
UF

.e"3,2

N0CîtRIcAL IIEASIIF- EIIEI{îS OF TIPPSR

ÀTUOSPHEB,IG OZOI\ft: At{ D THE LTNAB TII,TR.ÀI'1TOT,ET EI,Ï'T

by

Brl¿a Henrt Iïorto¡r 8.8o" (81¿).

Departne nt of Physf. es

"û, thesla
¡lresenteiL for the clegree of

Dsctor of, Fhilosophy
in the

Ilniversity of AdelaitLe
Mafr 1968.



(r)

TONTENTS

Sunmary

Preface

å.cknow1-ed.genent s

Chapter 1, Eedi ation and Chenistfy,-t=n lhe Upper
A.tnosphere

1.1

1.2

1.3

1"Its

1.5

1.6

1.7

Iatroduction

The So]-ar Spectruu

The Infra-Red. kegion

The ü1.tra-"fÍ-o1et RegÍon

The Photochemical Reactions in the Chenosphere

Moclel Átnosphere ìfethocls and Resulte

Measurements of A.tnospheric Çontent other
than 0zone.

Measurements of Ozone Content in a Sunlit
iltnosph ere

Measureuent of Atuospheric Components ín the
Âbsence of Sunlight.

1.8

1.9

v

vil

vlil.

11

12

{

2

5

l+

5

7

I

2.1

ZtZ

2.3

2.4

2.,
2.6

2.7

2.8

t 2 1't I[e surenert 0 Cono 11-

tra n e pper Atn phere

the Uokehr Methotl

Eal]-oon Borne Chenlca]. Sond,es

Rocket Borne Sensors

The Atnosphere Ratliance Methotl

Measurenent by Âtmospheric AbsorptLon

Selection of ÞTethocts of Night Tlne il{easurenent

Detal-I of -tbsorption Ì!easurements

Approxination of the Path Length

15

17

1g

20

21

23

24

26



2"9

2.'lo

The

The

0zone Absorption Cross Sectlons

Full ldoon as a Racliation Souree

(rr ¡

28

35

35

35

t5
38

39

lt-O

4o

40

41

l+2

E'

I+4

l+5

,+7

I+9

5O

5t

5t

5'

56

57

62

Chapter 1. Inst

3.'l

3.2

Introd"uction

Phot oneters

J.2.1 Fllters. Transnisaion
Photouetere

3.2.2 Fhotonultiplier Type &n

3.2.3 Requirenent anil Methoel
of Fhtomultipl-iers

ËIectronlc E

3"3" 1 Ðynod,e !,{odu1atL on

3.3.2 High Tensl"on SupPlY

3.3.3 -å'nplifiers
5.3.1+ Calibration Gircuits

3.3

3.4

5.5

3.6

runentation of the Roeket VehlcleE

end use in

d Uouatiag
of A.C. tr{orlu]-atlon

3.J.1 Frotection e8aLnst Dynocle Vibration

The Roeket Tehic].e

DÍstribution of the Payloacl.

Preflight Checke for Equipnent

Ghapter L. Cal ibration of the Fl-leht PhotoneterE

l+. I

l+.2

Introd.uction

Ex¡rerine ntal 3{ethod. f or Calibration of Sodiun
Sal-icy1-ate

The ory of Sotl.i.un Sal-icyJ-ate Ca1ibration

Deternination of F1ux at Seasor

tal-ibration otr IlÁ'Ð 345

Êecluotion of Ueasurements

Sunerlcal Ya.lues, HAD ,O5

Cel.ibration of HAD 112

l+. t
4. r+

4.5

l+.6

4.7

4.8



J+.9 !.spe ct Corrections

4.10 Design and Callbration of "{spect Sensors

Cþaetgr 5:-Seituctign sf Experinental Data

5.1 P.ed.ucti on of Dxperiraeatal Date

5.2 Tracklng F.ecords ÂvailabJ.e

5.3 Form of the Telenetered, Data Recelved.

5.4 Deterrnj"nation of the l{eight YS Tine Relatlon

5.5 Varia.tion of ô.spect Ängles Duri-ng Fltght

5.6 Redueti on of P'esul-te

Chapter 6. The Ði-stributi-on of Nocturàal
-{tmo sphegig_92 gng

6.1 Curves of Variation of Intensity rLth Ïlelght

6.2 Determination of the Val-ue otr the Effectíve
Gross Section

6"5 Determinati on of ihe Ðensity Ys lleight FrofíIes

6.4 Conparison with other High. Atmoapheric 0zone
Resu].ts

(iii )

66

67

70

71

72

-72

78'

19

8.1

85

e6

87

90

9'

10,

106

-t 0g

6.5

6.6

7.1

7.2

6.7 the 0bserved.
High f*1.titud.e

6.8 Suggestetl Direetions of Future ÏIpper
Atnosphere Ozone StuC.ie s

0hapter 7. The Ultravl.o]-et Reflectlvity of the
Luna r $urface

À Fossible &-O-5O kn iïinter ïaxluun

liurnal Taríatlons in thelheoretfca]-
Number above

0zone
55 km

lv-octurnal DistributLon of 0sonc at

Introductí on

Measured ilaiues of II]-travLolet Fl.adl"atioa fron
the lÍoon 115



(i')

7.1 Reduction of tr'l"ux Ueasurements to give
Lunar AlbecLo

7.4

7.5

7.6

fhe ojavel-enEth Ðepend.enee of Lunar Ålbeclo

Coruparison rith Laboratory Measurenente ofposeib]-e surface fyp"s and. Theoretical Resurts

Conctusions baeecl oa ExperineataJ. Results

Chenter 8- rln Austral-ien Earth Sate].lite Pro-iect

117

120

121

126

8,1

8.2

8.5

8. ¡+

8.5

8"5

9"7

8.8

8,9

Àp¡renttix I

AppentLíx 2

å.ppenrtir J

ABpencl.lx 4

Appencllx I

Âppendir 6

Referenceg

f ntrod.uctioa

Lau¡ch Yehicle ancl Satellite Configuratioa

Radi atlon Detection Inatruaent ation
Electronis Units for the Experluental Packages

SoIaii Aspect aud. "Attitude Sensors

0ther Instruaentation Camied.

fenperature Balancing anrl. iÍeight of the Cone

Pre-fJ-lght Checke of fastrunentation

Launch and Operation of the SateJ-llte

128

129

1to

154

'l t6

t57

140

'142

147

't49

15',1

15t

155

156

r58

159

Dynode i,lod.ul¿tor

ËhotonultlptÍer High Tension Supply

À ?hr ee Stage ,/{. C " +tuplif ie r
In Flight Cal.ibretion Systeu

ControJ. Swltchtng of Eigh Tensíon
SuppJ-y

Pub il-eati ons



(")

S-tii..lrJARY

The experinente described in thl_s thesis Íere
perfornec[ with rocket borne, mid-dle ultraviolet photonetêrs.

Results obtalned from the experinents gave infornation,
ftrstly, pertaining to the nocturnal distribution of

atnospherf-c orone between t5 and. 75 kiloneters, anrl

second-1y, regariling the spectral reflecti.vi.ty of the

lunar suface.

Because af the uausual eavi_ronment iu rhich they

operated., some d.etails of the design af the photoneters

wlll be g.f-ve,: together wlth a tliscusslon of theLr calibratl-on

ancl the rneans of d.eteruíning aspect anil helght of the

vehicLeE d.uring f ll.ght.

the ozone d,istribution ças obtained. fron neasure-

rnents of the clifferential absorption, rith respect to
helght, of rad.ietion rithLn eeleetecl çeveleagth regions.

These regions 1ie n'ithi.n the lïartley absorption b¿nrls

extendl.ng oyer the range 2OOO.[ to ]OOOå".

The Ilght source ¡¡sed. in naking these neaaurenents

r&s the solar radiation reflected. fro¡a the DooD. Rocket

launch tinea, in each c&se, were chosen so that the luna¡
phaøe angle res within a 1Oc oî fuIl ûooD,¡

Wlthin the range of sensitivLty of the photonetsrs,



(vr )

the results ind.icateil. that a ne8ligib¿F aaount of orone

remalned. above the sensors when the vehicles rere stilr
õone 5 to 1o kiloneters berow the epogee heights which

1ay betreen B0 and 8l kÍ.loueters. The fluxes obeerved.

rithín 5 kiloueters of apogee çere then taken as bases for
sinple extraporation, in this waverength regioa, to varues

existf"ng outside the earthrs atnosphere,

The results obtaiaed. by this nethod, çere then

usetL for broad.bancl spectrophotometry of the luner reflecteil
golar radlation anð estinates mad.e of the spectral refLect-
lvity of the moonrs surface.

îhe f1-ights rere nad.e durÍng early Sumner and

Iate Tlinter in the Southern Henisphere. Tn both cases,

the number density of oaone nolecules above 60 kiloneters
is shorn to be greater than when the atrnosi:here is sunlit.
The d.lfference, however, iB not as great as that preelicted

by the application of photochenicaJ- and. recombinetlon theorLec

to sinple ¡rod.el atmospheres.

VaLues ob'veined. f or lunar reflectivity rere

conpared rith neasurements of spectralrefleotivity of

various stony and. g1-assy surfeces, nad-e by other workers

ln the laboratory. The inplications resulting fron

this comparison are cliscueEed. with reference to the

nature of the ]-unar surf&gê.
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rni,PtER 1

Ï.ÀÐIÀTTÛ¡I ,l.IiN CITEI{TSTRY IN THE

üPP$R ¡tfH0SPHERI

1.1 Introcluction

lhe atnosphere, it¡ structu¡e and. coEposltLon;

have been the eubject of lngui-ry for nany years. Tfhile the

loler portLou, or troposphere, hes alvays bern open to

ttLrect iuvestigation of varyiug degree, and the top 1.ayerst

or lonosphere, has been ¡eachable by rarlio meaus for some

tine, it le only i¡ the last trenty years that the advent of

rockets has na<le the internecliate region, or chenosphere,

accessabJ-e to a,ny but yery ind.ireot uethoile. The advancês

in rocket and sateLlite teohnology have uade it possJ.ble to

make relatLvely d.etaileil stuôies of the tenperatures,

atnoapherl.c clensities anel conpositions, gravity ancl. magnetic

fJ.eJ.d.s antl surface structr¡res of other planets of our solar

syeten as welJ- &s the earth. Such neasurements nay provi<le

inforsatÍon, rl.irecting theoreticaJ. stuclies ancl thus leailLng

to sn unclerstanding of the evolutlon of planets anrl ste1-J"ar

,systens,
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1.2 The Solar Spectrun

the prlnar¡r source of energJr, induclng reactiorxs

la a planetery a.tnospbere, iõ the parent star of the

systee, In the case of the solar system, thå star Ls tbe

slrn¡ Until. recently the spectruu of the aun raa e,ppro--

inaterL to that of a blaek bocly at a tenperature of about

5785*E'. With the eilvent of roEket yehLe1.ea, capable of

cl5.nbing above the atmosphere, neåsure¡nentg of the solar

speotrun have been nad.e by Euch rorkers es Tousey (lg6l),

rhlch have extencleel knowled.ge to the u]-t¡aviolet raveLengths.

Despite these studf.ee, there 1s st1l.I a.a uncertainty l.n tbe

v¿1ue of the Eolar f].ux of appro:lnatety 1Oi1 at about JOCIOÍ.,

thi.e uncertainty increasing to about 2O{* at 2OOOÏ," These

vaLues are quoted. by Touoey (1966) and. supported by

FurakarE et al. (tg6l). "ù.t stiJ.l. shorter ravelen6ths theory

predicts tiae va¡íations a¿d- these have been obseryed.,

cbangLng rith the degree of solar activity. The t*o qain

regiona of the apectrun contributing to atnospherio effects

are those to the short ravelength Eiele of ,OOOå antt to the

1on6 revelengtb sid.e of 9OOOå,.
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1.3 The Infraled. .r,egion

In the infrarecl region there are a nunber o1

al.ternatlng windors aud absorption bantls. fnfrared.

absorptLon 1s chiefly due to ind.ucecL vlbrational anù

rotatlonal transitions in polyatonic nolesules. By

comparison of the spectral abeorptioa of the atnoapherlc

taseE, Ha 0 vapourr COz r and' 0¡ wLth the observecl solar

spectrun at sea Ieve], it has been shorn that these 4re

the prlnoiple absorlers in the Lnfrarecl portlon of the

speetrun. Such a conparisollr by llowarc[ (1161), ie shown

in Figure 1.1. Tamamoto (lg6Z) nas conputed. the ebsorption

by these constituents for a uotlel at¡sosphere, anil hls

results are shown in Figure 1.2. DeOpite thls absorptlon

of solar energy in the infrared.n the overall effect of

absorption and. enission in this region, io ths l-orer

atnosphere, ie a loss of heat. the excesc of enisslon

coires fron the heatecl- gaaeg risi-ng fron the earths surface.

fhis statement applies to the global atnosphere but not to

particrrlår Latitud.inal regiotts. Some sDa11 heating oceurs

ln the equatorial. latitud.es where the rater vapour content

f-e high, (i'rlurgatroyd. 1965). fnfrared absorption has J.5.ttl-e

effect upon the physics anð ehenistry of forleation a'ncl

maintenance of the atmosphere, but a large effect upon the

energy transport nechanisus, ancl the proôuctlon of sn
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envlroadent suitåbIe for ].ife,

'l .l+ The Ultraviolet Bggion

The spectrafregion to the short ravelength sicLe
oof SoooÃ may be cLivídecl into tro parts. Á.bove 1350Å,, the

rad.iatíonr reacting çith the prlnciple constltuents of the

atnospherer Prod.uces nolecular excitation ancl tLissociatioa,

Thls absorption, measured in terms of the height at uhlch

aolar intensLty is reclucetl fron ltg value outsial.e the
atnosphere by a factor of e-t, takea place at heights

betreen 25 an<[ 10O kLloneters, rith e sharp d.rop üo sea

J.evel' beyoncL S2OOTI.

[he effects of ravelengtbs shorter othan 135OA.

are noleeular Í"onizatJ-on, e:cLtation antt diEsociation antl

atonic excLtation ancl åonisation. The height assoclatecl

rlth theee interactions varies rith ravelength. Betreen
O¿

1150å' anrL l JJOil d.ue to the structure of the nolecu]-ar

oxygen absorption coefficient¡ the height varies frou

70 kflo¡seters to 150 klloneters" Betreea 850å and. 1150å

the resuJ-ts are uneertain, because of difficr¡J.ty of
msesurenent, but Lppear cloee to a value af 1oo kiloneters.
Ehe absorption heigbt riges rapÍ-cl-Ly for ravelengths belor



5.

85Oå to a na-innn of 17O ki.].oaeters near 7OO;,, then fa]']-s

BnoothJ.y torartls 1OO kitonêtera neÐr 150å, rhere the

conplex structure of the abaorption coefficlent for sof,t

X-rays takes contro]-,

fn consiðering the eff,ects ctr e¡rergy interchange

l.n thE atnosphere, the noet important region of the speetrua

l-s that lying between 2OOOå, anct JOOOå. îhe reasou for

thl.s ie the steep ir¡cresse of energy eontent, rith Íavs-

length, ia the ao1e" ðpêGtruE oyer this l-nterveln oouBLed.

rLth the 1arge absorptloa coefficient of the ninor

ataospherie constituent, oãoue, the triato¡¡ie forn of

o=Jrgen, Fígure 1.5 shors the eaergy d.istrÍbution in the

so1ar speotrun betreen 2O8Oi" antl ]2OO¡, taken fron
(trurnkarê et aI 1967), rhLle Figure l.lr shors the

aboorption eross sections for O2 anel Or in this r¿veLeæth

region,

1.5 The Photochenical Reactlone of the
Cheso sph ere

ft can be seen thet ouone Ls the ual'u absorber

of railLa"nt energy in this part of the spectrun, cncl¡ as

suoh, ie responsible for tbe peåk in the atnospheric
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tenpereture curve whLeh Ís centered at approxinately

5O klLonetårs. À conprehensLve survey of the eolar

heating of the atnosphere is given by Murgatroycl ('lgSl).

ff r€ consid.er the priaciple reactiag nolecular

species¡ Ín the helght range 10 to 1OO kLloneters, to be

Osr Or antl H2O, the fo'lloring photo reactiona are of

i.lportanês:-

Oa +hu

175o"a, <

o(tr)+o(fe¡
zLzt+"i

Oe+hY

T<

o(nn)+o('p)
1 750å

oÈ + o (tr)
r < 1180 

'oÅ

ol + o (no)
o

JlooÀ

OH+FIHeO + bu

T
o

3.s a result of these reaetions, antl coll.ieonaL

processes occurring betreen the origf-nal ootponente and. the

proåuets of the reactiona, the fo13torilrg uolecular aacl
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ânal atosic speciee exiet in this rcglon of the atrnosphere

çhen i-t Ls sunlit:-

O, Oer Otr 0H, HQ, I{aQ, H¡O, H and. Ha.

Otber species thet are present Ln relatf.vel¡r

high concentrationr b¡¡t rhi-ch ta&e litt).e clireot parÈ f-n

the photocheaical reêctions in thLe part of the atnosphere

âre: -
Nt antl C02.

0ther nlnor constituents ar€ 3-

N0, NO¿r Cfu¡ fra, À ancl lle.

Molecular aÍtrogen, rhJ-3.e taking l1ttle ¡rart in the d.irect

photochenical reactd.ons, probably plays an iuportant part

ln three bod.y coJ.lisional reactions. The occurrence of

theee atoul-e and. nolecular species and. their neactions

are d.iscusseil by Bates andl NLeolet (tg5O), Leovy (tl6t+),

Nicolet ('tg64), ffaraeek (1f64), I{unt (1965), antL catlI.e antL

Poçers Ug6A).

'1.6 t{od.el Atnosphere Method-s anil Resu].ts

lbere have beea several. attenpts to conblne

knorn aad eõti.¡qateil reaction rates of the varloua reaetioaa
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with rreasured and estiruated. atonic and nolecular d-ensitiest

theoretl-ca1 and- measured tenperatures and. the calculatefl

soler flur at d.iff erent heights, to give vÊ,Iues to the

nunber d.easities of all inportant geses, fluxes of raeliation

resultiag fron so¡ne of the rear.:tions, and. other pretllctable

êYêIIt S ¡

A resent stud¡r by Huat (1966), gives the results

of tro separate calculations of the d.ensi-ties of Yarious

nolecular species Ln the upper at¡nosphere. Both are for

equinoctial eqr¡atorial cond.itions anô are basetl ou the

t" S. Stand-arct ê.tnosphere (lg6Z) 
"

The f i.rst nod.el sssunes an atnosphere wlth the

iaitial gao containing or antt H20 as reactants. The HeO

concentration usecl is baseil on the assum,ption of a eonstant

uixiag ratio equal to that found for stratospheric

eonditions by other wo?kers as 2-3 t 10-6 
'îaßs/1'.,,B' 

or

-â.5 x {O-" H2O rnolecules per air no1eeu1e.

using ttne variable values for solar red.iationt

an íteratlon process Fqs useè by lïunt to proeluce the

molecular co¡lcentrations as a function of heiShtr rhen

equilLbriun conclitious have been reachec[.

The second nodel stud.ied- by líunt starts rith the
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¡eolecurar concentrationa Bro¿lucetl by the equilibriun
nethotl, anè, by integration rith respect to tine over

ei6ht eliurnal cyclea, produoeo repeatable eonoeatr¿tiona

for succeed.ing twenty four hour perlod.s. The reeults,
of the ¡rork by Eunt are shora in r'igure 1.j¡ for noou anð

pre-d"arn coud.itionsc

lhls l_atter noclel is anong the uost cLetaileil.

clevelopecl rith regard. to the cllurnal nu¡¡ber d.ensity

variationE of the more reactive constituents of the upper

atno spbere.

the cleficiency of Huntrs nodels is the J.ack of
reference te latitud.e variatioas. À serles of norLels by

Blankenohip and. Crutzen þgee) of the oxJ¡gen aJ-lotropes and.

thelr varietion with space ead tine shors that the

raríatioas wi.th latitucLe is of the Eatse orcler of nagnitude

ås the rllurnal varl-atioas ancl slrourd. be taken into sccount

ín future prod.uctisn of moð,eJ.s.

