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SUMMARY

The absorptlon of solar êxtreme ultra-vl_olet radLation in

tt¡e earthrs atrnosphere represents a powerf,ur tool for dète¡il1nLng

info¡mation on the com¡nsitlon of the atuosphere. Exlstlng

Lnfo¡:nratlon on ttre com¡nsltLon of the atmosphere a.bove about lOO lft.

is stll,l qulte poor, even for maJor constftuents such as N2¡ 02 and

0. Thls Ls the most sJ.gnifLcant reason for the fatlura to astabtLsh

a eatLsf,aotory "reference atuosphere". e e¡naIl varLation of the

aggrned conposLtJ-on fn tl¡e lower part of the ther¡roephere (1.e.

ftom aJ¡out 90 Km. to 150 Km. ) oa¡r lead to anr er¡onnously ampriffed

variatl,on of the "reference atnospheres" propertles at hJ.gher

altLtudes.

Ultra-vfolet ion chambers have been used to study ttre
OO

abeoqption of wavelengtlrs In the rütge IO50 A to 1680 Ã. In thi.s

regf.on' molecular orygen Ls the maJor a.bgorber so tt¡at norecular

oxygen densLtLes as werl ae absolute eorar fh¡r< intensl-tles are

obtaLnable.

In this work, fLve rookete a¡¡d one satelllte werc fLred

from Irlconera, South Australia.

Four IIAD rockets were Instru¡¡ented wlth litT¡l_unr fluorLde-

nitrlc oxi.de ion cha¡rbers whLah res¡nnd ln tt¡e rang€ 1050 to t3so å.

Thls range includes the fmportant Lyman c line whích penetrates the
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aürcsphere Èo a helght of 70 Kn. By uslng these lon cl¡a¡nbers

moLecular o{ygen densities can be detemlned in the hcfght range

70 t(nr. to 90 lün, ¿riû absolute measu.rements of ttle solar Lynan-d

fll¡'c can be rrrade. No tßD rockot Berformed satlsfactorily ¡ three

êld not reach ttre mlnLsr¡¡r helght of ?0 Km. and the other

preceseed so badly that very grave èrrors were Lnvolved Ln aensity

and f,lux Lnf,ornratlon.

One tuccegEful I.ONG Tol4 rocket was fnstrr¡mented wfth

ttr.llteen lon chambers of dLfferent. types covering the range

oo
IoSo Ã to 1680 Ã. Det,:'lled measurements of molecular oxygen

dcnsity in the helght range 70 I(Tn. to 120 Krn. rilÉreobtalned as

well as golar ultra-vloleÈ flunes withLn thLs important ultra-

vLolet range.

PrelLminar¡ results from Australl-ars f,l'rat satellite,

WRESAT, wtrich was lnatnmcnÈed with Lon chauibêrs, are discuesed

'anrd con;'rared wLth results from both the rockct fltghts and other

workers ln the fleld,

Ldc fe-
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CHASTER I. TTTE SOI,AR SPECIIRT¡}!

1.1.1. IIfTRODLTCTTON

Thc obserna.blc optical spectnur of the suri extends fron the

beglnnJ.ng of the radLofrequeney spectn¡n (tr r nllllmeters) to the

x-ray speotra (f " r t). Eelow l'7oo i an. solar spectrum conslats

alnost entirely of emlssLon llneg superlm¡need on a very fal,nt contln-

ur¡Ír. The¡e emJ.seion lLneE arfse from atons f.n many stagaa of Loniz-

atlon. HI, HeI, HeIIr OVI a¡¡d MgX are rome t¡¡pl.cal examples. The

exLsùcnce of theec snLseLon li.nog f¡rp1y radLation teurperaturesr up to

sev3ral urllllon degrees. Above I,TOO I a¡¡a extendLng lnto t*re Lnfra-

rcd, ttre golar Epectrum Ls a contlnuous spectnrnr crossed by Fraunhofer

abeorption lincs. These absorptt-on llnes are those of neutral and

elngly ionLzed atoms which should appear at radiation tenperatt¡reE of

about 4rooooK to 6rOOoot<.

Accordlng to the preeent model of the solar atnosphere

(GLngerJ.ch a¡rd de ilager, L968) lte enittl,ng regLon can be clasELfLed

Lnto ttrree Layere:-

a) The photoeBhere. ThLs l-¡ ttre Lrurenrost regLon a¡¡d Ls

about 300 Kn. thLc¡<. The radlatlon ternperature Ls about

SrooOoK at the base' dropptng to about 4rsOOoK at the

top.

rThe radLation temperature of thc gun at a partLoular wavelengtih Le
ttre tenpcrature of a blaak body whfoh would esrit as much radiation at
that wavclength as ttre Er¡n.
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(b) The chromogÞhele. ThLs regLon Lg dLrectly above the

photosphere a¡d ls about 201000 ltn. thick. Ths radl"atlon

temperature er(tends from about 4r500oK where lt Jolns

the photoephere to about 4OTOOOoK where it meete t¡¡e

coronå.

(c) The Corona. ÍÌ¡Ls region ls a very hot plaema, lts
ttJ

radlatLon temperature beLng of, ttre order of one to t¡vo

millLon degreee. The aoroRa has been obsen¡ed to

extend to dlstar¡cee of tÌ¡e order of L0 solar radiL a¡¡d

probably does not have a well defLnad boundary as LÈ

nergee lnto the l-nterplanetry mediuar.

The vLsLble s¡rectnrn, exÈending from approxi.mately 4rO0O to
o

71000 A, and includlng sþst of the FraunÏ¡ofer absorptLon linee orlgLnatee

Ln the photosphere. No radlatLon orfginatlng from below the phoùo-

sphere oan escape to tt¡e surfacE wLthout being totalty absorbed as tt¡e

photospherLe gasee have a hlgh opacf-ty. The top of thc phoÈosphere 1g

deflned ae the level at whlch the gases are Just barely beglrurJ.ng to

becme oPaque a¡¡d thua the radiaÈlon that oscapas from the photosphere

EufferE partfal absorptlon on the way out.

At vLsible wavclengttrs the spcctra of the ohronosphere and

corona are 3o faLnt that they car¡not be obsenrcd r¡nless eteps are taken

to obser¡re the e¡rorrpugly greater J.ntcnaity from the photosphere. Thê

l.ntenaJ.ty of the visibte emissLon fronr thE chronosphere Ls only about

t
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one t6n thousandth ttrat of the photospharc. A flaeh spoctnut* gfvea

ttre bc¡t rasulte whcn ¡ihotogrra¡ihtng tÌre vl,elblo chronoe¡ùerlc spectnrn

a¡¡d lE only obse¡s¡able for a few sgcondg Lunedl.atcly beforc and af,tor a

total eolar eelfpse. FI¡sh apeetra have yicldad a large PortLon of the

fnfonratl-on known conoernLng the phyølaal aÈate of the chrorrcepherc.

Tt¡o vLsibla radtLatLon from the corona ls one hr¡ndredltl¡ tl¡c tntcneJ"ty of

ttrat fro¡r tt¡e chro¡¡ospherc and Ls agaln boEt etudled durfng total

ecllpees. A contfnr¡ous rpcatnn nakes up appro:rJ.nratcly 97t of the

vigible radLatLon of tho G¡oronr. Ttre romainlng 3t fs Ln thc fo¡¡t of

brlght urission lLncg frcn very hJ.ghly Lonlsed atonE (1'c. cd(II'

NilffI). Ihe ooqutranoe of tlreec hlgh stages of Lonl¡atLon LndLeate¡

tampcratures of onc or two mj.llLon degrces. The contlntþua spoctrrut

arfges f¡rwr radiatLon f¡nosr t}¡e photoaphere befng gcattcrcd by the

electrons Ln tt¡e inner regfons of the co¡ona and by dust Ln thc outer

reglone.

the photosBherLc spactral ênêrgry curuc at vl.eLblc wavolengthe

closoly ßÍmulates tt¡at of a black body wlth a tcn¡rcratu¡c of 6r3OOoK.

At longer wavelengths l.n tho Lnfra-rod rcg!.on,the opacLty of tho photo-

epherc lncreases wi.th Lncrcaslng wavelangrth and thcreforc the raðiatÍon

tenr¡nraturo dl¡rlnlghes ånd apprcacheg a bor¡¡rdary value of apBroxfunately

¿r500oK. Ag tt¡e wavelength decrcasea, lnto tirE ultra-vLolct rpcctrun,

the opaclty of tt¡c chrqpephcre al¡o LncreaEee and the obscnred radLatfon

*A spectrun of the last brlght ltght tt¡at Ls aeen aE the noon covers tt¡c
¡r¡n at a total eelLpre anð Èhc flrst llash of, llght that appcarE aE th.
æon mvee off . No orit is nocdcd on the BP'octrc'graph for th¡ llmb of
the rcon a¡¡d ttre e{Ee of the ehmocpherc cæbLne to fo¡m a ¡Ilt.
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comas fron progressLvely hfgher regionø. Thue the raðiatl'on

teq¡reratrrre decrcases aa tt¡e wavclength deoreages and ttre Lntansity

of the eolar contLnur¡m lLes below that of a 6r30oo¡t blactc body down

OOto IOO Ã. At about I,4OO A tÌ¡e radlatlon teuSrerature reaches a mLnlmutr

of 4r5OOoK* corrce¡nnding to a change Ln the orÍgLn of the contlnuuu

f¡ro¡r ttre ¡ùrotosphere to the chronosphere. At wavelengths less tban

o
1,400 Ã tfre radiatLon tem¡nrature Lncreaeea ae the orlgln of, the

radlatlon nþvea up through tÏ¡e ahromosphere and Lnto the corona.

FLgurc 1.1 gumnrLsee the regione where the varfoug sectLons

of the apectrun origfnate. The X-ray regJ.on of tl¡c speatrurr ghows

Iarge varLaÈlonE l-n Lntenslty¡ ln Figure l.L the epectnrrr shown ls for

gulet oondiùlons at solar maxlfiun.

I.2.1. MEAST,REITIENT OF TIIE SOIÀR T'I.TRA-VIOI,ET SPECTRT'M

Solar radiatlon below 2r9OO 3 t" *"orbed by atomLc orygen,

nJ.trogen, molecular onygen ¡nd ozone Ln tihe carthrs attrtsPhcre so tlrat

tt¡e natt¡re of tt¡c solar spectnrn at wavelengttre less than 2900 wae

unknown r¡ntLl rockets capable of rl.sing to heLghte greater tha¡r 75 IGt.

were available. BalloonE were unsuitable as they could not rl-ge above

tt¡e ozone whlch reaches ite maxfmun at about 25 ffi. In 1946 captured

Ge¡aa¡r V2 rociketE were flred in America to study tÌ¡e ultra-vlolet spoctrun.

The Lnst¡¡nent ueed to record tho flrst ultra-vLolet spectra waa a

rThe radÍation tenrperaÈure of 45OO K at the mlnlmr¡¡¡ le that indicated by
the preeent work and rcoontly has been verifted by ParklnEon and. ReeveE
(1969). seê Chapter slx.



-3

Transitionto corona

C hromos p he re
F hot os p here

0

1

2

3
Quie t
corona

Iæ

o
o)
a

cr¡
h
ID

+r..{
U)
c
0)+
c

u¡
o
-l

C\l
I

10 1 t10 1 000
h/AVELENGTH ( T I

Fiq. 1 .'l . The sola¡ s pectrum from 10 to 1ÛC000

1 0000

I ( a" Jager 1 964 and
AIIen 1963 ). The regiorrs where the various sections of the spectrum
originate are indicated above. The X-ray regicn of the spectrum
( À-tess then 1 00 R ) is- extremeJ-y variable.

.Þ
'n'
u)
c
c

:

FIA--Þ-
l¡/AVE LE\GlH

Fiq._!.?. The profile of the soÌar Lyman-G tine by Purcell and
Tcusey 1959 . ( f ronr F¡i¿clniar¡ 'l 96I )



5

normal incldcnce gratLng epectægraph wlth photographLc reærdJ.ng. As

Ètre rocket lrâE r¡r¡¡tabfllzed tl¡e spcotrograph neaded a wl-de field of

rrlerù, The firct spectra talcen from a, V2 roolcet (Brarur et al 1946) were

rpt of grood resolutlon ar¡d showed a æntl-nr¡ation of, ttre vi.sLble

contl.nuu¡r down to 21OO i wLth the nery strong a.brorptfon dor¡blet of

¡rlglll A serl,ee of thirty-flve rpectra werc takan at hcights up to

88 Km. Another V2 flight waE made ln 1947 and about tt¡trty absorptLon

ILnog wsre identifleð down to 23OO i. Ac thc eolar spoctrrm J.ntenefty

drops rapfd.ty bcl.ow zfoo i eny cxtensfons to lower wavelcngttrs wer6

dlfflst¡lt to achLeve. To ovêrcome thla problem detecf¡rs euLtable for

flfght Ln r¡nctabillzeci roclrets were developed a¡rd flown. Àt ttre same

tLmc, a poJ.ntLng control waø denelo¡rd whLcÌ¡ could keep J.nstrumente

¡nlntlng tow¡rds the gu¡r lrrerpectLve of tÌ¡e ¡ptlon of the roeket.

SLnce tÌ¡ls tfuìÊ, the nethods of meaauríng ultra-vLolet flÞres have

followed two lLnos ¡ non-dispereLve me¿Eu¡enånts, where ¡nLnting

controls are not neco¡sartl¡ L.€, Lon chanbers, and the dLspersfve

netÌ¡odc, f.e. ø¡nctrographa whara ¡nintlng control¡ ar6 essentlal.

L.2.2 rVE MEASI,RE¡.{EDTTS IVI:XH PHOTOGR.APHIC

. The fLrst pofntlng cont¡¡ol was developed to be buLlt lnto

the Aerobee ¡¡ocket whlch was ured alrcst exolueÍvely for solar spectnut

mêêaurenentc from 1952 onwards. The hictory of thcse a¡¡d subeequent

ob¡enratiar¡a up to 1963 has been reviewed by TouEGy (1963).

.J,ic;l t.r'..
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Ia tgSl Rcr¡rê (1953) uai,ng Èhe Þlelel ¡rol'nclnE conÈEot rsd

r grzing laeldenoe ¡¡¡.ctralrepb oi.rtaln¡ti Èhc fir¡! llongo of, ti¡o

L)¡!¡sn-r (1215,7 ll *""orr.ut lfao of, rtou$c byârogon vbici¡ lg rs

¡¡å¡rlon llnü¿ ln contn¡È to Êl¡¡ abror¡¡tlos¡ lln¡r rhlaÌ¡ h¡d becn

où¡¡erycd n¡r to thrt tlae. The lntcarlty of tl¡l¡ trlnc st¡ çiJarì¡rcd ¡l

0.5 rrn¡ æ-2 gtE-l.

å dpubL rcr¡n! l¡atdoaat sp.st¡oqreph var êrvclo¡nd end

tlsvo ln 1954 uô 1¡ dr¡ertrrd [¡y i¡ol¡n'on rt sl (195É) ' |ItlQ ¡r¡'ctp-

greplrrr 66. @vtlrlng Èlr¡ rtDgc 5OO to 1580 I r¡rd tlrr ot¡r.a ISOO to

ISOO I rr¡c lnolud.ó, Å ntnbor of ltfgbù¡ rrt¡ n¡dr vttlr tble

lnrtn¡cenÈ. trå t9S{, t*¡¡ dÈltudc p¡ahed ul¡ lO{ Flr. lrå oely È}tl

þnrn-o llnc vm oblctrüdr u ü¡¡ alrrlo¡¡ lln¡¡, rprt' fror L¡nrn-a

1¡ tl¡r nlÈn-vLol.È tp.atrun b.trt s IOOO .üÁ t?OO l, rn eblorbrð by

pbcr¡l¡r ol!¡ftrs rt r gtrrÈar hll"ght tþ¡a lOa Í¡ü. lr¡¡t Yôr, tltr Lurge

of L¡nen-c rr¡ brttrr Èhrn tl¡¡t obmrvoô by Rourc. å]¡out torty

ælr¡lm lln¡¡ oth¡r then f.¡rurn-s H.t. flnt fouaú ln I95f u¡lng tltl

¡u Ln¡t¡q¡ntr lt thr recÛsri r¡rclrtd .n ¡tttÈud. ol lI5 f*.

Int arl,tt¡r of O.6 l¡¡d 1.6 crg c-l tco-l for thr L1ærn-o flr¡x vrr¡

drtrnlnrd l¡or tl¡r 195{ rD¡¡ l,Ð55 tltghtr nr¡rctt'vcly.

A gnrlng tneld¡soc .p.cttogrlph¡ rrhl,ch oa¡blo rhortrr

rrrrrlrnEttrr thaa Èh¡ rotrrl lnclilrna. .p.otrtÞgrtÞh E ntloncê ¡bovö to

l¡r d¡È¡r¡l,n¡d wtr fIøü ln 1957 by ÀÌloltrû .t ¡.1 (1950). vf,ol.tt' end

R¡¡rr (1ft9, tlry rn irg¡ovrd vrnio of tl¡l¡ fa¡tnn¡t 1n 1958 rr¡d

t95t r¡d ¿!.ta€t d lor th¡ flnt, tlr tt¡¡ ratoa.Drer lla¡¡ of türl
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oo
(584 Ã) and Herr (304 À). Alttrough the grazing lncidence epectroguaph

vras more efficlent at short wavelengthe then the nornral incidence, the

ga!.n was decreaeecl by ttre lncrease in stray ltght' whl-ch waE etorse

at grazing ttran aÈ nonnal inofdence. As a reeult the spectra obtained

by Vlolett a¡rcl RêRBe were dLf,ficult to fnterpret.

Impeg':enanta c::lre made to tlie nom¡I incldence spectrograph

flown by ilohnson by coating the gratl,ng to reduce tt¡e effect of stray

Iíght. ThLs Lurproved instrument was flown ln 1959 by Purcell et aI

(1960). The altl.tude reacl¡ed was 198 IGr. whLch allowed nore emi.ssl.on

linea ttran thoge for¡¡rd by Johnson to be detected.

Pr¡roell a¡rd Toueey ln J'959 obse:nred the profile of the

Ll¡man-a llne. The epoetrograph eurployea a 5O cn. radLueul2OO l5.nerlnm

gratfng Ln the thLrteenth order,whlch produced a rc¡olutLon of about

o-
O.O3 Ã at Llzman-o. Elgrqre 1.2 includes a profLle of ttrLE lLne whLch

Ls charactcrLzed by a broad depreaefon at tlre centre leavLng two

nraxl.¡na separated by approximately 0.4 l. The f,o::natLon of thLa

absorpt!.an ocours Ln ttre golar atrcephere. In tt¡e centre of the broad

reversal Le a narrow central absorptLon coro whLch i.c prcduced by

neutral hydrogen betwacn the rocket and the st¡t.

The recorded spcctra ltere J.mproved by flytng a dor¡ble

diapereLon speatrograph In 1960, (Detwfler et al 19614). A gratl'ng

dlspereed the eolar radiatLon along a ellt from whl.ch tåe radLatlon

passed to a second gratLng. I¡1 thfs way, the level of etray ltght
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was reduced aE ttre vleLble a¡rd near ultra-vlolet portlons of the

spectrun fell beyond tÌ¡e end of the sllt. The flret grating was

dlstortEd to malce tÏ¡e fLnal f.nagee stlgrnatic, l.e. the lnteneLty

dlõtrlbutlon along a lfne corrGsponded to tlre lnteneity dLstributfo4'^'-

along a d.La¡reter of the solar disc at that wavele'ngü¡. By ueing an

Lon chamber whLoh was f,lown with the spcctrograph ttre ab¡olut¡ level-

of ttre flr¡xeg were deternlned and from ttrtE f,ltght a¡¡ lnteneÍty

dietrlbutLon for ttre reglon 900 to 1550 i, t"" derived.

A grazl-ng íncidence spectnograph wae flown by Tousey et al

(L963) In 1961 a¡¡tt 1962. Thle l¡neÈrograph ellmlnated ttre etray

tight probleur e:rgerJ.enced wLtrh prevlous grazJ.ng lncidence epectrographs

by Bassiag .tÏ¡e radiatfon frorn the sun through a¡¡ unbacked thln

ah¡mlnlr¡m ft¡.n: As alt¡ninLr¡¡n fi1¡r¡ only transmit at wavelengths

ahorter tt¡a¡¡ 830 i, ,tt" film aatcd, a¡ a lllt¡r ollntn¡tfng vlsLble

to extre¡¡s ultra-vlolet otray llght down to 830 fl. The region from

approx!.mately 8I0 to 17o t *"" tra¡rsmLtteð.

Itt¡e dor¡ble dl"spersLon instrnfitent covering ttre ranges 800 to
oo

12sO Ã ar¡d l2OO to 2000 Ã wae flown in 1962 by Tousey et aI (1964).

Nearly complete elLmlnatton of etray ltght enabled the contlnut¡r to be

traced down to a wavelength of about 950 f. The double dispersÍon

Lnetru[Bnt was reflown fn.IuIy, 1966 by Puraell' Snlder and Toueey

givlng epectra sJ.gmifLcantly better for photometrl, thafi the 1962

fltqht or a flLght Ln Februa¡l1', 1966. The reeultg of these epectra
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between the linrltg 1520 a¡rdl 1780 E fr"rrt recently been pr:bltshed by

WJ.d.lng et al (f970) (See Flgnrre L3).

FJ.gure I.4 ahows a spectrtmr from Touscy (1964). As the Lon

cha¡nbere uEed Ln the present work cover the regLon t05O to 1660 3

both tlre spactra J.n Fl.gurc 1.3 and 1.4 arc referred to 1n later

Chapters.

ObtaJ.nLng absolute flru<ee from photogrraphlc meaeurêmentE l-s

very dJ.fflcult. Íhe dlfflculties have been dlgcr¡ssed by ilohnaon et aI

(1958) a¡¡d Detwfler et al (196fb). Bott¡ the scneltlvlty of the film

anil tt¡e lnstnurent transmfselon constant must be measured as funations

of wavelength. Theee two quantities ca¡r ba measr¡red simultaneouely

by usJ.ng a¡r sbsolutely callbratcd beam of monoctrronatlc radfatLon at

varLous wavelengths, but tt¡Is doeE not provide an accurate meÈhod of

oallbratlon ag tÌ¡e angular dlvergence of the boæn from the laboratory

aouroe nay not be the Eane aa ttrat fron tt¡e Er¡¡¡. Ttrus, one of the

followJ.ng addLtlonal meth-ods hsve usu¡lIy boen uced.

(e) The speotrograph ef,flcJ.enc'¡¡r can be calculated from

' the neagured efflolency of thc gratlngs. fhe e¡nctral

distrl.l¡utfon from a oa¡bon arc hac been published

(Johnson, 1956) go that tho rclatfve l"ntensltLeg l"n a

oarbon arc contlnuu¡r transniÈtcd by the speotrograph

oan be checkcd agaLnst the pr:bliahed dLstrLbutLon.

This provlded a check on the calculated eff,J.eJ.enclz
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only aÞovc the eff,cctlve ehort wave llmlt of the
o

carbon aro et$)osl¡rês (1920 A). Callbration below

o
1920 Ã rell.ed on calculated efffcLcncfeg. wldllng et

aI (1970) used thLs method of callbratfon.

(b) iftre spcctrograph may be flown wl'th an absolutely

calibrated ion chamber (see SectLon 1.2.4) which ls

nore readtJ.y calÍbrated as it relLes on the known

photolonlzatfon efflcLency of nf-trlc oxfde (see

Sectlon 3.3.3). This mathod was flrgt used by Byran

et aI (1958) who used l-on cha¡rbers sengftive to the

ra¡rges IO50 to 1350 E a¡¡ct 1225 to 1350 å to corre"t

the absolute fh¡nes derived from ttre 1955 flight by

Johnson et al (1958).

1.2.3 DISPERSIVE MTASUREI{ENTS WITH -PHOTO-ELECTRIC SCåI{NIEG

A different, technique for ttre measurement of tt¡e solar

specÈnrn has been used by Hlnteregger and hLs colleaguea. Their

tectrnique was to use a grazing incidenee gratfng wlt}¡ {n-fllght

photo-electric recording.of the apectrurrì a¡¡d data tranemlssLon by

telenetry" The spectrgnr was scanned by a slft j.n a moving belt and

detected by a windowless, nÂgnetLcally focussed' strip-Èype

photonultlplJ-er wlth a galn of 108. The photo''cathode \tac a tungsten

plate of sufficlent wfdth to cover the entire regfon of the spectrum

to be studLed. InsensLtívity to fntense long wavelength stray ttght



11

vlas aúhieverf as tåe photccath.oCc 1.;arci ii.cglJ-clible sensítivity to radiatJ-on

of ri,avelength longer tha¡r about L300 R. By careful electrfcal trapping

of ioirs that woulil k¡e a&nftted through the pumpíng porter from the

atmosphere, H5-nteregger was abl-e to reduce the backgrou¡rd signaL nearly

to that producecr Ly cosmlc radíatíon. pÌìoton countLng rates betrveen

1O6y'sec. and 2o/sec. lvêlrê obtai.necl wlttr tf,¡Ls inetrument, a¡rd t\,to flights

were ,rnade durlng J.960 (Hlnteregger 196Ib, HLnteregge:: -1.f)61c) .whLch

gave specüra covering the range 3Oo to f3OO å. Abeo:tute values for the

flrur of al-L ttre im¡:ortant emission llnes and the contfnuun¡ ln thls

range were determined. Ðstfmâtes were also made,of the penetratfon

heiglrt at which the solar ftr¡< had been attenuated to L¡e of its ualue

a.bove tþe atnosphere for the various vravelengrths. lltre nr¡rnber of

pt¡otonVa¡sorl¡ed, per unit r¡ohute per wrLt tLme (absorptlon rate

densítieg) were aLeo derived as a fi:nctfon of helght for several

strong lines. Lyman-a l.ntensLtl-es wøre derlved from the results of

t-hese tri.o flLghts. They were 6.0 and 3,3 erg csn-2 sec-.l . A lLtt¡frmr

fl"r¡oride window, nLtrLc oxide gas filllng ion ehamber was florrn witlr

the spect¡¡ometer givlng the value 3.3 erg sm-2 sec-I.

From another flight in 196I, with tt¡e scannfng rnonochnomator¡

HaIl et aI (1953a) derÍved further values of absolute flÞres and photon

absorptlon rate densitLes. These measureftrente were used to obtal-n

ttre densLtLes of the princJ-pal atnospherÍc eonstituents above 100 Km.

Further analysls Lnvolvlng photoionization effl,clencies have enabled

Hinteregger a¡¡d V,latariabe (1962) and Hinteregger et al (1965) to
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gLve an account of the processea leadfng to the formatl-on of the F

and E regfons of the J.onosPhere.

A grazlng Lncldence sp€otrometer of the eame basLc tlpe has

been c"onstructed by BehrLng et aI (1962) a¡rd flown fLrst Ln an Aerobee

rocket and then !n the Orbitlng So1ar Obsentatory (OSO-1). It was

designed to yield a spectral dlstribution or¡er ttre 6O to ¿OO å

wavelengttr band. Ttre sunlight was dÍsparaed at a two degree grazlng

angte grating and the spectrunr was focused on the Rowland cl'rcle.

The spectrometer differed fron tho lnst¡r¡nrent of, tlinteregger in that

the detector hras mor¡¡rted on a [þtor driven carriage whlah moved along

a track coLncident wltrt¡ ttre Rowland circle.

Anoth@r ty¡ge of spectrometer ytas flown in 1968 by Parklneon

and Reeveg (1969). lltrLs vtaE a photo-electrLc scanning, Elcert

spectrometer equJ.BBed wLt?r a telescope systeÍ¡. The Ebert mlrror, of

focal length ?7.5 cm., îdas used Ln conJunctlon wLth a 3600 lLnesrârun

plane graÈ|ng. The complete lnstrument gave a reEolutlon of 0.06 i

(ful} wLdth, half uraxlmu¡r lntenslty). Thls instrument wae flown

speclflcally to Lnvestigate tt¡e wayelenglh band 1400 to I90O f as

measurements of, intensitles in thLs band suggest a value for the solar

tenperature mLnlmum. Thê wavelengttr bandpass for the LnEtrument

was determlned by tlre photomultipller whLch had a side wLndow of

Iithiurn fluorl-de and a photocathode of caesir¡n iodlide. Thfs cdnbl'natLon

o
of wlndow-photoeathode gave a bandpass of IO50 to 25OO A. PErklnson
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â¡rd Reeves (1969) ga\¡e absolute lntensltLes derived fro¡r thle

experlment compared with two PoLntt fron theLr satelllte (OSO!V)

data. TheLr data conf,irms the presênt work on solar intenslties
o

wlthLn the range I4OO to 1600 A (See SectLon 6'2'3')'

In generaL ttrc photo-electrf.c method provldes better

absol-ute measurements of the solar spectnrn (partfcularly below 13OO l)

a¡¡d Ls ¡pre suLtable tt¡an the photographíc meaaurements for studying

the absorption of solar radLatlon and hence propertLas of the earth's

atmosphere. The photographic method prgvLdes better resolutLon and

seneLtlvLty, makfng Lt useful for obtaS-ni.ng data on the nature of the

solar atrnosphere. Hovûever, the photographic method ls uftsuitable

f,or use Ln eatelllteE where the data must be compatible wlth

telemetry.

L.2.4 NON-DISPERSIVE ¡4EASUREIYIEÀTTS

o,nce the solar spectrum had been revealed down to 21OO i

wLth epeetrggraphl-c mêasurlornenta from the V2 rockets, attempts vlere

nade to extend tlre meaeurennnts to short vravelength ultra-vlolet

radlatLon usfng non-dLçperslve techniques. As tt¡e sPectrographlc

technlque requlred a pof.ntlng control to extend the spectrum, there

!ùas a need to attenpt non-dleperslve technfques that could be flown

from unstabflfzed rockets. The orl-glnal method involved the use of

the ttrermo-IrrsrLnescent phoephor CaSO ,¡!Ín. The phosphor was activated

when erçoged to radiation of wavelength less tha¡¡ I34O Aoand phosphor-
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esced when sr¡bsequently heated. tlthfum ftr¡orÍde and calcinm fluorLde

whictr have Ehort wavelength transmiss.lon limits of 1O5O t .rr¿ I22O t,

respectivcly, were made into wLndows and placed in front of the

phoephor. Thls llurlted tt¡e response of, the phosphor to two wavelengtha

rangeg ¡ 1050 to 1340 å "na L22a to 1340 i. The range lo5o to 1340 I

Lncluded tJre imp,ortant Llman-a emLssion line (1215.7) whereas the other

range did not and hence could be used to deter¡rLne the absolute flurc

without Llman-o. These detectors were flown Ln V2 rockets a number of

time¡ durJ,ng the period 1948 to 1950 (Tousey et aI 1951) a¡rd sh¡owed

ttrat the radiatLon in the range 1050 to 1340 i was absorbed ln ttre 80

to 90 Km. regfon Ln ttre earÈhrs atloephere. The 1220 to I3a0 å

radlatlon was absorbed Ln the 90 to 125 ltn. region. As detectors for

measurfng absolute f1r¡xes thoy were not very successful, indicatLng an

íntensJ.ty for the Ll,,man-o line of 0.4 erg ccr,..2 sec-I.

GeLger cou¡¡ters sensltLve to ultra-vl"olet radiatLon were

flrgt flown durJ-ng 1949 tn a V2 rocket from I'lhite Sa¡rds, Netr MexLco.

