fde

an inalepenclent estlnate of the sola,r ninlur¡m brÍgþtness teqrerature

gslng siryle ðetectors vhlch are Eueh easier to calibrete tha¡ the

ttispersive instn¡¡nents. In the {ryortant region of the temperature

ninlm¡¡n near f6OOi, tbe present loa ch¡^nber deteretnatLoa of

(l+>ZO t 5O)oK is inco'.oietent rith that nad.e uslng ¡ihotoeleetric

recordi.ng teebuiques. tr\¡rbher EeteltÍte ancl rocket fligþte of Q-T

a¡tt S-ï ion chanbers vlll help in Ôeternlslng Dore preciaely tbe velue

of tbe solar nlniur¡n teu¡rerattrre.



L58

APPHIDTK A
r----

ryfrFI !,IHEEÀT 1 DWSITY BtsSlJLTS

îbls appeu<lix contains a stma¡y of, the nolecular oçygcn

ôenafty resulüs obtataed fuø the ÌÍFESAÎ I lon ehøber ercperûcnt.

The tabLes are d{scr¡ssedl on pages 121+ ar¡dl l-25.

Note that througþout tble appendllx the uotatlon a(t) Uas

been wetl as qD abbrevlatloar for a x ].ob'
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DaÈe: 29 Novenber L967

Ray latttude: 44.6os

Tlme: 7h 38rn

Ray lægltude:
45s U. T.

50.2oI^r

92

94

96

98

100

LO2

104

106

108

110

Model parerr€ters:

n(100) = 9.9L(11)cn-¡
E = 6.52 Km

h(Ib) n E(7") VcD

LIF - Nitrlc Oxtde

3.38(12)

2.49

1.83

1. 35

e.91(11)

7,29

5.37

3. 9s

2.90

2.14(77)

28

T7

28

2.2o(L8)
r.62
1.19

8.80(17)

6.46

4.75

3. 50

2.58

1.89

1.40(17)

130

140

150

160

L70

180

190

Model par¡Íìeters:
n(lJO) = 2.09(9)cn-s
H1 = 12.3 Kn

H2 = 26.1 Km

H(150) = 16.7 t<n

h n E VCD

QuarÈz - Triethylamfne

7.83(e)

4.03

2.I7
r.22
7.18(8)
4.39

2.77 (8)

20

11

18

1.29 (16)

7, 16 (15 )

4.L7

2.53

1.58

L.A2

6.6s(74)

150

160

770

180

190

200

2LO

220

Model parrÍreters:
n(L80) = 4.54(8)cu-3
H1 = 13.1 Krn

H2 = 39.0 Km

II(180) = 19.6 Kn

h n E VCD

Sapphire - p-Xylene

2.74(e)

7.43

7.81(8)

4.s4

2.82

1.86

1.28

e.2L(7)

22

13

27

4.86(1s)

2.85

L.78

1.18

8.24(r4)
5. 95

4.40

3.31(14)
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SUNSET PASS FAIRBA}TKS 3

DaÈe: 29 Novenber 1967

Ray latLtude: 68.00ÀI

Time: 8h 42m

Ray 1ørgttude:
10s U. T.

60.zon

98

100

L02

104

106

l_08

110

TL2

114

116

Model parâmeters:

n(100) = 2.17 (I2) cn-3

H = 7.60 Kn

h n E VCD

LIF - Nitric Oxide

2.82(12)

2.L7

I.67
L.28

e. 85 (11)

7.57

5.82

4.47

3. 44

2.64 (r1)

25

15

26

2 . 14 (18)

1.65

I.27
e .7 3(r7)
7 .49

5.75

4.42

3. 40

2.6L

2.07(77)

130

140

150

160

170

180

1_90

Model perameters:

n(150) = 3.13(9)cn-3
Hr = 12.4 Kn

Hz = 22.2 I(m

H(150) = 15.9 Km

h(Itn) n E (Å) vcD

Quartz - Trlethylamíne

1.17 (10)

s.e7(e)
3.13

1. 70

e. 48 (8)

5.45

3.20 (8)

19

10

L7

1. 83 (16)

e. 80 (ls)
5.42

3.08

1.80

1.07

6. so (14)

150

160

]-70

180

190

200

270

22A

Model paraneters:

n(180) = 5.86 (8) cn-3

Hr = 13.1 Kur

Hz = 43.2 I(n

II(180) = 20.1 Krn

h E VCD

Sapphire - p-Xylene

3.48(e)

1.81

e-ee(8)

5. 86

3.69

2.48

1,.76

1_.30 (8)

18

11

19

6. 31(Is)
3.77

2,42

1.6s

1.18

8. 80 (14)

6.7L

s. le (14)



SI]NRTSE PASS I.roolfERA 8

DaÈe: 29 Nove¡nbet 1967

Ray latitude: 45.8oS

Tlme: 17h 33n

Ray lørgf tude:
25s U.T.