1.7 üessureuents of ¿Itnospherie tontent
other then 0zone

ÐesBite the inportance of obtalning an und.er-
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stancllng of the d.etaila of reactions occ¡¡rring f.n the

atnosphere in the height pange 30 to IOO kLloneters,

relatlvely fer üe&sure&enta have been nad.e of the nunber

tlensitles of atnoepheric coastituents Lu this region.
ReJ-atLve values of OIO¿ and I/lÇ ratiog haye been nade by

&ass epect:rographsi ss exanple, the rork of Schaefer (t961).

ileasureneate of the absorptioa of soJ-ar rad.iation

have beÊ¡ ueett by a nunber of rorkers such aa Frieal¡¡an et al

(tg64)n Snith anrt Weekes (t165), Caryer et sI (tg6¡), to
obt¿l.n values of moJ.eauJ.ar oxygen coneentretione. ThLa

nethod hag onJ.y beea suitable for obtalnlng value¡ above

6O klloneters es the instrunents useil rlo not have

guffiaíent range to Eêaaurc lntensitiÞ¡ nuch rettucetl by

absorptioa at Loçer levels.

fn a theoretleal stud.y, tdf-ller (1g60), suggeeta

that there is stiJ.l eonalcLerable atonic orygen at about

4O klloneters, being l0ro-1Or r c.-". 0n the basis of thLs

suggestion, a test of the aosunptio¡¡ of a constant nlxing

ratio for Oa to high altltuilee roul.cL provlde further
infornation as to the reactf.ons f.¿ the atnosphere.

the produetLon of OH, reaultiag fron photo-

clissociation of HaO vapour anä subsequeat reactions, hag

been ealculateel by Ïre].lace UggZ) and. Ifunt UggC) anil
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coüpareal by lÏunt rith the observatione by îarasov& (lg6l)

and Paeker (lçøl) of the euission by OH. fhere is soße

d.Lsagreement betreen the st¡uctures as cel-cu).ated antl

observed,, though the general cllstributions are sinílar.

rtttenpts et neasuring the rater yapour concen-

tration above 3O kiloneters have been narle by Tli3.liansotr

ancl lloughton (lgøg) and Kartashev et aI (lgçgJ. Both

nethocls rely on the rneasurenent of the 6.3 nicron railiati-on

of rater yapour from thf-s re6lon. En both cases, the

neasur€Eents have exceeded. expectation ín their lntensity,

and- tb.is excess has been ascribetl to soee other atmoapheric

constituent, say 0H" N0 or lil30.

1.8 Measureuents of 0zone Gontent l-n s. Sunl-it
Atrno sohere

Measurenents of the ozone concentratioa above

5O kiloneters have been uarle by a number of cLífferent

uethotls. The Eaúliest d.eveJ-opeil ras the ilnkehr netho<1.

(see Sectíon 2.1), d.eveJ-operl by Çot z et al. (lgl+). The

u¡easureuents necessary f or ded.uetion of the results åre

naile at sea Ieye].. 1,îíth the aclvent of telenetry systeae,

enabling the resuJ-ts of neasurenents narle in flight to be
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tranenittecl to ground statione, balloo¡r borne instrument-

etion ras developeel" rhlch, rit,h the ad.vance of balLoon

technology, ras capable of ca:rrying out in situ deternin-
ations of ozone d.ensf.ty up to hei6hts of 35 to 4o kiloæetere

Instrunents of thís type have been d.eveloperl by Brerer end.

Hil.ford. (t gSO ) ancl Reseter (t geO) 
"

TfJ'th the use of rockets for atmospherie

inveatlgationr the absorptfon of eola¡ racliation by oEone

at particular rayeleagtha has beerr used for neasurenent of
the eoncentration of thls gas in the atmos¡rhere. Ân

exanple of euch a, rneasurer¡ent is tbaù of Johnson et al
(lg5Z). 0bservatione of the ,absorption of solar reil.tetion

through a sJ.¿nt path througb the atnoaphere as vieçeil fron
aa orbltlng eate].]-ite haye also beea used. for orone oorrcelt-

tratlon tleterninatLons by such vorkers as Larellffe et al
(tgfi) and Mi].ler and Sterart (lgç5).

lhe detal.].s of these various nethod.s of

neaanrenent rriJ-J. be d.iseusseð 5-n 0hapter Z.

1"9 Measurement of å,tno spherl.c Corponents Ln the
å.bsenee of Eunlieht

IIE Eolar racliatlon is lnportant in the procLuotion
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of the reactiag species in the upper atmosphere, it Le

obvious that consid.erable cl.iff erence 1s to be expecte¿l

in the cond.itions exLsting at high altitud.es between

periocls when the B.tnosphere ig sunLit anil whea the solar

rad-iation is absent. The neasurenente of OIi by Heppner

and. Nerectith (lgr8) and- Packer (lgøl ) ancL of If¡O vapour

by Kartashev et al (lgeø) rere nad.e at night" the Latter
rhen the sateJ-lite vehicle, naklng the neasurements, ras

on the sid-e of the earth açay fron the süD. Ihese tro
conetituents, howeyer, are d.iffi.cult to neasure accurateJ-y

as measurements d.epenel upon the excitation rnechaniemg

resultiag fron the clissociation antl reconbination of

orygen, the pred.oninant reactions oscurring in this part

of the atnosphere. the ¡aetho<I of ueasurf-ng nolecular

oxygen that hes been useal for d.ayltght fJ-lghte 5's regard.ecl

aB unsuitable for use at night as there are fet sourceE,

ttrought to be of suffj-eient strength, to enable the

record.íng of change of absorptlon rith helght, neeeasary

for thÍ's nethod.. It is possible that the lunar surface

nay refleet ultraviolet rariiation of sufficient strength

to record the necessary change Ln signaJ. if an ion chanber,

usecl as a d.etector¡ i.s operatecl at gaa gain. ån experinent

to neasure the intensity of reflected. rad.iation ls at

present paat the ùesign stage and uncler constructlon.
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S*hen conaiderin€ a Eeaaurenent of the ouone

d.istríbution àt aieht¡ the value of the runer frux ia the

nld.rLle ultreviolet, aa neasuretl by ffecldle (lgez), seened.

to provicle a possible aouree. 'Í[hi]-e the value cletersinetl
by Hed.d.J.e raa not regarcled. ås vert accurate, it provecl the

inte¡glty uao of suffieient streagth for thê purposÊ aaü,

in Èhe neasurénent of its value, over a rid.er spectral
rarrger å1so roulcl supply further inforsation about the

nature of the lunar surface itself. wlth these tro obJeets

ia nind.r the experinents to be d.escribect sere rresigned."
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CHiiFTIiR 2

îH0DS 0.? I,rl STI?-EMEI'I-T 0F 0U 0N3

c otücitl,fî P..â1r0I[ Iii TH! TJPPER ,ITìlOSPHBRE

2.1 fhe Timkehr Method.

Various method.s of Eeasurement of ozo¡¡e at

altitud.es greater than JO kn raentioned. in Chapter 1.

'fhese are d.i scussed- in sorne d-etail below.

îhe first nas the llmkehr nethod., d_eveloped. by

Gstz et â-1 ?Sr+). The nethod d.epends upon the sigaals

receiverls at ground. J.evel, from tv¡o na.rrow band. pass

photoneters centrecL at two wavelengths ri-thin the relativery
snall cros s-section iïuggins ab sorption b a¡r d.s of o¡ in the

region l0ooå to l5ooi. The ratio of the sígnaIs receLved.

ís record.ed. as a Í"unction of soJ-e,r zenith angle, the

relation bei-ng of the f orm, (Craig , 1g6b)

co

r(rn )
rG,J

r,(r..) zu(rr) þrue. (rt ) Tã*(trr )

K (?r" ) ir" (1" ) pT (1, ) 7z.o(rr)

d.z

ð.2az
o
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at l'.
I'

earthË

where r (Ì''Í )

ri (r', )

r(rr)

p

1 (r )q a

= Eêâsüred. intensity at À.

= Ray]-eigþ Ecattering coefficient

= Solar f]-ux at the Li¡nit of the

atmo sp here at ?u.

= eir d.ensity at altituele z

= transni-ssivity of the slant air

between the altitud-e limit s o.

coluna

and. p.

The value s of this ].ast tern are functions of the

zenith ang1e, altitud-e ú, and the absorptlon coeffLeient of

O¡ Ín the pass band of the photometer.

llunerieal. ¡nethod.s for the d.erlvatÍon of profiles

fron the Eeasurenents have been given by Ìl'aJ.ton (lgll) anð

F,anathan and Dave (lgSl). Very 1itt1e infornation about

the high altitud.e d-istribution can come from this nethocl

¿s if rests on the "¡ssumption of uero osone above sorne fíxecl

J.eveL. It is extrenely useful, however, for record.ing the

seasonal va-rlations in ìreight and. d.ensity of the naxinuu

concentration peak betwr:en 20 and. l+O kilonetexs"
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2,2 Balloon Borne ghegica]. Sensorg

I''rhile the untrehr nethocr. uses mea.sure'euts nacre

at ground. lever¡ other means require the instrunents to be

Liftecl to soae height in the atnoephere, the heLght rLepending

on the lnstrument uged-. One type depeuels upon the reaction
of ozor:e rith potassiun loclicle, r-ír .

Or + 2KT + H20 + 2K0H + Oz + Iz.

The number of osoue ¡nolecures takLag part in the

reaction is meagured. by erectrol-ysig of the ioá.ine formecl

ia the solutioa. rf a potentiar difference is naiatainecl
in the nonreacting solutLon, the electrocles Êre polerlserl
and no current flors. Tlpon reLease of the f.2 fron the

reaction, at the cathod.e¡

Tz +2e +2T.

there is s d.rif"t of the negative ion to the anod.e vhere

2I +Ia + 2e a

thus, for each oaone nolecule interactlng, tro
e].ectrons f].or into the circuit.

Trro systems for collecting thls curreat are used.¿

These rere cLeveloped by Brerer and t{iLforcl. (rg6o). Ther
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are

(") lhe eTransnogrifierË in whi.eh the KI solution
f s d-ripped., through the ozone atnosphere, onto

the cathode, then fJ.ovs d.orn an insulating rod,

giving up the electrons to the anod e.

(U) îhe ÐBubbJ-ern in rhÍeh the ozone atnosphere is
bubbJ-ed. through the sol_ution at a. constant rate.
The aegative ions forned et the cathode are

collected. at a silver or nersury a¡¡ode. i{ere

the electrona åre passed. to the anode. *riLe the

iod.lae reacts rith the anorle naterial, forning &n

insoluable sart aad. is so removed. fron the solution

These nethods are useû in barroon flights and uay

give infor¡nation as to the ozone distribution up to heights

in the region of 35 to 4O kiloneters.

Another aethoil involving the chemical properties

of ogone is that d-evelopecL by Regener (lgAO), whieh d.epencts

upon the chenílu¡:inescent reaction of ozone rith the

luninescent naterial rLuminoLr" sanBles of air are drawn

past a ilisc, coateil with Luninol-, and- the rad-iation result-

ing fron the reactions is, as found. by Regener (1960),

proportional to the ozane content of the air sample. ff
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the cLiec is vierreð by a photonurtiplier, the observe<t

current is then å. measure of the ozo¡ae conte:rt of the air
sanpJ-e. This *ethod. has been nidely userl by the Uniteet

states Air Forse tenbrid.ge..ç,esearch taboratorrr the earry

results of wbich ere pr€sented by l{ering and Barden (lg6l+).

2.3 F-ocket -BoEne Senso¡s

MoC.if ications of Regeners balloon borae czonosoncle

h¿ve been clevelopect by P.andhara ('tg66a, 1966b), for the

aeasures!.ent of ozone concentrations cLown from approxinately

6O klloneters over the Ì,rhLte Sand.s Misslle Range. The

first of these instru¡¡ents consistec!- of a. ehanber rhich ras

períod.i-ealIy opened. to the atnospherer 4s the sord e d-escenaleal

from tbe peak height by paraohute, having been placed at

a.Ltituû,e by an .ARC,'rS z.ocket. 0n opening the chanber, a

sanple of ai-r from the ::urroundings of the sond"e enteretl

the chanber. the chamJ¡er raE then cl"osed., the cJ-osing

action opened. a shutter which allowed. the photonultf-plier

to vier the cheniluminescent &isc, thus measuring the oaone

content of the san;rle enclosed..
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lhe second. lnstrument operatetl on a siniJ.ar

eysten except that the sauple chanber w&s oontiauousJ-y

oBen to the at¡nosphere through a folcLeet ehannel vhieh

acted, as a 1i6bt trap, the main botty acting as a storage

voluner while the cheniluninescent d.ise ras nouutect aLong

part of the path fron the atuosphere to the storage volune.

Rand-hasars method- of measure&ent of high a;Ltitud.e

ozone has the ad.vantage of being i-nclepend.ent of external
couiLitions to the extent that the experinent may be rnacle at
any tine of, daxr without variation of the instrunentation

in any way" The weakness of the uethocl appears to Iíe
Ín the assunptions that nust be nad.e as to the Srnanics of
florn first ín relation to the cond.itione near the skin of

the sonde relative to those some d.istence fro¡o it es it fatln
antl eecond., the effect of flor over the gurface of the pnd.e

upon the rate of fron 1-nto the storage chanber past the

sampling region. îhe resurt s obtaLned. by Randhara sill
be presented in Chapter 6.

2"1+ the Atnosphere Ê.atlianc e Methodl

:la indirect approach to tbe d.etermination of the
upper atnospheric ozone d,istribution has been formurateê by
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Troney (lgel). this nethotl involveg tire use of ¡ûeasutrenents

of the scattering of the solar rad.iation by the earth

etnosphere as a function of the solar senith angle and the

observation angle together with the expectecl depth of

penetration as a function of **e6Jength* The atnospheric

quantities Lnvolved. includ.e the vertical etistribution of aiq

oxygen and ozone and. the nethod ea1ls for the ffttf.ng of the

observed. radiance values to those expected. fro¡¡ perturbation

calcuiatlons with a mod"e1. atnosphere d.ístributlon aE a

starting poÍnt. 0bservatlons are ¡ade fro¡¡ Eate]-].ite

vehicles and. an erenple of thls uethocl is the çork of

Frj.eclraan et aI (116l). Because of the conplex natr¡re of

the pathenetical. treatrnent that qust be applíed a¡r<[ the

assunptions that nr¡st be nacl,e, it is not an id.eal nethoil of

obtalning d.etailect ozone d-istri.bution profi1.es.

2.5 NeAs!:f enqnt by ,4.tnospheria Âbsorpti.on

À further methorl of measuring high al-tÍtuele

osone d.istributions uses the effect of absorption of

radiation by the €asr the source of racliation beÍng beyonil

the region of expected. neasurabJ.e ozone concentration.

The first of these Beasurenents rês naile by Johnson et å1
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(lg5Z), rrho used- rocket spectrometry i.n the region 25OOÂ

to J¿Ì-OOi.,. The snectrogrâms, taken as a f unction of

altitud.e, show the extension of the observed. solar spectrulo

toward.s the ultravi.ol-et as the vehicl-e eJ-j.nberl through the

atmo sphere. By comparison of the d-istribution of r"¿d.iation

intensity a.s a f unction of ¡vavelength, received. at

successÍ-veJ.y increasing eItíiudes, and- applying knowledge

of the absorption coefficient of ozone, the number of

absorbing mo1.ecuJ-es between each observatioa point along

the rai.iation path Bay be neasured.. The advantage of this

¡nethod. l-ies in the se-lf consi stency required_ within the

wirole part of the sr,e ctrun that is observed.. ,l'hil_e sone

urieertainty may exisi in the number d.ensitSr d.eterninecL at

a particuJ-¿.r wavel-ength, the requireraent that the result

associated. øith arL aojacent wavel-ength ¡nust agr-ee supplies

a check on each d.eternination.

fhe ci.ised.qantage of the system Lies l-u the

sophistication of the instrurnentation reouired, anil the

necessity of recoïerJr oÍ' the vehicle sf ter the fligbt.

Such a systen is not suitab3.e for recurrent me esurenents,

I qethoC. of deternining the high altitud.e ozone

profíIe, involving the uEe of artifici¿l- earth satellites,

Ls that employed. -ry Îawcliffe et al (lg6l) anct ì,ij-l.ler anct
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sterart (t 165). the experinent depencls upon the

neasurement of the absorptlon of eolar rad.iation along

a slant path through the atnosphere d.uring satel.J.ite

sunset and. eunrise, The path length of the raeLiation may

be sLmply ealculatetlr oD naking assunptions as to the seele

height of the absorbing Basr accoriling to the theory aE

preeentetl by smith' antt lfeehaç (t965)" Because of the

ranges of height in the atnosphere eubtenclecl at tdre

satellite by the finite angular sise of the sun some

d.ifflculty exlsts in the reiluction of the resuLts though

thls nay be balanced. to sone extent by the collection of

a large nuaber of d.ata points. .å. photoneter, capable of

enploylng this nethocl antl" aLso the nethocl of Tvoneyt

mentionetL'in sectLon 2.4t has been inelutlecl by t]¡e author

Ln the peyload- of the .4.ustra.lian bullt satellite rþich it

f.s ptanned. to l-aunch into a near polar orbit late Ln 1967.

Detal-le of thLs lnstrunent antl others lnclutlecl in the

setellite çi1l be gl.ven ia 611¿'¡rtàaxBi.

2.6 Selection of Methoils of Niebt Îi¡ne Measr¡rcnent

Because of the basJ.e sinpJ.icity of absorption

Eeaaureuents¡ ancl their iaclepend.ence of the conilttioas in
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the ioned.iate location of the sensors, a systeu si¡ilar
to that used by Johnson et al ras tlecr.deil upo¡r, rith
variations in that high reEoLution spectrrametry ras

repleced. by broad banrl spectronetry and. the inteusity
tas recor<[ecl. photoelectiicall.y rather than photographically,

This Latter change mea¡¡t that the i.nforuatiou coulcl be

traagnlttetl in rear tíne by telenetry ancl d.Ícl. n6t require

the recovery of the instrumentation. The faei1Lty of

attLtud.e co:rbrol of the vehicre rag not aveiLabr.e so that
the rl.esi6n hatl to nake use of the rlynamics of the vehiele
fu frtÈbt to obtain the auuber of measurenents requirerl.

for a neaningfuJ. neasr¡rcment of the il lstribution.

2.7 DetaIL o on Measì¡remea ts

The ¡neasurement of gas d.enslties by absorptioa
elepencl.s upon the applicatiou of the rar attributeè to
Beêr, uhicä etates the absorb¿nce of a parallàr, aonochronatlo

be¿¡ of rad.iation, in a honogeneous, isotrop!.e nediun, is
proportional to the path length 1a tbe neiliun aacl to the
concentratíon of the abeorblng speciea along the path.

For an eleuent of path, d=, this aey be ctsteal ¿s
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AI = -Itncrd.x

Radiant energy per unit ravelength Lntervel

at T{avelengthr Fêr unit ¿rea j.neÍËlent orr

s surf aoe nornal to th e clirection of .l*re

rad-ietion,

lhe chaage Ln the intensity I after trayerslng

a path length ctx in the necliua.

Ihe number of absorbJ-ng pa:rtial-es per uai-t

volu¡ne of the neiliun.

The abeorptlon coefficientr at ravelength 7r,

of each particle¡ ia units of &rr€ae

AL

ancl o},

n=

a

ThLa foro na¡r be integrated to give

I¿I = Ir?r *-:î.c¡Xt¡

vhere tra is the path length betreen the posftions of

üe&âurerents of Ir, ancl I3r¡ anil the nuubar tlensiWr Dr Le

assuned. constant oyer thla dist¿noe.

fn 6encra1, in atnoepheric reasurouentø, tbe

val'uc of n Eelr not be consid.ered. aE constant. ff the

d.etailg cf the ðistributio¡ are to ba k¡orn, Deasureuent¡

¡houldl be macle sueh that the path length betreca suoeessiyc
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If thls Ís the case, the

the true üictributLon, ln

nu¡¡ber tlensity ¿long the path

TT

ï
I

I
t

path
a (x) ilx
PaËlr

cLx

nay be racle, rbere u(x) is

¡Bany caaes unknown, of the

of th e rad.iation.