(Fried¡ra¡r ct al 1951). The three counters used res¡ronded to the ranges

ooo
1100 to 1350 A, 1425 to 1650 A and 1,725 to 2l-OO A. 1[t¡e counter

respondfng to rJyman-a radLatLon had a llttriu¡n fluoride wLndow and a gas

fllling of chlorine and neon, whLch ylelded a value for the Lynan-c

inÈensfty between 1 and 10 erg em-2 sec-I. Interpretatlon of the results

was dLfffcult owing to saturation of the detectors, doubts on the

calfbratLon and the exl-stence of a weak tail of long wavelength
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sonsltlvl-ty. Slmllar detectors were flonrn J.n April and l4ay' 1952

(Byrarn et al 1953) yletdfng val-ues of 0"15 a¡rd 0.1 erg c.-2 sec-l

for ttre Lynan-c flrur. The best counter exBerinent ylelded the loweet

value f,or the obaerved Ll¡nå¡¡-a flux. Ehe large scatterlng of regulte

was attrLbutqd to experlmental r¡ncertel¡¡ttles whlch Ehowed thaÈ the

cor¡rters werG unaultable for abEolutc f1t¡x dEte¿tlnatLon. llowevert

wLth the lloo to I35o å ðctector, whcn tlro logartthm of tlrc cor¡ntere

reeponne was plotted againat reel-dual air ¡rrg¡r a stralght llne

relatLoneh{p, charaoteristÍc of ¡renoctrro¡r¡atic radiatlon, \das observedt

ttrl-s lead Ryra¡n et aL to ostlÍEte that at lcaet 90t of the radlaülon

wlthLn the range IloO to 1350 å r¡¡ås Llman-ct.

The fLret Lon ctramber ueed for non-dlcpereive measurement¡

was f,lo¡m Ln Octoberr 1955 by Byram et al (1956). This detector,

which has bêon used since aluost exclueively for non-dfspergLve

meaanrcmentc, had a Lltl¡Lr¡¡r fhprlde wLndow, nitrl"o oxide flUlng and

o
reeponded to the range I10O to 1345 À. As the calibratlon proeedure

(See section 3.3.3) was sfn¡rle and accurate' thoaø chanbers oould

be relLed upon for de{:ornining absolute fluxeg. Values for t}re Lyman-a

f,Iur were 5.7 and 4.0 erg ø-2 sec-l derLved frsn ttre october, 1955

flights a¡rd 9.2 erg e¡-2 """-l 
from a Novembor' 1955 fltght. These

values were all h.Lgher than previous onos but were accepted in

preferenoe. Byran et aI (1958) polnted out that the eenEftivf.ty of

the chanbcrs theürselves can only decreaso aE a reEult of aglng between

calLbratlon and fllghtsr so that provfded there were no errors from
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other sources the values obtalned must be mínlmr¡m values. In 1956

an ion chanber vtas flown durJ.ng a solar flare by Chubb êt aI (1957)

fn order to detect any change ín the LyÍtå¡t-o flru durlng the flare.

Theír results lndLcated that the fh¡x dld not vary to any meaeurable

extenù. From thls flight and others made fn 1957 the Lyman-q flu¡

values were for¡nd to be close to 6 erg qn-2 sec-l .

In order to obtaln absolute levels of spectrographfc

measu¡:ements ByraÍi et aI (1958) flew two ion cha¡nbers, one respondÍng

to 1050 to 1350 å ana the other to L22O to 1350 I whicfr had a calcÍunr

fluoride window, nitrfc oxlde fitling. It was pofnted out by Byram

et al tlrat *rfle measurements of the total flux in the IOSO to 1350 å

range may be used to detezmlne tha abgolute Lyuran-o flux' the 1220

oto 1350 Ã range was better for determlnfng the level of other Línes.

The Lyman-o line ls usually over e:cposed on photographLc spectra and

comparf.son with other lin.eE is dl-fficult.

Lithfu¡n fluoride-nitric oxide fon chambers have been flown

in satellltes, l-.e. Solar Radlation I, Explorer- 30, V{R¡¡SAT I r¡¡ith

the aim of nronitoring continuously the Lyman-a flr¡<. "Lyman-o"

f lares¡ even though they are a raré occurçehco, hle been obEerved

by the Nava1 Research Laboratory. Changes fn flux of approxJ.mately

30t i¡ave been detected whích may be large enough to cause signlficant

ehanges in D regíon LonlzatLon.
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CTIAPÎER 2. A ABSORPTION OF SOI,AR UI,TRA-VIOúSI R,ADIATION

2.I.I. INTRODUCTIOI¡

The absorptÍon of solar extreme ultra-vLolet flu<es

repreEents an J.mportant and probably dominant gource of heatLng

ar¡d ionizatfon of the upPêr atmosphere and ls the only source

which is reasonably weII ur¡derstood quantltativaly. Howêver,

exieting info¡nr¿tlon on the composition of the atnosphere above

about IOO KI¡. is quite poor, even for najor constl-tuents llke

N2r 02 and O. This ig the nost sLgnifLcant reaaon for the failure

to estäblish a satisfactory 'rreference at$osphere". A small

variatlon of the asstned conrpositlon Ln the lower part of the

thermrospherc (i.e. fron about 90 to I50 lül.) can Lead to ar¡

enomouely anpltfied variatlon of the "reference atmospherers"

propeztfêe at hlgher altLtudes'

o
ÍÌre absorption of vtavelengths ln the range 1000 A to

o
uoo Á wilÌ be considered ln detal-I as thLs is thc regLon where

the lon chambers described Ln Chapter Three operate. fn thÍs region,

nolecular orygen is the najor absorber above 70 Kn. ' although ¡rlnor

constLtuents absorb to a snall extent. Of the minor constLtucntg

water vapour absorbE very strongly eo that even a small ooncentratLon

of water vapour can affect ttre maasurements of ultra-vLolct flt¡¡ee.

tikc e:q)erimental dete¡mínatLons of water vapour a.bove 70 tfi. have bean
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made buÈ Bates and Nlcolet (t950) have made theoretlcal eetLmates.

From theLr estLnatee absorptlon of Lltrls¡r-a due to water vapoïll

lE 4t relative to orygen at 7o ltn. reducing to less tha¡¡ o.Lt

hfgher tt¡a¡¡ 9O ¡Crr. The ottrer minor conetl.Èuente account for onLy

a sma].L f,ractiol: of 'Lhe absorptLon (see Sectfon 2.4.1). FLgr¡re 2.1

shows the varlatfon in penetration height with wavelength (after

FriedsEn 1960). The pcnetratLon heLght Ls the helght at whlch

the solar fLr¡:¡ has been attcnuateð to L/" of Lts value outside

the atmosphefe. Aa ca¡r be l¡cn from thls f,Lgrrre at wav<ilongttts

shorter tÏ¡an IO0O E rctecutar nf.trogen absorbs stronglYr and

atomlc oxygan which is tþc princtpat sonstLtuent above about

140 I(¡1., contri-butes to ttre absorptfon of wavelengths shorter
O_O

tha¡r Z0O ã,. Absorption by molecular oxygen between IO00 A and

o
2OOO ã, leads to Lts dLssociatlon and ttre produatio¡r of atomlc

orygen. This abEorË¡tlon J.s takLng place at hfgher altitudes thaf¡

t5e absorption by ozone ln t¡e 2ooo E ¡o 3ooo t r"glon. ozone

reaches Lts måximrmr G'oncentratLon at a¡r altLtude of 25 IÛt.

TTIE DETERMII{ATION OF AII{OSPI{ERIC COMPOSITION

2.2.L TIIE ABSORSTION IÀW

lltren rno¡rochromatJ-c radl-ation treverses through as gaat

tt¡e varÍaÈ{or¡ of flux with dietance 1s governed by ttre abeorptlOn

law.

" O r 0o er¡p (-on) (1)
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where Q te the ftr¡x (photone csr-I""c-l),
,ø ls the absorptfon cross ssctLon for ttre partJ.cular gae

at the partlcular wavelength under consfderatLon,

N ts tlhe nu¡rber of noleculcg ln a colrrnn of area I cm2,

al.ong the pattr of, the radlatlon,

and $o ls the fluc whcre N - O.

{fhe notation used here Le taken from a paper by Hinteregger

(1962), whLch contalne a detalled dÍscussion of the interpretatLon

of atnospherLc absorptLon data.)

Equatlon (I) has eeriouE U.urttations when applied to the praetJ.cal

sit¡¡at1on. Ffrst, the measutLng inetru¡rent would have a defLnftc

bandpass, AÀ, so what, wae belng meaeurcd would be ar¡ J.ntegrated

flt¡¡¡ over Àtr a¡¡d not nonoohronatLc. Soeond, the absorptLon cross-

gectj-on nay vary over several orders of rnagnitude wi.thln Atr, ln whfch

ease, an effective absorptl,on cross section muet be uEed. Ar¡

axample of thlE behavlour !-e gLvcn by the abeorptf.on crosa sectl,on

for nplecular o:rygen ln the "onygen window" reglon (see FLgure 2.21.

The qr:antlty (oN) ts called ttre optJ.cal depttr. If ttre nr¡mber

densLty n on-3 le consÈant over tt¡e path the abeorptLon leiw oan

be rrrLtten

0(x) - 0o e:ç (_o¡u¡) (2)

where 0 (x) te tt¡e fhur aftEr the beam hae travelled a lengttr x cm.

of the gas. The quentfty a r on Ls the absogptlon eoaffLcicnt of

the gao fn cr,-I, at a nunber dens!-ty n. Laboratory dctermlnatLong
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of the a.beorptfon eoefflclent are made by measurlng the trane-

misgfon 0(x)/09 of a path length x of gas. Abootlptlon coefficfents

are ugually tabulated for ttre gas ât N.T.P. (OoC ar¡d 760 ¡un of

Itg preseure). If ag fe the a^bsorytl'on coefffcÍent at N.T.P.

then ag ! on' where ng Ís loschnittrs nu¡iber (2.687 x lOtl9ct-3).

If, s iE not dependant on tenBeratu¡e or prêsEura tl¡en "a" for any

other condltlono of tem¡rerature roC and P (um of Hg) can be

obtained frcm the formula,

(3)

Equation (f) can be uced to det€¡mfne N from a msasu¡3ed tranE-

mLtta¡rce once tl¡e value of o has been detem.l-ned. ThLg method has

been used extensively to detersrlne nr¡¡ìber denELtiee fn the

atnnsphere by measuring the attcnr¡atLon of solar r¡ltra-vLolet

radLation aÈ variouE alti.tuöes.

2.2.2. AIII'{OSPTIERXC ABSORPTION

If nonochromatLc radlatlon J.e being abeorbed by one

oonstLtuent of the atmosphere tTre fluxr at wavelengÈh Àt

0(À, h, z), is gI-ven by

0(I, h, z) - 0o(À) expF{-ot(tr) nt(h)dh sec z] (4)

where h le tÌ¡e height above thE eartÌ¡rs surf,acG,

Z is the aolar zenLtl¡ angle, i'e. thg angle between the

direction of the sun and scnlth,

a(r'P) - as ¡6õdlåÐ
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ol (À) is tÌ¡e absorptJ.on cross-aectlon of the absorbJ'ng

constltuent at À¡

n1 (h) Ls the nr¡rber denslty of the absorbLng constÍtuent¡

ed 0O (l) Ls the fh¡x at wavelength I on the toB of the

atnrcsphere.

EquatLon (4) Ls etçresaed Ln the slmpllftecl fontr LnvolvJ.ng SecZ

which ls valld for zenlth angles lees than 73o. Thls form assumoE

that the atnosphere Ls planar. I{eêks and Smtth (1968) ¡nint out

that for molecular oxygen, equâtLon (4) Ls Ln error by no rcre

tlran lt fox Z<73o. Howev€r, the ert()r ie lot at Z - 85o so that

for zenith angles close to 9Oo, which ie the caee ln satellLt'e

e:çeríments and rocket ex¡rerlments flown at sunri.se or sunget

ttre spherfcal atmospherc todel must b€ applled. EquatLon (4)

was uEed for ttre rocket fltghts consldered in this work aE the

Eenit¡t anglee were less tha¡r 73o. The epherical atrcsphere rnod¿l

was uEed Ln analyslng ttre V{RESAT satclllte resulte. If thc sun

is coneidered aa a ¡nlnt source then, Ln tl¡e spherLcal atmoephere

nodel, seaz la replaced by ttre erçreeslon 14" t| whsre R ls the

radius of the earth and H the soale hefght (See Section 5.3.1).

In general several conatLtuonts will be abaorbl-ng the

solar radLation and then aguation (4) rnust be raplaccd by

0(À,rr,z) - Qsr([, .*|.{JE oJ(À)nJft) dth secz .l (s)

where q (h) l"s tl¡e partLai number ðensLty for constltuent J

(I) ie the monochromatLc absorption oroes-sectLon for

constLtuent J.

and o1
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The quantity o1(I) for a gi.ven species, J' Le êssentlally

lndependent, of altltude alttrough o5 (f) nay depend on kinetj.c

temperature thus showLng some posalble lndlrecE dependence on

altitude. Negleet of ttrLs effect does r¡ot seem to þe sarLor¡s Ln

the determinatLon of o:<ygen densftiee.

EguatJ.on (5) nay be eLmplÍfied by lnt¡¡odluclng what

Hinteregger calls a "weighted mea¡r absorption cross-É¡ectfon" which

fs defÍned by

o(À, h) = 
Tor(À) 

n1ft),/n(h) (6)

where n(h) - [n3 (h) which ls the total. partLcle number deneLty.

Equation (5) can now be rewrltÈen as

0(À, h, z) - 0o(À) e¡.p[ -/-o(1,, h) n(h) dh s.c A] (7)
r¡

The I'weighted mean absorptÍon croas-sectLon" w1,11 vary with

altitude (h) although o5 (tr) does not ag the relative concentratfon

n1,/n varLes with altitude. To be completely general Lt, Ls

necessar1l to consLdcr o(À, h) as a function r¡ot only of wavelength

(tr) and altltude (h) but also of tLme (t) as tt¡ere arc aLgnlffcant

diurnal variatLons in the composLtlon of the atmosphere. Acldltional

lndependent va¡Lablee such as gêogrêphLc or geomegnctic latltudc

are also J.rnportant. In practice wfth rocket probLng e:çerfmente

the erçerlment is only operating for a short tL¡re and quantf.tLeø

Ilke solar aenj.th ang1e, latLtude, Iongltude, dLurnal vart-atLon and

effects of, partlcle fluxes ere asaunsd to ramaln constant.



29

u([, h) - 
ToJ(r) 

n1(h) Eo thaÈ o(l h) (8)

ccr¡ be ôcf,Ínsdl as the ratlo of the "monoçÌ¡romatfs e¡¡tfnctLon

A quantity called tho "er<tLnctLon cosffLoLcnt" Íg

defLnsd as

ooeffLcLent" to tåc total pa*lc1e nunber deneity.
gi.
ehU (À h) csn also be writteÌl as r = 

I 
= . ISecZ 0

x.a
(e)

Sec Z Ðh
(In$)

F4uatlon (9) tr¡<ttcatcc that a¡r 'robse¡lr¡êd" ext{netLon c.oeffLel,ent

ca¡r bc detoml,ned f,rqt tho slopc ol a ccrnl-logarltluf.c plot of
,r

neasu¡cd, Bhoton fh¡x verg¡e altLtude. l[he cnaluatlon of the

'rcxtfnctj,on coefflcient" doeE not requLre an abeolute value of $

¡rrd can be derLved ðLrectly from experlmental flux valugl. Hence

the crÉfnctLon coef,fl,cLent fs the ¡raLn crçrcriurentally determLned

quantity gÍnce the nunbcr densttLes can be erçreesed Ln terms of lt,

lf the valuc for tÌ¡c crcss-sectlon Ls knor¡m.

So ftr it hag bcen aseumed that t*re flux measuted Ls a

upnochrcmatLo flr¡x 0(À, h, zr. In practJ.ce the quantlty measured is

an fntcaral flux corresBondtng to the measurlng lnatrumentrs band

wldtt¡ AÀ. In the caso of, photo-cleetric monoehromatorg AÀ may only
o

be about 2 A but in thc case of, the ultr¿-vlolet fon ahanbers ueed
OO

in th{g work AÀ nay be f,rom 50 A to 300 A. lfl¡a measured flr¡x Lg
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then gLven by

0(I, h, Ã\, z¡ - T
À

0(r, h, z)dÀl+ÂÀ

!

{^*o^totÀ) 
e¡ç[ -¡%tl, h) nft) dh sec daÀ (r0)

The eff,ective absorptJ.on cross-sectfon Ls deflned as

o3 ett(À, AÀ' h) 5 /r+ÂÀ0(tr, h, z)s(t, h)dÀ,/o(À, ar , b, úl (I1)
À

and ttre 'leffectl-ve wefghted rea¡r abeorptLon caosc¡-aection"r åBr

oeff ' EoJ .tf n7/n, (f2)

and anr "effcçtLva extlnctl-on coeffLclent[

Ief,f=qeffn (I3)

The erçresELon "affectLve" here refere to weJ.ghting wLth the

spectral J-ntenslty dlstributlon wltt¡in the wavelcngrth bandwfdth

AI, whereas "welghted neanr refcrE to welghtf.ng wlth the compoeltlon.

The e:q)erLmental extLnctlon soeffLclent as detentincd

from tt¡e slope of a s€nl"-logarJ.thmic plot of measured flr¡x versos

altltude Ls the sane as ttre eff,ectLve e¡rtinetlon coeffLcLonù l.e.

r rIâô-rrob*(À, aÀ, nl - ;fZ lË*Jobe - xerf (14)

0(À, h) will, Ln general, va:l¡z wi.th altltude. rf one

consLders tl¡e radLatlon withLn the band Bass Al, the nore strongly

absorbed parts of tt¡e rpcctrrû wlll be ffltered ouÈ at higher

altltudes, qulclcly leavJ.ng a higher fractl,on of the radLatfons of

wavelengttr at whLctr tÌ¡e c¡ocs-sectÍon fs sealler. The changJ.rq

dl-strlbutfon of flr¡r 0 (À, fr) wltllLn the bandwldtt¡ is known ag

"radlatlon harrilentng". À" 0 (l, h) varlcs wlth altÍtudle Eo wLll
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01 ett for eorne glven wavel.ength band-pass Al. fhLs varLatLon is

fn addltlon to the weighted nsan resulting from varLable com¡nsLtion.

xf, only dLrect radfatLon from the sun la coneLdorêdr the character

of, thls addltLonal depcndencc ct¡t only be a¡r increase of o.¡¡

with helght, l.c.

(15)

By uslng tlre "effeotlr¡e e¡ctin<ÊLon coefflcLent" thon

O(t, At, h, zl'00(1, AÀ) "ræt -¿-uefffr sec z-l (16)

wt¡ere the Lntegral represente the "effectl-ve optf.cal depth",

t"¡¡(1, AÀ, h, Zl of the atmspherl-c elant coh¡n¡¡ along the solar

ray to the polnt of, obse¡¡ratLon.

Accuaate oç:erinental attenr¡atLon meaer¡renrentg in the low

attenr¡atLon regf.on 0O - 0 (h) << 0g are very dl'ffioult. Ideally

they require v€ry ùccurate meaauren€nte of 0(h) and reference

¡¡ÊasurenentE of the tlme rate of ehange of the Lncfdent f1rr:< ôQg/Ðt

at ttre top of, the atrcsphere from a gatelllte. In the absence of

catellLtc rroaaurslnents of àçO/òt the best valuee of u"ff (À, h)

are derlvod frm that sectl,on of, the expcrl¡nental 0 ft) - c\¡rtte

for whLclr ttre slope d$/dh fe greatest. In tt¡fs regLon the error

in talctng the obsenred slope d$/dh Lnstcad of the correct slope,

e0r/Ah fs usuÂI1y tt¡e snå,Ilegt.
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The correct slope Le gi.ven by thc expreselon,

3*-,#,*" +frrv,
where V desLgnates tlre vertLcal !Þtl.on of tt¡e ¡¡oclcet and the

sfgns I ref,er to aEcent a¡¡d deeocnt respectLvely. At tt¡c pealc of

the ¡¡ocketrs traJectoty (sûall V) and 1f no referonce meaeurenents

are made f¡on a satellLte thcn from the abovE eqrratf.on it can be

eeen that the largcst er¡rors Ín extlnctfon cocfficLent wtII,'bG tn

tt¡c low attcnu¡tLon rogl.on (la¡ge f , enrall d$/¿lh).

ErrorE can¡ also be large fn the regÍon wherc S la snall

even though V LB ltrge. lltrese errora are obtained fro¡n dffftculty

in measuring dQrldh.

2.2.3. ABEORPTION OF SOLAR UI¡TRÀ-VXOITEÎ nADIATION BY MOI/EC.I,IAR
OXYGEN

From Figure 2.L, at !ùavclengrttrs less tha¡¡ 1OOO i,

¡nolecular o:(ygcn, nplequl.ar nltrogen a¡¡d atou¡Lc o¡rygen all

oontrlbute to at¡nospherLc absorptfon. To aolve for n1(h) the

extLnctlon coefficLcnt must bs neaeured at at least tl¡rcc wav6-

Lcngths.

O6
Betwcen 1000 A and l7O0 A atrnospherLc absotptJ,on fe due

alrcEt enttrely to rrcIecular or(ygen. The extinotion cocfficl.snt

for rnolecn¡lar orygen ie very much greater ttrsn the eum of thc
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erti.nctLon æeffLoLcnt¡ for ott¡cr con¡tLtuonts¡ t'.c.
i,

ogr(À)ngr(h) >> az(lln2(h) + o3(À)n3(lr) + e-Èc

fn tl¡o hcfghÈ rarige whcrc eþ/Ah ie a maxlmum.

Under conðlÈLon (l7) squatton (13) bqcomes

il.¡¡(lr Al,, h) - ogt"ff (1, AI, h)n6r(h)

(171

(18)

whcrc oOr"ft (À, AÀ, h) - rl*o^ 0 (lhz)oe. (I)dlt (re)

0(l' A¡" h' Zl

As fon-châmbêrs hÀ\te a largc band-pecs (At) I and the eolar flur

06(À) a¡rð the rclecular otßyg.n abeorption croEa-aeetLon oga(I)

(sêê gscÊlone 1.2.!. and 2.3.1) vary wJ.dcly wLtt¡ wavelcngttr wLthLn

oo
thc ra¡ge IOOO Ã to I?00 Ã tt rculd appear tlrat any ôcrLvatLon of

rcLecular oxlqt.n ócn¡Lticg crould bo o¡trcnely compllcated. Xn the

qaÊès of aever¡l lon cha$lcGrt flOwn, whích opcrate Ln tllc "oxygen

rL¡rdow" regfon (oec FLg, 2.2, | ùÌre effcctfve absorptlon cross-

scotLon h¿s boen Eo varl,abl¡ that o¡ßygGn dongitLes wcrc not dcrLved

fron tl¡csc ohanbors (EoG Soctl,on 4.3.1.).

Eguat!.one (I8) a¡rd (I9) ca¡¡ be ctn¡¡ltflcd ln ccrtafn caE€t,

(a) t{tron ogr(l) 1s conetartt ovor Èlre lon ohanberre bt¡ld-

paes AÀ. Tttc offestl.vc rclocular orygon absorptLon croas-

¡¡ctlon becourc¡ cqual to

os, (Àl

a¡rd trtrc cr¡tinatLon soeffiolentr

U ([, Atr, hl - ogt (À)nq. (h) (20)
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An cxanple of thl.a bet¡avLor¡r J.s provJ.dcó by tÏ¡e Lon

chamber wLtt¡ a eapBhlre wLndow anð nylone fllltng wtrlch

rsap,onde to thc ra¡rge 1¿20 to f¿?O fl. wlthtn thÍe range

the cbeorptLon croes-gectlon varies lltttc (aee Secùlon

2.3.I) and cquatlon (19) a¡¡d oquat!.on (20) arc good

aBpnoxlnatlons. Ott¡er Lon ct¡aobere, L.G. thc quartz

wfndow, triethylanlnc flllJ,ng a¡¡d the barlr.m f1r¡orldo

wfndow-toluene fllltng whleh oporate wfthfn the range
oo

1350 to 1410 A and 1570 to 1680 A ¡lso fall Lnto thic

oatcgory.

(b) Xf a solar emj.sslon llne donrfmtGs the e¡netral

Lntenslty wfttrln thc bandwidtlr of the l,on eÌ¡adbcr (Al)"

tl¡cn tho bandh¡Lðtl¡ can be reduced to tt¡e ba¡rdwtdth asroaa

tl¡le U.ne. An example Iø provLded by an lon chanber,

auch as tt¡c one wftÌ¡ a litl¡utn flr¡orl.ðe wfndow a¡rd nLÈrfc

oxlde fJ.lllng¡ whlah rer¡nndc to tt¡c rango lO5O to I35O l.

Ttre Lynan-o line (1215.7 il rnf.n acaor¡nts for 80t of

the sola¡ lntcnsfty occr¡^trs wLf*¡Ln thfe rerrge. Aleorby

eoJ.ncldenoe, the l¿Irmari-a lLne oorreeponds to a very shcrp

mLnl"nr¡n tn oga(À) (see Scotlon 2.3.1) whfotr nrea¡¡¡ that

rcst of thc other wavclcngth¡ wfttrln thc range IO50 to
o

1350 A wll.l be ab¡orbcd at much hfgher altltr¡dc¡. Ftron

FLgura 2.I Lt cen bo reen that L'ymån-a penetratee to

approxl.ruately 70 K¡r. whorcas noet of the othcr wavclcngthe
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within ttrie range are effectLvely absorbed above 90 Km.

These penetratLon heights quoted depend on tlre solar

zenfttr angLe (see SectÍon 2.2.4r.

With ttre lithtr¡m fluoride-nLtric oxlde lon chamber,

wittrin the height range 70 to 90 lem. where ffr f" .
maxlmun, neaaurements are taken of t]¡e al¡rpst mctno-

ahromatic fJ-u¡r at Lfzmå¡¡-e. The extinctLon coefficlent

1n thLs case becomeE

u(À, 
^À, 

h) z oor(r,c) tt.a (h) (2U

to a very close approxlmation a¡rd so considerably

simpllftes the mathematlcs.

2.2.4 HEIGHT RA}¡GE FOR DETERMINING OXYGE¡{ DENSITIES

ro illustrate that tt¡ere is a praotical lfuniit' to the

height r¿rnge over which molecular o¡<ygen denslties ca¡¡ be

determLned on one value for ttre absorpÈion Eross-sectlon, conslder

the following slmplffLed sltuåtton which is applicable t'o the

tithlum fluoride-nLtric oxide Lon cl¡a¡nber. Assune'

(a) ttre absorptLon Ls due only to ¡oleculérr oxygen,

(b) tÏ¡e ¡rplecular orcygen absorption cross-sectlon ls

constant over the rangê AÀ' a¡¡d

(c) the number densíty of ¡nolecular oxygen varies

exponentially wJ-th hel-ght, i.e.
n (h) r ng exp l- h/Hl l22l



30

In oquatLon (22) r H lr tt¡c ¡salc hcight tor rclesr¡lar o¡¡ygen.

Frur eqrratl.on (16)

0(À, U, h) - 0g(tr, AI) ex¡r(-t) (23)

and by ðcflnltlon the ¡rnctratton heLght hr Ls thc hcJ.ght at

¡*trfcht-lrl.o.

/'U(À, Al, h) dh ¡ce Z r I |20l
hr

Unó¡r thc rbovc aaourçrtlone,

U(À' AI, h) ' on(h) - oDO srP(- h/H) (25)

fron cquatlon (24) a¡r4,

I - onOH seo Z c¡çr (- hlHl (26)

UaLng cquattonr (23) ¡nd (2¡t) tÌro varl¡tlon of Q wlth hefght oan

bs tabulatcd a¡ shown ln Tablo I.

îABT.E 1

I Q/Qo

h.+4H .02 0:98

h*+3H .05 0.95

h.+2H 0.1¿ 0.8?

h.+H 0"37 0.69

h* 0.37

h

I

hr-H 2.7 0.06?
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, It cür bc ¡ecn lùat 9Ot of the absorptlon takc¡ place

ovGa a hrtght rr¡rgô of for¡r rorlo hclghùa.

Efnoo fron cquetion (26)

on6E gcc Z c¡q) (- þ¡:/lll - L

tl¡o valuc of hr wfll bc ohangcd by altorlng ùtrs ze¡¡Ltlr anglc Z

but thc vrl.ucc gfvon Ln Îablc I w1,11 ¡rot be af,faetcd. Thcreforc,

thc abeotptf.on talcoe plaec hLqrhêr up but ovcr tl¡c eamc rangc of

holghts. AE thc senLtl¡ angle ohanget from O to Z tfie abrorptLon

Doves qp by an anount IIt gfvcn byr

Scc Z r oxtrt

Valuo¡ Íóc Ht/H are g!.nrn Ln T¡blc 2.

fÀBúE 2

z H,/H

0

0.01

O. I¿

0.4¿

I.07

It e¡¡¡ bc sacn from trabl¡ 2 that own for a large varlatLon Ln

:cnl,ÈÌ¡ anglo thc rengc over whloh orygen ðcnsLtLcc c¡n be

ðotr¡mlncd f¡ not raf¡cd by a largê åmou¡¡t. Ítrj.a statcnenÈ f¡

hël)

go

roo

3oo

5oo

7oo
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exactly t¡nte, only for a planar atnosphere wl.ttr ttre assrnptLonE

nade abor¡e. Witlt ttrc ltthfim flr¡orlde-nitrlc oxldc Lon chanber

at zenLth angles legs tJrari 70o, ttre no¡oal height range for

detenrining o¡cygen densLtLes j.s restrLctad to 70 rþ 90 Km.

Ho\tever, usJ.ng large zEnLth angles by urakfng rockct fllghts near

sunrise anrd sunset, Ls a technJ.que usod succeaefulty by Bleeke and

sttth (1968i. When dealíng with larEe zsnlth anglea tlrc rpherf.cal

atnosphere ¡pdel must be uÉ6ð a¡rd not ths planar ¡mdel used

a.bove. Vteeks a¡¡d Surlth obtaÍned a range of 94 to II2 IQ. by uslng

a zenittr angle of 95o wlth a littrtrnr flr¡ortde-nLtrlc oxLdc Lon

chamber.

2. 3. I. THE ABSORPTION CROSS-SECTION OF MOÍ.ESUI.AR OXYGEN

lltre absorptlon of, vacuu¡n ultra-vlolet radfation by

uplecular orygên has been LnVestLgated by nlüerous workers.

DetaLled moaÊurements werc made by lVatariabê et al. (1953),

Metgger and Cook (1964), Blalte et a}. (1966) a¡rd Ogawa (1968)

usLng photo-clectrl-c technLques. Ítre abeorptlon rpoct¡sr of

rcIecular oxygen Ls ghown ln FLggre 2.2 {ftom Cook and Chlng

(1965)). At wavelength ahorter ttran t3o0 i, the spcct'run

Ehows a nrrmber of absorptlon bancls se¡nrated by "wfndowg" of

nuch Lower abeorptlon crosE-aêCt{on. The npst lmportant "wlndÞwr

ís thåt whLch coLnal,des with t}re Lyrnan-a lfnc, Evên thougl¡ thfa

wLndow Ls extremely narrow there 1s an alnoct exrct coincfdencc of
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the centre of, the wlndow wi.ttr that of the ll'ne. It ca¡r be Eeen

o
that wltt¡ln ttro range 1050 to 1700 A, tha range covered by fon

chaml¡ers thie wLr¡dow hae tl¡c lowest value for tt¡e croas-eectLon.