159.9oE

98

100

ro2

104

106

108

110

IT2

II4
116

ì,lodel paremeters:

n(100) = 2.72(fZ)cot-s
H = 5.79 Km

h(Kn) n E("/") vcD

LíF - Nitrlc Oxide

3. 8s (12)

2,72

1.93

r.37
e.66 (11)

6 .84

4.84

3.43

2,43

1.72(1r)

29

T7

28

2.23(1.8)

7.57

L.L2

7.e3(L7)

5.59

3.96

2. 80

7.99

7.47

9 .e6 (16)

130

r40

150

160

L70

180

190

Model paråmetets:

n(150) = 3.87(9)cnl3
Hr = 11.5 I(m

H2 = 23.5 Kn

H(150) = 15.4 Kn

h(Kn) ri E(7") VCD

Quartz - Triethylanine

1. s6 (10)

7.s8(e)

3. 87

2.O8

1.17

6.82(8)

4.t2(8)

18

10

L7

2 . 33 (16)

r.23
6.77 (rs)
3.90

2.33

r.43
8. e6 (14)

150

160

r7a

180

190

200

270

220

Moclel parameters:

n(180) = 7.45(S)cm-3

Et = 13.9 Kn

H2 = 34.6 Kn

II(180) = 19.9 Kn

h(Kn) n E(iL) VCD

Sapphire - p-Xylene

4.0e (e)

2.23

7.26

7.45(8)

4.6L

2,98

2.00

1. 38 (8)

19

11

19

7. s3 (1.s)

4.48

2.79

1. 81

1.22

8.47 (L4)

6.02

4. 35 (r4)



SUNRISE PASS TA}IA}IART\TE ]-1

Date: 29 Noveurber ]-'967

Ray latitude: 46.3oS

Tløe: 22}¡^ 30ut

Ray longitude:

30s U.T.

85. 30E

96

98

100

102

104

106

r08

110

trz
LL4

3.86(12)

2.74

1.94

1.38

9.77 (rL)
6.93

4.9L

3. 48

2.47

1. 7s (11)

28

18

29

LiF - Nitric Oxide

Model parameÈels:

n(100) = L.94(L2)"t-3
H = 5.82 Kn

h n VCDE /"

2.2s(].8)

1.59

1.13

8.03(17)

5.69

4.03

2.86

z.o3

7.44

r.02 (17)

130

140

150

160

170

180

l_90

1. 10 (r-o)

s.so(e)
2.87

1.56

8.80 (8)

5. 15

3.10(8) 20

22

T2

Model paraæÈers:

n(150) = 2.87(9)cnl3

H1 = 12.0 I(m

H2 = 23'4 l<n

H(150) = L5.8 I(m

h n VCDE 7"

1. 70 (r-6)

e. 10 (ls)
5.07

2¿93

L.75

1.0 7

6.68(14)

Sapphire - p-XYlene



SI]NRTSE PASS JOHA}INESBURG 12

Date: 30 November L967

Ray latitude: 46.505

Tlne: Oh 9ur

Ray longitude:
30s U.T.

60.4%

92

94

96

98

100

r02

104

106

108

110

Model parameters:

n(100) = L.26(12)cn-3
H = 7.11 Km

h(Kn) n EO") VCD

LiF - Nltrlc Oxlde

3. 89 (12)

2.93

2.2J_

r.67
r.26
9.52(rr)
7.19

5.42

4.09

3. oe (11)

24

I4

24

2.77 (78)

2.08

r.57
1.19

8. e6 (17)

6.77

5. 11

3. 85

2.91

2,2O(L7)

130

140

150

160

170

180

190

Model parameters:

n(l-50) = 2.78(9) crn- 3

H1 = 12.1Krn

H2 = 23.1 Kn

H(150) = 15.9 Krn

h(Ifu) n E(Ð VcD

Quartz - lriethylaud-ne

1.06 (10)

s.33(9)