2.8 .Aorroxiuatfon of the Fa th tenerth

The peth length of the ratLiation through the

atnosphere is clependent upon the helght dLfferenoe betleen

succesEive observations and. the angJ.e between the nornal

to the earthts surfacer at the pol.nt of observation, anil

the posi-tion vector of the souroe of rsclíation.

Ref errj.ng to Figure 2.1 2

R = þ}re rad.ius of the earth

ho = the heigb,t of the ob servatlon at point P

0o = the anguLer ctisplacenent ctr the souroa fro¡n the
nornal to the earthrs eurface through P



@
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h_ = the height of an e1ement of path length of the
Y

rad.iation towards P at position Y

0__ = the angular d.ísplacetsent of the soutrg€ fron thev
nornaL to the earthrs surface through the poi.nt

Y

then, from the Sine reJ-ation,

(L¡ ê¡ Sec 0
R_+ ho 2

intv +

If the assunption ie naate that Seo 0y = Sec 06

in cal.culating the rnagnitud.e of the path length elenent,

tbe element cls ig given by

rls = dh Sec 0o

rhere dh = the d-istance along the nornal to the earthrs

surface subtend.ed by the path length el-enent. îhe error
introducecl by this assuuption nay be cleterninect by

calculating the ratio of Seo 0o to Sec €" as a functioa

of 0e andl the height d-ifference (U* - ho). The results
J

v
hR(, ) e

ìå
u")
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of sueh a salculati-on for the values concernetl in this

stud.y aï.e sþorn in Figure 2"2. It nay be seen tbat the-

error involved. is of the order of a fer Percent over the

ranges consiôerecl .

2.9 rh re rLbsorPÈ ior tro ss Seetions

The ozone absorption cross sectiont becauEe of

its rnajor effect upon the rad.iant energJr interchaage rith

the atnosphere, is of consiùerable iuportanoe to atnospheríc

stud.ies. Due to the conDlex treat¡nent required- for poly

atonie nolecules ancl the lack of infornation releting to

its nolecular strueture, l'{urliken (lg+z) *s exanple' li'ttre

sucoesE haa attentted. theoretieal epproaches to pred'iotlon

of vaLues of ouone cross sectiors¡ Due to the d.iffículty

of ueasuring the concentration d.uring measurenentt there

has also been sorae lack of consiotency in the ¡neasurecl

results presented.. These d.ifferences &re d'iscusseå by

Inn ancl îanak¿ çt 959).

Theprincipleregionsofozoneabsorptionover

the spectrum are J.isteiL belor.
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ueasuremelrts but, because of their strengthr are

inportant in the effectE of etmospheric heating.

The bands existing in the Y&culrn ultraviolet

regioa have yery large cross sections but are of little

use for absorption Beasurements in the atnosphere as

nolecular oxygen, whiÌe having & smaLl-er cross section by

þoue ord.ers of nagnitucle, exceecls ouo¡re in nunber d.ensity

to such an extent that any absorption by ozoîe roulcl be

coøpletely nasked by that of molecular oxfgenr To

illustrate the optical. d.ensity of the atnosphere at 1215i,

f.n the vacuun ultravloletr. val-ues of cross section andl

nuuber rlensíty of both ouone anè noleeular oxyten are

listed- be1ov.

fu cross section = 1 x 1O-zocnu

=cQ
O¡ cross section = 7.5 x 1o-r8on2

= cO¡

Ileight
(r*)

40

60

80

n(o2 ) n(o¡ )

6 x lotr
9 x 1oe

10t

co" u(oz )
a'rn [Or )

3.49 x 1Or

2.28 x 1O2

1 .19 x 1Ot

1.6 x

1.5 x
g.g x

1or 6

1or 5

10r 3
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The three absorption bancle ín the near ultra-
violet and. visible regions of the spectrun are Êtl sultable
for use ia at¡nos,;heric absorXltion stucl,iee ancl heve been

usec[ for thi's purpoae. The Dobson spectrophototeter,

which is used. to obtain values of totel oaone, takea

atlvantage of the rapicily changing abeor2tion cross eection

sith ravelength that is charaeteristic of ÏIuggins band.s.

So3-ar racliatíon, either d-irect or scatteret[, is measured

at tro close ravelengths such that the intensity at tbe

top of the atnssphere is alnoet the saüe but the absorptlon

due to osone is very ilifferent" The at¡ucture of the

Huggins absorytion bantls as deterninecL by lun andl Taaaka

(lgSg) ir shown in Figure 2.j.

Tro features of the Huggine baucl.s aarle then

the type of systeu that ças to beuneuLtabLe for use ln
use¿l ln thie etu<[y.

(a) the cross section is too suall to cLearly ttefine

' structure above the ¡aaxinun concentration region

rithln the expeetetion of the equlpnent,

inelud.ing teJ-enetry.

(t) The cross sectÍon, perticularly in the nlnilla otr

the band. strueture has been found to be

teuperature clepencLent in a sturty by Yasey (lÐ7).
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Some resu-l-ts of the temperature cLepend.ence

stud.y by Yassy ar€ shown i.u Figure 2.4. Due to

the uncertainty existing in the structure of the

tenperature vs. height proflJ-e at any particular

raoment, a teËperatr¡re sensitive cross section is

not suitabJ-e for use in at¡nospheric absorptlon

Inggstlr es.

The stud.y by Vassy al,so showe¿l tenperature

ilepend,ence in the Chap¡ruis absorption bancls, which, for

the sane reasons as stated. previously, rere not useê in

the investigation. lhe structure of the Chappuis bantls

fron Inn and. Tanaka (1g59) anê the tenperature depenrlence

fron Vassy (1957) are shown in Figures 2.5 and- 2.6

resp ectiveJ-y.

the Hartley absorption banilsr when stuclÍ-eù by

Vassy, over the range 27Ooå to foooå, showetl no' tenperature

effect rhen observed. over the Ìênge Or -ZOt -l+0, -60 anil

-8OoC, the spectrophotonetrlc curves being superposable.

the variation of the cross section with vayelength is shor¡r

1n Figure 1.¿Þ. It can be seen froa thie curve that the

Ilartley bantls provid.ed. absorption coefficients suitab1e for

both the &easurement s of oaone in the regions near the

maximun at about 30 kiloneters a¡d- the regions of J.or



density extencliag above 5O kiloneters.

To gLve the best eoverage

tH-stribution, pass band.s ceutrecl oa
I

29OOÀ tere chosen for the flrst set

auê a further band, centred. on 2500å

secoad. round..

31.

of the he Íght

2booå, z7ooñ anrl

cf, instn¡¡ent ation

raa Lncludeil in the

As the spectronetrie aethod. tc be ueed. raa a

bro¡d bancl system, the ¡ricl-th of the benè being cle¡lenilent

upon both the spectteal response of the photod"eteetor ancl

the spectrel resolutlon of the fíIters used., the aetual

value of absorptlon coeffi.cíent usert las a reighted. aean

vaIue. The ¡oethod. o¡' obtainÌ.ng this ¡Beân value wJ.lJ' be

given Ln rtetaal in Section 6.2.

2.1O The Ful]. Lioon as a Rad.Latl-on Source

IJse of the nethod. of absorptlon in the d.eterruin-

etion of atnoepheric d-ensities requires ê source of

rad.iatíon, preferably of constant i-ntensity and at aonê

clistance fron the absorbing region. A sui.tabJ.y brlght
source in the nigbt sky i-s the fuJ.l rnoortr Â-s the ßeasure-

nents tere to be mad.e in the niddle ultraviolet, i¡rfornatio¿
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as to the intensity in thi.s part of the spectum ras
required.. Few stud.ies have been macle of the spectral
intensity of the tot aJ. lunar surfêcêc Stair and.

Johnstou (ll>l), producecl results showing the totar lunar
sunface spectrum cLown to a ravelength of J3ooi, in the near

ultravio]-et while ,'fed.d.Le (lgSZ) nacle an observation of the

intensity at a wayelength near 2zoo"Ã,., The resr¡lts of
stair and Johneton and, Ïied.clre rere conbÍnecl by HecttLLe (lg6l)
a8 a neasure of the d-ifferenee in brj-ghtness as a function
of wavereugth, between the sun and. the full Íroon, ancl thus, a

neasure of the spectral reflectance of the lunar surfece.

Â graph showing the nagniturle dif,ference, aa given by

Hed.d.1e, is given in Figure Z.7n

Fron the results of l{ed.d.le, the fJ.ux expected.

frorn the total lunar srrface ras of the ord.er of 1O-s to
10-6 ergs cm-e sec-r å-r orrer the r ange of ryavelengths to be

usea. This expected. flux figure set the l-evel of sensLtiv-
ity of the photoneters required. anrL the experinent e rere
plannetL to be flown at a periocl near to fu1l moon, The

d.Lfference in j-ntensity betreen the sun anil the reflectecl.
rad-iation fron the noon ras so large that a moonrit atnos-
phere woulcl show no charaeteristie of a sunlit atmosphere

and. be representative of, the atmosphere in the absence of

rad.iation rithin the accurecy of the Eeasurements to be

naÈ[e.
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CT{.IFIER 
'

rI{STR I{ï . ÏON OF ?I{E ROÜKET VE}T S

3.1 Introd.uctíon

fhe expeiriroental apparstus employed ia the

rocket borne neasurenent of the luaar ultraviolet fluxt

end henee, the night tlne distribution of high atnospheric

ozoîe, eonsieted. of thin filn filters backeð by photoelectric

eêrÌSof,S¡ lhe currente received. fron these were then passed.

through an¡rJ.ifiersr the Yoltages proclucecL applied- to a

telenetry system and transnitted. fron the vehícle to the

ground. reeeíving station enð record.ecl. DetaíIs of eaeh

iten of the eguipnent are given be1or.

3.2 Photoneters

3.2.1 Fi].t€rs. Traasnission ancl use in Photoneterg

lhe spectral. resolution of the photometera ras

clefined. by the use of interference fiJ.tersr çhich were

obtalaed. conmercially ancl haiL nonlnal- peak ravelengths
ooo

of 25OAA.g 274O.q", anð 29OOl\. Tbe transnission of eaeh
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fíJ.ter was neasured, using a Perkin EJ-ner Type 1t7W

UJ.travioJ-et-YisibJ.e Speetrophotometer. Graphs of Log

Absorbance vs. Tlavelength, as prod.uoed. by this instru-
ment, are given ín Figures J.1 .1 2 3,1.2, J,1 ., antL

J.'l .4.

.AJ.though the co¡anercLaJ- process enployetL b¡r'

the suppliers is not kaorvn, the general proceùure usetl

in the rn¡king of interference filters for use in the

nid-cLle ultraviolet has become re1I knorn in the ]-ast

ten years, €rg. schroed.er (lgøZ), Soklova ancl Krylova

(1959) and. Barr antl Jenkins (lg5e). cne of the proble¡ns

assocíaùed. with interference fi]-ters is the transniasioa

of lower ord.er paesbanð.s of longer wavelengths. Such

an effect was noticable in the fiJ.ters suppliecL with

nomf-naJ- rravelengtb peak t,ransnissi.on at 25OOå, but had.

been suppressed- to the extent that trensnissLon at the

lower orcler peak at 5OOOÍ. gave a signaJ-, from the cou.plete

photoneter, oaJ.y sJ-ightly above noLse IeveJ-, when

exposed. to ft¡11 noonlight at grouncl Ievel. fn the case

of the other filters suppliecL, the lower ord-er trans-
mission was reuroyed by use of ultravioJ-et transnitting
glase fi1.ters of the type of CornJ.ng t-54.

the sinple theory of interference fiJ.tere

has the foru, for naxinuu transnission, of
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refrrrctive indox of the traneaLttlng nrrL:Luu

tjrickueEa of the fI],¡e of the sediu¡

engle of laofulenEe of tbe reitlati.on

an åntegerl Los for eueh flLters

the 'uravelan6th of ¡na¡luua trencfliüsl,oü.

fhe deBencleace on ô of the transmlùtsd revelongth

lrea oLgo obeerÍeür ual,ng the Ë'*rþ6 speotropbotauetsr aE

senttoned. eboy*. îhe result¡ for ¿ typloal ff)'ter aro

phown ån ;:"Lgu¡ra 5,2, Tt rnay be aeËn tbat, vhLte the

bean of the spectrophoto¡qeter Le eJ,lghtly d.ivergantn

vl.th a b¿rlf *-n6ì"e of 3.5"1 èhf.a has no praetloal effest
on the trensnisslou meesursd. at norna.L l"nql,denoe,

though Ðeß¡e effect coul-d. be exBeotsdl rhen BøèEursnents

Eero aeôe at large en6leo. lhe ourrss In Fl*gure 3.8

rere nst oritici:L to the sßIle!.irÉeût but aerve to €xpl.Ð1n

tbr ohan6e Ln ravoLength sensltf.vtty rlth eagl.e obaorverl,

in sal-l,brl*tlon of, thc fLnal' Bhotoneter,

The nountings for the fll-ters fa the f,lieht
vohl"ole eonsleted. of ehe}leu flan6cil cyll,ntteran tbe

fl'Ltors being held lo grleoc by gcrered. retalnl.ng rLnga*

Froteotlon fron ehook lrâs proyf.ileð by nøoprßnê O-rIBtsr
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rhioh aJ.so serve¿t as J'ight seaJ-s, The nountlng is

shorn ín Figure 3.3.

1.2.2 Fhotomul-Èf,plíer Type aqq lü-gg:¡q!1Eg.

The photonultiplJ-ers usetL rerc R¡C.Â" Type 1P28.

The JP2.-q i.s Ê sid.e riador tube of circular cege clynotle

structure, vith a Cs Sb cathode antl an envelope of

Corning 971+1 glass which is capable of transnitting

ultra¡¡ioIet.

The choice of thia photonuJ-tf-plier ras cleteruLneiL

by the conbination of lts spectral response and- lts sise.

Upon removal of base pin structure, the tube has an

overal.l length of about J$ inches, this varying slightly,

d.epend.ing on the shape of the sealecl off punping leatl

at tbe base. The er¡telope has a naxinurn rlianeter of

15/16 inchee. This di.rnension is mai.ntaf'necl fron the

top of the envelope for 2 iuches, Frou thls polnt onr

the clianeter d.ecreases so as to f alJ. iaei.cle a atraight

3-ine fron this point to the ttp of the punpLng lead.

This shape enabled tbe nounting of the tube lnsLd.e the

payloatt rllaneter of 4f inchee, The position andl shape

of the nouating is shown in the layout diagraa.

Figure 3.6.1.
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3.2.3 lìeoui¡ement an¿l netrr o¿l of Â.e . Moilulatlon
of Fhotonu't tiplíers

the 'chernal environnent of the rocket, involving

hj-gh tenperature excursions, is such that d.rift of the

output J.eveJ- associated, ríth uero input current can

oceur ín sol.id state D.C. anpJ-tflêrae Becauae of this,

â[ ^1,.C. systen was used. in pref erence to D. C. 1o

obtain this r..t. cond.ition of output current fron the

photonult ipliers, the sígnal sss mod.ulatecl by changing

the gain of the tube in a periodic fashion. This was

tlone by shÍfting the potential of oae of the ilynod.es

r'¡i-th reepect to the value that would. exist in a nornal

D. C. ohain,

I¡r ord-er to cletermine the nagnituil-e ancl sign of

this shift and- whi-ch dynoele wes the nost suLtable to

shl"ft to obtaín the deslretl ef,fect, tests were uade on

clynodes nr¡nbers l¡, 5t 6 anlð, 7. îhese were nacl.e by

a<lJustiag a light source to give a convenient output

signal at tlrree operating voltages ancl varying the

potential of the clynodle with respect to its nor¡nal chaln

positi-on voltage. The resulting curri.es are shorn in

Fi6ures 3.\,1 t 3.4.2t 3.4.J and. 3.4.4, It can be seeu

that d-ynod.e aunber 6, varying negatively gave the sbi*p-

est eut off 6f eignal-. .îor thl-s re&son, dynorle nuraber
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6 w&B chosen e,s the nost suitable. The nethod. of
prod-ucing the requirecr. shift of potential fro¡n a
supplJ-ed Bquare rave is shorn in Flgure j,j.

il].ectronic s

3.3.1 Dynoùe Ì.loÈu1alf-on

The square raye supplied to d-yaod.e nunber 6 co'e'
fron the unsnoothecl output of a D.C. converter
operating at a frequency of 1,2 Kcls, rith a peak to
peak voltage at the output of 1oo solte for an input
of -11 volts- Details of eircuit operatíon and e
cf.rcuit dÍagran are given in Append.l_x l.

3.3.2 EiSh Tgn_Eion

The hígh tension voltage, neeessary for the
operation cf photonultiplíers, Í.s suppì'iecr. fron a

D' c' to D. c. converter. The potentier d.evelopecr. is
dlroppecl across the fi.ve resistor chai.ns rhich supply
the dynod-e potentÍals to the five tubes used. The

magnitud-e of the resistors used. in the cbains must be

balanceil betreen tvo d.esend.s. rhe firet of these
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is that the shain current in each photonultiplier

systeu must be betseen one snd. tvro ord.ers of nagnitud.e

greater than +.he signal current ¡rhile the secoad ís

that the power d.issipated- Ís wlthin the tolerances of

the tr¡.neistors usecl, the types used being linitetl by

the ùi&ensions a1lorable for roaket application.

these cond.itions Íere controlleel by variation of the

applied. potenti-al., by use of a tlroppiag resistor

betrreen the supply ancl the resistor chains, and. ad.just-

ment of the anplifíer gain. This raethocl. can be usetL

as the signal current has an exponential clepend.ence orr

the appLied- voltage irhile the ilepenrlence of the cha.ln

current is linear, îhe ci-rcuit d.iagran aad cLeseription

of operation is given ín .åppeailix 2.

iinp]-if iers

the ar,;fifíers to rhich the output currentsof

the photonultl,plÍers were appJ.5-ed had throe outputs.

the gaf.n sf !l:e first stage of eech anplifi-er ìras

variable by acliustrnent of the input iiaped.aace while

e¿eh of the two sueceed.ing stages had. a gain of 'lO.

Each stage hatl it s oÍn output rhl,ch waa monitored by

the telenetry system. The rid.e (ynau.ic range of this

systea ws.s neeesÞary if cletails of the hieh leve1
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absorption were to be obtained.. thís can be seen if

ít Ís assuaed. that the total colunn nunber d_ensity of

ozone uol.ecul-es above JO kíloueters if of order

lOfe to 10"o mclecuJ-es per cts" whi1-e the cross section

is of orclsr 1O-r7 cnå per partic3-ee whish irnplies that

the si-6nal. would be erBectetl to change by a faator of

e5 to e' during the fJ-ight, thus shoring the need. for

e wide d,ynanic ¿'arge of the photomet€rs¡ Beeause of

Ij.nitations Í-nposed. by the teJ-einetry st sten used., all

three ouiputs have a voltage l.init of 1.1 volts" lhis

Li-nit prevented. the sensor voJ'tages beiag confusetL with

the syachronised. pulee of the telenetry frame. À

cj.rcuit diagran oi the aiapJ.ifiers aad. a d.iscussion of

their oper¿tion is given in ,LppencLix J.

3.3.+ talibretion Circuits

Secause of the possibiJ-íty of change of gein d.ue

to the thernal- envlronnent, an in f1ight calibratlon

systen res devised. ?his consistecl of tro paåÈs of
rgrain of wheatr lanps that were lit sequential"ly for
a perioô of 2AO nilligeconi.s each el-even second-s. ?he

lannpe urere arranged. so +,hat pair 1 llluninated. tubes 1,

2, J and. l+ whi]-e paír 2 illunin¿ted. tubes 2, Jt 4 and 5.