At wavêlerigÈhs larger tÌran 13oo t, and extend.lng to
o

about 1750 À is the schr¡m¡¡¡n-Rurige d1¡sooi-atfon contLnuum whlch

reaches a ¡n¡r¡iun¡n absorption crosa-sectLon of 1.48 x 19-18 q,2

oo
at 1425 À. At navêIengttre larger tÌ¡a¡¡ 1750 A corunenoe the Sahunnn-

Runge bands where the average absorptlon crogs-sectÍon decrcases

wLttr lncreasing wavelengths r¡ntLl they merge fnto the llertzberg

eontLnuum.

2.3.2. TIIE ABSORPTION CROSS-SECTION AT LYI,IAN-C¡

?lie shape of tl¡e "oxygen window" at Lynan-o ie shown {n

FS.gure 2.3 (Blak€ 1965 rurprrblfshed). The crosa-aection at

the bott¡m of the wfndow ls conetant over the wldth of the

Ll'man-o tLne but La prescure dependcnt, l-ncreaefng Iinearly as

ttre pressr¡re ls lncrea¡ed (Preston 1940, Blake et aI' 1966). As

tÌ¡e rate of lncrease is L.7 x 10-23 cm2 torr-l andl the value for

tl¡e cross-eection Ls about IO-20 <¡n2 thc preÉaure dependence 1s

negtigible for ttre range of pressr:res ei¡countered between 70 and

90 I(m. Values for tJlte cross-Eection obtained by dlfferent workerg

using a photo-electrl,o technJ.queÈ are shor,m Ln Tab1e 3.
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PhotographJ.e tochnLqucs werê uecd by other workcrs

Dftot¡burn ¡t aI. (I95¡l) a¡rd f,oc (f955) obtatntng value¡ of

0.84 x lO-20 c¡¡2 and 0.85 x IO-20 cn2 rcaBaetÍvely but neLthor

uentloncd r¡¡y presaurc de¡lgndcncl. A valuo of I.Oo * 19-20 12

lor tf¡e oror¡-¡êction h¡¡ bcsn uecd ln tÌ¡c prerent work,

TABI,E 3

InvcrtJ.gatLon Cros¡-geatfon Pree¡r¡reg

Fre¡ton (fg¡ûO) I.Oê x 19-20*12 Entrapolateð to
ECrC' prca¡u¡33

Iùatar¡abe (1953) 1.0o x 19-20*,2 Þrtrapolatod to
tcro Prcrturc

Dlotsgor and
Cook (1964)

I.o4 x 1g-2oc¡o2 9.3 torr

Blrkc of al.
(re66)

L.12 x 19-20*02 Extrapolated to
rero pragar¡ro

ogawe (1968)
Ì:lli * 1s-20.'2 1.2 - 6.3 torr
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2.4.1. åBSORPTION BY OTHER qONErIrUnì¡Ts IN TIG AIFîOSP¡EFIE

Table { ahowe tho aonstLtue¡rÈc Ln ths aLr Ln t}rc }¡orc-

aphcrc rñlctr ehould be coneldcrod whcn dealfu¡g wLth golar ultra-

vLolct absorptLon.

TABI¡E 4

ConstLtuent Freatlon bY VoLtne

ñltrogen

Oxygcn

årgon

Carbon dtLoxldc

Vlater Vapour

Oaonô

Nltrle oxldc

.7808

.2095

.0093¡t

3 x lo-b

to-2 - ro-5

to-S - to-7

ro-6 - to-9

For tho naJor oon¡tLtucnts tt¡e U.S. 6tânöarö Atlþapherc (1962)

wac tt¡e refcrence. For the Etnor conetl.tuontg Bc. t€:rt.

Íhc mLnor oonatltu€nte concêntratLonE arc dctcrsrlnod by

ct¡eurLorl and photoct¡enrlcal rcaatlo¡rs and ¡o arc rathor varfablo'

Vcry lfttlo dfrccù crc¡rorfunental cvLðencc hag bern obta{ncd for

eon¡tLÈucnts !{ke natcr vepour, aarbon dfoxfde ozorl6 and nLtrLc

oxfde ürð thcorctical estLmatce have to be u¡od for thr pgLoa
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above 70 Kn. In tlre followlng each sonøtLtuent wtll be dLacuesed

Ln terns of, absor¡rtion croEe-eectLon between 1OOO and 2OOO 3.

(a) t{olEcular NLt¡¡oqeq

The absorption spectn¡¡¡ for nltrogen above foOO i

coneiste of several band systems, correspondLng to

forbLdden tra¡rel-tLons whLch are very weak. Th6 Llma¡¡-

Birge Hopf,i.e1d bandE fronr 1130 i ao r¿so fl are trre

prlncipal oneg but even these have very anall cross-

eections. Upper lfnits which have been obtaLned for

wavelengths in the vLclnLty of Llnran-c are 3 * 19-22 t 2

(vfata¡¡abe e'È, al. 1953) , 6 r< 19-23 cro2 (Ditchburn et al.

L954) and Lee (1955) fou¡rd the cross-eectfon to be leee
o

than 2 x 1o-21 our2 at all wavelengttra above 1o4O A.

At Llrnari-s the lowest upper LtmLt for ttre orosg-sectlon

is 6 x 19-23 "r2. uslng tl¡La value, the fractlon of tlre

absorptJ,on due to nitrogen le lese than 2t of that due

tO oxygen at úyman Cr.

(b) Carbon DLoxj.dc

ftre abeorptÍon spectn¡ur of carbon dloxLdc Le glven

fn FLgnrre 2.4 (fron Inn et al. 1953). Aõ ca¡r be eeen

f¡¡on tt¡Lg epeotrun the average crosË-sEotl,on Lg tt¡q ordar

e¡ 19-18 62. There ir a large oontlnutm extandl,ng from
oo

12OO A to 1700 A and very strong bands occrrrrJ.ng at wave-
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Iengths less than 12OO i, Ltman-c lles very close to ttre

mlnlmr¡n between the conúlnuum and the ba¡rde wfth a croats-

eectLon value of 7.3 x 1O-20, whLch ts larger tlra¡¡ tå¡t

for oxygen. As this crose-section j.s lar*ger than tl¡at

of orygen aÈ tynan-c even emall concentratlong of cErbon

dLoxLde nay malce gone contrlbutÍon to the abaor¡ltLon of

Lf¡nån-c. In the region fræ 70 to 90 Km. tt¡ere Le no

experLmental evl,denee concernl.ng the concentration of,

ca¡bon dioxide, althotrgh Lt hag been statea t¡atcs and

wl.therspoon (1952) ) tuat photo-dj.saociatÍon of carbon

dioxlde takr¡s place above 100 K!r. If the eoncentratlon

of carbon dfoxlde Ls constar¡t up to 90 l(nr., then the

abeorptJ.on of Llzman-a due to carbon dloxLde J.s only 1l

of that due to o¡ßygen.

(c) Ylater Vapour

FJ.gure 2.5 Ehows the absotptLon spectnn of waÈcr

vapour (Ílata¡¡ablE and zellkoff 1953). The maLn features

of tt¡ts cutrve are a serfe¡ of ba¡rdE below f25O i ln whlch

the cross-eectÍon varLea f,rom 2 x Io-18 cn2 to 2 v 19-l?.nn2,

a¡¡d two oontlnua peakLng at l3oo i 
"r,a 

1650 i where thc

cross-secÈlon i.s I x 1o-18 our2 a¡¡d 4.5 x 19-18 *2

reapectively. LIEnan-e occurs ln tt¡e ba¡¡d structure near

a na¡clmrn 1n tt¡e abeor¡rtion Epeetrrn. The value for tt¡e
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cross-sectl,on at Llman-c has been deterarlned by several

\ilorkers. !{ata¡rabe a¡¡d Zelikoff (1953) detamined a

value of L45 x 1o-17 qr2 a¡¡dt Dltchburn et, al. (1954) a

value of 1.34 x 1o-17. Íhle value beLng 1.3 x 103

greater Èha¡¡ that uged for orßygen meâns t}¡at small

concentratfons of water vapout could d¡agtLoaLly affect

the measurements at LXzuan-o. lfatcr vapour LnsLde Èhc

litt¡tr¡n fh¡orLde wLndovr-nLtrLc oxl.de fllling lon chamber

ca¡r serl.ouely affect the spectral response as thc bar¡d

structure fn the water vapour abeorptLon epcctrun oceura

wlthln the wavelcngth band Baas of thj.e chamber.

As tn t}¡e case of oarbon dloxLde tåere has been no

experlmentaL detemi.r¡atLon of water vaPour concentr¡tl'ona

above 70 Km. Bates and NLcolet howevcr, havc produoed a

thcoretl.cal pnoffte for water vapour, and usLng Èhelr

valuee, ttre absorptfon due to watcr vapour' rclatLvc to

tt¡at due to or<ygen Le 4.0t at 70 Kh. a¡rd O.lt at 90 lqn.

The ocoasio¡ral appe¿rranao of r¡ootllucent clot¡ðs near

80 ¡h., !.n stmer at latj.tudes above 45o nuet leacl to

u¡rcertalnty concer¡ing the concontratfon of water vaPoul

above ?O ltu. Chapnan and rendall (1965) have analysed

the eondltions which lcad to ttre formatl-on of theEe clouðE

a¡rð conclr¡ded that weter va¡þur ls oa¡rLcdt up to 80 Km.
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by convectlon a¡rd there eondengeg onto duet partLcles.

Às these clor¡ds are rare, lf thfs procesa occrr¡rs then Lt

mu-st be a rare occu¡rense anê should not affect tt¡c overalL

concentratLon of waÈcr vapour ln tl¡ls regrl"on.

(d) ozone

The absoq)tion spectru¡r of oaone fs shown ln

Figure 2.6. It sa¡r be acen fro¡r thLs ffgure that ogone

abeorbs strongly wfth a contfnurur extendfng from l35O to
o

2000 A and very mild band struatu¡e balow 1350. ae 1n

ttre case of watcr vapour, the Lyuran-c lLne lLee near a

maximtn Ln ùhe absorptlon spectrrur of ozone. A value for

ttre cross-section at Llmran-c trè6 fOr¡nd by Tanaka et al

(1953) to ba 2.3 x 19-17 o.2.

llhe conecntrati-on of ozone abovc ?O Km. has l¡een

etudLed both theoretl.cal.ly by ilohnson et al (1952),

Barth (1961) and Hu¡rt (f965) and or¡rerJ.nrentally by uee

of satellfti (nawalfffe et al (1963) l. .Íttrc c.,oncentration

of nocturnal osone above ?O ¡trì. hae been dctermined by

Carver, Horton and Burger (1966). ThcLr technJ.que

Lnvolved neasurl.ng ttre absorptlon of solar radi.atlon

reflected from the rÞonr Ihe abeotptLon of wavelcngth

ba¡rds centered aÈ 24oo i, ,too i, ,rro t ar¡a 29oo I
waa measured by using âîfrrt"tferGnce flltcr-photo-
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nultlpller courbtnati.on. Carr¡er a¡rd llorton'a results

lndl-cated ùt¡at tho concentratLon of nocturnal ozon. et

70 l<rr. was 2 x 109 uple ø-3. R¡wclLffcrc results

gfvo the nunber ðcnrtty of ozone Ee IO9 rcls ø-3

at 70 t(rn. rânging to 108 rcls cm-3 at 90 rur. whlch

Efvce an abeorptLon due to osona varl'fng from 0.67t

at 7O ¡ür. to 1.26t at 90 lfu. of that duc to oxygcn.

(e) NttrLc o¡d,de

lltre abeorptLon rpcctnm of nLtrlc oxlde ls showa

ln Flgur,r 2.7. vÍolont ba¡¡d etrucÈure characterLze¡ tt¡Lc

str)cctn¡m above l3OO i, durlng whfct¡ the abror¡rtlon croga-

ecotlon can vtrl¡¡ by a faetor of 10. Below Isoo I a

contLnurmr exLsts. At &¡¡alan-o ttro croga-a€ctlon ha¡ a

value of 2.5 ¡ 1q-lt crn2 (Maruro 1953).

lltre concentr¡tLon of, nl-trfc orLde hag baon

determj.nod by Barth (1965) for tt¡e 70 to 90 m. roELon

who f,ou¡rd lt to be tt¡e oÈdcr of 6 x tO7 urota Grtr-3.

thls corrcs¡nnds to a¡r absorptlon of nltrl,c oxide

r¿latj.rrc to o:<ygen of O.lt at 90 ru. at Llnra.n-o.

(f) Inert ç¡ases

Tha Lnert g¡sc6, rvt¡Loh have Lonlgatlon lfnlte of
ooo

5754 (Ne), 787 Ã (A) anat 986 A (xr) e¡ALbit contlnuoua
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abeorptfon only bclow tlrcfr fLrct fonL¡at1on llntto a¡¡ê

5o oa¡¡ bc neglcotad ln constdcrfng rbsorpÈlon fn Èhc

rãrgro lOOo to 1?oO i. Atonl,e nltrogen enê atonrlê oryE.n

wh!.ctr har¡e f,LrEt Lo¡¡!.gatlon lLnlte et 852 I ana 910 å,

rer¡notivcly, oan al¡o be nogleetod.

In tÏ¡c preaent work¡ Dßr oorrÊctlons have been a¡plf.ed for

aÞcorptlon of,, gaeec othêr than orygen, DuG to the uncertafnty

Ln tt¡e ooncentntLon of Eonetltuente , the oxaEt contrLbutLone to

ttre abeorptLon of r,ymån-q le dor¡btfuI, but ehould noÈ bc rpre tha¡¡

aovan petrcenÈ.
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CITAPTER 3. CONSTRUCTION AI{D PROPERTIES OF T¡TE DETEqTORS USED

IN TITE ROCKET E¡(PERIME}IIS

3.1. ¡.. TI\ITRODUC|IrON

VarlouE types of detector have been used Ln rocketg for

stndying solar ultra-vfolet radlatLon. DJ.sperslve inetrwentg' wlttt

narrovt flelds of víew nay be used only if the roclcet hae a Pointtng

control (see Chapter 1). Non-dLsperslve instnutents wÍth largc flelds

of vlew, and htgh eensltLvLty, should be used in rocketg wltltout a

pointing control facllJ.ty. ltvo basie tlpes of non-dlepersLve dctector

are used¡- (a) those whlctr use ttre photoelectric effect at the 
/

sutface of a eolLd, and (b) those whLch'use the photo-J.onlzation of a ,/

gas. Photo¡n¡ltiplJ.ers and photod:lodee, with lnterferance fl.lterE whLoh

are used to restrlct t}¡e spectral response to narrow cpectral band¡

o
above 2O0O A faIl lnto tt¡e fLrst category. Alternatl-vely' photo-

multJ-p1l,ers and photodiodtea oa¡r have tl¡eir epectral ree¡nnsee llnìited

separately on the short and the long wavelengttr side. Many materfale,

i,e. lltt¡l-run flr¡orÍde. calcfr¡r fluorlde, only tranenlt radlatfon from

a certaln lini.t a¡¡d ca¡¡ be used to ltl1it the short wavelcngÈh sLde.

By varyJ.ng thc types of photocathodes, 1.e. Cg-Tsr CS-I sone eontrol

can be made on the long wavelengttr sLde. lftreee natcrials' even though

ttrey have hlgh sensLtLvitl,es Ín ttre vaouun ultra-vj.olet regl.on do not

have sharp cut-offa¡ ttreLr genaLtLvLty decreasJ.ng over Eeveral htu¡dred

angstroms. Pure uetals gueh as nickel and tantaltn have also been uEed

as photooatÌ¡odeg.
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Deùectors employlng ttre photo-lonlzatLon of a gas, of which

tt¡e íon ehamber l-s a¡r example, use wlndow materl.als llke lithlum

fluorlde, calelum fluoride, and sapphj':' to control the low wavelength

cut-off whLch Ls sharp in the raJorLty of cases. The gas Lnsfde tlre

lon cha¡nber pnovJ.des a deffnf.te upper llmft to tt¡e wavelengttt

sengltivfty as a gas nolecuLe can only be Lonized by a photon of

en€rgy greater ttran tTre ffrst fonLzatLon ¡ntentlal of the rþlecule.

Although the f,Lrst ionLzatLon ¡ntential decreases wLttt an lncrease

Ln tenperature of tt¡e gas, ttre effect whlch Ls due to thermal

excLtatíon of the rplecule, ig snall ln practlce {Carver a¡rd D[itchell

(1,967) ). The nr¡mber of, phoùoelectrons produced per photon a.bsorbed

ln the gaa Ls defined ag the photo-J-onizatLon efflcLency whict¡ l-e

usuaLly greater tha¡r IOt. For spst gases there Is a snall varíation

Ln the photo-ionLzatlon efficíency wLth wavelength and molecules

whleh have a¡r effLcf.ency tlraÈ decreases sharply at the cut-off are

noËg Bul-tåble for ion ohanicers. The tlçrqi/of gases in u¡¡ are slmple
I

dlatomLc rrcLecules (nl"tric oxLde) I aLkyl halides (ethyl chloride,

ettryt lodfde), arornatic com¡nunds (benzene, toluener ¡rYlene), tertLary

a¡nines (trlethylanrlne) and ketones (aoetone).

PhoÈoelectric emísslon from tt¡e walls or the central wire

of ar¡ LOn chanrb€r can prevent a shary cut-off for long wavelengttrs.

Thj¡¡ effect l.s normally negligtble as the photoelectric yield of metals

rapldly decreases as the wavelengtlr inoreases. llhe short wnvelengtlr

radLatLon, which is r¡þst effectLve in ¡seleasLng electrone will be
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absori:ed by the filling gas before ft reaches the walls. Photo-

electríc emissLon can be reduced lf the central wLre of the lon

cha¡rber Ls ttre cathode and the wa]Is, the a¡ode. In thLs mode, !f

any photoelectron is emltted from the wallr then Lt Ís lnuredlately

attracted back to the wall ; opposlte from ttrat of Geiger cou¡rters.

ÍIt¡e voltage applied to an ion chamber 1s nolÍnally lesE than 100 V,

hence aa t.t¡6re is no gas anrplifLcatl-on involved, the e}'cctric field

around the central- wl-re ls not as critical as that in ttre Geiger

@unter. Chuþb a¡rd Friedman (1955) forxrd ttrat the photoeLestric yLeld

of a surfaoE ie decreased in the preEence of tl¡e ft[ing gas partícula¡ly

a¡r electro-negative gas such as nitric oxide.

Detectors using the photo*ionlzatLon of a gas togettrer with

an appropriatc window were fLrst used by Chrrbb a¡rd Fried¡nan (1955).

ft¡efr detectors were Geíger counters which proved rather r¡nrelLa'ble

J.n use, thefr sensltlvl,ty changing with time. Ion cha¡nberE wíth

nrachLned copper bodies replaoed these Gefger cor¡nters (f'rLednør: et

al 1958). Ion chambere wlth ceramic bodles and gold interior walls

have also been ueed at the Goddard spãce Fllght Center (StoU¡es et aI

1963) and by the MeteorologÍcal Office, Bracknell).

3.2. I CONSTRUCTIGi¡ OF THE IOI CTTA¡4BERS

Figgre 3.I shows a croaa-sectÍonal diagrarn of an ion chamber

used in the present work. Theee ion chambers are identical to tåose
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used by l{Ítchcll (f966) a¡¡d descrlbed by Cawer and Mitct¡ell (1964).

The body of ttre Lon cl¡asiber conelsted of a pieoe of one lnch copper

tubíng lnto whlch copper end pieces were aoldered. A lcngth of

a¡¡nealed 0,052" LD. c€pper tubJ.ng waE soldered Lnto the back of the

lon cha¡nber. A I mm dlaneter ground tungcten æd forured the cathode

whlch r¡as aupported by a kovar-glasg eeal. A guard ring was LnoLuded

1n tl¡e seal to urLnlmíze the effects of leal(age currents. À leakage

resistance of greater than 1013 oh¡r existed betr¿een ttre guard ring

a¡rd eithcr of the elect¡¡odeg. Sof,t sLlver solder was used ln

aesembling the chamber alttrough recently the chanber has been

aesembled wl.th epo:<y resl,n, as consLderåble dLfflculty was found in

cleanfng the lnsLde of the chamber without aff,ecting the soft silver

solder wlth cleanJ.ng acfde. Connectlng leads vrere attaahed to the

tungsten wire, gruard ring and outside eaee arid, the window ¡naterials

were attached wittr epoxy resin af,ter ttre chanber had been thoroughly

t€stcd for leaks.

The body of the chamber was teeted for leaks by fittlng a

brass blanJr, wfth an O-rJ.ng geal, to the copper end pf.ece nonrally

holding the window. lÍhe copper body wae evaouated through the filllng

tube sea.Led to the vacuu¡r systeur by a double O-ring pgrt. Sfx ports

were gn the system eo that a maxlmr¡¡r of six Ion cha¡nbers could b€

puqred down (and filled, with tåe sane gas) at once. lltrc vacur¡n system

used (gee Fl,gruro 3.2) was a glaas-metal systeur fltted wf.tÌ¡ a trc Lnch

dfffuelon punp whlch enabled ttre system to be evacuated to leee tha¡r



ft¡¡, 3.2. Thl v*w¡l ryrtr- u¡rd for lÅÀltn¡ lhr fu¡n ehtÈæ|t,

Yhræ lan ßtrrtÈ.ll .Ét Gen+llctd ts lhr ryrtrc by rlrnr af llrrlr

filltng tubæ. Ttr oll uro¡¡trs rhør ¡rr r¡trd to rdJurt ?llllng
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1O-5 torr. PrêEEure mêaaurements wcre made wLth a¡¡ oil na¡rometer

(usad for tt¡c ¡noasruêment of f,irltng gas pr6ssures), pfranJ. gauge and

a¡r lonization gauge.

The wl.ndow naterlalE used are ermarizcd ln Table 3.1.

TÀBIJE 3.I

!{Lndow l4aterLal

l1ûrh¡n flr¡orlde

caleLr¡n flr¡orLde

Barfrm fluorfde

SapphJ.re

Quartz

Vûlndow SIze

3/4" dlam. x
I.5 rur thlclc

3/4" dJ.aur. x
1.5 nm thlck

3,/4" dian. x
1.5 uur thl-ck

3/4" dl.an. x
.02" thl.ck

3/4" dlaur. x
L/L6" ülc¡c

*Tra¡rsnl-gslon LinLt

10so R

L220 g

1_350
o
A

o
L42O A

o
1560 A

The quartz wlndow llstgd hras actuelry a highry reflned quartz carred

"spectrosil A"' This has a nueh lower cut-off than normal quartz whích

hae a tra¡rsmLsslon llnlt of approxfnately 18Oo i. AE the wlndow Elzes

dLffer sltghtly Ín thleknesg ttre angular responee of the l-on chambers

should aleo dÍffer slJ.ghtly. Ho\ilever, by cøparing the in fught,

angular regponges of different fon ohanbere frcm the Long Tom rocket

ftlght thiE effect was for¡nd to be negl!_gib1e.

rThe flgures qrroted under "Transnission linLt" are the wavelêngrths at

tt¡e shott wavelength cut-off i.e. barl,r¡¡r fluoride viII transmlt only
o

above 1350 A.



47

For tho doalgm of a¡r effLcfent lon chanber tÌ¡c fJ-lllng gas

presaure must be adJustcd eo that tÌ¡e Lncldcnt ultra-vLolct radLatLon

fg totèUy absorbed ln the gas. The absorptLon coeffLoiants of tt¡e

varfoue ftUlng gaser were dctc¡mLned by Carver a¡rô ¡[ttchell (ISee¡*

wlttr the exceptLon of nltrl,c oxLde whlch was determlned by !{atanabê

(1954). TabIG 3.2 llets th. fttllng gases togcùher wttl¡ tt¡e preasurea

used to ensuro t}¡aÈ most of the ultra-vlolet radiatLon cntcrfng ttre Lon

cha¡ibers would be comBletcly abeorbed.

TABLE 3.2

Gas

Nl-trLc oxLde

Ethyl chlorLde

Ethyl b¡¡o¡nide

Ethyl iodide

Toluene

p-XyIene

Benggne

Acetone

TrJ.ethylanJ.nc

Ftlllng Pressurês

t5-20 rur of Hg

13 nm of ttg

6.8 ¡ur of Hg

15 nm of Hg

l0 um of Hg

4.0 rm of Hg

8.0 mr of Hg

7.8 m of Hg

9.5 m of Hg

Photo lonLzatlon Thre¡hold
o

I35O A
o

1130 A

o
1200 A

o
1330 A

o
1410 A

o
1¿70 A

o
T660 A

o
A

o
¡¡l

1340

1290

Carbon dLaulphf.do (phoùo-lonlzatLon thre¡holdl of fZ¿O i) and

MesJ.tylene (photo-ionlratLon threghold of l48O E) fr"rr" al¡o bccn used

aE lon chamber ft[tng glcos. Llthfr¡¡r fluorLde-carbon dlautphldc lon

ct¡anbere have been flown Ln ¡rockete but fn-fll.ght ecnsLtLvfty

rln thLs paper tt¡ere Ls a nuncrLcal srror ln the reeults. Thc abeorptlon
coefficfsnt¡ for the gasec arc a factor of l0 too low.
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variations were for¡¡rd,. These were belíeved to be due to degradatfon

of carbon dlsulphide under the actLon of ultravfolet radiation (SmitÌt

et aI 1965) ¡ laboratory tests by Canrer ar¡d Mltchell (1967) have

confirned this conclusion. Mesitylene does not of,f,er any advantagcs

over p-xylene as a flllíng gas but has ttre disadva¡¡tage that tt ts

extrenely difflcult to re$þve conrpletely from tho vasuum eystem used

for filling the cha¡nbers. Eecause of these diEadvantages carbon

disulphide a¡rd meoitylenc have not been used In the present work. By

using conbinations of the wfndow materialg lfsted l-n Table 3.1 and

ttre gasee of Table 3.2 E large nr¡nber of Lon chambers may be songtructed

to cover the wavelength range IO5O - 1660 fl. The ¡rost conuronly

constructed ion cha¡nbers were thoge uÊ¡6d in ttre long Tom rocket fHght

(see Ta.ble 4.1).

Most com¡nr¡nds listed in Table 3.2 are liquJ.ds at rcorn

ten¡rerature. A glass phial, whLch cpntaLned 1 cc of liquid was rnounted

on the vacuun Eystem ana dne vaporE from these liqulde allowed to

flood the system and hence flll the Lon chambers. The ultimate

preasure obtaÍned f¡¡om these com¡nrmds wae llnLted by the vapour

presEure of the liqutd at noom temperature. Unfortunately, Ípst of the

gasês used adversely affected the oi.I fn the backing prmp and oLl mano-

meter. ThLs neaegsitated frequent changlng of ttreec oilø and long

periods of prurping out between fllllng chambers wtth dtfferent gases.

The nltrlc oxlde, being a gas, lras purifled a¡¡d stored ln a

one LLtre spherical glass flask. Thla flaek was attached to the vacuun
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syEtem and the nitric oxlde adnitted ttrrough a serieg of taps to the

Lon cha$bers. PurlfLcatLon of the nltrlc oxide was perfomed with tt¡e

apparatus shown J,n Fígure 3.3. The inrpure nÍtrLc oxLde was obtaLned

elther from a cylJ.nder or prepared ctremically, Ln efther case, the

nLtric oxlde sontaLned ottrer oxldes of, nltrogen and water vapour.

These lnpuritles were rerrcved by passing th€ nLt¡is oxide through two

U-tubee containLng sllLca-gel, whlclr $r6re sr¡rror¡nded by a "eluah"

mixture contafni.ng 508 chloroform a¡¡d 50t carbon tetrachl,orLde. Thi.e

mircture was partfally solidifled by adding liqutd alr a¡¡d once prepared

lvas a non-Lnflam¡rable ¡¡rlxture at a terrperature of -gOoC whlch was

sufficient to liquify nitrous oxide, nltrog¡en dioxide a¡rd water vapour,

whLlst gtlll allowfng the nitrl-c oxide to pase. Silfca-gel was

lncluded aE ¿¡n entra precaution against water vapour. The complete

apparatus wae lnitLally fluehed with argon to rerpve any traces of alr

so that the nLtric oxide r¡ou1d not conrbLne to fo¡mr nitroue oxide and

nitrogen dioxLde.

Once ttre fon cha¡rber was fflled with the approprlate gas, it

!Íaa relmved from the vacuun systenr by cuttlng thc ftlling tube witt¡ a

paJ.r of pJ.nchers which formed a cold weld and hence a vacurln tlght geal.

The seal was prctected by dipping tt¡e weld lnto a bath of solder.

It¡e use of a solderfng lron was unsuLtable for thLs prooess for local-

Lzed heat nray have b¡roken the weld and Lntroduced a lealc. A portable

hydrogen lamp was uEed to checlc ttrat a leak had not developed ln the



Nitric oxide
cylinder or chemical
preparation.

N0 storage flask

T"P

5ilica Ge1

Sl-ush mix ulîe.

l' IQ. J ? Experimental arrangement fo¡ the purification of nitric oxide.



f¡l¡¡J¡!. å vlrr of r co+btrd loa ctrryrþ¡r' fh' Þæk ef thr lar

ehl¡ù¡rre,rthrtl¡ht,hrrbrrnprotrotldbypotttnglnrtlllcÚÉtarÞb.''
ûñ üÐ l¡ft lr I Frstly eo;ptlhd ian ohnbrr *hfeh rho¡o th' ths"

¡læÈ¡od¡¡ r¡ nrll m ttu t.tÅrtot, lnolurlrd to protæt, tha loil clræbr¡¡r

t€U.t urPglY.
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ion ohanber. (sse SeotLon 3.3.1.).

Flgure 3.4 shor¡s tno Lon ohambere' onc Íon chanber hag a

resi¡tor added to ttrc a¡rodc lead üld Ehowc thG kovar-glaes Ecal wlth

the gruard rfng. Itre roeL¡tor wag addcd ae 1f there w€re a nechanLcal

brcalcdown durfng s roaket fltghÈ and tt¡e Lon clu¡nberrs elcctrodee

wcre shortcd, ttrcn thc power su¡rply to the lon chanber would not

bc ovcrloaded. The Esoond ion ohamber ln FÍgure 3.4 has the glase

aeal and the eLectrLcaL wJ.ring protectcd by ¡ntttng ùtrc back of the

lon cha¡ber fn ellieone ¡'r¡bber. Thi.c wae the flnal forur ín whlch the

Lon ahambêrs werê fLown.

3.3.1. CAI.IBRAIIION A¡{D TESTTNG OF IObT CITA}ÍBERS

å cm¡ll portablc D.C. hydrogen lamp wae conctrucùcd for

parfodLc teetLng of, tt¡e l.on chanbers. T?re larp conEi.sted of an

lon o}¡anrber body wfth a llthlwr fluorLde wl,¡rdow so that ulÈra-

vlolct radLatlon of wavelcngth greater than IOSO i wa¡ eurftted.