2.78

1.51

8.so(8)
4.9s

2.e6 (8)

L7

9

16

1.64 (16)

8. 79 (ls)
4.89

2.87

1,.67

1.01_

6.27 (\4)

150

160

L70

180

190

200

2LO

220

Model paremeters:

n(180) = 4.89(8)cm-3

H1 = 13.8 I(m

H2 = 33.9 Krn

H(180) = 19.6 Km

h (Kur) n E(/.) vcD

Sapphíre - p-Xylene

2.74(e)
L.48

8.33(8)

4.89

3.00

1. 93

I.29
8.86 (7)

18

10

19

4.9e (1s)

2.94

1.82

I.L7
7.84(74)

5.4L

3.82

2.75(L4)



SIJNRISE PASS JOHANNESBURG 13

Date: 30 Novenber L967

Ray laÈitude: 46.7o5

TLme: th 48m

Ray longltude:
30s U. T.

35. 50E

92

94

96

9B

100

ro2

104

106

108

110

Model parameters:

n(100) = L.74(12) ct-s
H = 6.00 Kn

h(Kn) n E(Á) VCD

LiF - Nitrlc O:<ide

4.34(L2)
3. 11

2.23

1.60

L.L4

8.20 (11)

5.87

4.2r
3.O2

2. 16 (Lr)

27

T7

26

2.60 (18)

1.87

r.34
e.60 (17)

6.84

4.92

3.52

2.53

1.81

1. 30 (17)

130

140

150

160

170

180

190

Model paraneÈers:

n(150) = 2.54(9)c¡n-3

II1 = 12.9 Kn

H2 = 2I.7 l.st

H(l-50) = 16.2 Krn

h(Ifu) n E(Á) vcD

Quartz - TrieÈhylanine

e.2o(e)
4.78

2.s4

1. 39

7 .7s(8)

4.43

2.s8(8)

20

11

19

l_

7

4

2

1

I
5

.47

.93

.39

.49

.44

.52

.11

(

(

T6

15

)

)

(14)

(14)

150

160

170

180

190

200

2r0

220

Model- paremeÈers:

n(1-80) = 5.10(8)cn-3
II1 = 14.0 l¡or

H2 = 35.1 Km

H(180) = 20.0 Km

h(Itu) n E(7") vcD

Sapphire - p-Xylene

2.77 (e)

1.51

8.se(8)
5. 10

3.r7
2.05

1.38

e.63(7)

20

t2

2L

s. 14(15)

3.07

L.92

r.25

8.48(14)

5.92

4.23

3.0 7 (14)



ST]NSET PASS FAIRBÆ{KS 16

DaÈe: 30 Noveniber 1967

Ray latitude: 67.9\
Time: 6h 9qr

Ray longitude:
10s U.T.

97.8or

96

98

100

LO2

104

106

108

110

TL2

LL4

Model paraneters:

n(L00) = I.92(12)cn-3
H = 6.53 Km

h(Kn) n Eo!) vcD

LiF - NitrÍc ù<ide

3. ss ( 12)

2.6I
r.92
r.42

1.04

7 .67 (1r)
5.6s

4.76

3. 06

2.2s(rÐ

23

14

25

2. 32 (18)

1.70

\.25
e.27 (r7)
6.79

5.01

3.69

2.72

2.00

r.47 (r7>

130

140

150

160

170

r.80

190

Model par¿¡¡rrc,ters:

n(L50) = 2.03(9)cu-3
H1 = 12.6 Kn

H2 = 24.9 lu
H(150) = 16.7 Itu

h(Kn) n E(7") vcD

QuarËz - Triethylarnine

7 .2e (e)

3.77

2.03

1. r.4

6.62(8)

3.9 8

2.46(8)

23

T2

22

1. le (16)

6.61(l_5)

3.81

2.27

1. 39

8. 75 (14)

s.60 (14)

150

160

170

180

190

200

2L0

220

Model- parameters:

n(180) = 3.26(8)cur 3

H1 = 14.8 Kur

H2 = 37.2 Km

II(180) = 2L.2 Km

h(Kn) n E(/") vcD

Sapphire - p-Xylene

1.60 (e)

e.o8(8)

s. 35

3.26

2.07

1.38

e.42(7)
6.67 (7)

23

l_3

2T

3.1e (1s)

1,.97

L.27

8.4e (t4)
5. 87

4.r7

3.03

2.23(L4)
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SI]NRTSE PASS LII,ÍA 17

Date: 30 Novenber 7967

Ray laÈJ.tude : 47 .4oS

TLræ: th 24m

Ray longltude:
20s U.T.