It would. thus be possibJ.er or examinstion of the
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record.ed. cutput, to note if any change was apiia'rent

ín the signal froq any one tube and- by reference to

en adiacent tube, cleterrained if this cas d.ue to change

iu the gaj-a of a particuler photonete:r of a chenge in

the 1evel- of illunination frou a particular l-aup'

The voltage output for eaeh cal-ibration l-anp ras

ad.justable by variation of the ðepth of penetration

of s screff into the liebt path between the lamp ancL

the particular phottueter' The position of the

lanps with respect to the photometers ie shorn in

I'igure J.6,2, whil-e the eircult d.iagran and. explanation

of operation of the calibratíon tiner ancl laap supply

is given in Appendix 4.

3.3.5 Protecti.on Dynode Víbration

During laboretory tests l-t wes found. that çhat

appearecl to be mechanicaL resonanoes cf the d-ynotle

structure occuz'red- at sone f,requencies d-ur5-n5 the

vibration test. Àt certain frequencies, when the

tube was vibrateti with the high tensiou voltage appliect,

large pulses of Current were observeit folloretl by a

consid.erable increase in the d.ark current leveI of the

tube. lïben the tube ras subjectetl to several traverees
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of the vj-bl'atj.on speetrun in the absenee of high

tenslon, no inerease in the d.erk current was observe¿l

uhen the high voltage wae again appliecl. To avert
any unnäcêssary increase ín d.ark current d.uring the

fJ-ight, the high tension reÉ not appJ.ieð until 26

geçonile after iguition of the first stage notor. At

this tine the seeoaå stage motor has passecL burnout

ancL the vehicJ.e is in free fal.l. The swítoh eyatem

çhich pernitted this fora of operatÍ.on, ae cel_l ag

control for prefl5.ght checkc is d.escribec[, together

r5.th a circuit diagram in fippendix 5.

3,4 the Roeket Yehicle

The rocket r¡secl in theee experinents is the

H¡,0 (ilfgh Àltitud-e Density) vehicle ttesignect by FHght
Proiects Group of lïeapons Research EstabJ-fshneut, Australlan
Department of supply. rt is a two stage vehicre, both

stages having eolid. fuel notors, both burning for approxinate-
Iy 3 second.E, burnout of the second- stage occurring zL seeond.s

after Jaur¡eh at approrJ.raately 2o kilo¡oeters, The second

stage ls partially spin stabilisecL by the action of fins,
but, as tþe ratio of nonent of inertia about th.e rongitucl-
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iuaì. a:cis to that abor¡t ân axia norÐaL to it, l-s nuch 1ess

than unity, there is a tend.ency for precession of the

longiturtina1 axis to occur d.uring fl.ight. This foru of
motion is ad.vantageous overalJ. as Lt alJows change of

aspect angle tLurång fJ-ight a1-nost eonpletely elinlnatin6
the poesibility of no observations of a parti-cu1ar source

of snaJ.J- angulsr extent.being nad.e d.urf.ng the flight.

3.5 DistributLon of the Pay]-oad.

the

main sections

instrupentetion heatl 1s: diviilecl lnto four

rhich are l-isteil- belor

8.

b.

C.

d..

Teì.enetry

S ensor e

nequis5.tiou aicl

l¡iring and tining

and. are shown in Iigure 3.6.1.

SectÍons e and. r[ wi]-l not be cliscusse,cl. in this
surrey aa they are part of the roeket ltsel.f and are onl.y

assocLeted. with the firing of the vehíc1e and the subsequent

traeklng of the trajectory. The te1.enetry sectíon, a

1-{.R.Ë. l+65 systen, consisted of ¡
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Fieure 5.6,2 FLlt er

of photonultipliers ln

mounts and posltioning

the payl.oad..
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a.'f ThE sçitsh motor rhich sas a,2l+ pia heatl rith a wíper

arm, rote.tiug et 80 rev/sec. The motor power was

aruppllecl by Veaner silver-zine aocumulators. ?he

voltages, from the senaor anpJ-ifiers ancl ceJ.Lbration

points, which appear on each of the 24 pins r€re

sanpled. in turn by the wiper a?n ancl rere applietl to -

a.2 a yoJ-tege controlled. oscilJ-ator, varying betreen 15O

ke/s, and- 160 ke/s as the appl-ieËl voltage fron the

riper arn varied. between O vol-te and 1.5 volts' îhie

frequeney úod.uJ.atecl eignal then auplitude rloduLatecl -

a.3 a 465 lÍc/s power osci].].ator which f ed. two quarter

d.ipo3-es at section -

ÍaYe

&.4 f or tr¿ns¡ri ssion to & ground. receiving statioa'

the secti.on b contained- the photonultiplier tubeo,

nounteð across the section' to one sid.e of the axlsr auch

that the photocathod.es rere as close to the surfase of the

roeket aE th,e length of the tube aIIored". À filter mount

nês in front of each photocethodet screrect to the ínner

Lnstrunent eaeing. Eigure 3.6.2 shors the layout of the

fitter nounts ancl positioning of, the photomultipller tubes"

0n the section of casing behind. the photonultipllera rere

¡nountecl the anpJ-ifiers, b1 , switching circuits, b2t anil the
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d.ynotle ¡norlulator and. high tension supply, b3. -¡,11 the

porer, necessary f,or the operation of the eJ-ectronLcs

assocj-ated. with the sensors, is suppliect by Everead.y

Ilo. 912 dry cells, aruanged in serÍes and. paral.J'elr 88

required., to supply the necessary vol-t¿r-ges ancl cunente,
as desígnated by the appeadices relating to the circuitry.
The battery pack is clesignated ir: the d.iagram as bl¡.

..111 electronies and. photonul.tipl.iers f,ere

potted. in Dor iorning Silastíc 85O RTV Rubber. This

uateriaJ. eeryeal tvo purposêa, the fi"rst belng electrica3.

insulation and, the second, protectÍoa fron shock.

Jr0 Preflisht Cheþþs for Equipnent

Two aain checks rere ¡qad.e on the iastrunentation

prior to fligbt. 'The fj-rst of these consistecl of placing

the iuetrunentation sestion in a vaeuun chaaber, and.

red-ucing the pressu?e to a value of 1O-3 torr. îhe

presaure Eas aLlowetL to leak slowly up to atuospheric, the

eleetronic systens a1.J. operatiag fron laboratory porer

supplles cluring thj.s period", uach Foyer supply being

nouítored. If coror¡a cl.i-seharge hacL occurrecl cluring this
periocL, it ras knorn, from previous tests, that arr obv"ious
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charxge i n the current d"raj-n of the supply to the high

tension unit wouLd. tale pJ.ace, enabLLng cletection and

eorrection of such a fau].t. îhe second test consisteil

of a senaor and telenetry eheck. This required the

facilitl.es of the T/eapons Research Eetabl-l-shnent of the

Departnent of Supp1y. îhe conplete head-, as shorn in'

Figure 3.7 was operated. and- the telemetry received, at a

resote statio¡r. Signal-s appeared. on the photometer

ehannelg, clue to the operation of the ealibratlon laops,

aJ.3. voltage monitor chanuels Íêre observed. anrL ohecl¡e

naeLe of the che¡nel ell-ocations and. the effiaíency of the..

voltage J.lni.ting círcuits,

this latter check ras a].so

of the inned-iete prelaunnh sequenoe,

re,nge f aciLiti es.

carried. cut ss p art

using the actual
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an HAD rocket

tonp1-ete 1r:gtrument¿tion head of

vehicle.
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CH,qFTER 4

CJ.LTBR/I.TTON O3' ÎITE FtI+T{T PTTOTO]VT.EîERS

4.1 fntroduetion

Ll.s v¿lues of the ul-traviolet fJ-ux, refJ-ecteel

fron the J.unar surface, were requireclr it tras rreceÐsary

to Beasure the absolute response of the sensors fJ-orn.

Tbe a&me basic nethoel of cailibration ras usetl for the set

of sensors sarrietl i-n each rocket.

The nethoù involves the use of sod-ius salicylate

as a transf er d.etector fron the region of tynan d. to the

2O0Oå. to ,OOOfl range of the d.etectors. fhe llght source

used. for the calibration was a Hyd.rogen eapÍ-lliary clischarte

Ìanpr operated. in the À.C. nod.e, mounteil on a ]fcPherson

Vacuurn llonochronator. Both f, netre ancl 1 netre instrunents

rere useel.
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4.2 Experim.ent a1 I,ieth od- for Ca].ibrati-on of
Sod-iun 3 ]-ate

lhe first step was the salibration of the
sodiun sa].icylate. The experiraental amangenent is
shorn in ?igure L.1. the sod_ium salicylate to be

calibrated. r¿s d.epositeô on a bean splitter (consisting of
a nesh screen, set at !r5o to the bean directi-on so that

sonÌe of the incid-ent rad.iation ïras passed. r¿hile sorxe rras

stopped.) by spra;rin6 a seturated. golution in nethyl alcohol
onto the rnesh r.rith a fì ne spray atomiser, the nesh being

held in a warm air tstrea¡l. The freshJ.y coated_ bean

splitter was then pl.aced- in position and the ehanber,

inwarc.s frorn the lithíum flourid-e wind-or, evacuated- to L

pressure of 1o-5 torr. These concLitj-ons s.ere maintained.

for a aeriod- in excess of zL ltours. The Ìamp was run for

short intervals d.uring this period., in order to stabilise

the salicylate layer. lÌith the systen as aboye, an ion

chanberr fi11ed. with liitric oxid"e and. haviag a Lithium

fl.ourid,e sind-ow, rras placed. in the light path and. the

space between it and- the wind.ow of the vacuurn system flusheit

wíth oxygen-free nitrogeno :tr potentiaJ- r¡as applied. to

the ceatre wire of the chamber of l¡10 volts, thus operatÍng

the ion chanber at a gas gain flgure of G, where

turrent for poteniia]. 45O ¡Iolt sG=
Current for potential. 45 Volts (Unit gain)

for the
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HP
4251,

Photonultlpller

I Chanber

Monochronator
s1Ít

,' ,au

I?índow

2
o.71 cm

Beam
Splltter

(-4.7cn gas thlet

Figure _4.1 Experimental arrangement for tho calibratíon of sodiun
salicylate beam splitter.
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aane intensitY bea:r.

fhe phoiouultiplier vleuirrg the bean splitter

ras opera.ted. at a voltage of 1400 voIts, thi.s value being

nainta,ined for the total peri-ocl of operation of the tube

duriag the calibration. The hyilrogen lanp was iben

exclteð" the presaure of hydrogen teing heltl' at 5 nill-i-

netres of, ilg, al whlch the line radiation of the d-ischarge

sas found- to be predoniaant. Tbe ravelength at the exit

sl. 1t ra s s et at 1 21 6"ß,.

The output cu;'rents of both the j.on chamber ancl

the photonuJ.tipJ-íer were neasurecl on ÏlenJ.ett Packarð Type

l+25e nicrovolt-amaeters. These currents are ðenotecl by

Ic anå In 1216 resFectivelY'

4.5 rñÈ a ¡ rrr of Sod.iun S f- late Ca].ibra ti ano'l rt Ît

the quantum efficiency of, en ion chanber is

lreasured" by conparison nith â. stand.arrl, parallel plete

l.on chamber set in the sa&e beam while the gas Sain

flgure is obtainetl by conparison of the currents obtainetl

rhen the chanber has a potential of 45 voltsr giy'lng unit

gaia to the current obtaLnetl nhen the gas gain potential
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is applLed. If the quantun eff,iclency is q anel the gas

gaÍn factor is G, then the total nunber of photons

entering the ion chanber, through the cliaphran, is giverr

bv

il
1 216 t 

"/C.le 
photons/sêc r ... (1 )

çhere ê = electronic charge 5-n coulombs.

Tbe nunber of photons falJ.ing on the salieylate
wiLL be equal. to thls nunber, øu1.tipJ-iecl by some constant,

eay À, which is a function of the transmissiou of the beaxn

splitter. îhe nunber reacting wlth the salicylate wiJ.l.

be this nunber nu1tiplled. by the relatine rësÞonse of the

salicylate at the ¡ravelength of Lyman E, SRL*. The

reaction of the salicyJ.ate ras yierecl by the photonultiplier
whicb protluceö a cu¡rent rptzt6, which tlependsr by a

congtaat t on the number of phosphorescent photons proctuceð.

Í"Ê. A SRI = Cf p1216 ... (z)I /eaeqc'

i.€. N
1 216 c/ t\"I /st .. . (3)p1216 Le.

In general, at any wavelength ?t, the nunber of
photons passing through tbe d.Íaphran, N?*, is Siven by
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Nl, = c/tt"rpr/s\ ... (4)

rhere S\ is the relative response oî sodiutu salicylate

at ravelength }t. The value of the ratio C/ti ras obtalnetl

fron the measured. vaLues at Lyman c.

i.ê, c/x (ro sRr. ) / (Tptzi 
6Gqë )

...(5)

From this relation, 1vlte au¡nber of photons per seeon<l at

an.y wayelength, ?[, is givei: by the reletíon

N.
À

(rc snL)/ (tnrrr6eqe).rpr/sh ... (6)

Thus the nunber of photons pessing through ùbe d,iaphrau

was d.eterninect aE a function of the current frorn the

pbotonulti¡r1ier viewing the salícylate beam spLitter.

4. ¿r Det erml-n ation of F1ux e¡lgor

the sensor to be calibratecL ças nounteò at a

d.j.et&ttce fron the diaphraa sueh that the beam spreads to

a, croÊs seetional area sufficient to illuminate the whole
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of the aperture of the sêüsore If this distance placecl

the sensor at a clistance D" centipeters fron the sJ.it of

the monoohromator, whiÌe the tliaphran t oî area AU cmâ ,

ras at & distance DU eeatineters frou the sl.it" the

nuuber of photo ns reaching the se¡lsor per csâ Ías

N cm-2 (ur,/au). (nu/u")e ...(7)ê

îhe energy per unit ares at the sensor ras then given

by the prod-uet of the nunber of photons per unit area and

the energy per photon.

i.ê. Eaergy per unit âre& = E cu-! where

E "r.-t = (r" sRr,o)/ Gptzl6le"). (uu,/n" )' / a^.n"

, rnTr/s\r

- F. rpr/s\r . '

rhere F =

h=

CE

(rc t*ro ) / $pt zt 6Çe.) r 
(nu/o")' / t u.nc

Planeks eonEtaat

Speed. of J.ight

ifeveJ-ength of the photone"anù I



55.

l+.5 Calibration of ÌlAD 505

the sensorsr mounted- in the rocket bod-yr were

placed. at the opening of the tube arå d-efinetl by the

len6th 0". Laboratory Porrer supplies were conllecteô to

the instrumerrtation, set at, tlre values f,ixecl- at the

battery outputs in the actual fJ.j.ght systen. The output

pfn of the selected- stage of the sen'sor anplifier ras

conneetecl to one IlewLett PackarcL type I+25A nicrovolt

amueter set in the voltage mode, while the current output

of the photonultiplier was fed- to a second Herlett Paekardt

set in the current rnoð.e'

The monoshronator J-anp wae then activatetl and

high voltage spplied- to the photonultiplier- iîith the

wavelength at the exit sl.it set to a value bel-on any

respon$e of the d.etector ¡ the backgrountl 1evels Eere

measurecL, with the flap valve to the monochromator first

closed. then open to assure that this region was outsid.e the

sensi-tivity range of the sensor. Íhe ravelength of the

rad.iation at the exit slit was then varieil in 10å. steps

acrosÉ the rshole acceptance band. of the cletector, the

photonultipller current and. voltage output being recorile¿L

at each step. The informatl-on ras tabulated- und.er the

head.l-ngs,:/ave3-en6th, liloni-tor PhotonuJ.ti.pJ-ier Current,

Sensor Output Volts together with ûetai.J.s of the widths
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of the entrance and. exl,t sI1ts. Eech 2oth read.ì_ng res
¡oad.e wr.th the flap v¿lve closed, to n¿bnitor arry Eero cl.rlft
durlng the eal-ibratlon. The nsximu¡a Bhotonultiplier
current d.rift d,uring ealibratíon ras 1.2 x io-e anps çhíle
the lero d.rift of the sensor outputs r&a as listeat

Detector Dark S aI
o

2400¡.
o

2700À
o

6.0 nv

7.O oV

B,$ nV

Drift

f,5 DV

O. l, nV

0.6 n?

Ea].f Pe Slena].

496 av

25O nV

2 900¿" 255 
^V

the d.ark signal appearlng on each aensor output ras large\r
d,ue to rfadiated. noíse fron the d.ynod.e ¡aortula*iou systen.

4,6 Rectuctio of, ]ieaaurenents

lhe corrected values for vo1-tage fron the
aenaor ancl cuffeat fron the photonultlplier rere obtained.

by subûraction of the dark signal yarues. Let these be

Vo (I) and fo (}.) respectivelyr at raveleagth L. The

ratio, Yo (tr)/ro (l) = t(r), fras then cal0ulatert for eBoh

wavelength record.ecl. The quanti.ty S(t), bel.ng the
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rroLtagê out of the anplifier per unít energy flux i.nciclent

o¡t the sensor over the rerrel'ength interval definecl by the

slit rrid.th used., wa.s then d.efiaed. by the relatl,on:

s(r) n (r) , siì (r ),.r
F ".. (9)

vhere the yal.ue of F fs deflnecl in equation (8),

îhe integral- of the f;nction S(}' ) with respett

to f, çaa obtai.nerl by graphical nethoile , this irÊegral being

the sensitivity of the senaor in voLtc per unit fLux per

revelength 1nterval- clefinetl by the slit vlclth of the

instrunent. The value of ravelengtb l¡iterval Ls glven

by

A?r. = Resolution (V"icron) x S11t rittth (ntaronø)

4'7 Nunericel ve-1ues- IIÂD 3O5

the vaJ.ues of the relatLve spectral reeponsè of

sorliun sal.Í-cyl-ate rere obtal.netl by conbining the reeuJ.ta

of Sanpson (ll6t+) and Kristianpoller aud Knapp (lg6ù as

no Ðeasureuents we?e svallable that covered. the range fron
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1216i, to ,OOOË". liristianpoller and. Knapp finct the

response to be fl-at over the range 21OO"i. to IOOOÅr antl

gf.ve a va.Iue for 17OOi.. the range of Senpsone study

incJ-ud.e s 1216f, and- l600;.. The response çaa aitjusted. to

the scale of Kristianpoller ancl Knapp by the relation¡

sR 1216 S
SR t*t 

7oo SR
1216

1600 s

as the
o

170Oå..

curye of rqsponse appesrs fl-at between 1 6OOi. and.

The nuneric¿1 values used. in the ca].l-bration were:

lten SynboI VaLue

Spectral response at 1216i

Epectral response 20OOå to
o

JOoOÀ oIon Cha¡nber current at 1216A.