The preraure of hydrogen Ln tl¡e lam¡t wae aêJuetedr such that tlman-ct

was donlnant in tt¡e ultr¡-vfolet eBecrtrrnnrby rrcnltorJ.ng with a

Itthfiu fluoride-nLtrlc oxLde lon chanber, thc output fron the direot

eurrent d,Lscharge. lfhe pressurs was varl.ed r¡ntll a ¡na¡sLmum output

waE obtalncd from the lon chanber. It wag for¡nd ah"a: 'adJustlng

the preaer¡re Ln thLa way, gave the be¡t rceultc for tcstLng íon

chanibcre othcr than tÌ¡e lttt¡tr¡n fh¡orldc-nftrLe oxLde chanbcr. If
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the llttrtr¡¡r fh¡orfde-nl"trlc oxÍde l.on cha¡nber was placed at 2 sm.

from the la.nrp only l4rnan-a could penetrate ttre al.r gap and actlvate

ttre Lon cha¡¡ber. The other wavelengths Ln tha range LO5O to 1350 å

would bc absorbed ln afi afr gap of 0.3 csr. so that all ion chambers

rtere tested witl¡ the al.r gap bet¡üeen the lanp and ttre lon chanber

flushed wlth "or<ygen fre€ nitrogen". ThLs renoved orcygen and water

vapour from tl¡e gap so ttrat very ltttle absorptJ-on occturred and tt¡e

Lon cha¡nbers responded to the lautp.

periodic serrl-quantLtatl-ve msasurementE of tt¡e ion charnberrs

sensLtlvÍty were urade wLth ttre ¡nrtable hydrogen lanp. As the

a.beolute J.ntenslty of the lanp could not be relLed upon to renaln

congtant, a etandard Lon clranber had to bo employed. ThLs etandard

Lon aha¡rber was uaually ar¡ o1d llthir¡n fh¡orfde-nLtric oxLde ehåmbèr

wþose responge had been congta¡¡t over the preVious year. The

standard Lon chanber tfas placed Ln front of the larrp, and a current

m€asurement takan (IS). Then the Lon charnlcer to be tested was plaoed

Ln a¡¡ identLcal posltLon, and l-ts current measured (IC). The ratlo

tüfS should be J.ndependent of the absolute intensJ.ty of the hydrogen

lamp. ThJ.s procega was repeated regularly and by comparJ.ng the

values of Ig,/I5 any degradation of the Lon chamberis senaftivít'y sould

be measured. It was four¡d tlirat tt¡e lon cha¡rbers gave a hlgh resFonse

when f,lrst ftlled whLch settled down to a slLghtly lower value about

a week later. FJ-grure 3.5 shows ttre circuit uged for tagting fon

chanbers.
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Fiq. 3.5. The eLectrícal ci¡cuit for testing ion chambers.
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Apart from laboratory checke on tt¡e state of ion chanbere'

the ¡nrtable hydrogen Lanp waE also used for final testlng of ttre lon

chambers at woomêra befora launch.

3.3.2. SPECTNAT RESPONSE OF THE ION CTTA}IBERS

The gensLtLVLtiee of the Lon cha¡nberE used Ln the preeent

work were meagured Ln te:ms of the qua¡rtr¡n effS-cl'enc¡¡. The quantum

efficiency J-e deflned as ttre nr¡nber of, electrons collected at tha

a¡¡ode of the chamber per photon f.ncLdent on ttre window. Quanürnt

efffciencleg of ion chanbers are gLven bry the product of (L) thc

tra¡¡smissLon of the window, l2l tlre fractlon of thc radlatLon absorbed

Ln the filling gas and (3) ttre photo-l.onlzatlon effLcl'cncy of the

filling gas. The Bhoto-lonLzatf.on effLciency ls defincd as¡-

The nrurber of photoclectrone produced ln the gae

The nr¡mber of photons absorbed Ln ttre gas'

The current collected varLed wtttr the collecting voltage but for the

Lon chambers uged, there wås a plateau reglon of slope O.lt r¡oIt'

extencling fr¡om lOV to 9OV where tj¡e current was aluroet Lndependent on

voltage and tlre coLlection efficiency waa close to lOOt' (eee fig' 3'I)'

fn the present work, the quant¡nr efffcLencles were meaeured witt¡ a

collecting voltage of 45v at whLch tt¡are ÍtaE no gas anrplJ'fLcatj.on.

Deterr¡inatlon of the quantr¡n efflclency at a partfcutar wavelength

Lnnolved the meagurcment of ttre cu¡rent from the LOn cha¡nber when lt'

waa exposed to a mo¡roohromatl-c be¡nr of known inte¡sity (see Scctlon

3.3.3).
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Ths spêctral ree¡nnse of the Lon chasrbers ïrere meaõured by

uef.ng a half matre t'lcPherson vacuutrl ultra-vlolet ¡nonoohromator¿ th€

light source was a hydrogen discharge, energl.zed in a microwar¡e

resona¡rt cavS-ty. A sodl-um salJ.cylete coated wJ.re grid vlewed by a

photomultiplier (EMI 95I4S) wae placed,as ghown in Ffgure 3.6rat

the exit ¡nrt of the monoctrronå,tor and used to monLtor tl¡e Light beam

(Ditchburn 1962). An Lon chanilcer vraa placed as Ehown Ln Flgure 3.6

but insulated fron the nonochro¡natorrs body so that Ètre colleetJ.ng

voltage of 45V could bc applied to the cas¡e.

Sodfum salicylate sensitized photomultipliers have been ueed

for many years as photon detectore in ttre near and vacuun ultravlolet

spectral regJ-on. It was reported by eevoral authors {watanabe a¡rd

Inn (1953), $nlth (1960)1, that ttre phosphor posseesed the desirable

property of havlng a lumlnescent efflciency whfch !ùas essenttally

independent of the wavelength of the incLdent radiatlon. Ho\íever,

I(r¡app and Snith (1964) re¡nrÈe<l that soclLrrr sal.Lcylate tended to

decline Ln gensltlvity wÍttr tfine. llt¡eir e:çerJ,ments showed that ttre

decllne Ln the response of the phosphor was due to the combinatLon of

two effects:-

(I) a decrease at short wavelengths due to prolonged

exposure to the at-nosphere of the monochronator, and

(2, a general- decline at aII wavelcngthe due to exposure to

a large number of energetic photons (greaÈer than ?.?eV).

Certaín precautions had to be made ín dealing with sodium aalicylate,



FLo. 3.7. Thc rxpæl.m¡ntal ¡tttngonant uc¡d for data¡mLning thc

apacùral tt¡pontt of thc lon Chlmbrr¡. An Lon chambc¡ can b¡ aeln

mountad on th¡ rxlt port of tha vtcuun monochrortlttqt.
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The uraln precautLons were that the coating of sodiun aall.cylate should

be replaced at short fntan¡a1E a¡rd tl¡e atnrosphere of ttre rþno-

chro¡r¿tor be kept as clean as ¡nssible. The metlrod of renewfng the

sodLum sarlcyrate on the grid was very eJ-np1e. The old coating could

be washed off as sodiun salleyrate diseorved easLry in water and a

saturated, solution of sodLum sallcrylate lras made in nrethyl alcohol and

thLs eorution sprayed onto the grid, kept hot witb a hal-r dryer. The

rethyl alcohol eva¡nrated leavLng tlre new sod,lrln salicylate deposited

on the grid.

As these precautLona !ùere taJ<en then the sodfun sali.cylate

had a¡¡ aluost flat epectral response throughout the region of lnterest

for the Lon chanbers Éo ttrat the photonultlplier current was dJ-rectly

pro¡ortional to the lanF output. The ratfo of the lon chamber current

to photomurtipller cr¡¡rent gave the spectrar rgsponges of the Lon

chambars which were J.ndependent of the lamp spectn¡n. The data ¡nints
for the spectrar responË€ were tal<en at 5 8, lrrtror.re Èhroughout tt¡e

bandpasa of the lon chanber witt¡ the upnochromator el1t tdldtth eet at,

6oy corres¡nndJ.ng to a spectral ba¡rdwldth of 2 å, Ffgure 3.2 showE a

view of the apparatus used for detenrining spectral responaea.

3.3.3. ABSOLUTE CAT,IBRATION O[. ION CHAT'IBERS

Absolute call.bration was obtaLned by means of a atanda¡d

paralLel prate lon cha¡rber filred wlth a gae, the photo lonLzatLon
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effLcl-cncy of whLch had been prevlouely deternined. The rþst con-

venient gae was nltrl-c oxide as tlre plroto fonization ef,fLclencry had

been dete¡mined by ltatanabe and Matsunaga (1961) for wavelengths between

o
I05O to 1350 A. lÍhe photo ionlzation efffciency of nltrLc oxl.de at

Lyman-o is 81r. The abEolute quantrmr effLcLencLee of all Lon chambers

were dete¡rsúned by first calibratlng one Li F - NO chanber at Lyman-o

and then uelng this chamber as a secondarlr standard to calibrate the

others.

FÍgures 3.8 and 3.9 show the experimental arrangement for

usÍng the sÈandard parallel plate ion cha¡rber. The exLt beam from

the nonochromator passee ttrrough the npnitor grld, coated wl-th sodfum

eallcylatêr ård then entered the standard Lon cha¡iber ttrrough a I <m.

dfa¡neter líthir¡n fluorfde window. The wl.ndord was fLxed in an alumlnium

mounting eleatrically ínsulated from the lon chamber mounting p1ate.

Radiation rrot absorbed In tl¡e ion chamber struck a coatlng of sodlum

salJ-cylate on a glase plate at ttre er¡d of the chamber. This radiati.on

excited ttre phosphor a¡rd tÌ¡e fluorescent radlation wae detectecl by a

photomultLpller rcruted beT¡lnd the plate. The stainless steel pLates

protruded past ttre wlndow at one end and touched the glass plate at

tt¡e other. f\n electrLcal contact between the window rnor¡ntLng and the

a¡rode of tlre standard ior¡ chanber enBr¡¡ed that a collecting field wot¡Id

be provlded for ions produced near the window. A porta.ble vacuum

system was used to evacuate the cha¡rber a¡rd the nltrlc oxLde was

adnltted Èhrough a needle valve.
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Fiq. 3.8. The experimental arrangement for absoiutely ca.Iibrating ion chambers.



Fto. 3.9. Thr axperimantal ataangrmont fo¡ dotc¡mlnlng tha ¡b¡olutc

call,b¡ation of th¡ ion charnb¡ra. A Post.bh v¡suum ayatrm waa u¡ad

to avacuetc the ¡tandrrd Lon ch¡mber gnd nl.tric oxido wa¡ admftt¡d

through the glaaa tubc chc¡wn.
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The procedure for dete¡mLnLng ên abeolute calíbration for a

Li F' - NO Lon cha¡iber wâs as fotlowe.
o

Llmnr¡-o radlatl.on with a spectral bandwidttt of 2 A was

transmitted from tt¡e monoct¡romator to tJ¡e standa:rd ion chamber. The

cu¡rents from the photonultiplJ.ers at ttre end of the cha¡rber (P.M-I)

and at tl¡e end of tþe llght pipe (P.M.2) were fLrst noted, a¡¡d then

nl-trlc oxide was ad¡nitted to the chamber at a seriea of pressures'ín

the rangc 0.1 to 10 torr. At each Pressure the collecting voltage

j.n ttre Lon chamber vtas adJusted untLl a plateau was obtal-ned., then

the current I given by P.M.I and ttre Lon current (f) were notecl. The

ct¡rrent from tt¡e monltor photomultipller (P.M.2) was used to correct

I for any varlatlon |n beanr inteneity. The cu¡rents I a¡rd i were

then plotted (see FJ-gure 3.10). If aII the lone were collected, the

decrease in I when gas was ad¡rrltted to ttre chamber would be proportj.onal

to the increase in i, a¡¡d a straight lJ.ne graph would result. As

t¡e pressure was increased, I decreased to a småIl value Ig repreBent-

ing the scattered vistble ltgtrt ln the monochrornatfc bean. A straLght

ILne was drawn ttrrough ttre err¡rerimental pol-nts, and from the line lg,

corresponding to Ig was deteræj.ned. The íon currenÈ which would be

obteLned tf atl the Lyman-c photons emerging from the wlndow had been

absorbed a¡rd ttre fons collected ls repreeented by tO. If aII the

Lyman-a phoÈons had produced an ion ttre cr¡rrent would have been

16¡10.81" After the ¡neas-t¡rements wLth the parallel plate ion chanber

had been contpleted lt was renpved, Ieavlng the window ln place, and

replaced by a I,i F - NO íon clra¡riber. The space beÈween the fon cha¡nber
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and the wLndow was evacuatcd a¡¡d tÏ¡e cr¡rrent l,¡ glven by thle chanrber,

operated at writ gain, was meaeured. iftre quant¡m ef,fieíency at

I4/nÂn-a f,or tt¡ie eha¡nber was then given byr

9L - 0.8L Iv/lo

lfhLs one polnt for tlre quantrmr cff,Lclency established a lLnear scale

for the speatral responses of the lon chasrber aB detemined Ln

SectLon 3.3.2.

so determLne the absolute quanttrur efficiency for any other

chamber¡ Ètre photomuttlplier current (Io) and the ion chamber current

(is), were noted for wavelengttrs wftt¡Ln thc sensltlve range of the

chanber. The absolutely calibrated Li F - NO chanber was then placed

in posttion and the oorrespondLng currents at Lynan-o, IL anô J,¡

noted. lttre quantun effLalency for tl¡e Íon chanber at the wavelcngrth

chosen for measurLng 1" and I" was gf,ven by:

and hence a lfnear quanttnr cffLciency eca¡-e was congtructed.

FJ.grures 3.I1 and 3.12 show the varLatlon of quantum

effLciency wtth wavelengttr for the ion cha¡nbere uaed ln the present

work. Soure of the fLne detail on these curves hae been lost as data
o

poLnts were tâken Et 5 A l.nterrrals. The cr¡rve for the Lf F - NO

chanber follows very closely the photo-ionLzatlon efflcLency of nitrl'c

oxÍde aa given by !{aÈanabe and Matsunaga (f96f) and showe thc effectg

of photo-ionLzatLon leadLng to the flrst and second vibratlonally

ee - er +r+
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exaltod levels of thê nftrlc oxlde lon, the tlrregholdE of whLot¡ llc

oO
at 1300 A anô 1260 A resPcctf.volY.

Îhe compLcte nathod of calLbratLon wag checked by

detarrr!.ning thc spectral respons€s of ceranLc saPphÍre-Xylene lon

ctranlcers ¡rhteh had bean calLbrated by an absolutely callbrated photo-

multtpJ,ter lnetead of a parallel plato fon cha¡nber. These ehanbers

were callbrated aa part of a pre-flfght check for Skylark 406, 4O7

ãnd 4Og (Wlfdnåri et aI 1969). The two methods of calLbratlon agreed

to wlthfn 5t for tha quantr.rm ef,fLcJ-ency at a wavelengttr of 1a5O i

(wildnan, Brlvate cor¡mr¡¡¡lcation) .

TT¡e íon cha¡rbers, as well as being usEd for rocl<et erçeri-

ncntg, were used as detectors in tÌ¡e laboratory for meaaurLng ultra-

vLolet flux. The lon cha¡rber produced a sfgnal current wl¡Lch was

dfrectly proportfonal to tire fLr¡x LncLdent upon ft. Thê current, l,

fron tlre Lon ct¡a¡rber was given by the follorufng oçreseLon:

I - 0.À.Q. 1.Ol x Lo-ll âmps'

for a rnonoctrronatlc ftr¡x 0 (erg co,-2s"c-l ) of wavelengttr f tål . Tha

teÍtr Qr |n ttrc above equåtlon, refers to tþe qr:antrm ef,fl'ofenq¡ of

tl¡o fon cha¡nber at t¡e wavelength À. r'he conEtant l.ol x lo-ll

applles only to ttre Lon cþa¡rbers used in the present work ag ft

depends on the geometry of the chanber.
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3.3.4. A}IGUI,AR RESPONSE OF TTIE ION CITAMBERS

lrlhen analyslng the data f¡ron a rocket flJ.ght, tlre Lon

cha¡iber d¿ta has to be corrected for zero aspect.* the angular

responses of tTre ion eha¡rbers were required for thls purpose. Under

favourable conditions tlreae may be determlned durJ.ng tt¡e actuaL

flJ.ght, maklng use of tl¡e roll of tt¡e rocket (see SectLon 4.3.3.)r

but as thís cannot be relled upon, ttre angular rêsponges of the

cha¡nbers used were dete¡m1ned before ftlght.

The portabte hydrogen dLscharge la.mp was morüIted Ln the

side of a cha¡rber and the Lon cha¡rber !ùas nou¡rted on the end of a

rotatable shaft passfng through the lid. The cha¡nber waÊ flushed wftt¡

o4¡gen-free nJ.tnogen whLlet tt¡e ion chanl¡er waE rotated in front of

the lamp. Angular responses taken ln this way would not be exaetly

the earne as that obtained durl-ng a roaket flight as the beam from

ttre lamp was not strictly parallel. DurJ.ng tbe Iong lom rocket

flfght, ttre aspect angle ttaa zero a¡¡d a comparlson of the reePonae

pi¡tained Ln the laboratory wfth ttrat obtained durlng fJ.ight could be

made. The laboratory resPonse was not in error by rnore t!¡an 5t.

FJ-gure 3.13 Ehows a tlpical arrgUlar responae for aII lon chanbers as

they have tÌre same geometry.

*The aspect angle Ls deflned as tt¡a angle between the directLon of the
srur ar¡d the nonral to tt¡e Lon chauber wlndow.
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3.3.5. ETFE|CT OF TEMPER]ATT¡RE ON TTIE ION CHAMBERS

As roclcetB are eqbJect to considerable aerodynanla heating

durfng flLght, the effect of, teurperature on tt¡e lon chanbers \dag

investigated by Carver a¡rd Mltchell (1967). AIl lon chambera vt€re

ÍnvestLgatecl ln the range 15oC to IOOoC. The maln effect of a tentper-

atr¡¡e rise wag a shLft to longer wavelengttrE of bot'h the ehort and

Iong waveJ-engttr u.mite of ttrc spectral range. varLatLons wLth

temperatrge producedl by varf.atlons in wfndow transnfesion were much

larger than the varLations at the long wavelenEttr ltmtt'' Ihudeon

and Kw)Beriaf¡ (r95?) , Laufer et, aI. (1965), Ednonda (1966) and

Carver a¡rd Mltctrell (1967) were all ln agroement that the temperature

varlation of wl-ndow ¡nateriaLs were lfnear. Cañter a¡rd Mltcl¡ell'

observed the rateE of variation were O.22Ì O.23t O.37r 0'2I and

o.
O.L6 Ä deg-I C for windows of litlrl-r¡¡n fluorLde, calclt¡¡t fluorlde'

barfu¡m fluoride, sapphire and quartz respectlvexyr although they

polnted out tt¡at there rray be some varlabíIity l-n dLfferent batchee

of window naterials.

Ttre shLft at long wavelengthe whÍch probably arlses from

tt¡ersral excitatf.on of tÌ¡e gas molecules was alEo fnvestLgated by

Carver and I'tLtchell. They observed a long wavelength shlft of, 0.02,

0.03, 0.02, 0.o3, O.O3 R deg-I" for nitric oxide, benzenc, toluene,

rcylene and triettryLamlne reepectf.vel'y.

rt ean be seen from ttre above data ttre larger chlft ln tho

short wavelengttr llmlt ca¡¡ be partLcularly tmportant Ln measurements
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of the eolar Epectra usLng ion ehambers ff solar enlssLon lines are

near Èl¡e wl¡rdow tra¡rsmisslon lLmIÈ.

3.3.6. ION CTIAI,TBER LINEAR AIIPT.IFIER

The circuit for the anrplJ.fier used on the lon cha¡rber IE

ahown in Fi.gure 3.14. The cr¡rrent from the ion chamber was pasaod

through a reslstor connected between the grid of a mlnLature èIêetro-

meter valve a¡rd earttr. A maxirn¡m input resfEtance of 1000 l{fl could be

used wl"th thfs valve a¡¡d was ueed for chambers wLth snâlI quanttrrt

efflcLeneLes, i.e. SaBphire-Xylene a¡d Quartz-lriethylanl-ne ion

chambers. ResLstanceE of the order of 30 l"lfl were required for the

Li F , NO ion chambers, The input resLstânce had to be speeJ.ally

celected for each lndl.vidual ion chamber flown, as the current from

the Lon chamber varied wLtlh tt¡e quantun efffofency. AB tlrc anplJ'fler

had a gaf-n of for¡t, a¡rd ttre maxLnr¡¡r output rcquLred for the telemetrry

eystem wae 1.5 V, the lnput resistor was adJueted to give an expeoted

output of l.O V whlctr requJ.red the lon chamber current to develop a

voltage of 0.25 V across the lnput resistor.

zeto ötLft caused by ternperature changes was compensated

by a thcrmistor (¡¿S¡) whlch wae nou¡rted on the sa¡rre heat aink as the

tra¡rsistors (BCZI3), zenetr diode and the dlode OA 2O2. DurLng fltght'

ttre obgerved zero ùtft was always leas tt¡an It of fuII scale for a

sLngle Lon chamber attached to the an¡rlifler. In tt¡e long Tom rocket
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fltght when two ion ctra¡nbers \tere uged on ttre one amplJ'fler the zero

dtift was approxlmately dor¡bLe tÌ¡at for a eJ-ngle íon charuber.

A calibrator was Lncluded so that ttre anBlfflere cor¡ld be

cheoked during fllght. ttre i.on ehmber currents were dleconnected

byareJ.ayevery20gecondEa¡¡dtworroltagesof0arrdo.35VwEre

applled to the inputs for 200 IIì eêc. each. on the flnal telenetry

record ttre distance between these levele corresPonded to an input

cu¡rent of, 0.35rlR a:n¡rs., whêre R was the lnput realstor of thc

partic'ular arnPlLf ier.

3.3.7. GAS CìAIN ION CTIA}4BERS

All of the Lon chambcre descrLbed can be operated ât gås

gaÍn up to ar¡ anplLficatLon of lo0o bef,ore t-trey besonra r¡nstable'

Figute 3.1 ghows a tlpical gas ga!,n characteristLc for a Li F - NO

Lon chanber.

A speclal Lt F - No ion cha¡¡ber was deslgned for use fn

V{RESAT as t}re deteotor in a Lynan-o telescope. Figure 3.1 showE

the cross-sectlon of thLE ctraniber as well ae ttre gas gaLn charactcrls-

tic. TÏ¡e exterior geomebryr wae LdantLcal to a no¡rtal l-on cha¡rber but

the guard rLng was erÊended fnELde ttre ctranber to fonr ttre cathode'

Wíth tt¡e guarct ring extended Ln thLs way a much greater electrlc

fleld strength existed between ttre a¡rode (eentraL wLre) and tùe

calhode tha¡¡ in the nornal lon chanber. ThLg cha¡iber had Èl¡c aane
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aango of a4rltf,tc¡tlon ae thc rprurl lon ctr¡¡nbcr but achLovcd tt¡e

galn rt ¡ nueh low¡r a¡¡oda voltrg6. fha grl.n u¡od Ln |IIRESAT wr.

3¡15 tt aa a¡¡oå¡ roltago of 565V' À qrrrntrra clfLclency of L{t rÈ

Lyerrr-s yr¡ doÈornl.nrd by ttrr ¡rns mthoú r¡ for nollorl Lon chenbcr¡.

åt tb¡ gaa gafn Lon chrnbotr wrl u¡¡d wLtÌ¡ tho aGntral

vlÉa ¡nettl\r€ therå w¡. no protectloû for lot¡¡ wavelength photo-

olcetric tetponË€. thê exLstanca of e v.ry weals BhotocloctrLc

¡rrðpons€ was f,oünd Ìry expoolng t?re Lon ch¡nL,er to radLatlon frqr c

hfgÞ lnÈens!.ty rrpr¡ocl¡r@rator. * long vavelengtÌ' res¡ronse poak centrcd
o

at Z2OO A wgs meagure<i. t'ire aaxLmum photoelectrlc cu¡rcnt, with thl

fon ctu;nber operatLng aË a gain of 300, rrlas 1.5 x L0-12 au¡,s' No

r.Epon¡e oould bc detected for waraelengths betwaan I80O and 20OO R

or greaÈcr tJ¡an 23OO B. Corroctlor¡s for long wavelcngth responEe

st¡ouLd bc cpplLcd to any flight data fro¡r thl's chåmþer.

3.4.1 ASPBCÎ AllG['E SE]ISORS

sincc ttrc r¡rf¡o¡ri. (,f tl¡e lsr clr¡nber varl¡d t¡Lth tt¡c

rnglc botn,¡¡n ttre dlr¡ctlon Ln whLeh tlrc ion ciha¡lber war ¡rcfntlng

ütd thc då'rrcÈlon of the Lneldant lÅght (ac¡nct englc), I't was

occcntlal to krcw tl¡c sol¡r aepecÈ r¡rgl,e durlng fltght, Ttrc rcs-

lronse of th¡ lon chrnb.r c¿n tl¡en be corrcctcê to vtiÉt the current

¡hould h¡vc been if tirc chanber had becn pofntlng dLrectly at t'he

imnr If tl¡c roll rato of the rgckeÈ Ls greator tjran the raÈc Et
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whl-ch the rocket axis changes lts posJ-tJ.on due to precession' ttren

Ètre Lon ct¡a¡rlcer wLll shoer one peak in Íts output for each roll. In

Figr:re 3.15, OR is ttre ¡¡oclcet a¡rig, @ tlre detcotor axie, OS the

dLrection of the er¡n a¡¡d OB l"s the detector aXis when OC, OS and OX

are all in the sarne plane. The angle a Ls the aepect angle for tåe

detector And as ttre roolset rolls, q decreases untll it reaches a

minimum angle ß when OC, and OB are colncident. At an angle ß, the

detector output r.¡ould l¡e a ¡naxLmt¡n ar¡d Lt was thJ.s angle that needed

to be detqmlned. Two tlpes of detector were ueed to measure the

aspect angle.

3.4,2. SUNSLITS

Sr:nsll_ts were used for dete¡minLng the aspect ang1e. They

respond only when the eun crossêa one of three planee flxed relative

to ttre rocket body, Three slLts 0.3 nun wide were cut fn a¡¡ ah¡urinirut

hemlsphere, one coinoiding wLth the rocket axis and t}re Qtl¡er trvo

nnking an angle of 45o with ft. A}]. slits 1nùeraected along a line

passing tlrrough the centre of thc sensotr. A snall pinhole was placed

ln front of a photodfode whfch responded each tlme the passage of

the gun crossed one of, tÏ¡c sllts. Figure 3.16 shows a schêtru.tic

diagram of one of these ãensors as well as a dJ.agra.rr LllustratJ.ng

the operation of the surislits. On ttris dlagram ttre angle Y rePresents

ttre angle between the plane contaLnl-ng the slLt parallel to the :¡ocket

axis a¡¡d one of tire oÈirer slfts and ô represents the angle through
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which the rocket has rotled whflst oS Paases tlrrough 1. From the

geonetry,

fan ß = SIn ô Cot Y' Sin ô' I'

so that by measuring the time between the pulsea produced on the

telemetry record as tt¡e sun crosced the sLits a¡rd knowLng the roll

rate of tlre rocket, the aspect angLe, B, ca¡¡ be determLned. ThrEe

distlnct pulses on the final telemetry record a¡e vLsíble only

withl-n the range ß - t50o. outslde ttrf-s range no response ca¡r be

obtal,ned through ttre two 45o slfts. In fllght, lf only one puJ-se !-e

recorded, then either the aspect angle occurred outslde the range or

vÍas zero. The res¡nnses from other detectors f,Lown can show which

of, these possibllltLes Ís oorrèct.

The Eunslitø, as ttrey relled on time modulatlon' gave

results whtct¡ were lndependent of the intensity of the sola.r vielble

a¡rd nea¡ infra-red radlatlon. Howevêr, the sLze of the pulses

depend on the Lntenefty of this radLatl"on which Ls abeorbed by

ozone a¡¡d water vapour and attenuated by Raylefgh scatterJ.ng matnly

below 70 Klr. The nal-n dLsadva¡tages with tÌre sunsll-te occur if the

roLl rate of the rocket ls too slow or Lrregplar. i{ith the telemetry

eystem uaed, when the roll rate was too fast tlre gr.rnslits were also

tursuLtabte. The telenetry system sam¡rled 8O tLmes Psr see., and

with a roll rate of 2 epe leade to a¡¡ error of t4.5o in dete::urinJ.ng

the ¡rcsÍtlon of the pulses, whf.ch would Lead to a c.onslderable error

in aspect angle. Sr¡nsl.lts were not used fn the WRESAT satelU.te aa
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the sampling rate ín the telenetry system l'Ias not suffleíent' fls

the use of sunslLts was l-imlted, they were flov,¡n in conjunetLon

with the other form of aspect sensor descrLbed l-n sectlon 3'4'3'

3.4.3 ASPECT SENSOR USING }IJJIPLITUDE MÖDULATIO\]

The ot.},ar method of tleternrl.ning aspect angle \Âras by using

ttre eensors designed by Mitchell (1966). Flgure 3.I7 is a cross-

eectfonal dtagra$ of thls type of detcctor consistLng of two sllicon

photo,.f¡ansistors (type LS 4OO) surroundeil by a t'eflon insert' Teflon

was used to diffuse the radiation fall-ing on the detector, as the

phoÈotransistor peaked stronEly ln the forward dlrection' Ttre teflon

in front of one of tl-¡e phototransistors protnrded past the aluminium

case and in front of, the other was flush wíth the case. The effect of

the nrotrr¡díng and flueh teflon nas to modlfy the anguS-ar response

of the ptrototransLstor so tl¡at each lrad, a d.ifferent response' (Sjee

Figure 3.18).

As the sun croEsed the detector a¡r c':tPut from each photo-

transLstor, whlch peaked once Per ro11 was telemetered' The as¡:ect

Eensors were no'nted ín the rocket so that they rooked Ln the same

dLrection as the ion chambers. t{axlmum output from the aspect sensors

occurred at the sare tfme as the maximum output from the lon chamberg'

The raÈlo of the outpute from the flush and protnrding sensors at the

peak responfre were lndependent of the lntenslty of the sun. ey using
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Iaj:oratory calíbrations of tiris ratic.¡ plotted against aspecE angle,

the aspect angle could l¡e determlned even in regions where conslderai¡le

atr-oospheric aÈtenuatLon of the solar visil¡Ie radiation exísted'

The lEboratory calLbrationB vfere obtaLned by rotatlng the

agpect sensors Ln front of a tr¡ngsten larnp. In Èhe la¡rp housíng a

slnåIl hole w¡s drflled and the dLstance between this hoLe and the

aensor was adJusted so tt¡at the hoLe subtended an angle at the aensor

equal to the angular dl-ameter of the sun ("0.5o). Tlpical resuLts

of, thÍs calibration procedure are showrr in Figrure 3.18. E:ç¡oeÍng

tl¡e sensors ln front of a trurgsten lamp dld not adJuat tJre overall

output Level of ttre individual phototransistors. Thís wao done,

qualttattvely, by e:<posing the sensors directly into tl¡e sun before

Iauneh at Woomera and adJusting each outpuÈ Level to approxímat'ely

orlu . i :]..r:d of frrtl scale. The ratiO of the two levels $¡ere noted and

the laboratory ratio calfbration normalized accordingly. By choosing

one third of full scale meant that once the detectors reaehed an

altitude above 70 Km. tÌ¡eLr outputs would not exceed 1.5 v (ùhe

lfnit, of ttre telemetrY system).