64,20W

94

96

98

100

r02

104

106

108

110

IT2

Model parameters:

n(100) = L.28(12)cm-3

H = 6.00 Kn

h (Kn) n E(l) VCD

LiF - Nítr1c Oxlde

3.47 (72)

2.49

1. 78

L.28

e. 16 (11)

6.56

4.70

3.37

2.4r
1.73(11)

30

19

29

2.08(18)

r.49
L.O7

7.68G7)

5.50

3.94

2.82

2.02

7.45

1. 04 (17)

130

r40

150

160

170

180

190

Model parameters:

n(150) = 2.39(9)cm-s

H1 = 12.0 Itu
H2 = 24.9 Y.,m

H(150) = 16.2 Kn

h(Kn) n E(/") VCD

Quartz - Trlethylanlne

e .01(e)

4.54

2.39

L.32

7.61(8)

4.56

2.82(8)

25

14'

23

L.42(]-.6>

7.7s(rs)
4.39

2.6r
1.60

1.01

6 . 45 (r4)

150

l_60

770

180

190

200

2L0

220

Model parameters:

n(180) = 3.54(8)cn-3
H1 = 14.4 Kn

H2 = 37.3 Km

H(180) = 2A.7 Y,m

h(Kn) n E(Z) vcD

Sapphlre - p-Xylene

1.81(e)

L.02

s. 88

3. s4 (8)

2.23

1. 48 (8)

1.01

7 .rs (7)

25

15

23

3. s3 (1s)

2.L5

r.37
e.14(14)

6.31

4.49

3.27

2.4r(L4>



ST]NRISE PASS ORRORAL 21

DaËe: 30 November 1967

Ray latlÈude: 47.9oS

Tine: 14h 59n

Ray longltude:
50s U.T.

163. 60I^I

92

94

96

98

100

L02

104

106

108

110

Model pararÊÈers:
n(1oo) = 9.o2(11) cn-3

H = 5. 70 I(¡n

h(KÐ) n E(Á\ VCD

LtF - NiÈric Oxide

3.67 (L2>

2.59

L.82

I.28
e.02 (11)

6. 35

4.47

3. 15

2.22

1.56 (11)

26 2.09 (18)

1.48

1.04

7. 30 (17)

5.1,4

3.62

2.55

1.80

I.27
8. 89 (16)

15

25

130

140

150

160

170

180

190

Model paraileters:
n(150) = 1.83(9)cn-3
H1 = 12.7 I<m

Hz = 23.8 Km

H(150) = 16.6 K¡n

h(Kn) n E(Ð VCD

Quartz - Triethylamine

6.51(e)
3. 40

1.83

L.02

s. 84(8)

3. 45

2.oe(8)

L7

9

1B

1.06 (16)

s . 86 (15)

3.33

1.96

1.18

7.24(74)

4. s3 (14)

150

160

170

180

190

200

2LO

220

Model paraneters:

n(180) = 3.49(S)ct'3
H1 = 13.9 Kn

Hz = 37.0 Kn

H(180) = 20.3 Km

h (I(0) n E(Á) vcD

Sapphire - p-Xylene

1.8e (e)

1.03

s. 86 (8)

3.49

2. 18

1.43

e .7e (7)

6. e1(7)

18

l_0

18

3. s4(15)

2.L3

1_.34

8. 8e (14)

6.12

4.34

3. 16

2.33(14)



SIJNRISE PASS ORRORAI 22

Date: 30 Novenbet L967

Ray latitude: 48.OoS

T1¡ne: 16h 38n

Ray longítude:
45s U.T.