Photouultip1ier current at 1216i

Quantun efficl-ency of chanber

Gas gein factor

Ârea of ðiaphran

Distance of d-iaphren fron slit
Dl-stazrce of sensor fron slit
Reeolution at s]-it of the

rnonoehromator

sRr 
zr 6

sRr.,

I c

I p1216
q

g

á,d

D
d

Ð

6.1

8-o

3.Ox1O-t I

3.6x1Qa

o,l g

l+8. 5

O.71 en2

4.7 oE

26.2 cE

arEp

s¡¡p

s

o.93i/nicron
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the physical. constants have the va1ues

Plancks constant

Speed- of J.ight

Electronic charge

h - 6.625

e = 2.997

e Ë 1"602

x 1O-5¿Joule aec

f 1Ot metres sec-r

x 1o-r e csulosb

laking the unit of lrt as micro anps a¡¡d the

unlt of ravelength as lOi -[ngstrous antl noti-ng thet S\

1s constant oyer the range coYered. by the senaors at a

Y::lue of B, equation (9) re¿uces to

a(li.tr
s (r)

3.78 x {O-r2

fhe value of s(f ) f,or the sensor cent¡recl at
g

24OO-â is shosn in Figure l+.2. As an exanpler the

lntegral of s(l), record.ecl on the second stage of

anpJ-íf5.cation, when operating at å sl-it w-ldth of 5OO

nicrong, af the sensor eentred on 2400å was

Volts per ratt per of {¿a\
;;; 

- ioiõ¡'siii #iãtullo!' o I

1 o-r 2 watt " "r-t i.-'

1o-5 ergs sec-t "t-" å.-t

291r. Yolte per 1O-rz rratts per cf per (O.Ojxstit riatÐ i

rhích reduces to

s = 19,6

= 19.6

Volts per

YoltB per
2400
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-,rhere tZ'OC ie the sensi-tivíty of the seÐsor centred.

on 2400å operateC- on anplifier stage 2. .ïs stage 1

gaf-n is 1-ess by a faetor of 10 this sensitivity wiJ-J.

red.uced. by this f aetor on stage 1.

lhe sensitivity of the d.etectors florn in

HÀD 3O5, calibrated. in this methocl, ras

'uiavel-ength of Centre ,Sensiti l-tv of First StaseT

t| f It

u

be

ltË

s nt

û
24OOÀ

o
27t+O \

o
291OÍ+

1 .96 -r.rolts

o.32 n

o.lÈ9 Ë

( t o-t erg s"c-t t*- l,-t ) 
n

ll

where the wavelengths quotedL are the ¡neasureil- peaks rather

than the nooinal Ta1ues'

Ìfeasurernents of the unifornity of the bea¡¡ et

80 erl from the exit sJ.1t of the nonochrometÈr, uaðe on

this instrument, show that at thc wavelength of L¡"naa c,

there is a variation of íatensÍty across the bean of up to

fS1 wíthLn the areê used. in thís calibration. }[easureuents

have not beæ sacle at waveJ-engths longer than tyuan ü,

but et gOOA and 584.ï. Byr coraparison of the bean patterus

as a function of vaveleagth, it appears that there Ls ån
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l_ncrease of uniforinity of the beam with increasLng

v¡avelength. .\s the photo cathod.e of the 1P28 photo-

¿rrultiplier is rectangular in shape, it would. not be

sampling the shol-e of the area nonitorett by the bean

sp1ítter but a strip which woulcl contain the central

regioo of the beeu, If the beam section vieweÉL by

the sensor is ßore ir.tense than that seen by the monitort

the meesured sensitivity of the sensor ..rll1 be hj-8her

than its actual vaIue. ?he :tructure of the beam crosa

seotion yrag, however, Ëeaõuretl with line radiation. As

the rad-iation in the 2OOOä. to ,OOO:. region was contínuoust

and. the sensitÍvity of the Sensor sag not sharply varying

with ravelength, the intensity aoross the beam should. have

been snoothed- b;¡ the contribution of wavelengths acLJacent

to ihe centraJ- waveLength passeclr

The conclusions reached fron these consider-

atíons is that the sensitivity of the sensor coulcl contaia

a possible error of ord.er 2Cr:1 Lnlroducecl by the assunption

of uniforq illunination of the eperture. A further error

nay be introåuced_ by the use of the relative response

values of the sodiun salic)'late as variatlons of order

1O.: can ocerr.r, åepend-ent upon the a,ie and. thickaess of

the layer used., the actual- values enplo¡red belng

undeüermined.. the total egor to be expecte<!. in the
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ca]-ibration was of the order of 257.

4.8 Calibration of E-{,D 312

The uethocl of calibratÍon usecl. for three of

the sensors flown in the seoond. rounil flrect wae baeicalJ.y

the se!¡e as that used ín the previous r''ound., tåe rtiffer-

eace being thet a 1 setre UcPhersoa Eonochronator rae

enploye<l. fhe wavelengths coverecl rere scanned, at a

eo¡rstant rate aad. the current and. voltage rneasurenentc

Íere nede sith an analog to itigital inte6rating systen,

The integretì-cn period ças coupJ.ed. to the rareleagth clrive

of the monochromator, ancl the sensor output ancl nonitor

current rere recortletL alternate].y and- stored. l-n a pulse

helght analyser operated" in scquential add.regs qod.e. .å.

d.íagranatic l-ayout of the recording systen is shæn 1n

Figure 4.J.

Prior to the measureøent of the current and.

voltages reguired. for the ealibration, the nu¡aber of counts

record.eil for each eysten for known current ancl voltage
j.nputs was measureil over a Beriod. equal to that usecl

tLurlng the war¡elength scan. The values of the recorderl
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cou¿ts for Eensor end spectrua for the sensor centrecl
('

o¡ Z5OOÃ are ehown in Fl,gurê L.l+. The nunber of couate

record.ed. ¡ras then used.¡ in eaeh caser to tleternine the

nonitor current end. the output voltage. In practícê the

EÊan yalue of the nunber of counts record-ed. i.n the

channels actJacent to the voltage chanael Í8s used. to

ùeternine the value of the ¡aonitor current. The value

of the term R(f ) ot eguation (g) res then d.eterninett by

taking the ratio of the current and. voltage so measr¡red-.

fhe renaind.er of the proceiLure enployed 1n the calibration

of ÌIJrÐ tO5 1tla,s ðPBlieat as before. Nunerical values of

terns whieh ûere êifferent fron the previous neasure&ent

are givea below.

ften Synbol VaLue

Ion charaber surrent at 1216i I e
l+.4 x

1.25 x

o.11

1.0

1O-rz anops

¡^ 3IV AEPE
FhotonuJ.itplier,o

1216A.

current at

Quantun efficiencY of ehamber

Bas gaJ.n facÈor

Resolution et s].it of the
rnonochronator

o
O.O0J8À per Eicron

I p1 216

q

Ê
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Ë(l
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{J
ÊJ
o(J

oooI

23OO 2+OO 25AO
Travelensth (l)

Þggll.A Results of d"igital- recording for tJre ssnser(Tl¡m, 2 Sonsor). .êiternate channãl-s scan for 58,

26æ

centre¿l on 25001 in IIAD 512.
at fixetl scan rate.

27OO
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Jrs the linit of the aonochromator usecl f or the

calibration of IitD 312 was IOOOå.' the sensor eentrecl at'

a wavelength ,:f 2900å. requirecl a separate nethotl- of neaEure-

nent of sensitivity. The llght source usecl was & Bauch

ancL Lonb high intensity nonochromator illuninatecl by a'

high pressure ñiercury d.ischarge 1amp. The bea¡n was

passed. through a seconcl monochromator to reùuce scattered

1lsht and the exit slit of this instrument taken as the

source. the slit ûíd.ths of the prinary source we1.e set

to a påss band. of 12Ol\ and. the emergent wavel-ength set at

29OOf,. lhe re¡o]uti-on of the second. .instrr¡ment ras such

that the pass band moul-d be stiIl eff ectively 12Oi. lwo

thernopilee were placed- in the beamr an Eppley open wind-ow

thernopile of sensitivity 0.069 nicrovolts per microwatt

per cß2, and. an uncalibratecl- Reed.er quartz wind.ow thernopile-

The output$ of the two thernPpl-les placed

successively Ln the same position in the beam tere:

Sppley - 9.4 nicroYol.ts rleeder 6d.o nicrovolts
0

giving

of o.5

a cal-ibration of the Reed-er thernopile at 29OOÀ

m.i.crovolts per nicrotatt per cIEz.

îhe sensor to be cali,brated' was nounted' at a

d.istance of 3+5 cns fron the source anfl the ReecLer therno-

plle at a d.istance of 23 c¡ns from the source i-n such a ¡¡ay
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that sr¡fficient of the bean passeil the thernopíle to

fully 1tlu¡ainate the sensor. Prlor to measurenent of

the sensor output, the thernoplS.e was plaeed. ln that Bert

of the beam that çou1ô by pass ít to the aensor cluring

callbration fn orðer to test for uníforníty across the

bÉan. lTo sensl-ble d-ifferenoe ras observed between the

tro posl-tions although, d.ue to the open nountÍng necessary,

êir currents and other Êources producecL a noise level Of

about 1û,1 of output read. Because of the intenslty of the

bean at the sensorr a 5f¿ trrans:nj-ssion Ferkin Elner

attenuator was placed 1O oms from the sensotrr the d.istanee

being such that the d-íffraction pattern of the attenuator

ras snoothetl. to give eYen Ílluuination. the red.uctign

f aetor between the energy 8-( measured. by the thernopile

and. that at the "trrJJ" t"u then:

J

2.1 x 10-¡

lhe resuLts of the mes.su?enent Teres

(#f 'o'o5

Measured. thernopile output

2.O uic rr¡vo]-ts

Flux at senaor

6.J+ microwatts en

Sensor

o,5

output

volt s

Tilth the above resolutLon, these values red-uaed.

to s sensitj.vitY of

O.O7 volts per 1o-5' *rgs sec-len-"1.-t
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.û"s the signal- obtainecl for this sensor l-n II'AD

J05 was of the ord-er of 2 x 1o-s erg sec t"t-t"fi.-t, this

Sensitivity was too low and -"..'aõ increased by increasing

the input impedance of the firEt stage of the anpliflert

thus increaslng the sensitívi-ty by a factor of four.

The sensitivities of all sensors flown in 1{å.D 312, calf-bratecl

as steted- above rvere as 1Ísteil below.

Tlavef.eneth at centre S ivl.ty of First Stage

o
2l¡OO¡,

o
249.u- a.

27+ar.
o

2910A,

2.11 volts/1O-s erg

2.2 vol.ts/16-5 er6

o.51 volts/1 O-s erg

0.28 voLts/10-5erg

ae'-t E*-u ä-t

seg-t "rn å.-'

seç-t "**' å-t

Eec-t cun fi-r

Jt si¡nil*r error of JOll was al.so appliett to these calLbrationg.

L.9 Àsoect Correction

-å.s the ¿ng1e between the normal to the sensor

ancl the sensoro source line Eas expected' to vary d.uriug

f}ight, the angular resPonse of ee.ch Eensor tres cleternined''

For both flÂD 5O5 anct HÀD 312 this lae done by nounting
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the instrumentetion section wlth the axis horizontaL on a

table, ftee to rotate i-n the horizonta"L plane. (See

l-igure l+,5). The ser¡sora çere il1'uninatetL by a Bauch

encl Lonb &onochro¡u¿.tor ancL the zeto posltion Yaõ d.eter¡aine<l

by observation fron behinit the source, of the reflecte6.

J.ight fron the eurface of the interferenee fiJ.ter" Íbe

output of each öen,sor nae then record.ecl as a functioa of

angle âs the table ffias rotatecL in the hori zontal plane '
the reËponses of the various sensora Ère shown ln

lrigure 4.6 (.1 , .2, .5, .4, .5s .6r.7). The assynetric

nature of tbe response results fron the structure aud

orientation of the photoc¿thode of thg 1P28 photouuJ.ti.p1.l.en

L.1 0 Desisn and Calibration of -{spect Sensorg

the vari¿ti-on of sensor response rith aspect

augle required- thet thls angle be measured. in fl1ght.

The aspect sensor 3rras sl-niler in both sets of inetrunentation

anel is ehown in ?igure \.1. 3.s assunption mad.e Ln the

neasure¡oent of angle with this systeû rås that the ro11

rate of the vehicle is only sJ.ow1y rarying and. is nuch

greater than the '¡recession rate of the longitud.ínal szi.s

of the vehicle. ..is the vehicle rolJ-ed-, the source wouJ.d-
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Llluninate the centre lens through each of the s]-Lts of

the arrowheed, errây. The output of the sensor is record.ecl

e.s a function of tine by the telenetry, a sanple of record.

beLng shcwn ia Figure 5.{ " ff the period between the

extreme pulses of the three be to, the perioÉl between the

centre pulse of the previous Sroup and. tìre centre pulse

of the folJ.owÍ.ag group be tt, then the angle through

which the vehic].e has rotatetl 1n orcler that the souree

illuninate the centre ì-ens through the outer slits nay

be d.eternined. bY the rel.ation:

?!str2ø 360 x clegre e s

Referul-ng to I¡lgure t+.8e

ö tan I
(a-d tan 0 ) tan a

d. sec 0

Ieêr tan &.
tanþ = a cos 0-d. sin 0

= c sin (F-0 )

O = Ê sln-r ( tan l)I¿ €.

d.

Thus the aspeet angle 0 aPpears as a function

of the observable angle þ. Measurenent of the angle f

at normal- ineid-ence a1lows the evaluation of the constant

c so that a theoretical curre of the response nay be
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clråtra, Ðue to the finl-te size of the oeatra]. 1en¡

anil tlre rid-th of the sJ.its, son€ variation oceurs betrecn

the theo:retleal curve antl the n€aeureil responae obtal,.uecl

by rotation of the inetruaelrÈation section about 1ts

loagftud,inal exis whiJ.e the angl.e between this exls a"ud.

the ilirection of the light source sas fixed by the position

of the rotating table oeru¡ring the instrunentation. The

neasured. eirrve and. the theoretical curye for the aspect

senÊor in HAÐ 3Ç5 ís shorn ia .ligure 4.9.
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CHAPTER. 5

RBÐTC!ICII OF EÍPEI.II,IË]\IrAL D.\[À

5.1 DetaiLs of Looation erod Tl-nes of Roeket F].isbts

fn the courae of the experLnents performed., two

rockets rere successfull.y J.aunched., both fron the Tfooaera

Rocket Range of the ifeapons Research Establlshment of the

Australi.an Departuent of Supply. The renge head. is

eltuated at 30" 35' South latitud-e an.ð. 116o 31 ' East

1.ongltucle.

The first vehicle, designatedl HAD 3O5t ras fif6fl

al 22 J5 hours Àustrallan Central Tine on the 9th

Decenber, 1)65 at whl-ch tíne the !ûoon Fas at a zenlth

angle 67" ancl at a phase angle fron fulL noon of 1Oo.

The second vehiel-e, tlesi6nateit HÂD 312, ua6 firetL

at 19 35 hours on l0th Àuguet, 1966r st whj-cb tine the

Eoon Ías at a zenith angle of 62" 30' antl at a phase angle

fron fu1l noon of 2' 3O'.

the

ecoeptanee of

high zenith angler oû the

the $ec 0 approxination,

limit of tbe

&s shorn ln Section
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2.8, tas chosen such that, had. the vehLcle naintaineil

the d-lrection of it s axis along the J.f-ne of firing ancl

spun about this axis¡ the rad.istion wou1d. heve been

iaclclent alrnost nornally on tbe wind.ows of the Eênsors¡

5.2 lrackfne Record.s ÀvaLLabI e

The renge centre I1ne extend-s to the Northreet

of the launoh siter so that the fli6ht path of the

rockets ras in this tllrection. Both vehic]-€a werÊ skln

tracked. by FPS16 radar fro¡s a site to the Southeast o1

tbe lauuch site. Magaetie tape records of the ratlar

tracking d.ata were processed by the Ì{eapons Researsh

EetabJ.f.shrnent ancL the resulting output presented ía tbe

forn of X, Y, ?,r'tX, ?, i, anrl Heíght aB a functÍon of tl-ne

from launcb, where J( neasurês horlzontal- d.istanee along

range centre, T horizontal clistance noruel to X andl Z

perpend.Ícular distanee above the launch site. Height ie

the Z coord.inate eorrected- for height aboye sea l.eveJ- and

curyature of the eerth. the tine interval betreen listlngs

ia 0.5 seco¡rd.s.
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5.3 Forq of the Te].eneterecl Data l.eceived.

lelenetered Yaì-ues of the voJ'tages a.Ppearing

at the outputs of the anpl.ifiers are recorcied. on naguetic

tape and. processed by the 'i'ieapona Research EstabLishnent

and are presentecl in the forn of fil.n reeorels &s a pJ'ot

of sensor yoJ-tage agalnst tíue for the d-uratÍ-on of the

flfght. Figure 5.1 is an exanple of the recorcls fron

one of the u1traviol-et photometers and. the asBect senaor

floun. The continuous horizontal. l.ines eppearing on the

reeord are the 0.0, O.75 and- 1.5 volt calibration 1eve18.

The two traces shown in part b are thoge of two stagee of

the aropJ-lfj.er assoelated with the sensor.

5.)+ lle termi at of th Heieht Ys fl-ne 3.elatÍonn r_otI à

The d-ireqtioa of f1.ight of the Hl\Ð rocket ls

set, ínitia11y, by the attitutle et launch, while the

velocity atteinecl is d.eterminecl by the nagnitucle of the

two J secoad inpulses iuparted to it by the burning of

the flrst and. second. stage notors. .{fter buraout of the

second, stage notor, the traiectory, tô a first approximation,



Ff-¡.;ure 5.1 lìxanple of the fl-naI f orn of the

telemetry records.

{ai ii spect sensor

(t ) Two etages of a photometer a;cp1i-fíer.
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wÍl-I be bal-listic. ÏIowever, as this event occurs et

heights about 7O kilof eet, and. the speed has a ¡naxinum

value here, tbe effect of the viscosity of the ai.r is

sufficient to nod-i.fy the balllstic character of the lower

portion of the trajectory. For thi,s reason the tLeter-

nination of the path of the vehi.cle should- be caloulated.

fron ¡neasured values obtaineù near the position of

maxínun altituee irhere more truely baJ-1-ístic coaditl-ons

ruay be assumed. By relating the path so calculatetl to

the rneasured. valueg obtal-ned- at Lo¡rer portions of the

path, the eff ects of the aír d.rag nay be i-Ilustrateil.

Beceuse of the l.ack of knowledge of the attitude

af the vehi-cle, ancl hence, the cLrag coeffj.cLent of the

surf ace, nc quantitative ute&sures of air d.ensity uay be

obtainecl fron th ese Ineasurenent s.

the heíght vs tine relatioa for

Íaa d.eternined ín the followíng

ínforuation, a pJ-ot was ¡øade of

Fron this pJ-ot it was possible

this being when å **" egual to

apogee be 1 and. the s"pproxi-nate

aa above, be te ¡ wl:ere

zeta. Let

tine of apogee estimatetl

manner.

Z vs tlne

to esti.nate

e ach v ehi-c].e

From the ra<lar

from launch.

a tine of aIlo6e@t

the true tiue of



to = T+c

rvhere e i-s a sna]-l tine interval.

Let

74.

tl

+
.l

z

ancl ! ra tne

gravity

wss estl-nated bY the foJ.lowlag

approxination for the value of,

ln the fol.J.orf.ng forn

T Itu

h(t)

rhere t is the elapsed tine since launch, in unit lrrtervalst

rrsted- as described in section 5'2, and' h(t) 1e the

conputed. height as a function of tine from radar reeults.

îhe estimaterl height of apogee was then calculatecl

for eech value of h(t) fron the relation

ha Tzg

¡chere ho f.s the estineted- hêf.tbt of, apogee

effective vs"lue for the' acceleratlon d-ue to

experienced. ì:y tÌre veh1.c1e fsr Èhe periocl f '

the val-ìle of ã

nethod. taking a lineer

g as a functíon of height

t) ahg.-s

where 8st the value of g at the earths surface is in feet



"ec-o, and has

val-ue 3.0866 x

the value 12.13 feet

10-6 if the height h

75.

see-z and. a has the

1e in feet.

Tni.s is the linear approxiaation of the

expr e s sLon

I g79.324t+-3.O866 x 1O-{ z+7.259 x 1O-r t z2 a^ sec-a

rhere z is the height ín meÈres. (c.l.P.l. 1965)

The expression for g nay be rewritten J.n the

foru

a 6 aho + a(ho-n(t))
5

g
epogge + a (hs-ti {t ) )

o
â.p o.ge e

+
Iz

,As the value of accel.eration d.ue to gravity can onJ-y Yâry

Uy 5,i" over the height range coyered. by the vehicle anci. the

value of Í2 will be of the orrler otr 1Ot, i.€. a rt 1s of

ord.er 1o-e, the value of ã i" this,expression ls set at

the value at apogee, anð the approxf-nation naüe that

E'Èla T¿

8=t apoSce +

The effective value of g over the tine interval

(t + a rz)
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1s then given by

g t+å8ttÈtapoge
Ètër

tdt

= g*Boses (r * fr tt )

lln estimate of, the true helght of apogee uay be

obtalneö fro¡n the relation

Iro=h(t)*åE(r-o)!