Íhe la.boratory catfbrrtions would not be necessary if the

detectors looked direcÈly at ttre sufi at some stage during the roclcet

fttght above ?o f.ur. Above this helght the l-ntenslty of t'he vislble

radiatíon from the sun can be assumed to be conÉtsnt an<l as ttle sensors

would be calLbrated in flight ttre ratio of the detectors would not
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have to jrc evaluatr¡d. f'l¡e sunslits t,¿ere useful for determini-ng r+hen

thís situation occu:rred in the Long Tom rocket fliglrÈ. The

sensiËivitíes of the phobotra¡¡s'istor l^tere chosen so that both hacl

identlcal temperature character-istics and the flugh teflon d-etector

had a sharB angular response,î ghe flustr tcflon deËector rvas used

to cletermine aspect in the Long Tom roclcet flight so that, a sharp

arrgUlaf response T/tas an advantage for accurate aspect angle

deterrninaüion.

The advantagee of the arnplltuite modulatlon aspect sensor

over the Bunsllts were tÏ¡at the aspect sen6orB \dere Írctre accurate for

large asPect angles and gave resuLts as long as ttre telemetry system

sam¡rtlng rate was suffl"cLent to defl.ne Ëtre cunred shape of the output.

However, as can be seen f,rom the ratio curve drawn in Figure 3.L8t the

raLío -'loes not change appreelably for angles < 2Oo which Leads to

congiderEble errors in dete¡¡rining srrnll asBect angles, whereae the

sunslits are accurate fn thJ.e region. This was rpt crl'tfca1 when

detararlnlng aspect cOrreotlon f¡ctors for ion chambers, ¡s Lhe ion

chamberrs angular response was also a1sìost flat for smaIl aspect angleat

but ít wae crLtical for detectors with snall fields of view like the

Llman-a teleecope used in WRESAT.

l\nother disadvantage with the aspect sensor was tl¡at it

responded to near ínfra-red radLaÈion as well as visiJcle. In a

rocket fltght, Ythen the detector looke towards ttre earth lt is

posslbl€ for a¡r apprecJ.ablc infra-red sígnal to be recorded which has
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to be allowed for in oalcuLatlng aspecÈ. In the Long llon rockat

fltght ttris slgmrl vtas neglJ.gible (<2t) in comparlson with tho

vlslblc signal, and aspect deto¡nlnatlons ware not correctcd for

tt¡fs ef,fect.

Ag ca¡r be seen frour the abo'ye diccuEeion ft Le advisåble

to fly bottr Er¡nsLlts and asPcct 3€nEors Éo that as well as beJ.ng

complementary to one anott¡er, onc aan be uaed as a back-up syatem

Lf the ott¡er faLls.
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CT{APTER 4. RESULTS FROM ROCKET EXPERIMENTS TO MEIAST'RE IJO RJADIATION

4.I.1 INTRODUCTION

Three IIAD rockets were fired duríng the day catrying

instrümêntation to measure the intensity of solar La radiatlon

a¡rd to determine molecrrlar o:(ygen densities ln the regfon 70 to

90 lffr. t\nother IIAD, lnstrumented with a Llãnan-o teleecope was

fired at nlght to dete¡lrine the amount of Lyman-c radiatlon

reflected from ti¡c IIþon, scattered Lyman-q from geocoronal hydro-

gen and if possible, ÈÏre nocturnal densíty of moLecular oxygen.

A Iong Tom roel<et was successfulJ.y fired carrying a total

of chr+re.¿n ion chanrbers to determiner in detal'I, nplecular oxygen

density between 70 and 120 lftÌ., a¡rd to pnovfde absolute

determinatLons of ttre solar ultra-vLolet fh¡¡ for several wave-

length bands within the range IO50 to t6?O f. The tLme of this

flíght was chosen to colncicle wlth a pass over Australia by the

Explorer 30 sateLlite so that c€trrparison could be rnade between the

solar flr¡x obtaÍned fronr ion chamberg ln ExpLorer 3O and tl¡at of

Long Tom.

The WRESAT satel,líte was also put into orblt carrying a

selection of lon cha¡nbers to complement and extend previous work

done by AustralLa a¡¡d tÌ¡e U.S.A. Ín rcckete and also by the U.S.A-

it 
""t"uites. one of tJre I{AD day rocrkets (HAD 307) was fired as
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!{RESA[ pastcd ovsr Vlbonera to ttrat a æuparfson could be nado

of Lynan a flux nea¡urêmonts.

4.2 . l. HAD EXPM,XMEIi¡TS

The I¡AD roct(cË, a two BtagG' colLd fuel, fLve ineh

rour¡d had a¡¡ apoçtee of approxLrnately 9o i(n. andl waE uged to

nêagu¡5e ttra absortrrtion of, aolar l4man a radlatlon. lftrL¡ ncEnt that

tt¡e roclcet spent a najor portLon of ltg fltght' in ttro rcglon

70 - 90 li(m. i ttre hcLght ra¡rga whcre Lymår¡ c L¡ aboorbcd. OnIy the

Irl F - NO lon charrbsr ea¡r be flown as tho otÌ¡er lon cha$bers

dlo ¡rot start to rae¡nnd r¡¡¡til aPProxlmatety 9O fftr. AII day IIAD

¡¡ockete had a compLenent of, two Ll E' - NO lon chanbers and thclr

asgociated electrOnlce, twO eets of asPect aenaorc, cunølLts and a

photodlode Lnterfo:fGnoê flltor conbfnatfon for dcterüLnLng ozono

conccntratfons.

Unfortr¡nately, all the tlAD rockcts aBart from ¡nO307 faLlcd

to raach ?O Klt. ¡¡¡d hcnse d.ld not gJ.vo any results for L¡nnn 0 flut(

or molecular orygen dcncJ'tY.

4.2.2. llAD 307

IrAD 307 w¿¡ fLrcd from t¡oouorr on 30ttr Noncnbcr, 1967 Ln

conjuficÈlon wLth a !{RESAT satctlLtc paaF ovior lfooÍlera. It s

b$da

eoreos.lÊä obtaLn lr1mùt e flux end orygcn ôen¡l'tLe¡ to coryarc wLt}t

tt¡at of wREsAI. Although Ít r¡ael¡edt an aPog6c of L04 Kß. ft
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precessed badJ.y and at no time was the aspect angle less ttra¡¡ 45o

which gave very grave errors to any flr¡x a¡rd densJ.ty lnfonnatLon'

The L)æan-a flu¡ß measuted rdas 3.8 I I.n erg/sec/cm2 and tlre

average molecular o:<ygen densf-ty, between g0 a¡¡d 90 IGr., lfas 2.IOllt

¡nolacules /*r3.

4.3.1 IJONG TC[tl EIXPERI$EI{T

The rockEt IÍING TOM 18, *a tv,Io 6tage, solid fuel, nine

Lnch rcr¡¡¡d was fLred f,rom Vþomera (Lat 30o 35' S, Long. 1:i6o 31" E)

on the llttr November 1966 at 08.35 hr. local Llme when tl¡e eolar

zenLttr a¡'igle was 4P. Thc tl.me cotrresPonded to an Explorer 30

Cq+nq,tr¡on
påsE over the satelllte receLvi.ng etaùton at etråffiå !ìf.A-

(Lat,. 24o s Long. 1o7o E).

Ttre rocket reEehed a nerlmr¡n altltude of 12I.2 lqn.

L?2.27 seoonds after launch a¡rd satisfactory telenatrlz sl-gnals

\¡ûere recelved throughout ttre fllght. Tracking by FPS16 radar was

incomplete as the rocket was only traeked on the upwards Portl-on

of its trajectory frour 30 sec. after le:tn"eh to approxlmateiy

130 eec. the mett¡od used to lnterpolate the helghts of the

m|asfng parit l-s descrfbed Ln Sectlon (4.3.2.r. Above 7O lÛtt. thc

solar ultra-violet radlation was ob"."+:zcd erch tlme the rocket,

which !ùac rolling with a perlod of 4 sec., ¡lointed the detectors

in ttre dl¡nectl.on of tJre Et¡r. For tire Li F - NO ion chamber a total

of 5? scans were made. The roll perLod of, 4 sec- waE ideaL for
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ttria cx¡nrlnent ac too long a ¡rerJ.od Broðuccc Lneuf,fLeLcnt scâ¡ls

of tllre ¡un f,or ¡ocuratc oxygGn densLtie¡ to be deduccd. A ehort

ro11 per!.od lntroduces aignffLea¡rt orrors Ln tt¡c aapcct angle

rc¡ult¡ fron cungll.te aE tlre tclenetry systEm aanples 80 tfnsa ¡nr

seeond. Thil eample rate aÈ a 4 ¡ec. roll ¡nrlod oorrGsponds to

10 Ln roll.

The rocket carrLcd aspeet s€nEors deecrl,bed prevfouely

(Chap. 3) ae well ag the deteotors Lletcd ln thc Table (¿.f) below.

IABI.E 4.I

Detector
Tñã-ãñ-arnqgrl

Lt F - nitri.e oxLde (2i

Li F - ethyl bromidle (f)

Lf E - ethyl atrlorLde (I)

CaFz - ethyl Lod:lda (1)

CâFz - benzcne (21

BaF2 - tòluene (2)

Sapphf.re - Xylene (2't

Quartz-Triethylanfne (2)

GeJ.ger countor

Phllllpa 18s0¿ (2)

Spcotral Responsc

o
1050-I340A

o
1050-1200A

o
1050-I130A

o
1220-I320A

o
1220-1340A

o
1350-14¡.0A

o
1420-1470A

o
1570-1680A

Effeetive Abeorpgfon
Crocc Secti.on

I x lO_20 (La)

htghly varLable

I x 1o-18

I x Io-tB

1.4 x 19-l? ,r,2

L.5 x 10-17

3.0 x 10-18

o
8A All oonetLtucntc

5 x IO-20

tThe fLgrure fn braokctr indLoatc¡ tÌ¡c numbcr of detectore of each

tlpe carrLed ln ùhe rockeÈ.
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The construction and propertles of the ultra vioLet Lon

chambers has been described prevlously (ChaP. 3). The effective

abaorption croas seotions were detesmincd Oy corrbJ.nJ-ng the

neasured spectral response of eaeh detector wl"th ttre nplecular

or{ygen absorytl-ons cross sectLons (Wata¡¡abe, 1958 ; Blake et aL.,

1966) together wJ-th Touseyrs (L963) solar spectrun data. Thís ls

a simple procedure when the a.bsorption croEs section varies only

slowLy over the res¡ponse rang. of the detector (Figure 2'2) as is

go for ttre BaF2 - toluene, Sapphire - Xylene a¡¡d tJre Quartz -

lrf-ettrylamine ion cha¡ibers. In tJ:e case of tt¡e Li F - nltric

oxide lon chaniber, the L1rnan'c¿ line so dominatee the solar speéÈrum

in t¡e wavelength region to which tiir: detector ls sensitive that,

at least for altLtudes below 90 KIn., ttre effective cross sectiotr

is ttrat at üre Lt¡IrËìn-o wavelengttr. The effective molecular oxygen

absorptÍon cros€, sections rlsted in Tabre 4'r for ottrer ion

ct¡a¡nbers correspondad approxirnately to r¡nlt optlcal depttr ín tlie

aturoopher€¡ i.e. to a height range over v¡hlch the ion chanrber

current is expec'ted to be charrgíng most rapldly wit} height. For

the Li F - ettryl ckrlorl-de and the Li F - ethyl bromide ion

cha¡nbers, the absorption cross sectj,on varles so 5trongly over

tire bandpass that it ís not Possible to def,ine an effoctive

absorption cross section even for the liniltecl heÍght ranc;e

near unit opticaJ- depth. The da¡Éa from these tv¡o íon
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chambers wag therefore used for soIâr flt¡¡ measurernents only

a¡rd not for ttre determLnation of atmospherÍc denefties. The ion

cha¡rbers were !þr¡nted in tt¡e ¡¡pclcet as Ln Ff.g. 4.1 and Flg. 4.2

nf¡icÌ¡ show tl¡e layout of the rocket elçerLment and tt¡e completed

nose Eection.

The telemetry system was aseoûbled fron standard co¡n-

ponents. The outputg from tt¡e lon chambers were taken to a 24

charurel rotatlng ewl-tch whl-ch sasr¡rled each channel 8O tines Per

second. From the ewLtch the sLgnals wenÈ to a frequency modulaÈor

which was ueed to rnodulate the 465 MHz signal from the maín oscll-

l-aÈor. Ag there was such a large nunber of detectors Ln tl¡e ror¡nd

and only 24 maLn cha¡rnels not every detector could have a cha¡rnel.

Sub-cournutatcd cha¡rnele were used for maLntalning voltagee and

thermlstors. Rather thar¡ gr¡b-comnutate the detector sJ.gnals, three

thfngs were satl-sf,astorLly attemptcd. FLrst Èhe aspect sensors

|n ba¡rk B (X-ray Bank) a¡rd bank C were sampled l.e. the flush â¡'id

ttre protnrding aspect sensor were swÍtched such that only one

cha¡l¡¡el was used for bott¡ d.etectorE. Second, the calcir¡u¡ fluoride-

ethyl lodide Lon chamber and the calciwr fh¡orfda-benzene chambar

shared the same aurplifier. AÉ these cha¡nbers were ín Ba¡¡k A and

Bank C the r¡ol1 of tt¡e roelcet automatically gave the full slgnal

for one ohamber a¡rd then the otler. 1Íhe barium-fluoride-toluene

chanrbers also shared one ampllfLer.
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Sunsllts

Sunellts

-No

2

4

A Bank

Posn. Chamber

*5

B Ba¡k

Geiger Counters

C Bank

Posn. Chamber
No.

I Li F-Ethyl Bromide

2 Li F.NO

3 CaE2-Benzene

4 BaF2-To1uene

5 Sapphire-Xylene

6 Quartz-Triethylamine

Li F-EthyI chloride

ùi F-No

Ca.F2-Ethyl iodide

BaI'2-Toluene

Sapphire-XyIene

*3
snarect

arnplíf iers

6 guartz-Triethylamine

4Aepect sensor I ( Flustr Teflon )-
*Thermistors were mor:nted on these cha¡nbers.

Fiq. 4.1 . - Layout of the ion-chamber experirñent in the Long Tom

h 4

rocket flight.
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Ttre d¡awbaoke wfth sharLng anpliflers were, ffrst,

that care had to be taken selectíng cl¡aribers as both j.on chanbers

had to talce approxlnately tl¡e eane input reefstor for thø

an¡rlifferi othe¡r¿Lsê one stgnal måy go off Ecale. Second, ttre

gero drfft in ttre an¡rlLff.er was approxlnately dot¡ble. Tt¡ere was

a m¡ximum of 2t of fr¡ll stgnal level compared wittt lt for one ion

cÏ¡a¡rber. BoÈh dr¡wþaclcE ca¡r be overcome lf the input rcsistor is

chosen smaller tha¡r thoÈ required to give I.5 VoIt tn fult

sunllght.

The aepect Eenoors and sr¡nelLÈs uìounted i.n Banlcs A and C

were diaplaced from center becauee of norurting dlfffict¡Itles but

as tt¡e aepect angle for the roclcet did not change coneldera,bly

tn fllght (see SeetLon {.3.3.} no sJ.gnffJ.cant errors ware

ínt¡¡oduced by these se¡raotrs not lookLng exactly in the sane

direction as tl¡e Lon ct¡a¡ibers.

ånrong the Ðrplorer 3O photoneters were Ll F - NO a¡¡d

CaFz - NO lon chambers, whict¡ provfded infomation for tl¡e

æmparJ.eon with ttre roclcet detarnrLnation of absolute fluxes over
oo

the range 1050 - 1350 A a¡¡d 1225 - 1350 A. The spectral

response and quantr¡m effLoleno¡¡ of thc nxptorer 30 cha¡nbers were

supplied by the U.S. Naval Resea¡ct¡ Laboratory.

4.3.2. A¡i¡ATJYSIS OF TRn"IECiIORY DATA

Before deecrlblng the method used for determLnl.ng the
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traJectory i.t would be ueeful to dLscueÊ ttrc factore whlct¡ cauee

ttre traJcctory to deviate from the eLmple f,o¡m h(t) - h(o) - lgt2.

(In tt¡is ¡cction all tl,rne rpaeuresrente wlll bc measureü from tt¡e

tlme of, maxLmum helght or apogee). The npst funportant faotors

are (a) air drag, and (b) varlation in the gravltatlonal

acceleratLon.

(a) Al-r Drag.

The effect of aLr drag Ls to urake t.l.e traJectory

unelmunetrical and the effect will deereage ag the hclght fncreasee.

In thfs case the tyman c detector does not res¡nnd untll

apBroxLmately 7O Km. ao ttrat tt¡e traJectorT Ls onl.y requJ.red from

70 ¡Ur. up and the effect of alr drag may be Lgnored.

(b) VarLation Ln the Gravftational Acceleratfon.

TÌ¡e value of g varleg Lnversely as the equare of ü¡e

distâr¡ce from the center of, tt¡e earth but over a llnlted helght

rangê the deorca¡e 1n g ca¡r be approxfunated by a Lfnear fonrula

a¡¡d we nay wrfte

a(t) - -tgo + k(hs - h(t)) (I)

where a(t,) ls the vertlcal accelerati-on of the rocket, 90

1g the value of g at ttre ma¡¡i¡n¡¡r height hg, and k fs a very snrall

poeftlve constant. (k - 2.98 x 10-6 sec-2 aocording to th@ U.S.

Standard Atmosphere 1962) .

As k is small and tl.me 1s mcasured from apogtoc then

hO - h(t') ' ¡r 90 ¿2 .o't

Therefore, a(t) - -{gO + r¡ k Sg t2} (3)
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Then v(t) - VertLcal nclocity of rocket

- [t^(t) dt ' -{eo . * å k so t3} (4)
0

Nots tihat v(t) - 0 when t' 0

h(r) - /tv(t) dt - ho - ¡ eo * - *¡ so tb
0

or h(r) - ho ¡ so tt tl + +ã k t2) (s)

ThJ.s equation describee qulte accr¡rately th€ traJectory talcing

Lnto accou¡t variatlon in g. 1Iþ uEe ttria equatfor¡ two quån-

tltlee have Èo bc detcrmLned from the radar data. (a) hg or

apoçtes height a¡rd (b) thc apogeo tl¡re ae thl,a defLnes when t - 0.

unfortr¡¡¡ately the rada¡ d¿ta wae not courplete. only a

anall seatLon on ttre r¡¡rward leg was avallable. From thf¡ data

the followj.ng mettrod wae used to predfct aflogoe tlme and helght.

By plotttng vertJ.cal vcloel"ty agai.nsÈ time after lar¡noh,

ttre extraporatLon of, üife graph to v(t) ' o wl-ll gLvc a fLrst

estl,nåte of a¡ngee tLmo.

Let tg - estLmate of, apogee tL¡re, T r (tO - t) or thc tLmc fron

any daÈa pofnt to the eatLnrated apogeG tf.met

Êb - e¡tl¡rated a¡ngec height a¡rd C - error between the estinrted

i apogee uíme-tþ)and the tnre apogee time (see FLg. 4'3) '

Then Hg aPBroxlnatelY equals

Ho o h(r) + b g 12 (6)

where Ç ls average value of g over the range

trc{æt-1+c
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The true apoge€ helght

ho - h(r) + \ ã- (r + cl2

- h(È) + t ã't2 + -grc + ¡l I c2

-Hoiftc+lqcz
If the approximatl.on f,or apogeê tLme Íe very good c will bc a

snall quantS.ty and then hO " HO + -grc (7)

1Io establj.sh tt¡e avorage value of g , use is made of equation (3).

Frour equatlon (3) 9 - 9g{I + L k t2}

Therefore, q[- g.,/"*"(1 + Lrt2 I di / /"*"dt
'cc

F'ss{r*}r"'l *

By usLng eguatfona (7) and (8) the estimatê of hg

dete¡mined ln tÌ¡e followfng ways

(a) EEtl¡rate t6 as mentioned prevJ.ouely

(b) EstLmâte Hg and hønoe gg

(c) From equatJ.on (7) tf a plot of H9 againet -9r

straight line graph reEulte of elope c a¡¡d helght

(¿l) ThE value of I ca¡¡ be obtafned from equatfon

*If, equatfon (8) is substLtutcd J.nto equation (6) thon

h(r) =Ho-tsstz{r+}t2}
whenc-O
tt¡en h(t) - hO - Lgo t2 {t + | t2}
This does not compare exactly wlttr equatlon (5) þecauEe the
approxLmatLons a¡rd nethod ueed for predlctlng hg and c arG not
tÏre same aBprrcxi-nrations uséd for equatlon (5). The value for
ir lE so snrall that Elther equatfon could be uscd wlth only
mir¡or errors f¡:, h (t) .

(8)

and e were

Ls perfonned a

fntercoBt of hg.

(81.
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By followfng this Broccdure a neÌÍ varue of a¡ngee tLure ca¡¡ be

dete¿rnLned and the pnocedure repeated ru¡tLl a horLzontar graph

f,or Hg versug Çr fs obtaLned. (See FÍg. 4.4r. It, was found

t]¡at trhe traJectory for rong Tom was degcrLbed aocuratery by

the oquatfon

h(t) k¡r - 12I.IS - d.Zzzt2lt+z.ee x 1o-7t21 * fO-g

Àlthough this accuracy Ls not required for dete¡minLng orygen

densLtLes lt fs requJ.rcd for detomrining the maxinum helght and

hence an accr¡rate height gcale.

4.3.3. AI{ALYSTS OF ASPECT DATA

Each tLme the rocket rorred and pornted the as¡rect

sengors fn the direction of the sur¡ a pcalc occurred on the

telemetry record for that 6ansor. As mentLoned prevl.ouely

(see chap. 3)'the ratLo of tl¡e slgnala fron a paLr of õensorg

would be dependent on the acpect, angle a¡rd not on tf¡e intens!.ty of
the visLbre rfght frcm the su¡¡. rt, was for¡r¡d that whencver the

ratio of eengors r and 2 ln ba¡rk A was a parÈJ.cular vaIue, ttro

eignar from sensor I was al¡o a partleular vaÌue. ThiE mca¡rt

that fn the height range consLdered the output f,ron eeneor L was

pro¡nrtJ.onal to the aspecÊ, angle. The eane applied for bar¡k c.

At 139 secords after lar¡nch thc ratlo of the aspcct

sensora Lndlcated that the arpêct angle was sero. lltria wag

achleved by con¡parÍng ttre ratLo wfth that obtalned by laboratory
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calLbratlons. The sunsliÈs even though they were diaplaced from the

aspect sensors also indfcated approxLnately zero aepecÈ.

one splka on the teluretry recprd for the eunslLts

l-ndicates either a zero aspect or an aepecÈ greater then 5oo. Íhe

g0o possibtllty was ruled out aa at tlrLs angle the sJ-gnal frorn the

aspect senaors should be very low a¡rd tltls wae not the caeê. The

fact tl¡at the ratÍo of the aspect sens¡ors agreed wLth the

la.boratory calibratl-on provLded independent confi¡cnratfon of the

laboratory calLbratLon.

As there was at lcast one pofnt, ln ttre flight whcre the

aspect angle wae known meant that aspect sensor I (f,lush t'eflon) in

each ba¡¡k could be calLbrated to gl-ve aspect anglc directly. AIso

as thLs one polnt coincfded wl-ttr zero aspect, an in-flight

call.bratton of the way in whLch the detector sJ.gna1 varled wLtlt

angle could be made. ThLe in flight calLbratLon agreed very well

wj.th the laboratory calibratlon. CalLbratÍng one s€naor ln each

bar¡k meant a conslderabLe einplJ.flcatfon i.n detenrlnfng asp,act

angles, for the complete f[ght. UeLng the callbration obtained

drrring the flight the rocket aspect angle was determined for the

perlod during whlch the helght of the rocket wae between 70 l(,n. and

121.15. Thls ts shown Ln Flg. 4.5. the angular reËponse of the

l"on chambers $tere also detcnrl.ned from tlre sLgnal obtained during

one ro11 of the ¡ocket when the aspect angle was Oo, and was fot¡rid

to agree well witå tl¡e calLbratlon made before the flight. The
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calibratlon made dnring ttre fllght was used to derive tl¡e correction

factor (see FJ.g. 4.5) try whlclr tha peak helght of the eLgnal frorn the

ion chanberÉ had to be rrultfplled to eonvert 1t to Ecrc aspect angle.

As all the ion clhanbcrs were bagLcally of the same gêonet'ry thc

correctlon factor for one ion cha¡nber applied for all tt¡e dlfferent

t1pes. The Sapphire-Xylene lon chamber had a tt¡Lnner wl'ndow tt¡art

the others but tt¡e differcnce ln the angular reaponEe of'ttris ion

et¡a¡¡ber witl¡ the others waE for¡nd to be neglLgible.

It can be seen frøn Flg. 4.5 tt¡at tTre coffecùLon factor

lras never greater tl¡an 1.41 fn ttrc helght ra¡¡ge 7O to l2I Km. and

f,or noet of tlre fllght Legs tt¡an 1.I5. The greatest correctÍon fac-

tore occur in the 70 I(s. to 90 I(m. regLon whLch lE ttre abaorptlon

region for Lynan-cr. An error of 5t ocou¡rcd wi.th thc aepect angle

whtct¡ in thÍa helght rcgfon correEponds to a IOt error Ln the correc-

tfon factor. trherefore the uplecr¡lar otrygen densJ.ty profile m¡st b6

sllghtly rcrê Ln €rror for ttrLE regJ.on tha¡r ùhe rest of the f1J.ght.

4.3.4. I,IOI¡ECULAR OXYGB| DENSITY PRCIFfIJE

Flgure 4.6 whicÌ¡ includes data frorn both th8 t+Nrard and

downward portlon of Ètre flfght, shows' as a fu¡rctfon of, altLtuðe' thc

neasured restrK¡nse of ttre different r¡ltravLolet a¡¡d X-ray detoctors

after corrections for zcro asPect angle and anplLfl-er d¡Lft (see

Sectlon 3.3.6.) had been m¡de. There ig no sLgnLflcance fn t}¡e

relatlve lnteneltLee shown for the dLfferent detectora.
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detector as a function of rocket a-l-titude. The Figure indicates

the shapes of the measured atmospheric ahsnrption curves.

There is no significance in the relative intensities shown for

different detectors.
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fn prtnc!.ple the nplecular o:(ygen denslty J.a proportional

to the slope of Èhe reaponee curves, but Ln practLce the analysLs

is best carried out by determLn{ng t}ro avorage denslties Ln a

serl-es of equal height intervals, h, wLttrfn whl-ch tt¡e nt¡nber

densitf, n, is constant and that the attanuatlon of the solar

f1t¡r over a height Lnterval h J.s given by

exp (-t¡n o sec zl

where o is tt¡e a^bsorptfon crosa sectfon and Z the solar zenlttr

a¡rgle (4eo in thl-s caEe). The densities derived in this way for

a layer heíghÈ of 2.5 l<rn. are ahovùn ln FLgure 4.7 usfng tha croes

sections lLsted in Table 4.1. the total atrnospherlc densLty

derived f,rom the x-ray absorptf.on meagurementg (upper histograur)

ís compared Ln Fl.g. 4.7 wlth the 1962 U.S. standard atnosphere

values (full curve) a¡rd it may be eeen that there l-s falr agreeurent

in the altl,tude range 90 - 1I0 Km. Below an altitude of 90 l(tr.

the derLved molecular oxygen densitLeg depend utrx,n meaEurements

urade wíth the Lf F - nLtric oxide, (Lfznan - al,ion cha¡nbar. At

higher altLtr¡des there J.s very good agreement between the o:rygen

densLty determinatLone obtafned Lndependently from the BaF2 -

toluene, CaJ.z - benzene¡ CaF2 ethyl Lodide, sapphire - xylene

and quartz - trfethylanfne chambere¡ the lower hÍstogram shows

the average of the rolecular oxygen densltiEs determlned by all

Lon chanbers. The observed ¡rcleoular oxygsn densfty proflle below

90 Ktrr. runs very nearly paralle1 to thc sta¡rdard atrnosphere

total densJ.ty cuuvê but at highor altLtudcs the effects of
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trplêcular dlesoclation are clearly evident.

Tbe dotted cr¡:n¡e ln Flgrure 4.7 showe the atomic o¡(ygen

densJ.ty profi.le lnplied by tåe ueaeured rplecular or<ygen and total

density profJ.les (the latter is not sigml-ficantly different from

ttre 1962 U.S. sta¡rdard).

The present resultst suggeEt that tÌ¡e atomlc o:<ygen \

concentration exceeds the npleoular o¡cygen concentraÈlon above

1OO l<ll. A compaiison of these results wlth others will be made

Ln chapter slx.

5 SOIÀR FI,UX

The data ehown Ln Fig. 4.6 have also been used to

dete¡nrlne absolute solar ultra-vfolet fh¡xe¡ Ln terms of the

laboratory call.brations of each of the Lon chambers. Sone of

the ion cha¡rbers (e.g. BaFZ - toluene¡ sapphire - ltylene) are

sensLtl-ve to radiation whl.ch Is very atrongly absorbed l.n the

atmosphere a¡rð dLd not reach saturatlon currents at the maxLmr¡¡t

rocket altl-tude of 12I IGr. It was neceÊsarll' therefore to

extrapolate the measurenants to zcro optlcal depth and thLs wae

done by assuming that ths obsen¡ed ¡noleeular oxygen densLty curue

of, Fig. 4.7 could be extended to hlgher altLtudee with constant

ecale height J..e. by plottJ.ng the logarltl¡ut of the flun as a

fr¡nation of the absorbing maee in units of elant ¡naEs above 100 fün.



ol1

dt

o<
(J
o,6

E1(,

UI(')
l!

><

=)J
lJ-

8,1

)o
Ø

d,

õ41

o
WAVELET\FTH A

Fiq. 4.-9_, Solar ultra-viol-et intensity distríbution acco¡ding to present ion
chambe¡ measurenents compa¡ed with black br:lcl y curves. The cross indicates the
solar f-lux measurement made with a CaFr-\10 ion chambel: on ExpJ-orer 30.

6000'K

4500



E5

The solar ultra-vLolet flr¡xeE dete¡:ml'ned Ín thJ.s way are

shovm ln Flg. 4.8 where they are conrpared wLt*¡ the f,lur<es

correepondlng to varLoue solar black body terrperaturas. The

crcaa LndLcates the E:ßplorer 30 CalcLr¡n Flr¡oride - nLtrfo oxföe

ion chanrber reeults and Èha barE LndLcate the effectfve band pasø

of the various lon cha¡ibere. Toueeyra (1963) mêaauronents of the
o

solar spectnrm suggest that for wavelengths longer than 1340 A

ttre solar flgn is predomlnately ln the oontinurnr- The (smafl)

contrLl¡utl.on from emlesLon LLnes was igmored and ttro resulte

indio¿te that from 14OO i to 1600 å *. contLnuusr flr¡x corresponds

to ttrat of a blaalc body at, a tomPerat¡re of 45OOor¡ betwecn

oo
1OOO Ã ar¡d IIOO A the equlvalent black body temperatr¡re haE

Lncreased to 53O0ox.