171. 4oE

92

94

96

98

100

ro2

104

106

108

110

Model par€rmeters:

n(100) = 1.14(12)"r-3
H = 5.70 Kn

h(Kn) n E(Å) VCD

LiF - Nltric Oxlde

4.63(r2)
3.26

2.29

1.61

1.14

8. oo (11)

s. 63

3.97

2 .79

1.e7(11)

25

74

26

2.64(r8)
1. 86

1.31

9.2r(\7)
6.49

4.57

3.22

2.26

1.59

L.Lz(r7)

130

140

150

160

170

180

190

Model paraneters:

n(150) = 3.04(9)cn-3
II1 = 14.7 Km

H2 = 20.8 Km

H(150) = l-7.2 l1'n

h(Km). n E(Z) VcD

Quartz - Triethylaníne

e.e1(e)
s.46

3.O4

r.77
e. 70 (8)

5. s6

3.22(8)

18

10

18

1. 70 (16)

e. s2 (1s)

5.39

3.08

r.78
1.04

6.oe (14)

l_50

160

l_70

180

190

200

2L0

220

Model parameters:

n(1S0) = 5.30(8)cm-3

II1 = 14.1Kn
H2 = 37.6 Km

II(180) = 20.5 Kn

h(Kn). n E(7") vcD

Sapphlre - p-Xylene

2.82(e)
1_.55

8.84(8)

5. 30

3. 33

2.20

1.51

1. 07 (8)

19

11

l_8

s. 3s (ls)
3.24

2.06

1.37

e.47 (L4)

6.75

4.93

3. 6s ( 14)



SI]NRISE PÀSS CAÌNARVON 23

Date: 30 November L967

Ray latLtude: 48.2oS

TLue: 18h L7m

Ray longltude:
35s U.T.

146.5oE

96

98

100

]t02

104

106

108

110

L72

7L4

Model paraÐeters:

n(100) = 1.66(12)cn-3

H = 7.10 Km

h(Kn). n E(%) vcD

LiF - Nitrlc Oxide

2.9L(72)

2.20

r.66
I.25
e.44(11)

7.12

5. 38

4.06

3. 06

2. 31 (11)

27

18

25

2 .07 (18)

1.56

1.l_8

8. 88 (17)

6.70

5.06

3.82

2. 88

2.Il
r.64(L7)

130

140

150

160

170

180

190

ìtodel parameÈers:

n(150) = 2.76(9)"r-s
II1 = 12.8 Kn

HZ = 24.2 Y'm

H(150) = 16.7 K¡r

h(rtu) n E(7() vsD

Quartz - Tríethylamine

e .75 (e)

5.10

2.76

L.s4

8. e2 (8)

5. 31

3.2s(8)

19

11

1-9

1.61 ( 16)

8. e0 (1s)

5. 10

3.02

1.83

1.14

7 .77 (14)

not available

Sapphlre - p-Xylene



SUNRISE PASS TAT{ANARIVE 26

Date: 30 Nove¡nbet L967

Ray latitude: 48.7oS

Tfme: 23}:, 14n

Ray longitude:
0s U.T"

7z.oon

94

96

98

100

roz

104

106

108

110

7L2

Model parameters:

n (100) = 1. 53 (12) cur-3

H = 5.30 Km

h(rtu) n E(Å) vcD

LiF - Nitric Oxide

4.76(L2)

3.26

2.24

1. 53

1.05

7.2]-(1Ð

4.94

3. 39

2.32

1. s9 (11)

34

24

33

2.s2(L8)

7.73

1. 19

8. 11 (17)

5.57

3.82

z;,62

1.80

L,23

8. 43 (17)

130

140

150

160

170

180

190

Model parameters:

n(l-50) = 2.81(9)cn-3
H1 = 13.0 Kn

H2 = 22.7 Km

H(150) = 16.5 Krn

h(Kn) n E (%) vcD

Quartz - Trlethylamine

9.s6(e)
5.22

2.BI
1. 55

8.82 (8)

5. t3

3.os(8)

26

l_5

25

r.62(L6)
8. 8e (1s)

5.01

2.89

1.7L

1.03

6. 31 (14)

150

160

L70

180

190

200

2L0

220

Model parameters:

û(1-80) = 4.02(S)cn-3

H1 = 13.3 Kn

H2 = 42.2 Km

H(180) = 2O.2 Km

h (Kxn) n E("Å) VCD

Sapphlre - p-Xylene

2.33(e)

L.23

6.8r(8)
4.O2

2,53

1. 70

1,.20

8.77 (7)

z4

16

25

4.28(ts>
2.56

L.64

1.11

7 .e4(L4)

5.86

4.44

3.41(14)



SI]NRISE PASS JOHÆ{NESBURG 27

Ðate: 1 December 1967

Ray latitude: 48.9oS

Î1me: 0h 52rn

Ray lo'ngftude:
50s U.T.