= u(t) " t á (rÊ-zr+c")

çberE Ha ís the eatiuateð true hetght of apogee.

Àe e í s e sæalJ quanùi,fy the tera i'n oF trs¡r

be neglectedl¡

i,€r IIo = h(t) " å ã rt - Ç t ç

= ho, - € Ì c

l.€. ho = g*pogee (r + f; re) t E + IIo

? ftas the value of 7.716 x lO-? anit ¡ is sf,t" t
the order at 10", the above e:rpreesion uay be siaplLfied.

€
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rithout sensible l-oss of accuracy to the foru of

ho I apogÊe
of+Ilo

ancl if a pl.ot is uracre of the values of her calculatetl

fron the expressiou

hs + * ä ")
i,(t) I

26 (r T2epogee

va rn the s3-otrre of the curve glves tbe value of c withín

11.

.rom

with res¡rect to

to Lr,

the expreesion

tine interval

abover or d.ifferentiation

T, rhere e is equivalent

åpogee c

L.ê¡ Eo=ho ôho

rhereby a number of estiflates of the rral-ue of apogee

height nay be calculated- fro¡a the ya1ues of ho previously

obtained." The urean value of these is taken ab the best

esti-mate of the height of apogee rbil.e, from the relation

to c g I, the true tine of apogee nay be obtainecL. the

height ve tine re].atione f or I1,tÐ 1O5 and I1åD 312 ar€ shorn

ho I{o Aho ÉÞ (t + t a 1')
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in -r'igures 5.2 and_ J.J"

ff, the cal.culated val.ues of tine and height of
corbined ¡rith the rad.ar values of tr(t) the

nay be d.eterninecl as s function of tine fron

aPogee

ve]-ue

apogee

are

of

by the rel-atÍon

2 (h" - ¡(t))
T2

JI plot of the vah¡es of ã, so d.eteruinect for
ÍJåD 3O5 is sho¡rn in Flgure 5.!+ and. ln this the effeet of

air il.nag oa the rrehicle ney be clearly seen, As stateit

prevJ.ously, laek of knowledge of the attitutte of the

yehic1e and- henee the drag coeffici.ent at this aLtitud.e

prevents the uae of these ve1ues to d.eternine air rLeusitíes.

5.5 V¡,.riation of -åEpeet -rLngLe s Durine Fllsht

By use of the aspect Eensors

set of instrusentation, as d.escribed. in

ear"ried. in each

Section l+.10, the

Io

angle between the nornal to the sensor and. the

positÍon vector naE d.eterrnined. at the instant

source

of closest

at each scanapproach f or each red.ueable scan. The angl-e
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for If,àD 3O5 and iÏiiD 112 is shorn in Figuree 5.5 ancl 5.6

respectively. Al-1 aspect angles shown relate to the

uprard 1.egs o! each fJ-ight. The attLtucle of H.q,D 3O5 orr

the d.ownward. 1e6 of j-t s flight ras such that only the

eentre sJ.ot of the aspect sensor illuninated- the sensor

fron rhich it was inferred. that the aepect angle rae too

large to be measured rhile none of the photoneters Íere

iJ-J-uniuated.. i{¡iD 312, in the region c}ose to scan

numbers +C and. 55, oad.e observations at large aspect

angJ.es such that the correction appliecl was large aad

sensitive to snall errorÊ of angle measurenent' For

tiris reason the &ccuracy of these points ie poor. During

the d.ownçarû leg of the fJ'ight of HÀÐ 312 sllps i.n the

reception of tel-euretry nade read.ing of the recorcls

inpo s síb1e,

5.6 Led"uction of P.esults

The telenetry results were obtaine.r. fro¡n the

Tfeapons Pesearch Estabrishnent in the form, of filn strios.
sampres of the for¡n of the filn for (a) an aspect sensor

and. (t) a photometer are shown in Figure j.1. The voltage
output of each sensor rag obtainerl. by conparison of the
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exeursion of tlne amplifier channel at nininun aspeet angle

with the spacing betv¡een the 0. volt, A.75 volt and_ .l .5 volt

channels. The aspect angfe correctlon for each sensor ras

then u.ppì-ied- giving the equivaJ.ent output for norual

incid-ence for ee.ch cl.etector. rl¿-s the f irst scan, l.n each

case, ãas nade bel.ow the expected- position of the ozone

uaximum, so that only a snalI signaL d.ue to incid.ent

rad"iation couf d. be expected.o the voltage 3.evel. associate¿

vith eacr- first scan d-ed.ustecl fron all aucceed.iag read,ings

€rs a, zero correctio¡¡' The voJ-tage Ievels thus ob tained

were then relateå to the calibrations of the sensors to

obtain the value of flux inciri.eat at the sensor at eaeh

seel1l¡ ,,\s the tine of each scan flaa read.abLe fron the record.q

by relating this tine to the height vs tine values alreaily

obtained., it rvas possible to plot the incid.ent fJ-ux as a

function of height for each sensor" This Eas d.one aad a

srnooth curye drawn through the results of esch sensor.

The p*otteo. results, together with the ap.oJ.ied cì¡rves, are

shown for each sensor in Figures 5.7 and 5.8 for HÅD 3O5

ancl flåD 112 respectivel-v.
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CTTAPÎT]R 6

ïTTE DISTRTBU?TON OF NOCTURN;\L

i.Tli0spHËR.rc 0zoNE

6.1 Curves of Yariation of Intensit y with lIeis t

Curves of inciclent flux receivetl by the photometers

as a function of height were prod.uced. as d.escribed. in

Section 5.6 and shown in Figures 5.7 anri. I.8. HAD jO5 ¡aacle

1+ scâns of the source rhLch prod.uced. useful d.ata between

the heights of 28 kiloneters and 8l+ kiloneters while HÁ.0 j1Z

¡nacte 57 scans of the source between 25 kilometers and. 7S

kirometerg. The d-ífference in the sssn rate is due to the

d.ifference in the uncontrclled roll rate of the vehicles

involved.. Secause of the faster sanpling rate of HAÐ 512

the d.ata from this flight was accepted. as d.efining siore

rel-iable curves though, oring to the high aspect correction

applicabJ.e in the region of 70 kilo4eters, resultíng fron

the large an61es aeasured. for the scans mad.e at this Ievel,

referred to in section 5"5, these portions of the curves êre

not so well- d-efinecl. the values of f1ux, al ever. intervals

of height, were tf,bulated- fron the snooth curves prod.uced aB

above. The interval between entries ¡ras 2 kiloneters for the

results of H,l,D 3O5 and 1 kiloneter for the resul-ts of HA.Ð 312.
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the va1ue5 were listetl in orcler of increasing aJ-titud.e

for each sensor. Fron these listíngs the ratio of each

entry ia s table to the next entry ras obtaLnecL ancl listed

against the altLtucte mid.ray betçeen that assoeiatetL rith

the tço entries. ff the ratio is R. the value of R is

glven by

la R(n) -61

where

aatl

Il=

6--

't-

a(¡) =

ayerage number of absorbing particl.es per

unit volume at helght h

effeetive crosE section for absorption orer

tbe bancl pÊss of the sensor

path length of the radiation through the

atnosphere cleteri¡rinetl by the interval of

height d¡h betreen the ocsurrence of the tço

Ya]-ues invo1ved in the ratio

ratio of the two entries at heights h-O.5¿h

and h+O.5Ah.
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OtZ Det er ination of the value of the e ffective
c30ss section

ås the pass bands of the d_etectors coverecl

approrinately 1O0 Angstron units to half Dovrerr âD

effective absorption cross section was required. for each

sensor. This yras d.eterníned by takfng val-ues of the

absorption coefficient over the whole accepta-nce band of
the sensor (tnn and- lenaka 1g5g) ror whieh the cross

section was required, and. reighting these values, es a

function of vravelength" with the rerative sensitlvity of

the sensor end. the spectrum of the runar rad-iatíoa as

estinateð by Hedrll e (t96t). rf a(ì ) is the absorption
coefficiqptr at waverength I, s(?t) i" the relative sentitivity
of the required- sensor ana n(r) is the estírqated. lunar
spectral lntensity, then a, the effective absorption

coeffi-cl-ent is tiven by the relation

f^"
".î. I

a(r).s(r').F(r) d).

1.2

s (r ).F (r ) d.t

I

The value of a so obtaineel is in the units of

cm-r at NlF. the value of the effective cross section nay

then be obtained by d.ivision by the number of particlea per

I
"T
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TABLE 6,2

^Æ )
.(r)
cr-l s(r), F(t)T

(

2A]2

2052

2102

21 52

2202

2252

230?

2552

Zl+02

2452

zjaz

2r52

2602

2652

2702

27 52

2802

TABLS 6.1

8.61

9.26

12+.7

25.O

¡+0'¿ts

79.

T.82.

1 70.

219

267

299

311

295

256

205

'l53

100

s(I ) F(r)

. oo5

.005

. o05

.010

.420

.og5

.42O

'1 .ol

1.265

1.A55

o. 85

.6L

-39

"175

.oo5

.a2a

. oo5

.002

. OrO

.o39

. 05o

.06l+

.080

'098

.12

.13

.15

.18

.26

. ¿l.0

.ól

1.20

1.3

1.r+

23AO

2350

2400

2t+50

25AO

2550

2600

2650

2700

275o

2800

120

'168

216

265

299

lo8

292

258

209

155

100

.96

2.24

6.1+4

15.16

1 8.40

1 1.54

7.79

J.54

1 .51

.45

"18

.og8

.ll4

.1 jo

.'151

.180

.258

.IIOO

.660

1.05

1.22

'l .40
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TÀBI,E 6.3

"(r)cn'
s(r ) F(r ) :jU s(r) F(r)

TABLE 6.4

I
(r)

zjoz

2552

2602

2652

z7o2

2752

2802

2852

2902

z9jz

5AO2

299.

311 .

295.

256.

20,,

155.

1 00.

63. j

: J5.2

19.2

10.o

.0o5

.01 5

.03

.o8

.J9

.55

.455

. t15

.10

.025

.o1

,Q
r lL)

tlA

.40

.ó{

1.2

1.3

1.4

1.8

3.O

3.5

4.2

TABLË 6

I
(e)

27 02

2752

2BO2

2852

29A2

2952

3A02

3052

1102

31 12

32O2

205.

153.

100

63.3

35.2

'1 9.2

10.

7.
q

3'
âlo

. oo5

.01 5

.o55

.255

0tr

.85

.575

.210

.06

.02

.01

1.2

1.5

1"4

1.8

3.O

3.5

4t1

5.4

6.2

7.1

9. t)va -

.Ð

Centre i¡,'avelength
! Effective Cross section

cf

9.29 x. 1O-r €

10,OO x 1O-r s

+.32 x 1O-r E

0.825 x lO-re

2400
2500
2700
29ao
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t at ì,TTF, i . ê. Ios chrld.t s igunber yhish is 2.689 x 1Ote"

The values of a(f ), S(I), and. ¡(I) used. for

sensors centrecl. at 24ooi, 25ooä, 27oo8, and 29ooå sre

J.isteiL in Tab1es 6.1, 6.2, 5.3 and- 6.¡+ respectively.

these table s have been shorteneri, the actual interval ueeù

being 1Ofi.. The derived- value of the eÍ'f ective cross

sections used- are i-isted- in lab]-e 6.5.

6.3 Deternination of the Deusitv ss HeiEht Profiles

As has been shown in Section 2.8 the path length

of the radiation may be approxinated by the height intervcl

multiplied by the secent of the zenith angle of the source,

providerl that this angle is less than 7Oo . Ilsing thj-s

approxination the average nuuber <lensity over the heiiEht

interval ras d.eterminecl frou the f ollorlng relation:

ll=
rn n(rr)

:dÃh-õ;E

rhere 0 is the zenith angle of the source at the tine of

nea,surenent. The height interval enpJ-oyed. for HAD F5

ras 2 klloneters end. the zerrLtin angle was 6f rhile the



height Í.ntervaJ- used-

to better resol-ution

zenith angle 'Fa s 62"

'was 1 kì l-oneter

high ro11 rate,

for HÀD 512

obtainecL by

ö1.

owi-ng

an¿l the

50t

The results obtalned. for the ind-ivid.ual sensors

for each flight are shown in Figures 6.1 and.6.2 for HAD n5

and Ii¡-) 312 resìrectively. Ð¡¡e to the large d.ifference fn

effective cross sections for the Aifferent sensors, eaoh

sensor ís suited- to give inforna.tioll nore eff ec';lvel¡r at

d-iff ereat nurnerical densities. For exaruple, the senaor

centred. on 2900.8, where the crc ss section i-s rnalI, is

raost êffective in the regicn of high nunber d.ensity but is

rather insensitLve in re.Jions of J-ow d.ensity. For this

reason, the results presented- in Figures 6.1 and. 6.2, have

been selected. accord.j-ng to d.etector and. conbj-necL to gi-ve

the final resul-ts as presented. ia Figure 5,3.

6.1+ Ccmparison *ith other Hish -4.tmospheric Czone Resul-ts

ìieasur euent s of the high al titucte ozone iLi stri-

bution have been nad,e by other R'orkers. These ueasurenents

have been rnad.e over a range of 1oca1 tines and. by a variety

of nethods" .t' brief sulnßary of these ne esurenents is

given tn Table 6.6.
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l'{ethod. (trierly )

Rocket borne photgraphic
spectrophotonetry.

G:'ound. based. noclified
ti:,kêhr observation of
artifieial satellite.

a¡r

0razi-ng incid-ence photoneQ
fron a satel-lLte.

Grazing incidenoe photo-
metry from 4 satellite.

Rocket borne chemiluoin-
escent soncl.e,

Johneon et a1 (lç>z) i-t ay

Yeakateswåren et aI Ntght
(r t6r )

Rarcliffe et a1 (lg6l) nry

Mi].ler anil Stewart
(t s6y)

Rantihawa (l gSSa)

Day

Ðay

nand.hera (tgSCu) Night

Reed- and- Scol-nik
(r ye+)

l,rl{i6ht

Poloskoy et al (lg6l) nay

Poloskov et el (lgq) ucripse

Poloskov et al (1967) tE:.s¡t

Rocket borne airglor
photometry.

Rocket borne photorcetry of
scattered sola.r racliation.

Rooket borne photou.etry of
scattered- sol-ar rad-iatioa.

Rocket borne lunar
photonetry.

Rocket
e scent

ch emilunin-borne
50 ne.
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îhe results of these investigations have been

pre sented. in a numb er of d-if f erent unit s by the authorrs.

rn ord-er to present the results in a forra suitable for
comparison, a] I result s have been red-used- to the unit s of

nolecures per cubic centinetre. Â11 ihe resurts pertainin8

to d-aytiae meâ,sureßents are presented. in iri-gure 6.h. Tt

nay be seer¡ that there is fair agreenent between the value s

obtainecl for the nunber d.ensity of azoîe noleculeE exj-sting
in & d-ay1it atnosphere. Thís nay be due to the inteneity
of d.irect sunJ.ight cornpered to any background- j-a the c&se

of absorption measurenents. the results obtainecl during
night tine åre shown in Fi-gure 6.5, inciud.ing the results
of the present investigation and the cl"aytine resul_t s

obtained. by Johnson et el Ugfz) *" representative of that
c ond i-ti. on.

fn the case of the nocturnaf meå,surement s,

howeverr a wide varience of results occurs. Tbe result

obtainecl by Foloskov et al (lg6l) seens excessively high,
particularly at greater a.ltitud.e s, as such variations
nould- be measurabl e by en unkehr nethod.. The profire

prod-ucec[ by venkateswaren et aI (lgs't ) at so inc.ícates

1eve1s sor!,e ord-ers of magnitucre greater than the day time

level obseryed- by Johnson et a1 ilgsz) at ar1 altituiie of

55 to 60 kilometers where the theoreticar. work of Hunt (tgçç)
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suggests there is no oiurnal variation. Both the rork

of Poloskov et aI Ugfi) ancl that of r,renkatesnaren et a1

Ugel) was based on. measurenents of absorption in the

Chappuis band.s of the ozone absorption spectrum. ft is

to be expected. that Eeasurenents nacle in this region soul-ä

not be as well d-eternined. as Eeasurenents nad.e in the

I{artley banC.s as the ratio of peak absorption cross section

in the Chappuis bands to thet of the Hartley bancls is

approxinatel-y Ir- x 10-¿. The results of Ranclhara (lgee¡)

have been extracted fron his graphicaJ- presentation and nay

not be a f air representetion of the f igures he obtalne cL,

partÍcu1arly at higher level-s. the reason for this is the

linear i'orn of the plots, nakin¡l errors ln read.ing the

values obtained. above l+5 kilonetres coÍìparable çitb the

val.ues thenselves. Ðespite this uncertainty, the trenrl

of Rand.hawars results is toward.s the val-ues obtainecl by

Reed. and- Scolnik (lg'"4) and. the preseat result s.

6.5 !" possible ¿F0-50 kn v,iinter rïaxinunn

Rand-hawa

of 40 to

I-n interesting feature of the results of

ís the second.ary maximu,n occurring in the region

l+5 kilonetres. This f eature is rnost prominent in
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his result for i\ovember 23rd,, 1965. No such feature

is visíbIe in the results of F.eed ancl Scolnik (lg61+), in

the summer ßeasure¡cent of the present resulta or Ín the

ctaylit n:eesurement of Johnson et aI (lg5Z), although the

results of lIÂD 312 d.o appear to shor a region of constant

d.ensity et ÌaO kilonetres, A siniJ.ar feature is suggestetl

by Rand.hawa t s result for a d-ayl1t atmosphere, (l-anclhara

1966a) although J.ops of signal oceurred as hÍs sond.e rant

tirrough the heíght range 40 to JO kilonetres. If the

tine s of measureuent are transposed. to ec*ulvalent Southern

llenisphere seasoaal. noaths the d.ates roulcl be

-¡-uthor Mggth Eouiv South ì{onth

Johnson et a]-

P.anclhawa ( r )

Rand.hara (b1)
Rand.hawa (uz )
ReecL and. Scolnik
r{ÀD 345
HAD 312

June 1l+th

"u-ebruary Jrtt
0ctober 25th
Novenber 23rd.

Hay 27th

Ðecenber 1+th
¡iugust !rcl
Âprli 25th
i{ay 21rd.

lVovember 27íh.