Ion chamberE wlth theLr conrparatively broad epeetral

sensitfvLties respo¡4 both to solar ultra-vLolet ernlssl.on lfnes

a¡rd Èo æntfnur¡n radLatLon. In the caee of the lltJ¡lun fluorLde -

nLtric oxide chanber, the solar L'yma¡r a llne la by far thE

stlrcngest aouree wttþLn the bandpasE of ttre detector. ThLg lLne,

as ft ærresponds wLtÌ¡ a "window" in ttre o:<ygen absorption cross

sectlon, penetratea Ìþre dee¡rly lnto the atnosphere than other

radÍation wlttrln t}re band pass of, the deteotor. At higher

attttudes there Ls a small but sf.gnlflcant, Lon chanber reaponse

to other radiations ae shown by the rfse in Lon cha¡iber cu¡rent

above 95 l{m. The lJynâf¡ o contribution to the l-on chrmber eurrenÈ
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c!¡r bG clca¡ly ldontLflcd from the atuorpherc absorptLor¡ currre ¡¡

tl¡c eunu flatteng out lrtn about 90 to 95 ll¡r. trlrl.e oontribution

anount¡ to ap¡rnoxfnately 85 pcr cent of t}rc tot¡l current whlaf¡ rculd

bc ob¡c¡nrcd abone tÌ¡o ¡tmsgherc. E'or ttro Erplorcr 30, llthllln

flr¡orlde - nj.trfe oxi.de ct¡anbrr the Lyman-a contrfbutlon wa¡ c¡lculated

to bc 8I per cd¡t. Tho ¡na¡r¡red Lpnrn-c flt¡x wae f,ound to be

4.25 ery/ø2¡aee., whLah wag ln exccllcnt agrcerrent wl.th tt¡c long lon

flux value of {.2 øxg/øz/søe. (fltrcsc ¡nLntr arG not rcpreeented

on flg. 4.8).

Er¡)Iorcr 3O X-ray detoctorg lndLcatcdl the ex.IsÈoncG of a

aolar f,Iare, laetLng for aBBrcxlmately 2 tþ 5 rnlnuteEr vrhLch Pealc,ed

or¡e nlnuto af,ter the Iong [on ¡roeket fl!.ght. ThlE tndteatod that

¡11 rosket ffu¡x ûaaaur€mcnt¡ takan wcrs valuec for quiet condltLonc.

lltrc l,1man-o f,Irur measr¡tod froen E:çlorer 3O suffcrcd no rlgrnJ.fica¡rt

clrango dnrlng the flare. (Calvcr of al 1969).
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CI{APIER 5. WRESAT (AUSTNAI,IAIS FIR.ST SATELI,ITE)

5.1.I. INTRODUCTION

WRESAT (Weatrrons Research Establishment Satelllte) Lnvolved

the desLgn, development and larurching of a s¡¡åIl scl.enùLfic

satellite f,ron t{oomera. The Eclentiffc obJectlves of t}re satelllte

were to errtend ttre work already done by the Long Tom rocket flLght.

ÞrperLmentatLon was desigmed to provLda ínformatlon on molecuLar

o:rygen densLtiee Ln tt¡e helght rangc IOO to 180 ¡üt. a¡rd eolar
o

f,h¡nee ln bott¡ the r¡ltraviolct region betrveen 1O5O and 1660 A

o
and X-ray at I Á. In measu¡f.ng orygen densities from a satellite.

{t was planned that infomatlon trÞuld be obtafned on day to day

varLatlons anrd seaaonal varlatlons. In addLtLon to these

obJeatLvcs, erçrcrlmentatLon was Lnc}¡dcd to determine ozone

dengi.tLes 1n the upPer atnosphcre a¡rd to meaeure the albedo of the
o

eartl¡ 1n the wanelength ba¡¡d 1O5O to 1350 A ae well as the i.nt'ensJ.Èy

of, reeona¡rtly scattered Lynan-a radiation frcm the geocoronal

bydrogen beltE.

lIhe actuât satellÍte was developed by weapons Research

EEtabllghment and the PhysLcs DePartnent, UnfversJ-ty of edelal-de.

lft¡e U.S. Detrartment of Defence provLded thc lar¡¡rch vehicle and the

U.K. ld.nLstrl, of Technology, through lts assoclatlon wJ.th $loomera,

tt¡e lar¡nctr faaÍU.tLes. In addlt!.on, the U.S. NatLonal Aeronautl'cs
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and Space AdnlnLstratl.on eup¡rorted the project wftt¡ sateLllÈe

trackLng a¡rd data acquLst-tLon.

llhe launch vehicle waa a R€dstonê ffrst stage nodLfLed to

accêpt tro eotLd propellant upper Btages. The conplete vehLcle

was about 70 feet high, 6 f,eet Ín dLa¡reter a¡rd weJ.ght of

approxJ.mately 571000 lb. at laru¡ch. (see Flg. 5.I). The conical

gatellltc lncludlng the oçerfmente and l-netrunentatLon weJ-ghed

about IO0 lb. a¡¡d had a base dia¡reter of about 30 inches and a

height of about 5 feet. The third etage notor was not Jet'tlsoned

after burnout but went Lnto orblt wLth ttre satellite cone. This

was done tE no o¡nratfonal penaltles were Lnr¡olved and there were

less mscha¡rlcal complfcatfons in thc desLgn. Thia made the total

weJ,ght of ü¡e orbf.ting body approxLrnately 16O Lbs.

llhe gatelllte cone was mâde of ltght alloy frames anô

ekLn, a¡rd al.l inEtrr¡nentatLon r¡nits were the¡ilìÂIly fsolated from the

rnaln füght stnrotuüe. Thc ouÈsLde of the cone was paintecl wLth

specl.al hlgh tcnperature black paint eo that a satLsfactory

temperature wLthLn ttre oone rrculd be obtalned durJ.ng tl¡e orbLt

Bhaeo. rnEide of the cone was paÍnted v¡hlte to a¡sfet ln obtalning

tenpGrature equillbrir.u of, the Lnternal equl¡ment.

Conprehensi\¡ê envLrcrunental testlng of the satelllte was

ur¡dertalcen by !{eapons Research Establisl¡ment. Thie Lncluded
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vLbration testJ-ng, statlo and dlmanfo loadlng, teeti.ng at elevatcd

temperatures and dynanic balancLng. In addltion the omplete eatel-

lLte was tested Ln a vaouun ct¡anber at the Phyeica Department,

Unlversity of Adelalde, at a pressure of I0-5 mr of Hg whlle being

cycled !.n tenperature between +sOoc a¡rd -ISoC, over a perJ.od of

about one week, rururLng f¡on a¡r external power sou¡ce. Satellltc

poster was obtalned fro¡n batterieE whlctr Limlted its transurltttng

Ilfetl¡re to 5 daysr although tts orbital llfetlne was about 4O days.

lfha gatelllte VIRESAT, L967-L].8,I\, was lar¡¡¡ched from

tÍcomera on liþvenber 29tlr, 1967. After burnout of the Redstone

fLrst stågê lt was Jettisoned a¡rd tÌ¡e rest of the vehLcle allowed

to ooaet to a height of, about lO0 n ¡niLes. During tl¡Le tfuie the

ínertfal gufdance unLt caused thc vehicle to be pLtotred fnto a¡r

approxf.mately horJ.zontal posJ.tton. The vehlcle was than spur to a

roll rate of 2.5 rev/sec before lgnttfon of tt¡o geænd etage

¡notor. Ilfter burnout the second stage waE d.lscarded a¡¡d the thLrd

etage tgnJ.ted inJectlng the gate1lÍte fnto orbit wl.th a tangentLal

velocity of 26000 ft/Eøc at a helght of 100 n milcs, a latl-ùude of

near 27oS and ar¡ azi¡ruth angle of about 60 gast of North from

liþomera. A nearly polar ellfptfcal orbit was obtained wLth an

àpogee of 700 n ¡nlles and a perlgee height of I00 n mfles. (sec

Ffg. 5.2).
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llt¡e aatellf.tc, includlng the br¡rnt out thLrd stage notor

entered orbl-t wl.tJ¡ a epJ.n rate of 2.5 xøv/aec about the cone axlg¡

Èhe attitude of this atßla was about Zf to the carth¡s rotatlonal

axis. Ttreoretically lf the eatelll-te was a rlgid eynaretrLcal

bdty, not acted on by orternal forces, thJ.s atti.Èude rvouldl be

¡naintained. Buù, aÉ tt¡e satellLtc was not i-nfLnltely rlgld and

balanced perfecÈly ttre anl.s of spLn uould nutate a¡¡d the notion

wor¡Id aastmo th¿t of a flat spfn about tÏ¡e axÍs of maxLmtrm rcment

of Lnertia. This axl.s was noËmal to tlre satellfte cone Ü¡is and

parallel to ttre ortginal spin arcJ.s on lngerlion into orbit. Íhe

¡¡otatLo¡ral rate of tt¡e flat spin was aPproxiurately one half a

revolution per second, as the ratio of the lþments of Lnertia abouÈ

cone axls e¡¡d fLat spin axts trvag 1¡5. AE the eateIllte would

assr¡ne thle notLon Lt was declded to nake use of the flat spín

Ln the ¡nsitlorrfng of tt¡e detector banka 1n the satellLte. One

detector ba¡rlr was placed Ln the nos e of tt¡e gatclll-te a¡rdl another

at the s!.de. This meant that as ttre sateLllte spgn, fl'rst tÌ¡e

noee bank would loot< at the sr¡n a¡¡d ttren tt¡e elda. In order to

encourage thLs flat spln rcde an energry clLsaÍpator waa plaood

lnside ttre satelllte. Thl-s was of ttre fo¡:m of a hoLlow tube

partlalty fitled wlttr sllteon oil n¡nning around the satellftE

in ttre plane of, the cone axl.ã. l[lt6 enelgfy dll'sslpator workaê

erÊre¡nely well ae tÏ¡e tra¡rsfer of the uptton f,rom the origfnal

to tt¡e final rotatLonal mode occt¡¡red wltlrin the first orblt.
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5.2.L. SATEIJ.IIIE INSTRT'MENTATION

The $tRESAtr erçnrJ.nrent was dlesigmed to prorride lnf,omation

on upLecular orygen deneLty ln tÌ¡e helght reglon 100 to I8O Ie.,
o

density of ozone, solar fh¡x in both ttre x-ray (at I A) and ultra-

violet regl-on between 1o5O a¡rd 1660 3. A Lltman-s teleøcope,

contalnLng the gas gain J.on cha¡rber deEcrLbed fn Sectlon (3.3.?.)

was also flown. The telesoope rtàs flown to dctenrLne the albedo

of tïre earth Ln the wavelengtlr band I05O to 1350 fl 
"¡r¿ 

to measure

the resonantly scattered Lyman-o radiation from thc geocoronal

hydrogen belts. These measurenents forrred ttre J.nputs to t$ro basÍc

e:çeriments whLch would exter¡d the work done Ín the long Tom rocket

fHght, They were (a) ttre srutEet-st:rrríse e:çerLnent a¡rd (b) t}re

orbital measurements Ln sunüght.

(a) lfhe qr¡nset-sunrLse efperiment.

I^lhenever tÌ¡ere occurred a satelllte sr¡nrLse or

sunset, radiatl.on fron the sr¡n would reach the satellLte

after paselng through ttre atuosphere close to tt¡e eårth.

(see FLgrure 5.5). As ttre satelllte continued on Lts

orbLt, radtaÈIon fron the Eu¡r reachEd the ¡atelll'ts

through clifferent reglons of ttre atmosphere and hence,

as thia radLation was dqtectcd' p¡:ofLlee of, rplecul¡r

o:ßygen and osone uray be deter¡ined. Tha ozono sonoor

was a photo-diode scnsing the solar flr¡x after tra¡¡s¡rlsslon
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through an interference fllter centered, around 25OO 3

in the tlartley ba¡¡d. Durlng the lar¡rch phaso the l¡ter-

ference filter beca¡ne broken and hence ttrfe elçerl¡nent

provided no fnfo¡¡utLon on osone concentratLon.

The inetnnente whioh were lncludad to deta¡mLne

molesular oxygen conccntratfons r¡ere the san€ as tl¡at

fLown fn prevfous rocket flíghts. The lftÌ¡fu¡n f,luoride-

nftrLc oxfde, Sap¡*rire-Xylene a¡¡d the er¡artz-TrfothytamÍne

lon sha¡rbers \,rere drosen as ttrese cha¡nbers provlded data

whfch overlapped betr¡een the heJ.ght range 100 to 180 IGr.

ftre Quartz-Triethyla¡rLne cha¡nber (1560 to t66O å) *""

chosen in preferenoe to ott¡er íon chambers flown Ln the

Iong Ton flight as tt¡l-¡ cha¡nber had not prevlously been

flown from a satellLte vehicle and prov!.ded valuable

informatÍon on solar fh¡x. As the satellLte had a ehort

tranE¡nltting Lifetime, no protectLon wae providcd f,or the

Lon chanbers agafnst detcrLoratl"on of the fflling gas6s

by prolongedl o<¡rosure to ultravlolet radLatlon.

The açerlment bloat< located fonard, IookJ-ng fronr

thê noee, tbe tlp of whlch tras Eepatated after inJectLon,

ooutprÍBed three Lon ehambers (one of each tlpe), the

ozonê Bensor a¡rd a eet of aspect senEors. The eldaways

Iookfng lngtrrurentatLon of three Íon cha¡nbêrs, the
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Llman-o telescoper X-ray cou¡rter and aspect sensorE

waE Ln the sa$e rotational plane ae the forrpa¡d lookf.ng

sansorc but perpendLcular to them. Flgure 5.3 shovru the

satellfte drrrfng sonEtruction. Ttrc arrar¡geurent of the

sLdeways vLewJ.ng experJ.mental block can be alearly seell.

The solar aspect sensora were l-dentical wltt¡ tt¡ose f,lown

previously relylng upon ttre rêspon€te of a photo-

trar¡eLstor to the light collected from a flat teflon

surface and a rrripple of, teflon. originally two magneto-

meter r¡¡¡Lts were Lncluded to dete¡:mine aapect at nLght

and provLde attl.tude Lnfo¡matLon durLng ttre day ae well

as provfdLng a oheck on the solar aepect Eenaors. one

of the magnetometer r¡n1ts had to be left off thc sat€llLte

because of welght consideratlons. Thfa meant that the

aspect angle determLnatLon for the gideways dctector

block relLed alnoet exclusively on the eolar aspect

Eensors. It had to be aesumed tl¡at the attitude of thc

satellLte would not change sfgnfflcantly drrrlng the night.

BasicalS.yr the e:çerimente were the sa¡re as u¡ed on

prcvLous roclcet oçerlmentE but there wcre tno lmportant

changes Ln the Lnstn¡¡rentatLon neceseltateð ag they werc

flown ln a satelllte. The firEt of these waE fn the

an¡rllffer for ttre Lon chasbers and the Lynran-a telescope

and üre gecond in Ètre teLemetrlz syeteur. (see sectlons

5.2.2. and 5.2.3.).



Eg.!.!L!¡¡Avi¡wofthcI',REsATgrtclll.t¡durf.ngconat¡uction.
Tha aidawaye fecing lxperlmcnt blockrin whleh tho dct¡cto¡c arc

protactød by toflon capürcan ba ao¡n. The whits tub¡ on tha

right ia thc tnatgy diacLpato¡ whLch convartad thr spJ.n mod¡ of

tha satelllte into e flet spin withln onc o¡blt'
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(b) OrbLtal neaer¡rcmant¡ Ln Eunllght

Ehe orbLtal dayllght o:c¡rerLurent provLôed noaaurernenta

of tt¡c solar flr¡x In tho ultraviolet and X-ray Ìtla-

lengttra. 1t'l¡o x-ra!¡ cou¡rÈcr waE oolllnatcd and had a

rnlca wLndow wLtt¡ a gaa f,tlllng of neon and argon. Thc

responce wâa a nårûow wÍndow ccntared at g fl. Thl¡

detector ae well ¡s moasurLng X-ray lh¡xce res¡nndcd to

partfcle flr¡xes eo tt¡at a rcnltor wea avaflable on tt¡e

actLvlty of the ¡un. xn moasurfng x-ray flru¡ at aunriaa

a¡rd gu¡rset a total atnoepheríc ðcnej-tl¡ proffle could bc

obtaj.ned and by comblnlng thLg info¡matLon wlth nolecular

oxygen datar atourlc orßygen densLtlog ca¡r bE dcternLned.

Howcver' aunget and eunrle. p"átet wetre nÀrrcô by h!-gh

partLele fluxes.

![he lon slrsnbsrE provfded data on t]re intenglty of

the ¡olar Ly!ìan-a flr¡¡ aa well ae ln tt¡c luçnrtant regLon

tron 1400 to 1650 t. Mcasur.ment¡ of tha lntonaLty I'n

thle rcgJ.on on ttre long Iom ¡palcct fllght luplloô an

cquLvalent blast( body tern¡nraturc of, 45O0ox. As ÈÌrLc

ten¡nraturê !Íaa about 25OoK lecs thån thet ogtlnatcd

prevlouslyr tt¡c eolar flrut meaeuronant¡ wcre êxtrcmcly

tn¡rortå¡¡t fn verlfyJ.ng thc Iong llom recult.
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5.2.2. THE A}TPLIFIERS USED IN IÍRESAT

As tl¡e output from tl¡e rJl¡¡tEri-a teleecope could not' be

accurately eetfinated it was decLderl to fly a logarJ.ttÑrlc anpllfier

instead of the linear arnplifler flown ln Long Tom. This anrpLifler

v¡as made such that it would gLve a voltage output from zero Èo five

volts for a¡¡ input currenÈ frour 10-12 *p to 1O-8 amp l'.e. 1.2 volte

per dacade. Calibratl-o'n f,or the anptlfler during flight was algo

different, from the llnear rocket aurplffier Ln that a current of

2 x IO-9 anp îras fed Ln evely 30 geconds and the output rpnitored.

Thie calíbration pulse was then used to correct the signal from Èhe

detector. As thLs amplÍfier requíred dífferent supply voltages than

ttre llnear arrplífier Lt was decided to use logarithmic amplifiers

for the Lon chanbers. The J-ogarithmic arrplLfier wlth tltis surrent

ra¡rge was sultå.ble for Ètre sapphire-Xylene a¡rd quartz trLethylanine

Lon cha¡rber but for the lltTrium fl.uoride-nitrLc oxide ion chamber the

cqrrent range was too sensltlve. Tlrereforer a less sensLtfve

amplifler was developed for the llthlum fluoride-nítric oxfde l-on

ct¡amber with a current range fron IO-to u.p to I0"5 anp and a

catfbratlon current of I.7 x 10-7 amp.

Apart from the obvious advantage of eurrent range of the

logarittrmic over ttre lLnear amplifier the logarj.thml-c amplifier

lras one ma.Ln dl"sadvantage; ttrat Ls ttre tLme constant, witå the

¡nost sensitive aryrIífier. The rise tLme for the amplifier was
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very fast but the fall tlme was glow. l']ríe meant that when the

ion chamber scånned the- sun the sigmal would be the correcÈ shape

f-or the upwald portíon of the scan but ttre tail of the efgnal

woul'd be dlstorted. Ae only the naxímr¡¡r value of tt¡e sJ.gnal

was used for molecular oxygen der¡el,ties and solar fh¡r< measure-

tents, thls distortion would not dfrectly affect these meaÊurements.

5.2.3 WRESAT TEIJEMETRY SYSTEM

The 4t¡5 MH2 teleriretry system uged by vùeapons tìesearch

EstablLshment in rod<et flights was not sultable for V{RESAT. As

Èracking anct data acquisltLon waa beJ.ng perfomed by the NationaL

Aeronautfcs a¡rd Space adnrLnlstratÍon' a telemeÈry system

compatlble with ttreLr sysien i¡ad to be erployed. The eyeten

used was prrrchased from the U.S.A. and sampled 256 samples ger

second. The eamgrllng f,o:nrat was in the fo¡mr of a sixteen by

eight matrix where each position was sarrpled in turn and tÏ¡e

complete ¡uatrix soanned 1n hatf a gecond. Ehis meant tt¡at each of

ttre I28 sanple positions had to be allocated to the ex¡eriments

a¡rd to general englneering and voltage rnonLtoring. Figure 5.4

showe tt¡e allocation of ttre dífferent experlmonts to particrú.ar

¡nsiti.ons in ttre telemetry matrix. Notice that each particular

experiment wrs sam¡rJ.ed as close ae ¡nsslble t'o equaL LntenralE of

time and not Uunetftogether.
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lf,l¡e tolemetry ayatør ae a wholc rcrked oxtroely wcll

ðurlng the eatcllLt¡r¡ llfetLnc a¡¡d althor¡gh all expcrLmenta

æuX.d havc done witl¡ noro eampler Pêr cc@ndl, sufflef.cnt ¡nl'nts

were avallabla to dcf,lna ttre ahape of tlre eigrnale f,ron tÏ¡c

datqctors.

It was bccause of th¡ õaûç>llng ratc avalLebl¡ Èhat

sr¡nell.tc wEr€ not lnch¡ded tn Èhe en¡nrLmont btociks. ,xto ôefLno

ttrc epllce¡ which oecur on üt¡e sun¡Llt ¡Lgnal, a vGIY largo number

of samplea wGro roqrrtrcil whl,oh wor¡ld be at the expcnao of the otÌ¡or

experlm€nts lnnolved.

5.3.1. T¡IEORY OE' TTIE EI(PERIIIIENITS

ft¡e flr¡x of radLatton (0) at tl¡e obaenrLng ¡nlnt 1r

rclatod to tt¡e lnetdent flrrx (0g) by thc abaorptLon law ae glvcn

Ln Chaptcr 2.

' g r Sg exp(-on¡) (I)

where o Ls tho absorptLon crola-ÊectLon at t¡Trc wavelength ot

rtdfatlon af¡d nT tE tl¡o colr¡¡urar nr¡ibor dcnslty betr¡can thc

obserrting ¡nlnt ¡¡rd tt¡c 8ourc6.

In its dLf,f,ercntLal fo¡¡nr equation (1) beæma¡

I
õ

gE
ðr,

¿ln'r'

qE
(2)
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rhe evah¡¡tj.on of nn for tt¡e carthre at'mosphere Ln

the most general cas€ presents cor¡sLderable urathematLcal

d.lfficulty, but Eer¡eral approxJ.rrate erç)resôlone have been

developed.

VùÌren tt¡e solar zenlth angle L¡ not too large ' thc

cunraÈr¡re of the earth may be f.gnored. Thig wag done for the

Iong Tom :¡ocket fltght. where

'1n-J..Ë - -n(z) Sec Z,where z Ls tt¡c solar zcnLttr anEle.
êt'

rrhererore, n(z) - #. i# (3)

The flat earth apProxha'È,Lon resulte ln an error of less tha¡¡ It

for ttre Lfthlum Flr:oride-nLtrlc oxlde cha¡rber Lf Z < 7go. Tho

orror is lOt at g5o and increaces rapldly for Larger zenith anglca'

In the case of, a satellLte sr¡firlse-sunget e:çrerinent the zenfth

angle l.s gr6ater tl¡an 9Oo, thorefore by usLng the sane approxirutlon

ae the roelcet f,Itght tlris would lead to very large 6rË0¡'3. In tÌ¡c

followLng, even though ttre thæry takes lnto accor¡¡rt the

,,spherJ.cal,, shapc of the eartlr, ttre final rceult is stfll a¡¡

approxÍnatLon as no allowa¡¡ce ha¡ been nade for ttre fLnlte sLza

of the gr¡n.

The geonetry for zenitÌ¡ angles greater tt¡a¡¡ 9Oo Ls ehown

in Fl.g. 5.5. The ray fron the Eun to the satelllte positLon at !t

pasaes a point of maximr¡t parti.cle denøJ.ty at O. Stnc6 rcst of t'he
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abcorptJ.on ls oocunting Ln tÌ¡c vlclr¡LÈy of O, tlr€ Lntenclty at

!f ulttnatoly leadc to the nu¡nbor denel.ty at O.

In thla ca¡e tlre satellLtc ¡neítLon l,s dcfLncd Ln ta¡:ne

of thr ¡ufnlmun ray helght hr whfd¡ Le gJ.vcn by

þr(R+!)cos(90-z)-R (¿)

By LntegrètLng along thâ ray fnou the satollÍte to the swr ono

obtafn¡ tt¡c colruurar dcnsfty n* (U) . If ¡ Le mcasurcd along the

ray fron 0 ttren,

n'¡(h) ' /än cls + /[n cle (s)

Iro cvaluate the Íntegrale, ft Ls nosesgary to specify th6 varLatLon

of n wLth hetght a¡rd the relatLonshf,p between I' x a¡rd h.

n(x) - n(h) exp F x/al (6)

wtrere n(x) ie tt¡e nunrber dtensJ.ty at a heLgltt, (h + *) t

n(h) ts the nr¡nber dlcnsJ.ty at helghÈ h and .

H 1c the ecale hcight.

Fron Ffgrurc 5.5

e2- (R+h+x)2- (n+tr)2

¡2-x(2R+2h+x) (7)

or

llhcrofore

.f nda-n(h)tffi*
SLnec ovcr thc regl.on of iqrortrnocr R >> h or x¡ equetLon

(8) c¡n bc einpltfied as,

(8)
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.f n ds ¡ n(h) .f
crB (- T/E) R --_

(2R¡ßrl

r ,Ëy'* "(t¡) / %æf * (el

To ovalr¡aùe equatLon (9) a clrango of vatl¡blc wLll har¡c to bc nade

to sonvGrt ttre Lntogra¡¡d to a eta¡¡d¡¡d fonm.

tf y2 - {H, ttren, d:r - 2tty dly and qrratlon (9} becoma¡

/ n ds - (zn¡r)t n(h) / axp(-y2) ¿y

$rô aro r¡ow fn a ¡rocLtion to cvairratc cqrratLon (5)

nT (h) - {-t ds + .fwn ds
O0

Ag e + o, x * cs anð tTrercfore y + -

a¡rd aE Ë + wr x + (g - h) ürdl tl¡crcfore y * (Läè)"

llherefore

ns(h) - (zRrrll n(h) I f%ræ(-yz)¿y - 6t" 
- tr'l¡r)toç(-vzlav 

I

- (2n¡r)l n(h) I * - $ "* (E - h/H)t I

- I nlH lt nft) | r + erl tz - vnlt | (10).2
Nolr (c - VH)t can bc regatded as nearly tndopendent on h a¡¡dl e

lerge nrnbcr so that erf (s - l;/Hr\ a¡lpnoxlmatas to tut!-ty.

Ítrerefore, egurtJ.on (10) beco¡nes

ru¡(h) ' (znnu)Ì n(h)

a¡¡d
dlnr(h) - lznnn)t# (11)

dh

EquatLon (21 ca¡r be wrLttcn fn tc¡:rrs of h inetoad of z,
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as

rgq--,,9g
ôdlh -dh

ï # r - o(2tRH)

and by substitutlng equatlør (1I)

beoonee
I dtn(hl

dh

dtn(h)
dth

From equatLon (6) r - -n(h)/fl

(12)

(r3)

lt

I
.'1"

anö by subEtLtutl.ng equatton (13) Lnto eguatton (12)

à# - o(+)t n(n)

rhererore¡ n(h) - #*i+- $;e..äå$ (r¿)

In equatLon (tc¡, the raðiug of the earttr was taken to be

6550 I(¡t. EquatÍon (14) wae used fn ttre mett¡od outlined fn

SectLon 5.4.1. for tt¡e deternLr¡atlon of thc prelt'mtn¡rf¡ reoulte

ln Sectl.on 5.5.I.

5.4. r. }TETHOD OF AT.IALYSIS Of'WRESAT RESULTE

lltre pasee¡ con¡fdored Ln tlrJ.ø Brell¡nlnart' look at

I|RESAT data werc thocc of Santlago 2r Alaska (Falrbalks) 16,

and .Ioha¡¡rgsburg 42. rn tt¡c ÈenrLnology used abOVc, the placc

nåmes refer to ttre trackLng etatLon a¡¡d ttre nr¡mbers rcfer to tÌ¡e

orbtt nusiber paet ttrat atatlon. fhese thre¡ Ptsi€s w.rê

coneldered for ttrc folLowf.ng reaeons:

(a) All threc paaaes were extremely 'elcanr p¡sc€s

L.e. vory lttttc nolee on tt¡e racord¡'
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(b) They represent data taken from the begln¡¡Lng, near

tlre ¡nl.ddle a¡¡d ncar the er¡d of tt¡e satelll.te I g trang-

nLssLon ltf,etlm. By measurlng eolar flux, fnfonratlon

was gal,ncd on tt¡a decay of tl¡c Lon chanbere tlrroughout

ttre satelllte llfetL¡re. Evên thot¡gh thc Lon et¡anberg

decayed due to ðeterloratLon of the fflling gaees' rtnlY

one Lon charnbcr decayed er¡fflciently to affcct urolecula¡r

orßygen m€aauratEnts.

(c) The Santfago a¡rd iloha¡ureeburg PaEseE were boÜr from

southezn hemlrplrere statLons of approxfnatcly tlrc eame

latLtude a¡rd a oomparf.son oor¡ld be nade betrveen these

results a¡rd thc Iong Ton o¡Eygcn densLties.

(d) The A1agka paas wa6 a wfntcr gu¡rget Paag, whcroas

thc otÌ¡cr two wcrc stmer sunrÍse so that a comparJ.son

could be nade on soaoonal varlEtLons fn nolecula¡ orygen

dcnsLtles.

The decodLng of, tho sÍgnals fron ttre gatellLte was

perfonred by Wea¡nnB Resctrch EstabLiehúant who pnovLded the

PhysLcs Department, Unlverslty of Adelaidc, wlttr conputer prLnÈ-

oute of detoctor eignals at partlcular timcs durlng a Pass.

Fron this telenretry rccoró a¡d by uølng the calÍlcratl.on puleee

the Lon sha!ìtcer responsÊa were obttLned ae a fi¡nctlon of tLne.
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Figure 5.6 shows a tlplcal calíbratlon graph for a¡r

ampllfier coupled to a l1tt¡fr¡m-flr¡orLde Lon cha¡ober. As oan be

eeen from thLs graph the voltage output from the anplJ.fler 1e

proportLonal to the logarltlr¡r of thc c'urrent input. Below a

current of tO-g amps t*rie proportlonalJ.ty no longer exLgts and

hence cr¡rrenùs lcss thari 10"9 amps ca¡not be meaeured wlth ttrig

aurpJ.f.ffer. The slope of ttre graph does not change wlth envLron-

nental condLtíons but ttre graph ae a whol€ can rcve left or

rlght with temperature varLatLons. The caribratLon pursc could

fLx one point on tl¡e true calfbratl-on graph ar¡d hcnce thc truc

graph could bo plotted.

Noninally, a cutrrent of X..28 x IO-7 arr¡re was fed into

Èhe amplJ.fLer from a 1.28It battcry during tt¡e callbratlon pulse

for the rithir¡n-fruorLde-nLtrLc oxLda Lon cha¡rber. rn f:hie case,

however, the grf.d of the electrometer vslve in the anrpll-fler was

sittfng on -0.39v go tl¡at arrowance had to be made for tl¡Lg. lÍhe

true callbratlon cunent was 1.67 x IO-7 amÞs.

For other lon chanrbers, wJ.th tÏ¡e ¡nore seneitlve alrplLfLcr,

a shirar carfbratlon graph was obÈal.ned but capabre of meaeurLng

acct¡¡ately cu¡rents of Lo-ll anpe. NonLnally, ttrc carl.bratLon

pulse current for theee cha¡ibere t¡að I.2B x 1O-9 an¡rs, but

allowing for the grl.d ræItage of -0.75V a true callbraÈLon

current of 2.03 x lO-9 was supplLed.
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B€cauae of, tho dependenoe of calLbraùLon q¡rrent on

the grid rrcltage care had to be Èaken on the eelectlon of

calLbratlon pulses. lùhen tlrere wae a aignal on the ion chambers,

the grld of tÌ¡e elestrøpter vaLve could bc sittfng on any

voltage eo that ealfbration pulses ocorrrring when tl¡ere lilaa a

signal had to be Lgnored. ft¡e re¡nalnlng callbration pulaes werc

averaged to define the true calLbratlon graph for that Pârtf.orlal

pâas. lÎtre co,utputer Paogramne for deternfning Lon chamber

surrentË from tt¡e voltage output relLed on the orlgfnal laboratory

calibration graph rather tt¡q¡r thc newr fn fllght, calLbratl'on.

trhe true current woutd be that current corrosPoncllng to tlre såne

noltage output l.e. from Fl-g. 5.6, Santlago 2, an orlgLnal

current of I x lO-8 as$¡s wouLd aatually bc a currcnÈ of

5 x 1o-9 ¡rmpÉ.