47. loE

94

96

98

100

ro2

104

106

108

110

LTz

Model parameters:
-?n(100) = I.32(12)cn "

H = 7.00 Itur

h(Kn) n E(/") VCD

LiF - Nitric Oxide

3, L2(72)

2.34

r.76
r.32

e.e4(11)

7 .47

5. 61

4.22

3. L7

2. 38(11)

28

T6

27

2.18(18)

r.64
1.23

9.24(L7)
6.96

5.23

3. 93

2.95

2.22

r.67 (77)

Quartz - Trlethylan-ine

150

160

]-70

180

190

20a

270

220

ì4ode1 paraneÈers:

n(180) = 5.65(8)cur-3

Hr = 13.8 I(m

Hz = 41.6 Kn

II(180) = 20.7 I(m

h(Km) n E(/.\ VCD

Sapphire - p-Xylene

3.06 (9 )

1.66

e.42(8)

5.65

3. 59

2.47

1.70

7.24(8)

20

12

20

5. 84(15)

3.56

2.30

r,57
1.11_

8.18 (14)

6. 15

4.70 (r4)



SUNSET PASS FAIRBANKS 29

Date: 1 December 1967

Ray latLtude: 67.79N

Time: 3h 33ur

Ray longitude:
45s U. T"

t36.7or,

94

96

98

100

ro2
104

106

108

110

L72

Model parameters:

n(100) = 1.51(12)cn-3

H = 7.81 Kn

h(Kn) tt E(iò VCD

LíF-Nitric ûxide

3 .25 (L2)

2.52

L.95

1.51

I.17
e. o4 (11)

7.00

s .42

4.19

3.2s (11)

29

18

28

2 . s4 (18)

t.97
1.52

1. l_8

e.r4(r7)
7 .06

5 .47

4.23

3.27

2.54(L7)

Quartz - Triethylamíne

150

160

170

180

190

200

2L0

220

r.e4(e)
1.07

6.12(8)

3.69

2.35

L.57

1. 10

7.e4(7)

Model parameÈers:

n(180) = 3.69(S)cn-3

H1 = 14.1 Kn

Hz = 40.4 Kur

H(180) = 20.9 Km

h (Km) n E(/") vcD

Sapphire - p-Xylene

22

13

2L

3. 7s (rs)
2.30

1.48

1. 01

7.r0(1.4>

5.L7

3. 86

2.e2(r4)



LIITIII]M FLUORIDE - NITRIC OXIDE ION CIIAI'ÍBER RESULTS

90

92

94

96

98

100

a02

104

106

108

Date: 1 December 1967
Tiæ.: 15h 41¡n 15s U.T.
Ray latitude: 50.3oS
Ray longitude: 176.60I^I

Model paråmeters:

n(100) = 8.02(ff)cr-s
H = 6.80 Km

h(Kn) n E(Z> vcD

Sr¡rrise Pass Orroral 36

3.4e (L2)

2.60

L.94

r.44
1.08

8.02 (11)

5.97

4.4s

3.32

2.47 (r7)

25

T4

24

2.37 (r8)
r.77
r.32
e.7e (r7)
7 .34

s.4s

4.06

3.03

2.26

1.68(17)

96

98

100

102

104

106

108

110

772

l-l.4

Date: 2 December 1967
Time: th 32n 55s U.T.
Ray laËiÈude: 51.0oS
Ray 1ong1Èude: 34.64Y

Model parameters:

n(100) = L.79(12)c¡n-3
H = 7.00 Km

h(Km) n E(%) VCD

Sunrise Pass Johannesburg 42

3.r7 (12)

2.38

7.79

r.34
1.01

7. s9 (11)

5.77

4.29

3.22

2.42(rr)

26

15

27

2.06 (18)

L.67

7.25

e.41(17)

7 .07

5. 31

3.99

3.00

2.26

1.6e (17)

96

98

100

r02

104

106

108

110

ttz
]-1,4

Date: 2 Decenber 1967
Tíure: 5h 51rn 30s U.T.
Ray latitude: 67.5oN
Ray longl-tude : 102. loE

Model parameters:

n(100) = 1.59(12)cn-3
H = 7.50 Km

E(i¿) vcDh(Kn) n

Sunset Pass Fairbanks 45

2.7L(tZ)
2.07

1.59

1,.22

e. 34 (11)

7.L5

s. 48

4.20

3.22

2.46(\1) z9

29

18

2 .04 (18)