Dece¡aber 7t'þ-

August 51 st

'ft should. ber noted. that t1]. the results rhich

tend. to shor a nariroum in the 4A kilometre region rere

taken in the late autumn-wlnter seåsor., the effect not

being apparent d-uring other parts of the yeat, while the
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strongest ind,ication occurred. for the neasureuent taken

in the southera equivalent of it'lay 25td. Ïf now the

results of zonaA sinc üeasurenents in this region by Rofe

3y0e) are looked al on a monthly basis as a function of

height, it is founc that tlie wind- shearr É€asured. ås the

verticai velocity grad-ient ilith height, is & naxinum in the

late autumn-winter periocl. Thís san be seen by reference

to Figure 5,6, fron Rof e (lgSe) aad. noting that the rintl

velocity iso lines are iroriaontal for the period. ìlay through

to August, the ve3-ocity grad.ient being !n the vertical

d-ir ection while the ieo line I are alno st vertical in the

lrlovenber-December pe rioil, ind.icating litt1e varíation of

wind- vel ocity rith a1-titud.e. Tf t urbulent cel1s are

assunetl to be associated. sith such a wind. shear, suctt àetlsn

by altering the d.iff usion rates, eould- account 'for the

existence of this sub sid.iary maxinum. Conf irnation or' the

f eatr¡r e neeOs io be obtaj-ned- by a series of aeasurements,

d.esigned. to stud.y thi-s portion of the atnosohere. Murgatroyd-

(.1g63), in e stud.y re1¿ted- to the energy avaíJ.abì-e f or the

prod-uçtion of such ed-cLies f i¡tls that such structureg woulô

be of ].:rr8e sca1e, requiring large area coYerage in any

systenatic investigati on. Sucl: regions of higher ozone

nlxing rati-o, es suggested by these results, nay provid'e one

of the inetl:od,s of transport of ozpnerifron the region of
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photochenical equilibriun, above approxinately 50 kiro-

metres, to the region of the naxiuun, at 2C to JO kilo-

metres. Here atonic oxygen concentrations are so low,

arising only fron d.íssociation of ozone by ractiation in

the ch.'ppuf.s band-s, that reco¡nbi nation with ôiatonic oxygea

is so rapid, th at the oxone co¡rcentration remaing almost

constant. Losses cf azofiÊ from this lower region, d.ue

to cheuicel interactj.ons with aerosoJ.s and other tropospheric

6ases, ror¡st be mad.e up and. seasonal d-uapíng, due to large

scale edd-i-es, woul-d. proviae a mechanisn to explain the

high latituo-e late rinter maximum in total ozor.e thet is

observed..

to .6 Theor eti c a1 |iurnal Yariations in the 0¡one
l.uüber above 55 ifi-lo¡netres

At altitudes of 25 to JO kitometres, atornfc

oxygen is prod-uced. by d.issociation of ozone and- is l-ost

by cornbination with diatomic oxygeu, thus leaving the

concentration of ozorLe relati veJ-y constant. At heights

above approximately 55 kilonetres thie is no longer the

case. iTere atonic oxygen ís prod,uced by the photo-

d-issociation of a nunber of atmospheric components, the
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najor contribution coning fron nolecul¿'"r oxJrgen, the

eontributioa from ozone being s¡4a11 owing to the 1or

concentration of this gas s.t these heights relatlve to

noLecr,lar oxjgêDe fn the absence of d'issoclatiag rad-iation

cr.rring the night, the atonic oxyüen is removeci by collisional

reconbination reactions. In a pure oxygen atnosphere the

recctions are

1.

L¡

j.

4.

5.

wbere k1 t

reactions t

O+Oz+Mk1 O¡+M
+

O+O +Ì,1 k2 q +M
+

O+O¡ k5 2 or
+

O+0 kl+ }¡r+q
+
k5 W +O¡
-+

O+q

k2 etc are the reaction rates of

antl heve the value s (Kenesheao

the assoclated

t967) z

k1 = 3.2

k2 = 5.0

kt = 5.o

k4 = 1'0

k5 = 1.0

10-rs

1A-32

10-ro

10? r

10-2 r

"rt "ec-l
co6 sëc-r

c*5 sec-l

cmt gec-l

t
CEI aec

I

x

x

x

exp ( 900/\)
I

1u

exp keoo/t)

TherelativeinportanceofthereactiongEay

be deternined in aD approxÍnate naltnerr âe follors"
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Consj-iler the temperature over the region 60

to 1o0 klloueters to be 2z5aK, this being a neen yalue

for the raage, and the Os nuuber d.ensitfes to be given by

the relation

-h-60
H

kn 10

rvhich, f ro¡r¡ the result s of cLaytine Bee,aurements, (see

Table 6.6) has the value

N(or) H(o, )60

-h-60
1r3loro.lo noleculeg GB-9.N(o, )

The values for the nunber d.ensitiee

hf (= Oa+Nz ) are teken fronn Keneshea

of O, Oz anô

(tl6t).

-,l:hen the value of 225ÈK is assunecl for the

tem¡lerature in the reaction region, the teaterature

d.ependent rate congtants are

kl=

k2=
k3=

3.2 x

3.3 x
2,O x

10-35

1o-35

1o-r5

ancl the nunber ilensiti-ea ate, in units of rnolecules

ea-t as ln Table 6.7.



.û.1tItud.e

Tì.VLE 6.7

7c60

l+. 8x1 or o

1.5x1oi 5

1.ox1Oro

7.2x1}rs

6.,l* x10f o

7.5 xl Or 
¿

9
1 .35x1O

2.35x1or s

80

8.5 rl Or o

7 .95x1 or 5

1. 82x1Cß

3.75x1ar a

90

1.25x1}r 1

1.3 xlor3
7

2.46x1o

6 .3x1 or t

96.

IOO kns

5"o xlorr

2.o xlOrt

3.2621Ú

1.o ¡10r3

o

q
O¡

u

€h"
3per cm asnumber d,en sitie s of nole cu].e s

a fuactLon of altituele)

density of 0.

A1.l the reactÍons are proportional tb the number

Ifnl =

n2 :¡

n3=

nl{ =

the va].ue of

of0forthe

Ît

n

fl

the ratio

reacti ons

nunber d.ensi'r,Y of 0

'llrq

trnos

't t' Third- botly Parti-c1est

of reaetion rate to nunber tlenaity

1 to I are given bY

1.

2.

li- .

5.

1.n2.nhl .k1

'l ,D1 .nH.k2

1.n5.k3

1 . nl .kl+

1.n2.k5
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aboye,

heights

shich, wÍth the

have the valueg

c onsid. ered..

Reaction 60

rates aad. number d.enslties as

as listetl in lable 6.8 at t he

'l 3¡46x1}a
4

1.11+x1O

2.O x1O-

4. 8x1 O-r r

1 .5 xlO-ó

_T¡,BLE 6.e

70

5.8 x1O-3

4. 95x1 0r
2.7 xl}'c
6.4 x1 o-r r

7.5 x1O?

80

9.85xt O-

't. O5x1O{

3.64x1o4

8.5- tlO-f o

7. 9 5r1 0l

90 100 kns

2.7 xlo-6 6.6 x1o-8

2.6 ¡io-8 1.65x10-B

4"92x1o-r 6.5¿x'loa

1.25x1o-f o 5.o 11o-r o

1.3 x1o-' 2.o x1o-e

2

3

4

5

Fron the Table 6.E it nay be seen that reaction 1

is predominant at all levers up to 1oo kiro¡netres arthou6h,

at 1OO kilometres, the two reactfons 1 and. Z are comparable

in rate. Beeause of the pred-oninance of reaction .l ,

approxinations of the rates of change of etomic oxyEen ancl

ozone densities ere given by

n1 .n2.nùÍ.k1 ...(6.1)



¡r1 .a2.nMe k1

98.

., . (6.2)

Equation 6"1 nay be integratect directly to gÍ-ve

n1 = D1e Bxpr (-n2.nM.klt) ".. (6.5)

Hhere nla l.s the nr¡nber d,ensity of ¿toni.c oxJrgea

lnned.iately preeed,ing suneet, and t Ls the tlce ia
seeonds siuce suneet.

Fron the values given in ror 1 of Table 6.8 anrl

the relation

tt
2

ge co ¡¡d[8,

sec I

20
119

7 '7 x103

2.56x1 Ú
1.O5x{CI?

rhere tr is äe haì.f life of the aioni.e o¡ygen content in
z

radíatLon free oonititi.oa.s, the haJ-f life of oxJrgen are

obtaiaetl as

EE.g

60
7o

80

9o

loo
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ff the period. t-;¡"t is raili.atioa free is t akea

to be 4.O x loa sec, Lt caa be seen th",t all the atoqic
oxygen milJ. have reeonbiuerl çLthin the space of a fer
ninutes at 60 anå 7C kiloneters, Êome j,1 wiII rê¡nain ín
the atonic state at the end. of the night at Bo kiloneters,

rhile only a few percent will have reeonbiaed. at heights

above 90 kiloneterg.

no.uation 6.2 may be integrated. in the forn

t
n3 k1 . n2. nì{. n1s exp(-n2.nl{.k1 .5) dt + nJo

o

n1o [1.O-exp (-nl.a].i.k1 .5)) + n]¡ø

where n3o is the numb er of ozone noreeures prior to sunset

aa in Table 6.7 .

From this relatíon the nunber of ozone mo]-eeules

have been calculated. as a funetion of ttne for the utright

ranåe fron 60 to 100 kiloaeters anrt the results of these

caleu]-atíons are shsrn j.n ?able 6.9'antl plottetl in
Figure 6.7
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equilibrir:n conoentration of atonio oxygen.
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TABI,E 6.9

'Nunber of Ozone ldo]-eeulea as a Function
0fr e and Heikht

Height i'CF sec 1O3 sec 1d sec 1d see

60

7o

80

90

100

kn

ks

kn

ku

kn

5.6 xlOr o

5.8 x1Olo

B.25x1Oa

5.û r1d

3.2 x1d

5. I ='l0r 
o

6.5 xior o

8.6 x1 Oe

j.6 x1 d

5.1 úÚ

5.8 xl Or o

6 .5 x'l0r o

5.362101 o

3.75x1O'

2.5 x1 0Ê

5.8 rlOr o

6.5 xloro

g. 35x1 Or o

3.A xlor o

3.7521Qe

It nay be seen fron Figure 6.7 tbat there is
increase in the ozone nunber d.ensity at high altituiles
night, the peak rising fron 70 to 90 kiloaeters as the

radiation free periocl lncreases. r"t heights above

1O0 kilometere, the situetlon nould. Þeeome Eore conpler

other reàctions courpeted. for the availabte supply of

nolecular oxJrge¡r.

an

at

&g

the account given aboye is a gross over slnBlifi-

cation of the aetual proceases taking place, the pain sinpli-

fication being that a purely oxygen ataosphere w&s conaid.ered..

l,Íore realistic treatments have been na<[e by a nunber of
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rorkers i-n recent years. lwo sueh studles are thoge of

and- Keneshea (ll6l).Hunt uge e )

ffunt has coasidered- the effect of the reter

yapour in the atnosphere and- the proðucts of photo-disin-'

tegration of this rater vapour. Sone of the reactions

listed. by Tlunt shich are relevant to the ozone concentration

are

6. &o + w + 0I{ + H (r. zjgO'ip,)

7. 0H + Os 4 Hq + g¿

B" IIob + O¡ + 0i{ + 2q

Reaction 6, occurring durÍng the d-ayli6bt ¡reriocL,

supplies the hyd.rogen ano hydroxyl conponents for the later

reaetions, which are important ln the absence of rad.iation.

R.eactions 7 and- 8 are found by Hunt to be the more iuportant

of the nu.qerous reactions taking p1ace. These two reactloas

f orrn a closed. looB rhich removes the ozone moJ.ecuJ-es in each

cye1e, anil so red-uce the net productlon rate of 0¡.

The study by Keneshea excÌudes al-l nention of

hyd.rogen and- hyd.roxyl reactions and. treats reactioas involvlng

nitro5en, vs,rious nitrogen oxid-eô anô varfous electron-ion
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reactions. The lower linit of Keaeshee I s stud.y is

60 kiloneters and. is extend.erl to 120 kilometers. "4t the

al.titutles between 60 and. BO kl-].ometers the effeot of

nùtrogen-oxygen and electron-ion reactions is snal1 when

applied- to the ozone content, tbe prineiple reaction in

this height range considered. by Keneshea bein6 reaction 1,

noted- previor:s Iy, Above 1OO kil-ometers, elthough the O¡-

ion exists and- is strongly reactive with ìf, and the NO+ ion,

these reactions resulting in l.oss of Osr the ion to neutral

ratio is of the ord,er of 1O-' en¿l so causes ].ittl-e ].oss to

the tot r,i] ozone number d.easity.

Ä laboratory sturiy by lehsenf eid et al (t g6 t ) has

Éeesured reaction rates f sr reactf ons of atnosplre rf.c

interest, and- related. these to possib1-e interactions in the

Ð region near /O kiloiaeters. Llthough the reaction rates

f ound- by Fehsenf el-d. are high once the Íon. is supplied-, the

D region electron d.ensity beÍng of the order of 'lOt, it ís

unlikely that these will aff ect the ozane d-ensity near the

D region heights"

I- further possible react'lnt ín the upper atmosphere

is introcluced by fehsenfeld., this being Cq with the

assumpti-on that the Cq nixi-ng ratio is constant rith

height at the value at the eârthts surface, thÍe being of

ord-er 3 x 1O-a by volume.
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In none of these stud.ies has the effect of
atnospheric nove¡nents d.ue to ther¡sar absorpti_on in the
regions of inaxinun ozone f oruation and- di ssociation about
70 kilometers been consid_erecL. Liad_zen (l g6l ) tree shown

that sorar Eenerated. therroal tid-es shourd- occur in the
upper atnosphere, these being d.epend.ent oa season and-

latitud.e- Liad-zen uses an ozone d_istributicn of the forn
e0.o1 16(z-n ) sin fr (r-rr) t, = 18 km z < 7g km, in his
d.etermlnatlon of the wind- notions anrl it is possible that
applicatÍoa of cne of the nor e detei Iec!. mod er e &s that of
Eunt or Keneshea would. prod.uce fiaer d.etail. A conbination
of the eff ects consid.ered by .Hunt, Ken eshe a and Linclzea
would arso be an ad-vance in the pred-iction of atuosr¡herie
densíties at high altitudes.

6.7 the 0b servecl lioc turnal Ðistribu ticn of 0zone
at High ÅltituCe

are

Ê.e ed-

the

of

The results of the f 1ights of HÁD JO| a:rcl I{AD 312
presented- in ïigure 6.8 together rith the resuits of

and" scolnik (196+) ror their night time neasurenentso

theoretical values of Hunt (lgsø) ancr the day tine resurt
Johnson et al (lgsz) ror couparison" An obvious feature
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is the wid-e variation of the üeasurecl d.ensitie s above

60 kilometers, while the nuuber d-ensj-ties belor this

altitude are ín good. agreenent. That this is to be expected

has been shorn in Section 6"6 in that the active regirn of

the atrnosphere as far as ozone is ooncerned l-ies in the

heigh.t range 50 to 8O kilometers. the results of IlAÐ 312

show yery little activity bel-ow -7O kilometers co mpared. ¡yíth

those of Reed. and. Scolaik and. HAD 3O5. .', pcssible

explanation of thiE cbservation lies ín the tine of firfng.

IIAÐ 312 ras f ired at 1938 hrs Australian CentraL

Stand,ard Tine, thi s b eing equival ent of 1008 hrs Univ ersal

Tine. åt J-ongitude 136ë 11t East ard' latituite 1Ü 55 r South,

the time of ground sunset, aa calculatetl f ron the Astrononj-cal

Ephenerf-s Ías 1715 hrs Loeal Tine correctetl for longitutle

rhíLe the correeted- tocal- Ti¡ne of launch ras 1914 hrs.

The l-auaeh theref ore, took piace t hour l9 rninut es af ter
grouncl sunset. -{ssuning that the effective sunset for ozone

d.issociation occurs as the sun sete at 40 klloneters, the

sunset horizon a"t 70 kiloneters, 6ívin6 an effective height

above the J¡O kilonet¿r l-evel- of J0 kiloneters, ig given ag

(horizon d.istance (tr) ) x Ht above 1evel (netres))

kng.

('t s

6lo

1v
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A hori zan at : C.i stanee of 670 kiloneters roul-d

cLelay the sunset by approximately 27 ninutes, Accorùing

to these ealculations the neasureüÌents mad.e in the region

about 7O kiloneters Fere nade at a tine 5Z ninutes after

sunset below the l+O kil-ometer 1eveI. This period. of

27 ninu"es wh i1e sti 11 eff ective f or the d.i ssociatioa of

ozoner ffoul-d. be effeetive rad.iation free tine for reaetions

producing atouic oxyåen throuEh d.issociation of noleculer

oxygen. the value s quoted. relate to couplete cut off of the

rad.iation. ¡rttenuation wi].l be hiEh before the actual

sunset but the tine lag betçeen the eff ective ratliatlon

cut off will- rem"in through this atte¡ruation period.

Because of the tine 1ag bet*een 6ro und. cond.ltioas

and those it hi6h levels in the atraosphere, the assunptíon

nay be nade tLat the equiJ-j.briun levels of nocturnal nu¡ober

d"ensity hatL not been reached- at the tine aeasureüents rere

mad.e by HA"D 312. -"i" conparison between tbe result s of

H.lD 312 ,,nd those obtained. by Foloskov et aI (1y67 ) d,uring

an eclipse are shown in !Í-gure 6¿9, together with the

result s of Poloskov et e1 f qr da¡ lil ûolgparison' It úûey

be seen that t hef e is correl¡,Lti on r¿etween the ecl-ípse values

e.nd- those of If:':D 312 in that the inerease at 7O kilometers

is suggested. lhe d.if ference in the ccnditÍons of

illuminatíon, the eclipse being a sL¡nultaneous cut off at
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all vaveleagths, renoves the possíbil1ty of couplete

agreem ent.

the results of HAD 30, and F.eed aad Scolnik are

j.l¡ qualitative egree¡nent a1.though the integrated. number of

ouone mol-ecules above 55 kíloneters is consid-erably less

in the Gaae of P.eed. and. Scol-üik.

The impllcatLon of the observations is that while

there is qual-itative s.åreenent betreen the observatlons aatl

the theoretj-caI nredictl-ons of nuuber tiensities above

55 kiloneters, the celculated. production rates eppeer to be

too high to satisf,y the range of clensity suggestetL by the

nìeasurement s. this d-oes not inclutle the measurenent s of

'rlenkateswåren anil Poloskov which have been ieft out of thís

conparison as results are questionable &s ùiscuseed. in

Secti-sn 6.J+.

6. B Sugeested. Directi ons of Future Ûpper ltnoslrhere
0zone Stud.ies

Due to close

compositio4 af, , and

asso cíation of ozone C'ensity with

the

30

ractions in the atmcs here betreen

and 10O kilometers and. conparative ease of rteasurement
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conpared. to the other trace species sueh aE atomic oryge¡r

and. hyd-roxyl, reguler neasurenent of this gas is proùab1y

the rno st ef f ective check on rood.el atnoephe re calculati olrs.

lhe photonetrÍc me thod. of tneasurenent, being ind.epend_ent of
the cond.itions in the inneciiate neighbo*hood. of the vehicle
and. the rlynanics of f low into any saupling chamber, is
perhaps the best nethod. of reasurenent. H.equire¡nent s of
this nethod, a suitabie light source, hi6h continuity of

neasurenent, both of light -received and response v¿riabres
such as aspect angles, and high wavelength resolution
provide scope f or f urther d_evelopnent.

the nost effective region of the spectrum for
photonetric measurement is the Hartley absorption band.s,

centred, on 25coï. Refinements required. of measurenents are

the studies of the effects of Rayleigh scattering at these
wavelengths and. the distribution ancl intensity of high
atnosphere airglor. These h¿ve been neglected. in the
present stu{ir as the ratio of effèr;tive cross sections by

aumber density per centimetre for osone absorption to generel
atmospheric scattering is grea-ter than 1oz ia the eent re of the
HartLey b,ind,s, wbire the runar intensity is such that the air
glow si-gnar observed during the flights if negligible aail

hard.ly measureoÈJ.e.
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:lcd.el atnospheric stud.ies need. to be extend.ed. to
j.nclud-e greater d-etai1 in the chenicar and. photo reactions
occurring as well as latitucle varietions end. the effects
of d.ynanic motions in the upper atnosphere.
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7.1 lgt"gdggliog

r-b.e composition and. structure of the luaar surface

has become a natter of practical inportance, in vi.ew of the

planned. land.ing of ¡sanned. spaoed. craft on the surface of the

satellite. Oue nethod of stutLy is d-irect sampling ancl close

photography by renotely controlled. probes which are landect on

the surf ace. îhi1e capable of d.etal-led. examination of the

surface in the imnecLiate nei.ghborhood. of the iastrumentation,

this nethod., because of the J-eve1 of sophistication and. costs

i-nvolved, cannot be used, in a general survey of the surface.

ft is necessary that such observations be sup¡rorted by

stud.ies f ron the region of the earth. These studies nay

be of selected- regions or of the total. integrated_ surface

area. Differerrces between the results of such observations

would- ind-icate the relative inportaace of the pri:nordal lunar

surf ace and. the nod.if ication causecl by the surf ace coyer

prod-ucecl by the inf all of neteoric ¡oatter. rt j-s expected.
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res',ult in a rel.atively unifornthat meteoric infa]-1 would

surface except in the case

the explosive d.issipation

of 1a,rge

of their

meteorites which, in

kinet ic

remoye any surface d.eposit, redistribute it

prlmordal- structure.