From t}¡e satellfte orbtt data, the mini-mr¡¡n ray heLght

(h) wae obtai.ned as a fi¡nctlon of tlme and hence the correoted

fon oha¡nlcer ree¡¡onee could be ploÈted ae a fr¡¡rctl.on of ml'nLnrmr

ray hefght. The solar aøpect s6nsor data varLed ll-ttle du¡Lng a

satelllte paas so Lt was agsumed tåat eolal aepect was

esEentially constant. To deteml.ne ncleoular orygen densftle¡

ÈÌre absolute measurement of aspeCt vtas unnecessa¡rry howeverr the

determlnatLon of aspect angle waa easentfal for absolute solar

f,lr¡r measüEÉn[êf¡tsr
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From the lo¡¡ chamber cn¡rrent versus urinl¡nr¡n ray height
*

a plot 
"t + ä veraus mlnlnrur ray he!.ght could ba obtalned. (rn

thiE case dh - 2 Km. ). Over the hofght rafrgê dh' it wag asslsìBd

ttrat ÈÌ¡e scale helght H dfd not vary
. \ '|,

.o Àdll(h) / L dl(h+dñ')
"ilrt) dh 'r(h+dh) dh

tÌren¡

-Rf

ttren R'= n(rr)[n0r + arr¡'là Z l¡rtttl-ll n(rr + dh)

where r (h) equals the Lon chanlcer current at hel'ght h'

I(h + dh) equaLs the Lon chambêr cufront at helght (tt + dh), and

n(h) and n(h + dh) are tlre nrolecular orygen den¡Ltfeg at

helght h ancl (h + dh) respectl-vely'

Now n(h + dh) - n(h) exp [-an7nh + d]¡)l

Therefore,
t

R E e¡(p [arrZ¡r tn[l

and ßn lt/ - dh/H and hence ttre scale hel'ght may be calculated for

each height interval.

oncetlrescalehelghthadbeendetertrlnedforeach

heLght Lntenral, equatLon (r4) eectlon 5.3.I. sould be used to

dete¡mLne the molecular orygen denelty as a functi.on of nj-ni¡nut

ray heLght. The absorptlon cross-Eectlons used were tlre same ag

used ln t?¡e Iong Tom rocket ex¡rerÍrnent. (see rabte 4.I).

To obtain the best results the flnlte sLze of the srx¡

must be consfdered. I'hLs liltolves the productlon of, a theoretl-cal

t As the ion cha¡rlcer current
solar flr¡x (0) tlren .l # - 

È

(r)
dóffi

is d.lrest,lY Pro¡nrtlonal to ths
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response curv€ for an assum¡d molecular oxygen profile. By ari

iteratLon Brocedure, the nolecr¡lar o¡q,gen profl-le can be obtained

wtlfch gfnee a rcslþnsG cun¡s agreei.ng wLth the data. For a

prelLrnJ.nary look at ttre d[ata tt¡e polnt sun nethod, beLng eùnple'

waa Breferreê enen ttrough aone data points had to be dLscarded.

(see Section 5.5.1.).

5.4.2. DEIIERMII.¡ATTON OF ASPECT AIIGLE

The aøpect senaors florvn fn WRESAT were the same as

flown Ln the rocket ex¡rerlnents. To determine the aspect anglc

for ttra detectorE, the ratio of tt¡e signal from tt¡e f,lush teflon

to tt¡e protnrdl-ng teflon detestors had to be obtained.

Íhe pal-r of aspect sensorÊ 1n the fo¡n¡ard detector

banks performed satisfactorl-ly for ttre transnLttJ.ng llfetfme of

the satelllte. As a ratl-o of two signals had to be obtafned,

thls ratto was ver:f senÉltlve to errors in detErmlnf.ng the msxLmum

value of the lndivLdual aspect sensor sf.gnals. As the aspeot

Eensors were only carngrled a linited number of tLmes (see FJ.g. 5.4)

a¡rd the eetlmated error for the telemetry eyeten plus nolse vlas

t 5gz care had to be takEn ln deter¡uining the nraximr¡r value of the

aspect senoor øLgmale. ThLe was done by assuning that the aepect

angle would not change durJ.ng flve consecutlve Passes across the

gr¡¡r a¡rd, a composlte cun¡e of Ètre aspeot sensor rèEPonsê Wae drawn
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for these five passeo. By repeating tlrls procedr:re for the

comprete saterrlte pasa an averagè r¡alue wae produced for the

naximum varue of, tt¡e dotactorg. Íhe ratlo obtafned in thl,s

rvay tùas then coupared with laboratory calfbratLong and tt¡ê aspect

angle, for the forward ex¡rerlmcntal blook was dete¡:mLned as

betwEen oo and 50. For the three EatcllLte pasE€s consLdercd

in ttrls thesis ttre aspeet angla determlned wae between tTreee

rlmlts. Thfs agreed wJ.ttr magnetometer data a¡rd theoretLcal

predfctLons on the satcrlitc notlon. An aepect angre bctween

tt¡eEe rl¡rfts rrrculd not Lntroduce sigmlfica¡¡t errors Ln the

dete¡mtnatlon of lon aha¡nbêr reapons€.

The Eldc-facLng as¡rect seneors dld not ¡nrformr gatLs-

factorrry as ttre frush teflon aEpect senEor èl.scontfnued glvlng

elgnals after pase efght. The resson for thLe breakdovrn Ls ur¡known

but Lt poeslbly could be due to a d4r Jofnt Ln the connectlng

leads. on onê of tÌ¡e pagses conEldered, santlago 2t tha fruEh

teflon sensor wae stfll worklng a¡¡d ttre sane nethod of, analyøfs

was applJ.ed for this paes as wlth the fo¡*¡ard detectore. For

santiago 2, an aspect angre of l?o was detetrLned. Thls flgrnre

for aspect was congídereö to be dor¡btfi¡r aE there wae no sup¡nrtLng

errldence for Ít. As tl¡ere wês no n¿gmêtometer for the eJ.deways

erçerLment ar¡d the fluet¡ teflon aspect aengor cea¡ed to fr¡nctlon

af,ter pass ei-ght ttren lt uray have been gl-vfng false aígnars before

ttrat paes. .santlago 2, beJ.ng an early pass for tt¡e sateru.te waa
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stLll affected by aerodyrnamic heating caueed by the laur¡ch. As

tÏ¡e geneor was a phototra¡rei.stor the sJ.gma1 gJ"ven by the aspect

Benaor varied exponontLally wittr temperature. The pafr of photo-

transistors used Ln a set of, aspect sensors were matched as close

as poseLble for tTreLr gencLtivlty and te¡q)erature reaponse, but

a¡ry glLght urlsmatch could cauae el.gniflcant errorE in the ratLo

of the tv¡o detectors.

To try and confl-¡m thle value of I?o for asBect angle an

analyeie was carrLed out on the ehape of, the aspect, E€nsor a¡rd the

lon cha¡iber responae curve. From tt¡e laboratory calibrations for

the aspect seneor curue for no¡mal aEpect' a fanfly of nonralized

ttreoretLcal er¡rves cor¡ld be drawn, each curve oorreepon&lng to a

d,Lfferent aepeot angle, had a dLfferent ehape. TheoretLcally a

eompóeite cu¡nre, no¡raU.zed to the same vaLue ahould lie on this

fanfly of crtves a¡¡d therefore llmLts could be placed on tÌ¡e

asBect angle. Bscause of errors ln the telemetry systen and

¡rolee ttris procedu¡e was r¡ot euccesgful. ALI that cor¡ld be

gaLned f¡¡om Sa¡rtfago 2 aepect by this urethod was that the aspect

wae greatcr tha¡r 15o.

lf,tre sanìe procadure wae tried wLttr fon-chanber rêEponse

cur¡rea inEtead of tt¡e aeSnct sensor cunves, but thie agaln pnoved

unsucsessfuJ. ae ttre ttreoretÍcal lon chasiber curve shape for

dllffErent aspect anglee was vGrl¡ LnEensitive to aspect angle change.
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However, it was noted that the maxfunu$ slgnal recelved,

frour ttre pnotrudJ.ng tef,lon sensor reurafned ¡rractically constant

for tt¡e tÌ¡ree passes considered. It¡is indicated that the sldeways

aspect angle for Santiago 2 was c1oee to the aapect angle for

the other pas6es. The other passes considered, AIasIca 16, and

Johan¡resbuxg 42 beJ.ng later in the satellfte|s lLfetLme would not

be affeeted by temperature as was Santlago 2 but the flush

teflon aspect sensor was not operatl,ng. To overcone thls

dffflculty use was made of tl¡e forward facing flueh aspect

eensor e¡¡d the sideways faoing protrudLng sensor, and uslng

these as a paLr. Thls couLd be done, as Ln the laboratory

call.bratlons, to detenrÍne the level to whlch tbe individual

seÌrsore could be set, Irnasurements were taken, Ln sunlighÈ, for

no¡mal aspect of each indLvldual sensor. The ratLo of the

Iaboratory readÍngr after allowing for differenceÊt ln the

cLrcuLt for the indlvtdual EensorÉ gave a callbration polnt for

whLch tt¡e ratlo of these two sensors, could be determlned for

dLfferent aspect angles. The method of analysis was l-dentical

to tt¡at, for t}re fo:nvard aspect senEors. Cotrtposite cu:n¡es were

dravm for five consecuti-ve sca¡le of the sun arid the average

value for tt¡e pedcs of these curves were used to determfne the

ratio for ttre detectors and hcnce the aepect angle. For these

pasaes an average aspect, a¡rgle of 33o was determtLned. As mentioned

previously, the aspect angle does not affect molecular oxygen
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densLty results if thc aepect ís constant but, lt does affect

solar ultra vl,olet ffu¡¡r values. For the purtr¡oseE of tl¡l'g prelfmlnarft li

a'alys!.e a value of 33o was taken for the aspect angle for all

paases congldered.

5.5.1. MOf,EC{,LAR OXyGEN DENSTTY-¡EESI49

Figrures5.?a¡d5.SEhowthevarlationofl.oncha¡nber

cr¡¡rent plotted against mLnimum ray heLght for santÍago Paes 2.

FLgure 5.?, appll-ee for ttre fon¡ard detectorE and Figure 5'8

applLee for tfre eldeways factng detector bar¡k' The vertícal

scale has been changed for each detector. Ae the errors Ln the

data poJ.nts were large Lt was decLded to rr¡n tt¡e santiago 2 tape

through ttre computsr twlce. Each data polnt on thege grapha was

deteminecl by plottlng tlra lon-ctramber rosponEe for both ru¡rs a¡¡d

deternrLnLng ttre line of begt fLt for theee Pol-ntE. The mêximum

value was then taken f¡on thc ll'ne of best fit' Even afÈer thege

preoautlons Lt cafi be eeen that there J.s c'onei.derable scatter ln

the data ¡nfnts. It oa¡r bc also eecn from these graphrs that by

clrooeing tTre lfthtr¡rn-f\¡orfde nitrLc oxLds, sapphLre-xylene and

Qlnrts-trtethyl.anin6 chambere tt¡qt ttre o:<ygen dengftiee could be

dEriveð for a heJ.ght range from 90 I(m. to l.9o lqn. Elttrer elde of

tlrfs he!.ght range densLtles can not be derir¡ed wltt¡ any accuracy

as dl,/dth was ertrenelY enrall.
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on the SapphLre-Xylene, forward facf.ng detector' the

base level was extremely hlgh. Thfg indj.cated that the lon

chamber was not satisfactory and was slow1y dying¡ due to the

offect of ultravLolet radLatlon decayfng the ftlLtng gas. The

base level wag due to lealcage across the EeaI ln the Lon chamber

and also to photo-electria effect from Long uLtra-vlolet wave-

Iangrths (up to 23OO 8) on the centraL wlre. For thLs reason

thLg Lon cha¡iber had not been used for dete¡mlning any oxygen

densi.tieE. the naxlmun Lndivldr¡al Lon chamber currenta for the

two sets of graphs do r¡ot oorrespond, malnly due to aspect

diffarences between the two ba¡rks. There was also a small

contrlbutlon due to quantrur effJ.cf.ency differences, between

any two chambers of, the sane tlnpe. ['lgure 5.9 shows the Lon

ohanber current plotted against nLnlmum ray heJ.ght for the other

passea considered¡ Alaska 16, anô .Ioharinesbvrg 42.

Flgrure 5.10 shows an e:Ëanp1e of the next stage of the

analysLs¡ i.ê. a graph "t å ff 
.rr.="o" h, the urfninrun ray helght.

ThLe graph was plotted from the data sholuri ln FLgnrre 5.8. Values

"t + #, as glven by the llne of best fLt, were used to detersrLne

tÌ¡e scale hefght (H) for different values of nlnLm¡m ray heLght.

Sintlar graphs for each cha¡nber analysed, had to be obtaLned for

each paøe.
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Figure 5.I1 showe the relecular or<ygen densLty as

¡neaEured by Santiago 2. There was good agreenrent between tire

ttro qua*z-triethyla¡rlne ehambers a¡rd the sl-deways s;çphi.re-

Xylene cl¡amber. The llne drawn was the line of best fit for the

data poLnte renembering thaÈ tJ.e vertlcal ecale is logarithmic

so that the higher pol.nts have a greater weightlng than the

lower. For each Lon chamber the data poinÈs break away to the

Left f¡¡om the llne of beet fLt. Thfs was a consequence of ùhe

nethod used Ln analysing the results.

For the analysf.s, it was ageu¡ned that ttre suri could be

oonsfdered as a polnt source, In the height range which

corres¡ronds to the lnitlal part of the ion cha¡rber sunrise,

ttre ion cha¡nber ls actuaLly vÍewlng E source of lower intenolty

tL¡an what i.s asEunred with a ¡nfnt êource. As a consequence the

or(ygen densíties are lower tt¡ar¡ what they should be, hence the

break away to ttre left. trhott¡er consequence of the assrurption

that the eun could be consl-dered as a polnt source is that the

o:(ygen densities derlved from the ltthtr¡m fluorÍde-nltrlc oxide

cÏ¡anbers have very large errora aseocÍated wlÈh them. If rays

are traced from the liuibe of the er¡¡r to the Eatellite then, at

the nir¡Lmwt ray helght ¡nsftlon, tTre dlfference between the mi.nÍmr¡ur

ray heLghts to 6ach of these rays could be as much as 30 Iq¡. If

tÌ¡e scaLe helght ls much lass than thls dtfference then serioue

errors will exlst ln oxygen deneJ.ty results. Ehis was the case
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for tho lltt¡h¡u flt¡orLdo-nltric oxide cÌ¡anber whfch opcratea fn

a helEht ranEê wt¡cre thE Ecale hetght could be as low aa 6.5 Iür.

For the ott¡er ehrmb€ro, tlrc ecale heighte ara greater

ao tl¡at orygen deneftLes derLned frour theae chambars ale more

aecr¡rato. only the o)ßyg6n dengitie¡ dcrf.ved f,rom the eapphlre-

nyJ.cne and quartt-trlettrylanLne ohambcre have bocn sho!ûr on

Figr¡¡e 5.I1. FLgrrro 5.I2 ghowg ttrc orcygen deneLtles obtalned

f¡on tt¡e ttrree passêa ooncLdered. å comparl¡on of these results

wLttr ttre Iong Tonr rocket fltght a¡rd other workcrE Ln the field

1s Íncludad in Chapter slx.

5.5.2. ULTR,A-VIOLEI SOLAR FLUX

1[hc aolar flux mraauremßnts were a¡ralyecd in a el¡d-Iar

mannor to thoee of thc Iong llcm rocket, flight. Flgure 5.13

rcpr6sante Logar!.tJrn of tÌ¡e Lon-chanbcr output t ""{" tn"

relatLve rclccular orygsn nasc abovc a certaln height. The

relatLvc ¡uolecular orygên mass ha¡ been gfven a value of unlty

for a helght of 100 trtu. for the llttrl,r¡n flrærlde-nltrl-c oxLde

chanber, 140 IGr. for thc quartz-trLcttrylaninc ctramber and 160 IQm.

for thc sapphLre-:rylenc cha¡uber. There grapha wcre ttrcn

cxtrapolated to ¡ero relatLvc ¡rolccular orygôn maag to obtaLn a¡t

a\¡cEage value f,or tÌ¡c Lon cha¡nbcr cr¡rrent.
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As tt¡e foncard faclng l-on chanbers had an aspect anqle

of effectively zero d,egrees an ln fLlght calLbration curve

could be obtaLned for the angrulâr rssponse of the Lon chanibers.

FJ-gure 5.14 shows an in fllght, normalfzed, composl-te angular

response curve taken from the tlthtr¡n f1r¡orJ.de-nltrLc oxide

cl¡a¡iber Ln the fo¡*¡ard ba¡¡k of detectors. All chambers are of

ttre saroe geometr1r, apart fnom alfght dlfferenceÉr Ln the wldth

of the wlndows. Thls had only mínor effects on the angular

responee. The aspect correctlon factor that had to be applJ-ed

to eonvert the measured ion chatrber cr¡rrentE to that for zero

aspect is ghown Ln FJ.grrre 5.14. No aspect correction r¡ùas apptlcd

to the fo¡ncard faelng detectore but tl¡e sideways facl-ng l-on

chanber cu¡rents had to be multLplled by 1.55. ThJ.s aspect

correction factor and the correction factor for the amplifiers

(see SectÍon 5.4.L. ) was applled to the values of ion chamber

current from nigure 5.I3 to imply the flur values as gíven in

TabLe 5.1.

AII fhuces llsted ín Table 5.1 are in erg cm-2cm-lÅ-l

apart from those listed u¡rder the lithium fLuorLde-nitric oxide

ctranbers which are flr¡¡res for the Lynan o line alone and hence

are in erg cm-2rer-I.

The three passes consldered. are at the beginning, mj.ddl'e

a¡rd tlre end of the satelfitJs lifetime. As can be geen from the

flr¡xas only ttre fo¡n¡ard facLng lithtr¡n fLuoride-nitrLc oxLde a¡rd
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TÀBI,E 5.1

V|RESÀT ultra-vfolet flr¡xes from the tt¡ree Pa56es considered.

i
Lt E NO (r.a) r.i F No (rfl) s-x s-x Q-r Q-r

Fomarð Sfda Forr¡ard SLde Forward SLde

SAÀIÎIAGO 2

5.0 4.7 5.4xlo-3 6.7x10-3 3.7xLo-2 6.4xl.o-2

AIASKA 16

5.3 1.6 3.3x10-3 3.4xlo-3 r.6xlo-2 4.3xr0-2

.]OBURG 42

4.8 I.O l.Bxro-3 4.9x10-3 4.lxro-3 L.2xLo-2

sapph5-re-rylene sideways facfng lon chanbers d.ld not deterLorate

sLgni.fl-cantly durlng the lifetLure of the Eatellite. The

eatellite was deeLgmed to have a short tra¡rsnitting lLfetLne

a¡rd no proteatLon was placedl Ln front of the Lon chanbers to

Itml,t ttre anor¡r¡t, of, ultra-violct radlatLon falLing on them.

Exceegive raùlatLon ca¡r break down the organlc gases Ln the ion

chambers. ltroweveü, tÌ¡e deterLoration Ln the sideways facing

Itthtrmr fluorlde-nLtrLc oxLde cha¡rber was not expected and could

*From Flg. 5.6 tltic chanber aPPearE to be suspect.



il6
,1"u" ,

^bcc4baueed 
by a æctranical breakdown. This detarloration doeE

r¡ot affect the detcrmir¡etlon of, nolecular ox!'gen denøltleg unlegs

ttrc baclcgror¡¡rd teakage cr¡rrent becones comparable wl-th Èha lon

ahanber cu.rrent.

lÍtre average flr¡xce Èalcen from sa¡rÈlago 2 a¡rd A]-aska 16

for tha quårtz-trtetÌ¡ylantne cha¡nbare and ttrc sapphLre->rylene

chanber¡ arc 4 x l0-2 erg cm-2s."-x8-l and 4.7 x 1o-3 erg

csr-2sec-1fl-1. Igmoring ttrc (anaIl) contrLbutlon from esrlssion

u.neE tÌ¡e resulta Lnô.Lcate tÌ¡at f¡¡om t4oo i * taoo Í, tn.

conÈinuour fü¡¡ corrcr¡nnds to that of a black bodly at a

tenpcrature sll.ghtly greater tha¡¡ 45OOoX. Tt¡esc resulta are

æq>ared wlth the Long Ton data i.n Cbapter sJ-x.
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CHASI'ER 6. DXSCUSSION A¡{D COMPARISOI OF RESULTS

6.1.1 MEASURE¡4ENTS OF MOI,ECUI'AR OXYGEN DENSTTIES

The vertLcal digtrlbutlon of molecular orygen Ls ft¡¡¡d¡nental

to tt¡e deecrLption of the properties of the upPer attrrocphere.

ErrLdence cxLsts tÏ¡et nolecular orcygon densLtLes rìay varl¡ eJ.gnlfloantly

wfth seaaone, latJ.tudc a¡¡ct longitude. Dlurnal ancl day to day

varLatLons also oosur parËioutarly at altLtudcs hlgher t}¡a¡¡ I00 Km.

l4olecular o¡Eygen denrlty neasuremente Ln ttre regl-on 7O to 2OO Km.

fall lnto two nain categories. First, meaeuüenents were m¡de of tttc

absorptton of solar uLtra-vLolet radLation wLtÏ¡ {on ohambere, s¡rectro-

graphs a¡d spectroreters. second, nass atect¡?ometer mett¡ods whfch are

corqrletely fndependent of a knowledge of the absorptfon crogE-sectfon

but a¡e clifficult to calLbrate. (tlíer et al L964, Mar¡ereberger et aI

1968) (See SêcÈLon 6.1.3).

6.L.2 METHODS RET,YING ON SOLAR T'I.TRA-VIOLEtr ABSORPTION

¿l:c fLrst attempt tp measure aolar uLtra-violet absorptJ.on

Ln tþe atrcephere was madE ln 19,09 (þ'rLedma¡¡ et al 1951). fato tlpes

of photon coturter were ueed whtch responded to the rsnges L100 to

13OO E a¡rd L425 to 1625 8. No orygen densitj.ee were detern-tncd as

the cor¡nters whictr eatr¡rated had a long wavelength response nraklng

the analyglg dl.ffLcult. SimLtar experimenÈs cþnducted in 1952 (Byra¡t



ila

et aI 1953) r,{ere also unsuitable for öetcrmlning ot(ygen densltfeg.

LatEr fltghts ln 1953 ($trüt et al 1955) ' 1955 a¡rd 1963 (FrLed¡un

èt aI 1964) contaLned a new counter rêspondLng to tåc wåvel6ngth

o
1425 to 1500 Ã. Thlg oot¡nter, whiot¡ had a window of sapphlre and

a flff,lng of nj.trLc oxLde, rylene and helLum had a muoh lowêr long

wavelengttr reaponEe tt¡an the pravJ.oue counter sensLtlve to this range,

so that orcygen densitj.es vtere obtal-ned. DensltLes in the helght

range 110 to 130 Km. were deter¡nLr¡ed v¡han the solar EenLtÏ¡ ånglc waE

less than 600 a¡¡d ln the range L30 to lg0 lft. when the genl-th atrgle

was cloge to 90 . l,ittrLrm flr¡orLde-nitric oxi<l¡ Lon ohamberE vlêre

fl.ret used for absorltlon mgasurgments Ín 1955 (Byran et aL t956)

(Chubb et aI 1958). Th@ absorptlon of L!¡ü,an-c radiatfon was not used

to determl¡re ¡noleaul,ar orygÊn dEnaJ.tLqE due to a mfEoonceptlon con-

cernlng ttre presenac of watêr vapour ¡ theLr re¡ults lndllcated that

the water vapour ac6ountod for approxfmately half tÌ¡e absorptl-on of

I{lnän-e raûlatlon Ln the ataorphôre. KupperLan and hL¡ colleaguee

hrd fi¡rther fld.ghtc tn I95? and 1958 (Kupperfa¡r et aI 1959) ueLng the

Lyman-a fon chamber and a calclt¡¡t flr¡orLdc-nitrlc oxLde chanber

responding to the range L22O to t34O t. oxygen deneltlos were

dete¡:mÍned but the calclurn fluorLde-nltrio oxl,de chamber analyels was

oonrplJ.oated. as tt¡e fon chamber responded to ttre "wlndow' ragfon for

tlre absorytlon spectrun of orygon (See Figure 2.21.

Ion ctra$bers to measure ttre abcorptf.on of Lynån-a radiatl.on

have aleo been uaed by ¡hith a¡¡d hie colleagues. (S¡ntth et al I-965'
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Süitl¡ a¡rd Weeks 1965, lrteeks and Sur.Lt]¡ 1968) to detcrnlne oxygen

densLtLee. Both ion chanbers filled wíttr nltrlc oxl.de ar¡d chanbers

fllled witT¡ carbon dlsulphide were used on earller flJ.ghts but the

latter showed an J.n-fllght decrease ln eeneltivLty due to a degradatLon

of carbon dirulphlde from solar rediation, In a serLes of ten fltght¡

fron 1964 to 1967 (lfeeks and Shítt¡ 1968), ottrer ion chambers apart

from the lttJrtum flr¡orLde-nLtrlc oxlde were flown. Tþey were

nagneaiun fluorl-dc-nitric oxide, oalciust fluorLds-nitric oxide, barl-um

fluorlde-xylene and sapphlre-:rylene lon cha¡d¡ers. lôolecular o:<ygen

deneities were obtained for the helght regf.on 69 to I54 Kn. by

carrying out some meaaurements when ùhe solar zenLth angle was close

to gO9. Moet of the meaeu¡ementg were made aË northarn latitudes

(between 38 a¡rd 4Oo N) but tno rqcre ¡nade Ln the southern hemi-sphere

(44S a¡rd 32S) on gth April, 1965 a¡rd l2ttr Nove¡nber, 1966" Tha resultE

of these fUghts aro Ebordn on Fl,gure 6.I for comparison wLttt the

present work.

Very few rocrkets nêasur€nsnts of ¡rplcsular o¡(ygon densLtLcs

by i-on clra¡ibEre have been made f¡¡om the eoutt¡ern henlsphere. Apart

from the two flLghts from Weckg a¡rd S¡nittrr two fflghts carrl'|ng

Lgran-c lon ct¡a¡¡rbers havc been made fn 1963 a¡rd 1965 from !{oo¡nera

(Carncr eÈ al !964. 1965) determl,nLng densltLes l"n ttre heLght regJ-on

70 to 90 l(nt. l4aaeurernents from ttre Long Ton fllght ln 1966 which

determlned onygan denaÍtl,es Ln ttre 70 lþ l2O Km. hetght region were

t!¡e npst detalled obteined to d¡te ae el'ght dlfferent typog of Lon
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cha¡riber werê cartrLed of which eLx wcre ueed to dcta¡:urins densitiee

(see lablc 4.I). In a serLcs of, threc Skytark rocket fllghts

from V'þomcra in I'larch a¡rd lrloveribet, L967 and Marchr 1968, Þlildnsn

and his collcagues f,lew eapphlrc-ryIenc Lon cl¡a¡rbers (Vfilônan et aI

1969). MeasurGnents talcen fron ttrese fllghts enablsd o:rygcn dlcneLty

deter.mLn¡tLonc to be n¡dE in tlre region LOS to 155 l(m. Íhe reeults

of one of thcse flightc togettrer wittr Carverrs 1963 and 1965 data

are also dlsplayed in Figure 6.1.

Ion ehrnibers have be¿n flown l-n gatcllLtcs to dctermLne

otrygên densítiee by eatellite sunriÉe-sunaêt ex¡rerlnenta. Nolton and

Warnoclc (1968) have analysed Explorer 3O (SOf,nnO 8) data from six

winter (1966) and twenty-t$to sunerer (1967) Passes over Boulder' U.S.A.

ÈeJ-emetry station (40o N I05o w) ¡ in additlon, six eusler pasËes

have been a¡alysed from Ororal (360 S 1490 E), Although there was

¡onE gcattcr on tl¡ê data, preLtminery reaulta Lnd.Lcated thaÈ the

ôenslty Ln wfnter was I.5 x I0l2 c*-3 eompared wLth 2.3 x 1ol2 cm-3

for Eummer at lO0 K¡n. Prelimfnary results from the BritLsh-American

satellfte Arfel 3, whlch included sapphLre-xylene l"on cha¡nbers Lndicatcd

ttre possJ-bility of, longÍtudlnal varlatl-ons in the molecula¡ oxygen

density at 180 Kst. (StewarÈ and l[ild¡nan, 1968? 1969). Further

satellite measuJcêments of the absorption of, solar ultra-violet

radlation should provide elearer lnformation on Èhe seasonal variatLons

ancl lndicate if there is a reqular latltude ancì longJ-tude varlatLon.
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Jursa et al (1959, 1963, 1965) have used no¡ma1 l.ncidence

photographJ-c s¡nctrographs to rneasure tt¡e abeorptLon of solar ultra-

vLolet radfatioir j.n the atmoaphere. The spectra produced whleh

oovered the wavelengtlt range 500 to 2500 A' Ehowed protrcunced

absorption by rrolecular o:qrgen Ln the form of the Scht¡sur¡n-Runge

bands a¡rd continurtrn. The absorption ¡ças strong and easy to dl-s-

tJ.ngruich from the solar speotrun backgrorurd, and the fntensLty

ctranged ¡roticeably frcnr one spectrogran to tt¡e rrext wLtt¡ changJ.ng

altftude. o¡<ygen densitÍes were derivsd in the 6O to 100 ltt. reglon

from thc varLatfon with height of, lntensLty Ln the Schunan¡¡-Rtrnge

bands. Above 10O Kn., the Schu¡ra¡rn-Runge absorption bands werE too

wealc to provJ.de useful lnfo¡matlon Éo that oxygen denslÈl-cs ltere

obtained by meaeurl,ng tlre change ln photographJ.c denslty of emíssLon

lines wltt¡ln ttre recfon 1OO0 to 2OOO l. The qú.ssion lLr¡as used were

oo
the C I lLne at, 165? A and ttre C II Lfno at 1335 A which are vûave-

J.engttrs wlthln ttre Schr¡¡nan¡r-Rrurge contLnuum. Spectra were taken Ln the

laboratory wLttr varj.ous patlr longrthe of oxygen Ln front of the speetro-

graph to calLbrate tt¡e lnstnrment. In thi,s way¡ ttre depths of the

Sohu[ta¡m-Rurige bands were dete¡enined ae fi¡rictione of the abeorbJ.ng

¡nttr length of orcygen. However, the naJor sourcGs of error were in

determLni.ng the "garmna" value for the fL¡Jn, whlah ca¡ir vary from roIL

to ro11 and f,rom one pêrt to anott¡sr of the sane roll and aocountlng

for scattered lLght which appeared as a background on the rocket



122

speêtrograms. The resq.lts f,rom tt¡is serleg of rocket flights are

Lncluded ln FLgrrre 6.I.