1. 56

1.19

e.L4(77)

7.07

5.37

4.11

3.1_5

2.4L

1. 85 (17)
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LITI1IIJM FLUORTDE - NITRIC OXIDE ION CIIAI"{BER RESI]LTS

98

100

L02

104

l-06

108

110

LIz
114

u6

¡CItu) n E(/") vcD

Date: 2 lÞceuber L967
Tlme: 7h 30m 5s U.T.
Ray latitude: 67.5oN
Ray longitude: 78.7o8

Model par¿ureters:

n (100) = 2.62(12) crnl3
H = 6.50 Km

S¡¡rset Pass Fairbaoks 46

3.56(72)
2.62

L.92

T.4L

1.04

7.64(rr)
5.62

4.13

3.04

2.23(LL)

27

16

27

2. 31(18)

t.70
L.25

e. 18 (17)

6.76

4.97

3.6s

2.68

L.97

1.4s (17)

94

96

98

100

r02

104

106

108

1l_0

L\2

h(Kn) n

Date: 2 Dece¡ùet 1967
Time: th 7rn 2s U.T.
Ray latltude: 51.5oS
Ray longitude: 64.6oW

Model parameters:

n(100) = I.62(12) c;- 3

H = 6.10 K¡n

E(Á) vcD

Sr:nrlse Pass Sant{ago 46

4.34(72)
3. 13

2.25

r.62

1.17

8.42 (11)

6.07

4.37

3. 15

2.27 (rt)

29

18

30

2.65(r8)
1.91

L.37

9. 88(17)

7.I4
s.14

3.70

2.67

1.92

1.38(17)

94

96

98

100

r02

104

106

108

110

r72

h

DaÈe: 2 Decernber L967
Tine: 4h 4h 3s U.T.
Ray latiÈude: 52.2o5
Ray longírude: 163.9oI^I

Model pareneÈers:

n(100) = 1.31(tZ)crn-s
H = 5.50 Km

n E VCD

Sunrlse Pass Orroral 50

3.e1(12)

2.72

1.89

1.31

9. 12 (1r)
6.34

4.47

3. 06

2,I3
1. 48 (11_)

27

15

26

2.ls(18)
1.50

1.04

7.2r(L7)
5.02

3.49

2.43

1.68

L,L7

8; 14 (16)



\

ù

'\.

\ o50

a\
r\

'ìr
a\. 

'r,.

\
\

\
\

\
t',t tì 0s lvuouuo ssvd :FtuNns --

97 oevuNvs ssvd !Ì$uNns\
9? SI|NVEU|VJ SSVd l3sNns

3u3Hds0n lv NVSH ,t$ VU|S

\

sllns3uulelrvHo Not or¡ - J-rI
\

( lr)t ) lHgtan
ú 0$00t

tu

¿
3o
m
c'
cF
v

I
n
-

I

rot E
3@
Irl
v

f,
-o
I

ct
3I

¿

C10t

L,
g



LIHIIIM FLUORIDE - NITRIC OXIDE ION CTIA}ÍBER RESIILTS

92

94

96

98

100

I02

104

106

108

110

Date: 2 December ]-:967
TLme: 16h 19rn 26s U.T.
Ray latitude: 52.3oS
Ray longitude: 171.4oE

Model parameters:

n(100) = g.87 (11) cn-3
H = 6.80 Km

h (Kgl) n E(Á) vcD

Sunrlse Pass Orroral 51

20

39

78

32

87

36

48

09

o4

3

2

1

1

9

7

5

4

3

2

(

(

)

.27 (rr)

12

11)

25

24

14

2. 18 (18)

t.62
L.2T

9.01(17)

6.71_

5 .00

3.73

2.7I
2.07

1. s4(17)

92

94

96

98

100

l:O2

104

106

108

110

h(tu) n

Date: 2 December 1967
Time: 17h 57m 51s U.T.
Ray latitude: 52.4o5
Ray longltude: L46.7oE

Model paråmeters:

n(100) = I.23 (12)cm-3
H = 6.80 Kn

E(%) vcD

Sunrise Pass Ï^Ioomera 52

3.ee(r2)
2.98

2.22

1.65

I.23
9. 18(11)

6.84

5. 10

3.80

2. 83 (11)

15

26

26

2.72(78)
2.02

1.51

L.t2
8.37(17)

6.24

4.6s

3.47

2.58

r.e2(r7)
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