HLntoregger ând hls colleaguos have used ttre speotræeter

deEcrlbed Ln SectÍon 1 '2'3' to moaaure the abeorptlon of solar ultra-

vLolet rad.Latl.on in the atmosphere. The apectrometera wers ltmlted

as tSay cor¡ld only bc operated above l2O lh', due to the effEct ol aLr

on tho o¡nn photomultlpller whLch res¡nndcd only to wavelengthg less

o
tùran 1300 Ë. Absorption analyals !ùaE c¡rrLed out at the waveLengths

of, strong sola¡ emLsELon llno¡ of whi.ch only ttre Sl III lLne at 1207 I

Ls abeorbed exolugfvely by nolecular orygen ¡ thc othcre whlch occur

at wavelongttre below 1026 i are absorbed by ¡rclesu[ar nLtrogen,

rcIccular o:ßyg€n a¡rd atomfc o:(ygên. I'tolecr¡lar olcygon deneitles can

be dcrÍved directly frorn tl¡a 120? I *."r*"msnt¡ but abaorptlon

meaguremânte fron the ottrer llnes were conbl-ned to obtaLn ¡rpleaular

orrygên, molecular nitrogen and atonrlc o:(ygen dlenelt'y proflles.

ttLnteregger (19621 de¡crlbed the nethod used to obtai.n f;tre dcneJ-ty

clLstrlbutfons a¡rð tl¡e results f,rom two sLnilar fJ.lghts made ln 1962

were gl.ven by HaIl et al (I963b). llhe cor:nting gtatLstLce and

altitude resolutlon of tl¡e aPGotrometer was poçlr as the complete

Bpéctrun was Eca$ned between 250 an:l l'300 I whfch reeulÈed Ln

n qrurcnênte beLng taken 6vêt1l 10 seconds.

ConrLderablc fmprovcment Ln ttrfs tecturf.que wEl achLeved Ln

1963 by r.¡tttcùLng the sp,cctrometer so thet obsen¡atLons were madc

on nLnø sol¡r emLssLon lLnes. 'lllroee Eelcctcd enleEion lLncs bet¡ceen
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o
304 and L2O7 A were nonitored ín turn which resulted in a¡r obsenration

every 3 seconds and an !¡provement in the counÈing stati8tica by

a factor of 3.5 (HalI et al 1965). The eane lmproved spectromet€r

was flown on congecutlve days |n I'tarch, I965t hçmrever, the m¡Ln

interest was to obtain nolecular nÍtrogen a¡¡d atomic oxygen

densitLes in tÌ¡e regíon 18O to 240 l(m. Ítre molecular oxygen concen-

trations at ttre higher altltudes were too smell for accurate deter-

minatfon of the vertlcal profil-e but the cD¡¡centrat'Lon at 150 Km'

lrras measured a¡¡d for¡nd to be 2.L x 109, 2.7 x 1O9 and 2.4 x LO9 cm-3

f,or Ma¡oh 2nd, 3rd a¡rd 4th respectJ.vely. These points from l¡all et

al (1967) togetþer with tÏ¡e data from Ha!| et, aI 1965 are É¡hovtn on

Ffgrrre 6.I.

of tbe three ¡nothode f,or detenrinfng oxygen densitíes by

absorptíon of solar ultra-vlolet radiation, the spectrometers provLde

tfie most comprehensive i-nfornatíon since molecular nltrogent aüøÉc

oxygen a.nd noleeular olrygen can be deternlned. HorìIev6rr the l-natnnent

ls 1lmlted to o¡mraÈLon aþove 120 ¡(n. and requlres a pointing control'

ftre photographfc Ep€otrograph whiah also regurrës a pointing control,

is not ]imLted wlttr a}tftude but height r¡solutfon ís poor as each

e:(posure covers a hel-ght range of approxímately 6 Km' The major

disadvafrtage ariees ln the errorg introðuced (fo 50tr .rursa et al

1963) wittr la.boratory calibration of the fll'n. The lon chasrbers

lrave the advantage of noÈ requirLng a pointing control, being slmpla
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to caLLbrato, and altåotrgh they do not prcvlde the comprehensive

Lnfornation aupplf.ed by BPectrometers, the molecular or<ygen densl-ty

data l"s obtal.nad wLÈh better hef.ght rosolutlon tl¡an the other

Lngtrr¡rirents.

6. L,3 MASS SPæTROME1TER MEASURE!4ENES OF MOLæI'IÀR OXYGnI DBTSITY

Nfer et aI (I964a, 196¿b) reported on a trocket ftlght that

had tatcen plaoe at Wlrtte Sa¡rds, New Mexfco on 6t1¡ ilune, L963, ln whidt

noleCular nltrogen, nolecular o¡Iygenr atomLc orygen and argOn wetrel

neaEurcd ln ttre altltr¡dc regLon IOO to 2OO Kn. w!.tlr a rnagnetlc

deflectl,on maa6 s¡rectroneter. lltre effeet of contamfnatlon by gases

gÍvan off by tt¡e rocket w¡B ni.r¡lmised by eealfng the I'on sor¡rce wlth

a cap, whLch wa^Ê cut off at approximately 100 Ii(m. ar¡d Ptnpfng

oontLnrær¡s[y wittr a sputtâr plütP. A maÊa spectnn covcrlng the range

tO to 50 A.M,Ur lfaÉ Ectnnod eyery treo seconds whlch resulted fn

¡plccular orygen dengltfos betng detc¡nl,ned f,ron 1O0 to 2OO l(rt. at

10 Kn. Lntervals. HedLn et al (1964) nade a nþre complete analyeie

of thp data and obtaLned botTr at¡rpspherJ.c conetituent nruber densLtl'es

and teu¡¡srature.

NLer a¡¡d hl¡ aolleagucs (fiasprzalc ct al 1968) lnetruü€nÈed

two Aer¡obcc roclßets flown on 30ttr Novenberr 1966 (night) and

2ndl Deccmber, 1966 (dayl with tlrc purPosê of Lnvestlgatlng day-nlght

cffecte ln tJ¡e atmoapherc. ltowever, very lttÈle change was obserrted
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fn the nolecular oxygen denslties wlthÍn ttre hefght range 120 to 220 lcn.

fn the followi-ng year, tÌ¡c same group flew three rockets t one Ln Junet

196? and tr,¿o on 2Oth iluty (t<ra¡lkowsky et at 1968) - The July fIÍghts

îrere a true day-nlght paJ.r and errbsta¡rtLal variatLons were fou¡td between

the tsro (See Figr¡re 6.2). Aa ttrcre wae guoh a large variatLon between

thc day and nJ.ght densltl-as, lt wlo auggested that' day to day

varJ.atLons nust be at lcaet ae large ae day-níght varJ.atLonE but Ln the

op¡nsLte dlrectl.on, ac ttrc 1966 fltghts gave practically ldenttcal

rcgultg.

l¡þe nsee cpectroneter nettrod for neasurLng tolecular orrygen

densLtfee has advantages ovqr the otlrer nethode dlscusged in 6.I.2

ln thEt Lt doe¡ not rcquire a ¡nJ.ntiru¡ control, Lg cornpletcly i:'¡1-:nen-

dcnt of a knowledgc of abEozpti.on erogs-sections and ca¡r ba oP6rateð àt

night. Ilowe\¡er, ttre nraLn disadva¡rtages are tt¡at maee EPectrometerg can

orily be operated a.bove aPproxLn¡tcly 100 m. ' arè aff,ected by contanJ-n-

atlon and orientatlon of the rooket and are very dLf,f,lcult to calíbrate

abeolutely (Nler et al 1964a, Mauersberger et aI 1968, von Zahn L9671 -

Errors in calibratÍon ocsur as there are u¡¡co¡rtaLntLes wfth the relation-

ship between ttre tenrperature of ttre nolecules l-n the ion eource a¡rd

thoee Ln ttre sunoundLng air a¡rd the reconbinatLon of atomLc o¡<ygen.

Fro6 Flgqre 6.1, it can be aeen ttrat ln epite of ttrese dLffi.cultles'

tt¡e reeultE obtaLned for molecular o¡rygen are fn good agreement with

thoce relylng on ultra-vLolet abeorption meaeurementl'
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6.2.L DISCUSSION ON MOI.ECT'IAR OXYGEN DENSITIES

Ff.gure 6.I dlaplayÉ rêprceantatLve molccular ot(ygen density

reeults tal<cn f,¡¡om each of tlre tcohniques nrentionedl ln 6.L.2. and 6.1.3.

Ttre hlstograms on f:he flgrre üePreõGnt the present work for the fong

Torn rocket flight a¡¡d ttre prelLminary results from three passes of

Ì|RESAT. Thc data I¡ofnÈs represented as circles, l.e. o¿ o¡ Qt @

a¡e ffon the resultE of rocket fltghts made Ln ttre south€ñ¡ hemisphere

so thêy are nþre directly conparablo wlth the prasent reeuLts Ètran the

otherg. AIao dJ.splayect on Flgure 6.I Ls the mea¡r C.I.R.A. atnosphere

1965 wlth vr?rLch nrcst results agree up to lOO Km. Äbove ttrls helght

Èhe present results as well as the others dlsagree wi.th the model

atrnosphere ln that denELtLce are lower by a faotot of 2 to 3.

Th6 Long Tom reculte below an altLtt¡de of 90 l(rt' depended

on ÍBasutoüants n¡de wLttr a lltt¡lr¡¡r fluorLde-nitrl'c oxide ion chanber'

as were the ottrer resulÈs shour¡r wttt¡ tt¡e exception of iltgsa eü aI

(r) , Bhotographls spactrograph) and one flLght of, Weeks and fiLfÚt

(o, ó) who uEed a magmesLum flr¡oride-nLtrle oxfde Íon ctranber. A

varlation of up to 15t hlgher than thE m€an C.I.R.A. atrnosphere Ls

LndLcated by ttre Long Tom resulte for upleoular oxygen. In thls height

rcglon ùÏre correotion factor for aepect angle Ls Ln error by lOt (See

4.3.3) andt together wLth the errors assoclatEd wLth the trajectory

and t¡e absorptl.on cross-sectlon (10t) LndLcate ttrat the present results

agree wlth tt¡e C.I.R.A. atlosphere wl-ttrln the ex¡reriment¡l error. Vüeeks

and Snlth (1968) for¡nd varLatlons tlre order of' 2Ot aÈ approxJ'mately
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90 ffir. Ln nplecuL¿rr orygen deneit'y fron two fllghts made fn iluly, 1964

tÏ¡at were flown 65 rninutes apart r one at dawn a¡rd ttre other 1n tt¡e

uonl-ng. It has bean sugrgested that the varLatLsr¡ iE dlurnal and as

the varLatLon can be 2Ot and greater, in ttrLe heLght ragion, the

agreenent between the reeults Lndicatcd on Flgrure 6.1 fs remÀrkablE.

In the regLon 90 to 120 Iü¡. ttre Long Tom results have bêen

derLved from independent mcasurêmente from eight l"on cha¡nbers oÊ flve

dLfferent tlpea (Sae TabLe 4.1). Thêse reeults LndLcate tÏ¡at the

¡plecular oxygen dengLtLes are aLgnÍflcantly lower tt¡an thoee Pre-

cliotcd by t}re m€a¡r C.I.R.A. atnosphere ¡ at 120 Kn. the preeent results

ar€ lower by a factor of 2. lft¡e crrorg agsosiated with aspect angle

are lower ttran tho¡e for the ?0 to 90 Iün. region as tl¡c correctl'-on

fastor waE lese than I.I5 ompareð wLtl¡ 1.41 for the 80 to 90 Km.

reg|on. However, the main error for t.l.e data ln thie reglon is fn

ttre absor¡rtLon oross-sectj.on aË ef,feotive absorytLon crosg-sectionE

werc used Ln contrast to tþe value at 1215 A (nydægen Llnnan-a) used

for the llthir¡r fluoride-nltric oxide Lon ctra¡rber. (See Tab1e 4.1).

The probable errors Lntroduced Ln ueing effcctlve absorption cross-

sectLons has been estLmated by Carver (1969) as t15*. Errors assoclated

wftt¡ the absolute call"bratlon do not entsr ttre calculatLon as

abgolutoly calLbrated Lon cha¡nbers are not required to detennLne

tpleculrr orygon densLtLes. lltte mett¡od of enalyefs of traJectory

data Ls ¡ênsl.tLv6 enough to LndLcate an èpoçtee height crror of greater

tl¡ar¡ 0.1 Iür. go tlrat the probable errcr in the traJectory Ls no
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greater tha¡r o.l Km.

The reeults from Wildman et al (1969' o) and weeks and

snlth (1968, o) agree wittr the Long Tom data ln the region near

l?O tr;r. alttrough ttrey have re¡rorted dtfficul.ties witt¡ ttre window of

sapphÈre-:<ylene Lon chsnbers outgasoing nakfng the ascent and descent

phase of their results sltghtly dl,fferent. No Êuch ef,fect s¡as noticed

witt¡ ttre Long Tom sapBhlre-xylene lon chambêr meaaurem€ntg but

posÉibly ttrl s could be accour¡ted for try the differêncês Ln ttre lar¡¡rch

Vehicles , the Long Ton rocket belng subJect to greatêr aerodynanlc

heatl.ng tt¡a¡r the Skylart tound flown by Wildnan et aI.

For altitudes above I2o Km., the hLetogranrs repreBenÈing

the avcrage resulte from threê ÍIRESAT pascea havc been reproduced ln

Ffgure 6.2. These have been dleplayed togettrer wlth the rnass spectro-

neter resultE from Kra¡rkowsky et al (1968) and Kasprzak et aI (1968)

for f,Ilghts in Deaernbett L966 and ifuly, L967. Ae the SantLago 2 ar¡d

iloharu¡cEbexg 42 paas trcaults wera obtalned durlng swmèr Eù strrrrlse

for tt¡e gatelll.ter where the latLtude of the minùnr.n ray heLght

positJ.on wae alrcst Ldentlcal (See Ff,gure 5.2), ttre agroement betr¿een

ÈÌre results to wlthin tt¡e eatl¡rated errors for the oçerl¡ent a¡¡d

data anatysls (t30t) wEs to be +xt¡ected. These resulta disagree wf-th

tTre mea¡r C.I.R.A. atrcephcre in ttrat tt¡e molecular oxygen deneity is

a fa.ctor of two to three lower throughout the height region 130 to

t9O lü. Ítre Alaska L6 pass \fas & winter, gtU¡set pass and as can be
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seen from Fl.grrre 5.L2, ænsiderablc ¡oatter was evLdent Ln trTto neaeurcd

valucg of, nolasular orygen deneLty. Howcvcr, the preøent rcsultE

lndloate t¡at the rcIect¡lar orygen don¡Ltlce aPPGar to be lower tlra¡r

tt¡c gumcr paases Ln thc 130 to 190 ltn, regJ.on ln agreonent wfth tt¡e

Er¡¡aer'wfnter dayfllghts of lüankowsky et al and Kaaprsdß ct aI (1968).

The dLffErenc€a between Alaska 16 a¡¡cl tt¡e other passes fron IüRESÀT,

whtctr cor¡ld be attrl.butcd to seasonal a¡rd latLtudfnal varÍations as

weII as eçrerfnental er¡¡ore have the sanÉ! ¡nagmitr¡de ae the clay-nJ-ght

variation measured by t<rankowsky et al over V'ttrite Sands In JuIy,

Lg67. Results from two fllghts by KasBrrak et al (1968) indicated

that day to day variatlons were also êa large as ths day-nlght,

varÍations. Even though the ¿r,*.-,lute nagnitude of the molecular

o:(ygen denslties derived from rnass spectrometer meagurements nay be

Ln error due to r¡r¡certaLntLes in calfbraùion, the relative uensities

between any two flights shoul¿l be accurate. Sose evLdence on seaEonal

variatlons can be Lnferred by comparlng tt¡e¡e measurements but the

anor:nt of data avaflable Ls hardly suffLcient to separate these effects

from day-night and day to dlay variations. Fr¡rther analysis of

satellíte data from WRESAT and Ariel 3 w111 be partÍculall.y importa¡¡t

in specLfylng tTre varLations of tt¡e densLtf,es fronr their average values.

6.2.2 DISCUSS ON ATOMIC OXYGFJN RESULTS

Measr:ren€nts of atomlc oxygen densities in the atmoephere

have previously been attenrpted j-'T using nass ËPoctrsoeÈers (Nier and
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hls oolleaçfues, Mauersbêrger et al), photoelactrle epeotrometers

(IIalI et aI) and by nLtrtc oxlde releasct (Golonb et aI 1965).

Exalples of tt¡e deterrLnatl-on of atomlc ot<yg€n denËf'tfes are presented

in Fl,gnre 6.3 togcther witt¡ ttre preeent Iong Tom resulte. I|he

agrecrent betrreen tt¡e atomic orygen cr¡rve derLved f¡¡om nLtrLc oxide

release a¡¡d tÌre mass Epectro¡reter measu.remonts is part'Iy due .to

normalizatlon to nåss Spèct¡¡ometer mcaculêmente at 120 IGt.

lltre prosent atølC o:rygen conc€ntratl-q¡s were derfved by

aasrmr|ng Èhat rd|thl,n the hefght range 90 to ll-O lfrt., there was no

el.gmi.fícant dLffusLve aeBâratfon of the atuospheric specLes and

hcnce tt¡e s¡¡¡t of molecular a¡¡d atonic orygen waa eqgal to the

fraotl.on of or5¡gen l-n the aj.r (2Lt) nultlplfed by the totÂ! atmoe-

pherlo densLty (n¡) 3

2ng + ng, s O.2Int ..... (f)

MoasurenentE nade wl.th thc GcJ.ger counter lnaluded Ln tt¡e Iong Tom

fltght gave total densltLes whictr w6re riot sLgnLfJ.cantly dff,ferent

from the U.S. Sta¡dard Atmosphêre 1962 (See FLgr¡re 4.7). l(he uplecular

o¡ßygon denej.tfea provlded by lon chamber measurements enable eqr:atlon

(1) to be evalu¿tsd for atourLc orygen density tþrcughout the helght

range. Ttre asstntption that tlrcre was no ôlffusj.ve separatLon of

rÍ!¡e nLtric oxide release tectrnLque relies upon relcaslng nitrfc oxlôe
at nlght and detcctlng wlttr photographLc a¡rd photonretrJ.c equlpnent on
the gronnd, the radLatLon gÍven off by ttre reactfon ¡

NO+O+NO2+hf
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the at¡rpspheric specfes from sea-Ieve1 to the altítude of interest

becomes increasLngly erroneous at higher altitudes. Hovrever, in the

réurge 90 to LOO lqn. , it may still Ïro1d and the data shovrs a distinct

maxlmwr at l0O Km. The absolute nagnitude of the atomic or<ygen density

at 100 i(rr. is a factor of flve hlgher ttran other measurements, ho!øever,

It should be pointed out ttrat ever¡ ttrough calLbrated detectors are

not required, the peak value for atonic o:(ygen Ls extremely sensftive

to errors ín the total and nplesular oxygen densltles. The peak value

of, atouríc or(ygen, even with a probabLe elror of 408, l-ndicates tk¡at

dissociatíon of, ¡clecu1ar oxygen becomeE lmSnrta¡t above 100 Kn.

The photo-electrÍc spectrometer measurements shown on

Fígure 6.3 (Hatf et aI 1967, were obtalned by moaeuring the Lntensity

of eolar ultra-víolet emiEsion lLnes of wavelengÈ?r less than l00O A.

An Ldentfcal tectrnique was used as descrlbed previously (Seatíon 6,L-21

whlch gave atomic oxygen denslties larger than those determined by

mass speotrometer mêaaurerents above 150 lGt.

I'lass øpectrometer rileasurenents of atomic orcygen liave always

been coneiderecl as minlmrur values as no laboratory calil:ratlon has becn
¿

made for ttrc lnEtru{ent wfth this gas. TheoretLcal calfbratl-ons have

þeen uoed for atonic oxygen but consj.dera^ble ur¡certaintl-es exLst in

esti¡r¡ting lnteractLons bcÈwoen oxygen atdts at ttre ion source wall and

hot filaments. Ihe Exfsta¡rce of loss procec¡scs seems to be establLshed

beyond doubt and it has been ¡rcjr¡ted out by von Zahn (1967) that greater
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thar¡ Bot of, thc Lon current obsen¡ed sten from eolllsLons with the Íon

source walls. The existår¡ce of a m¡lss 44 peak (eLther N2O or C02) has

been attrLbuted by von ZaÌ¡n ag befng malnly f,o¡med by atomLc o!(ygen

reconlcLnÍng. Von Zatr¡¡ has algo polnted out Ln hLs review that the

measurEd af,çIon abr¡ndancea funpJ.y a ratio of n(0)/n(02) of about 4 at

l2O l<lr. whereas maas sp€ctrOmeters have neasr¡¡ed t]¡l'e ratlo as

approxLmately 1. Thc Bresent reeulte lndloate a value for thfs ratLo

of approxinately 2 alttrough Lt mr¡st be remembered that ttre basic

aseunption for the preeent urethod rnay be Ln srror at tihl'g altl-tude-

Howsver, aE the present teohnfqtre Ls slnple and doee not require

callbrated detestors, Lt could be used as a mothod for caltbrating a

naBs sp€ctroneter f,or atoml-c onygen at altltudeg less ttran 110 lan.

6.2.3 DISCUESION ON SOIÀR I'LUX RESULTS

1lfhe Long Ton lon ohamber data has been uged to dete¡mLne

absolute solar ultra-vlolet fluxes Ln tetms of the laboratory

callbrations of eaoh of tt¡e ion chambers. The barl,r¡¡r f,Lr¡oride-tolucne

and sapphlre-ryIene lon chadbers did not reach aaturatLon cr¡¡rents at

the rnaxLnn¡m rockeÈ altitude of l2I lqn. so that measurenents were

extended to zero optlcal deptlr by assr.rmlng that the obEenred nolecular

o¡q¡gen densLty cr¡rvê éþuld be extended to hlgher aLtitudes wLth congta¡rÈ

scale helght and plottl.ng Lon otranber response against relative air mass.

1tre¡e f¡¡r ¡neaeu¡erpnts are reprodueed in l'lgrrre 6'4 together witt¡ WRESAT
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flr¡r neaer¡¡cmente' spcct¡lographfc nêasuronents of lviding et al

(1969) a¡¡d spêctrgrìetric ¡neaeuremsnte (Parklngon a¡¡d Rêeves 1969).

Included Ln the ftgrure arê currtes whLcÌ¡ represent values for the

equfvalent black body temBeraturee of the sun. lltre preeent resulta

j.ndlcate that tt¡e radl.ation temperature of the sun decreases f,rcm

53OOoK at llOO ß to a broad tenperature nlnL¡nr¡ur Ln tt¡e regLon 1400 to

f6OO I where the blaok body teurp.r"i*. LE 4500 tsOoK. Thts teurp€ratì¡te

representE tt¡e Eolar tmperature ¡nLnlmr¡m between the upper photosphere

a¡¡d the low chronoephere and fg of intorest for the theory of the

Bolr¡: atusphere. GJ.ngerfctr a¡rd Rict¡ (1968) ttreoretLcalJ.y predlctsd

tt¡at ttre epcctral range 15OO to L?OO t woulð ¡rpgt clearly show the

ct¡aracterLsÈLcE of the solar temperature ninl¡rum. As ¡nlnted out ln

Ctra¡rter One, tlre temperature mÍnlmrmr ca¡r be Lnferred not only from

meêaì¡Íe¡nents urade in thc ultra-vl-o1et spectnu but alEo fn tl¡e Lnfra-red.

Recent n€asuremontc J.n thE Lnfra-red reglon of the epectn¡m beÈween

238 and 312 U yfelded a raôLatlon tcmperatr¡ro of 4370 t26O i, whl"ah

agreed wLth ttre Iong llon roeultg, (Eddy et al L9?gt reported by

Wfdinçl et aI 1970). Wf.dfng et al¡g measuronents lndicatc a temperature

¡ttníun¡m of, 4670 tlQ0oK and PazkLnson and Roeve6 (1969) neasuretÍ a

value of, 440Oof. No error ltmits have been stated for Parkinson

a¡rd Reeve'e neasurament Eo that Èhfs value Ls ¡rossibly in agreement wLttt

tlre preeent result, however, the speatrographic measu¡ement of

4670 tlOOoK is Lneonglstent with ttre Long Tdr dâta. The aolar teuperature
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neasureÍrent ís a poor LrrdLcatlon of, ttre aþso¡.ute Íntensl'ty of, solar

ultra-vl.o1et flr¡xes aE an error of 40t ln LntensJ.ty corraEPonds to

an êrror in the solar tenpêrature of, only lOOoK. llhe prseenÈ -i'on

ci:arnbsr ¡neasu¡rement of 45OO t5OoK is more accurate tha¡r the sPectro-

graphla measuteÍIont, but due Èo a wLdø wavelengttr rêaIþnse Ls not

as detaLled. Only the errorË assocLated wlttr ttre a,bsolute calLbratLon

system (approxLmag¡'ty lOt) affect the absoLute lnt¡nefty 'rneasura¡nente

fro¡r ion chambers r an extra lOt error has been allowed, for estf.matlng

the eolar ténperature mLnimum frsr Ffgurc 6.4.

The prelirnlnarJ¡ $rREsAT fluxee, ehown ln FÍgure 6'4', are

hl,gher than the Long Tom d¡ta but stlll fndLcate a eolal temperature

of approxlnately ASOOoK. The measurad Lyma¡-c fhu (noÈ ¡hor'¡n on

Fl.gnre 6.4) wae aleo hlgh€r f,or WRESAT tt¡an for ttre Iong llþm data. An

avðrage value of 5.0 619 @-2 s.c-l vfas êete:.nlned from the forrrard

faci.ng lltl¡frm fluorlde-nttrLo oxl.de Ín V|RESAT, whereas, the Long Tout

ttlght gave a value of 4. 2 etg cn-2 sec-I. Hovtev€r, these valuce and

Ètre E:çlorer 30 valua of, 4.25 "rg m-2 eec-l, taken at the sane tLme

as tlre long Tom fltght faII well wltåln the llmLts suggested by !{Eeks

(1967) for variatl.one in Lymån-q lntensLty durf.ng tlre eleven y€ar Eolar

c1lole ¡ for t¡e na¡<i¡mn of the oycle (1958, 1969) tlre mcE¡t value ie

6.1 t0.45 whfle for tl¡e urlnLmrsr, tlre mea¡r vâlue I'a 4.3 t0.35 erg æ-2

"ac-I.
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6.3.1 CONqLUSIONS

lft¡e Lon cha¡nber method has been eetablfghed for many years

as a relfable method for dete¡minLng molecular orygen densltLes Ln the

70 to l8O Iür. reglon, Resulte obtai,ncd indLcate that tl¡ere ia good

agreement between concentrations determLned f,rorr l-on chambers and by

other technJ.ques. Below lOO IOn, the nolecular o:rygen concentratlon

agreê falrly well w"tth thoee suggested by ttre mean C.I.R.A. nodel

atmosphere 1965. Horf,ever, at altLtudes a.bove IO0 IGl. measurements

Lndfcate the average ¡rolecular o¡(ygen concentratLons a¡e a factor of

2 to 3 below that gJ.ven by the mean C.I.R.A. updel. llhe region of the

atrnsphere above 120 Km. appearE rþst prone to signl,fÍca¡rt change caused

by dlurnal, day to day, saasonal and poasibJ.y latiÈude a¡rd longLtudinal

variatlons. Very few rocket f,lights have been ¡nade to detenÉne the

magmltude of the va¡latlons in thLc belght region but nass spectrometer

measurementg indicate ttrat day to day and day-nlght va¡LatLons may be

aa large aE ¿r¡ry seagonal a¡rô latitude variatÍorr. ClearLy nore detailed

analysJ.s from satellLte bo¡ne detectors suoh as tt¡oee carried by ïIRESAT

or ArLel 3 whfch wlII gfve fnforuration ln ti;i.; region of the aÛrcspheret

ls required to help undersÈand the magnitude of tt¡ese varíatfons from

tt¡eir average valr¡es. Unfortu¡tately, ion chambers whict¡ provLde

Lnfornratlon in ttris region suffer deterloratLon of the fllllng gases from

prolonged ê:q)osure to ultra-vfoleÈ radLatLon. Extreme llnltatfon of

the Lon cha¡ùcer window, together wtth hfghly seneitl.vc a¡rPlLfiers are



t36

rgquired in satel¡.ltes to enabl,e ion ctra¡nbers to last a fulJ' year and

Eeparate seasonal from latitude or henrispherical--variatfone'

Atomiooxyçten,beJ.ngareactlvegaa¡isverydifflcuJ.t,to-

trÞasute by mase õpestrgclatêrs. Uncertaintíes in callbratl-on of Èhe

LnEtrrment for atomLc o:<ygen have lead to an r¡r¡der-eatinratfon of the

densfty abovc 90 Kl. The preeent restúts I'ndfcate that ato¡tlc o:(ygen

loaEes ln nese aPegtlometers cOuld be as h{9h"as gO$, however, a direct

conparioon between Iong Tour data a¡rd otlrer measurements Ls dl-ffLcult

aE tltey have bcon taken |n dlfferent looalitl-es at different tl'nes '

A large prop,ortion of the discrepency beÈween Lhe present resulÈs ênd

other experl,.nenterst may be due to experinental egorr eeasonal ,

Iatitudinal., day to day or day-nlght varlatLons. The present technj-que

of using a geJ.ger tr¡be a¡rd ion cha¡dber to meaeure total a¡rd molecular

oxygen densitfes a¡¡d hence atomio o:<ygen' may be a aatisf,actory metl¡od

of pnovÍding a calibration ¡nlnt between 90 and t10 lft' for maes

e¡rctrometere.

The problem of t¡e soLar temperature minLmun betwoen the

photoephere End the ¿*,; chromoephere is of interest for the theory of

the solar aturosphere. However, the latest s¡rectrometric result's whfch

indioate a temperatr¡re of 44OOof< and spectrograBhÍc measurements

Lndf.cating 46Z0 tlOOoK "". inconsistant as the tenperature ís not a good

tndlcatLon of the absolute intenslties in the solar e¡p€ctrun i ån error

ln the absolute intensity of 4Otronly corres¡nnds to a I00oK uncertainty
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Ín tt¡e tcttpêrature at L650 ß. Solar f,l't¡¡< measurcment¡ f,ro¡n Lon ehtnber¡

are mßrr€ acourats tha¡r tt¡o spootrographLc technlque as ttrey are slnplc

to e¡llbr¡te but nÊasure an Lntegrated flr¡x ovor a wLdc bandpacs. ![he

quartz-triethyta¡rlno lon ohambcr, whtch hag been f,Iown ¡uccesafully

for ttre first tlme ln tfrc prerent work, togcthcr wlttr the sapphÍra-

ryIene ion chanber LndLcate a eolar tcmporatr¡¡e mLnl'mr¡¡n of

45OO tsooK. A norG detrllcd analyslc fron !{RESAT pasres and fr¡rther

rockct fltghts oarrylng bottr aaBphj-re-:rylene and quartz-trlettrylamlne

Lon cha¡nbcre !d.Il be part!,cutarly fmpor^tant Ln epecifyfng thla

paramotor. "
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AÞPLi'IJJTX

This following paper has been wrítüen on the work described

fn ttris thesis.

"Solar Absorption Photometry and the Determination of Aünos-

pherfc Conpositíon",

J. H. Cariler, P. J. Edwards, P. L.Gough, A. G. Grogoryt

B. Rofer êDd S. G. Johnson, Journal of AtmorpherLc ancl

TerrestrLal Physier, L969, VoI. 31, pF. 563 to 570.
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