ênergJr, woulcl

and. bare the

.ånong the nethotls of observation of the lunar

surface that ney be used- fron the vicinity of the earth are

rad.lo emi-ssion raeasurenents in the d-ecineter to ¡nilliueter

rayelength regions of the spectrum. Because of the

d.ifference in wavelen€th thege stud.ies nake it possibJ-e

to observe to sone d.epth in the surface layer, the clielectri-c

properties of the layer alloring transnission to a d.epth

of a f em w¿velengths. Such stud.ies, using the thermal-

spectrum, a).J-or neasureuent of the thernaJ- concluctivity by

measurement of the tenper:ture as a function of tine as

the illunination conditions of the surface change as the

rnoon rotates. CJ-osel.y associated with the radio emisef-on

stud.iea are the neasurements &ade enploying radar techniques.

Depend.ent upon the beau wid,th of the lnstrunent used., rad-ar

wil-l give a generålised. pícture of the surface over large

areas or show the peeuliarities of localised- regions. One

piece cf inf ormation obtainable f ron rad.ar stualies is the

poLarising effect of the surface layers on radiation in the

decineter to centineter region. Polarisation of reflectect
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Êolar rad.iation in the visible and near infrarec[ rave1en6ths

is al-so an observable quantity" The po1.arising properties

of a surf ace are d.epend.ent upon the electrícaI ancl physf-cal

structure of the illuminated. surfece and. the angles of

incid.ent a,nd- ob served. racliation. The latter two cond.itions

are know¡r ano the response to the other variables varies

rith then although in a conplex and" interrelated. rlâDne P¡

0ther information obtainable from observations l-n the

visible wavelength regions is the forn of the reflection

coefficient as a f unction of the d-irection of incid-ent and.

ob served raóiati on. The shape of the curve obtained. f rorn

this re].ation þ1aces soüe restriction of forn of the surface

layer d.ue to the strong peaki.ng of intensity when observed and

incid-ent directions are the seme. Fhotonetry in the infrared.

is another soÌrrce of i-nfornation as to the temperature

cond.iticns of the surface, this ravelength provid.íng inforn-

ation relating to the innediate surface 1ayer. The conbin-

ation of these results wÍth those obtained, fron the rad.io

Beasureneuts provicìes informatj.on':s to the grad.ient of the

thernal cond.uciivity and- hence of the variation of c ond-itíons

with d.epth in the layer. îhe conplexity of interpretation

of such information is evid.enced. in a treatnent by Éehrels

(t i6I+). The extraction of tenperatures f ron ueasurecl

flures d,epend.s upon the assunption of a black bocly spectrum.
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A nod.el, set up by Gehrerso includ-es a f]-oating c.ust 1syer,

transparent at the peak of solar radiation but involving
racl-iative transfer theory to the enitted rad_iation. some

co:'rel¡rtion between rad,ar back scatter resu]-ts and. infrared-
temperature results have been reported by Thonpson and Ðyce

(lgss) which they have related, to renoval of a dust Ìayer
by relativery recent inpacts from surface regiorls, exposing

materials of different electrical properties. The suggestion

ís nad.e that such neasures may be related. to the e.ge of the

features observed. îhís picture of a hard.er surface coveredl

by a low den-sity d-ust layer is in agreement r,iith tbe theory
of Gold- (lga+) aJ-though the suggestion of Hapke (tg6t+a) of
surf ace bondíng of such d.ust particles d.oes not agree with
the nod.er of a transparent floating dust layer transparent
with respect to solar rad.l_ation.

ïhe nf airy castle'o structure suggestedl by Hapke,

belng a conplex vertical and- horizontar open structure,

built up by the bonding of va,cuun elean surfeceõ on contact,
is one of the possibì-e gurfaces which has a reflection

ilirection dia6ram sinilar to that observed. for the lunar
surfaoe.

In an

0etkins (tg56),

exneriment, ;.nr¡oJ-ving high angullr resolution

has shown the,t the fairy castle is not the
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only type that will prod.uce the requiretl phase curye. ÏIis

resul-ts show that a number of d-ifferent chemical powêers

w111 produce a siuilar curve, the restrictíon lying ln the

size of the fnd.lvi-C-ua1 particles. Ehile the sharp peaking

in the f orward. dírection is repeatecL f or inost of the

substances neesured- it is i-n the casc of particle sizes

of the ord-er of 10 nicrons or less that the cÌrve is

follo¡ved. at angles greater than 2Ðë. Jrn exception to this

is the b¿síc rock tmelilititer, which when presented- ae a

cut slab follovecl the l-unar curYe reasonably close1y. This

nay be due to the type of cleaning nethcd. used- for the rock

prior to measurement' The meterial which nost closely

f ollows the f unr r curve ís the volcenic sub stânce kno¡vn Bõ

lPelers hairt. Because of the fine structure of this

6ubstance, the rfairy castlet structure nay still- be

applicable. 0bservations which haYe å possibility of giving

inf ornation as to the coltFosition as well as the physlcal

structure of the lunar surface are meaaÌrrenents of the

spectral reflectivitY.

po s sibJ.e

nade by

of

been

ii stud.y of the ref le cti-on spectra

Iunar naterials in the infrared- re¡;ion bas

Lyon (tg64). Figure 7.1 from, Lyons pâper

refì.ection spectra of tektite an& ueteoric

shows the

materia1s over
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the rât1ge 7 to 25 rnicrons. It is obvi-ous that neesurenents

of the luner spectrutn with this resolution would provid-e

usef ul inf ornation as t c t he conposition. ìieasur ernent s of

the infrâred- speotîum of the uioon, uaôe in the 1 to J nicron

region by |,'att-qe¡r ¿nc- lìeniel-son (lg6l') , however, show that

there ís a f eature in the sFectrum whi-ch nay be assuned. to

be cue to the ihernal eni r,sion of the surf ace. this

feature shows an anomolous rise at about 2.5 nicrons rhich

rhile perhaps being introduced. by the neasÌrrenent nethod.t

âs srjggested_ by üattson and. Danielson, eoulð- al so be iue to

the layer as nentioned- by L:ehrel s above' Because'of such

uneertainties the infrared slectra are perhaps suspect.

lleasurer¡ents ¡nad.e in the visible region of the

spectz'un by Stai r and Johnston (l gSl; aud Coyne (lg6l ) sh ow

no indicati-on of, structure in the reflection spectrum other

than a slow increese of reflectivity rith ravelength tending

to make the aoon p*ppear redder tha.n the illuminating bod.y.

StaLr and- Johnston make this observation by d-irect ratios

ehile Coyne takes Era¿;nitud.e d.ifferences at d-ifferent colours.

s pe ct run

at about

value of

In the near ultravio1.et porticn of the reflectivity

observed- by Stair and. Johnston, a feature ePpears
t

JSOO¡1 which is a cleparture fron the steadiJ-y fa1lin!

reflectivi-ty witli decreasing wavele ngth f or the
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visibre region. stair antl Johnston suggest th'.t this
nay be associated. with & sna11 iron content. To the

short waveì-ength si de of ¡6OOå, Stair ancl Jobnstons

results as shown in Sigure 7.2, display a sharp drop in
the value of reflectivíty, suggesting that the neasurenent

in the ultraviolet may eonfain infornation as to the

courpositj-on as welJ- as the structure.

7"2 ldeasur ed. ì/a]-ue s of û'1t:'avio].et F.adlc"ti on f rom
the I'loon

For the reason stated- in seetion,7.1, the tseasure-

neat of the spectral eaergy distribution of the radietion

refreeted. f ron the lunar surf ace ras íln inportant part of

the experiments perforned.. The çavelength range coverecl

by the ilartley absorption band_s of ozor.e ís aleo that

region where the resul-ts of stair an<l Johnston l-nd.icate s

sharp cirop in reflectivity of the surf ace, thus no other
photoneters were required- for this Ðeasurement.

iLs shown in Figures 5.8 anri 5.9, the values of

the flux incid-ent on the sensors becane alnost constant at

the top of each flight and tbe valu,': obta"ined. f or absorute
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f Lux cou]-d be assuned. corrs tant witb,ln the

calibratíon of the se[aors. The measured.

shown in Table 7.1.

rang e of

values ar€

From the slopes of the ozone d_istríbution curves

1n Figure 6.3, the seale height of the distrl-bution was

d.etermÍned, s.t a vaf ue of 7.7 kilometers, the same value

for each curve. .Iaking the value of nunber d.ensity at

height of neasurenent of inci-dent flux to b e Q.5x1r}e and

1.0x1Oe no]-ecu]-e s per cn= for ti.AOs 5A5 and 312 respectively,

the resid.ual numbers of oøone aolecules a.long a colunn

along the Ll-ne of sight to the top of the atnosphere are

t+.92x1}r5 and 1.67x1O15 no]'ecules per cmz colunn. lhe

correction to the fJ.ux produced by the absorptioa d,ue to

these particles i.e ne¿E1igible with respect to the error in

absolute caiib¡'ati.on so that the yarues cf flux d.etermined.

will be as shown in Table 7.'l . Fron the results of T{AÐs

345 and. 312 the rnean vaiues of flux observed. was obtainecl

after correction for phase angIe to the full inoon value,

the correcti-on values being 1.2, ancl 't.1 respectively.

The values of the lunsr flux so obtained together rith the

re sult of Hed.d]. e (1962) *"e lis ted in lable 7.2,
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Lunar flux åa neeaì¡recl u¡lcorrected. for phase

( ergsxl o-" cn-t 
""r-tl-t )

eèg-

3t5

t12

5.8

1'1.CI'l .7

Flux

.61

1.66

1,91

10.20

19.6

áéqgÄ lóqoå 27ool z"ggl

TAEÏ,Ê 7f 2

Meao Lunsr flu¡ eorreeted. for l.uuar phase

(""ss=1 or cn-! eec-t f-t )

1,8
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7.1 Reducllea_of_Flux Ueaeurenentg to sive
Luaar Albeclo

A quantity frequently enployed. in a statenent

relating to the refLection of rad.iatl-on fro¡o a surfaee is

the albetlo of the surface. In the caae of an i]-lunLnaterl

sphere B speciatr foru, terned, the Bond albertoo is usedl.

The Boncl albed-o is d.efinec[ (see .tllen 1961 pt44)

as the ratio of total J-ight refleetecl from a sphere to the

totaÌ light incid.ent upon it"

f-. e. ¡. Bond. aLber!.o pq

rhere p is the Geonetric al.bed-o, ancl is the ratio of

refleeted. íntenaity fron the sphere at zeîo phase angle to

the intensity fron a perfectJ-y d.iffusíng disc in the sême

poeition and. havi-ng the same apparent siae ea the sphere

observed, and. q is the integrated- phaee effect of the

sphere.

Let the sphere be a ptranet or satellite, at a

d.istance cl frorn the sun, a d-istance ã fron the earth,

baving a rad.ius t, all in Astrononical Units. ff thig

planet is illuninatecL by the sun, of nagnÍtutle "e, at &n



angJ-e q to

to have a

1 í:8.

the dírection of observation, and is observecl

ua gnitud.e ilt
o

then, from Â11en (lgSl, piL[),,

losp+losø(") o.ls ( Ð @ )+2 ros (#)
oo

where É(") ls the phase fector, dependent upon the eurface

il-Iuuinatecl.

Fron the

(,,r11rn, '1963, p192)

defínition of nagnitude - flux relatíou,

B = constant 2.5 ]-ot (Intensity observecL)

aud- referring to
ù. = 0o aad S(o) =

observeil at ful1 moon where

A11ea, 196t, p1¿+6 )

the moon

't ($ee

Iog p = O.4 GZ.5 1og IntensÍtl"rro*2.5 1o€ fntensi.ty*ooo)

roe {#)

a¡êr

+2

ï
Etoon

=ï-
s ult

d.R 2
p ( )r

rhere r is in units of energy reeelved. per uait area.
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P.nd. nonochronatic al bed.os are

T (T)
A (À) 2.9 x 1Oa

Ero otl
r (r) sult

wtrere f (l) is the ü¡orlochronatic intensitï in energy

unit area for unit wavelength interval, antl Â(I) is

total light, withín a unit wave interval, refl.ectecl

a spherieal , in this case the l-unar, surf ace.

per

the

from

1-L The lt¡ave].enath Deoendence of Lunar ^¿'1bed.o

lo extend. the range of results for the luaar

Elorlochronati c albetlo beyond. that of the present resultst

values of the lunar flux rrere teken from iÏedclle (lgSl)

f or the value at 22OOL, and. fro¡o Stair antl Johnston (tgSl)

f or the results to the 3-ong ravelength side of 2OOl.

Va1ues of the sole.r flux above the at¡rosphere were taken

fron Êast UgeS). these extractecl results, together rith

the values obtaiaed. in the present investi6ation, Fere

enployecl in the term for e(l), in Sectian 7.i and the

values obtaineC- afe shorn in Figure 7.J. The curve for

the lunar albed.o, shows structure in tro regions. These
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qþÞ o dip in the value

the overall effect is

short waveJ-ength s1d-e

6near ,8004. and

a steep drop in
{bor l5oOÀ.

121 .

e peak near 2400i.

refl-ectivity to the

7.5 Conparison with Laboratory }Íeasureneats of
Possible Surfaee Types and- îheoretical Results

Ia a revier of the photonetric properties of the

l-unar = surf ace and it s po ssÍ-bl e structure , iÍapke (l g6+U)

consid.ers the evidence of the observeal phase relation of

the ref leeted. Ìight and. the va.riatíon of polarisation rith

phase angle. the response of the surface i-n respect to

the se. quentitie s w j-th pha se angJ-e ls shown in Fígur es 7.4

and. 7.5 f ro¡n Hapke. 1o explain the high back scatter

peak, Hapke proposes a poTous surface layer with inter-

conneoted. pores. the effect of this surface is that the

incicleat light will penetrate the surface freely and

illuninate the base strueture on which the surface

f ormation is supportecL. Light w5-l-J- be reflected directly

beck fron the base et4ucture without second.ary reflectioa

but llght reflectecl 1n any other d.irection will- be bloeked.

by the porous gtructure a¡¡tl through meny reflections be

absorbeiL. The surf ace of the porous structure must not
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be strongl-y reflecting ncr cerì the naterial be tranelucent

a-s ¡his would tend to broaden out the beek scatter profile.

+" surf ace that w ould. f it the ob served beck scatter f unctl-on

is one comÞosed. of piled- large d.ark rock f rag;rents but such

a surf,ace is rejectea by two other pieces of evid.ence,

The first of these is that radar results, Evans (lgSZ) and.

recent surface photography by soft land-ing vehlcles,
(Bastin, 1966) inaicate thet the general- roughness of the

surf'ace is of 'r,he ord.er of centimetres or less. t\ seccnd.

cause for rejection of the pilerl rock nod.el is the polarisa-

tion of the reflected. right observed. such a surface rourd.

strongly porarise the reflecteÉL rad-iatioa rhich, by reference

to Figure 7"5, is not the case for the noots surface.

-4. method- of obtaining the low polarisation

observeù is the conbination of translucent nateriaL ríth

1cw '¡alue of maximum polarisation with dark material rith

Lor naxinun polarisation properties. Such a nixture will

not, ho'-;ever, Ëroduce the ob serveri back scatter peak. A

f orn of surf ace that ¡riIl produce the poJ-ari sati on observecl

without 1o sin6 the back scrltter characteristi-c need.ed. i s a

roughened. surface. the variation of ihe vrlue of maxinum

poli:risation aa a functlon of particle size is shown in

Figure 7.6 taken f ro¡n iìapke (1964b'). ït is obvious froæ
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this figure that, whatever the state of compactioa of the

surface particles, the sLze of the particles thet prod.uce

the saae value of ¡naxinun polarisation as the lunar surface

i-s of the order of â ¡aicron.

Fron the evideace of poLarisetíon the maxi-uun

value of particle síze is about a ¡nicrotl. Berg (1g64),

in a stucLy of the síze of rock particles resultlng fron
the inpact of high veloeLty proJectiles on rock surfaees,

fLade that the typieal síze of sucb partÍc1es is of the

order of 1O-r mlcrons. As there is nothing in the work

of Hapke to reguire a rêstriction of the smallness except

that the surface reughness be greater thaa the ravelength

of the incid-ent rad.iatíon observed 1n refiection, the sÍze

of the particlee may be cf this l-attèr d.i¡rension.

In a stud-y of the effect of surf ace structure antl

si ze, rJ r Brien (l gq ) fras expandecl a the ory developetl by

Davle " (tg¡+) and. Forteus (,lge 3) , relating to the refleetl-on

of Iíght from rough surfaces. This theory exanines the

eoherence of scattered. electromagnetie rað_iation from a

surface consisting of point scatterersn having a stanàaril

d.evlation.in height above a plane surface of d and- a

separatj-on in the horizontaL directl-ou of a, (of the orc!.er
bof 50rOO0A, this being the d.i stanee apart where eoheretrce
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of the inciCent rad-latiûn nay be âÊsumed.). The eff ect

of thie structure, rrhich üay be treated. as the mi-rror

inage of liapke I s surf sce f or nornal incid.ence, i. e. fuJ.I

noon conó.itions, is d.ependent upon the reflectivity of the

naterial and ihe ua.r;nitud.e of the terts ú, and the wavelength

of the rad.iation.

lhe

reflectivity of

expression obtained. by [)tBrien for the

sueh a surface is

12 , 16úæ.exp (- 't: Y 
)

trz
R

^2
^

where R = the

and r = the

the

observed reflectlvity

reflectiviì;y of the naterirl comprising

s urf ã.eë c

F¡ron this rel-a.tion the vaLue of r nay be obtainecl

in terÉs of the observed. refJ.eotivity, the stand.ard.

cLeviation in height, a, ancl the çarelen€íth. The ref IectL-

vity of the naterial, r, is giren by

(nr.o exp ( 16ø2 æ ))
1
z

¡z
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Tron the exÐr.essi on f or the tsonC. e Ibedo,

given in Section J.J, it Ðey be seen that the albecc is

proportional to the refl-ectivity at normal incid.enee,

i.e. we may assutre that R i-s proportional to the raeasured.

values of Á presented. in Figure 7.3"

Using the values of -q, the values of r were

obtaiaed. as a function of À for e number of values of d.

lhe resuJ-ts of these calculations are presented. in

Figure 7.7" "A-J-so si¡oçn in Figure 7.7 are tne results of

laboratory Eeauurements of two substances çhich shoû

characteristics sinilar to those exhibited by r. these

are Pink Acid Îu;-f ancl Tektite. Beeause of the unknown

value of the proportiona1ity constants, the vs.lueB presented.

f or r are only relative and- as such are presented l-n a

logarithuic pl.ot rhich r"i11 show aay siml-larity of spectral

response.

The cheni-cal- conposition of the two laboratory

sanples l-s

::'ink ircid. Tuff (r\pproxinateJ.y ) SiOz

AlzO¡ -

Î'ee 0: -

Fe0

1,:.90

48'i

181

T',nt

6'i

7.5 i)
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CaO

Na2 O

11:i,

2. J'n,

slo¿ r 654

A1¿O¡ - 171r

Fe 0xides - 7.51'

MgO 2.54

CaO - 4'"

Kr O - b'".,

7.6 Resulta

0n conparing the resui-ts preõented- in Figure 7.7t

the obvious feature is the peak in the refLectivity ln the

region about 24OOl. the value of ø best suited to the

rafloctivlty of the laboratory specl-eens seeins to 1.ie Ln

the range 5OO to SOOt whieh 1s between O.f ancL 0.O1 tinea

the value of the partLcle sise sìrggeateil by the polariaa-

tion results. The 24OOl" feature apjrearg in surfaces

ooatalning a relatively hteh proportlon of Si0e rhiJ-e

pure retsl speeinens, as shosn by Eo1ler (lgrZ) shor no

evid.euce of such strueture. Tb conclueion reachecl ls



127.

that the lunar surf â.ce, d.espite the large craters and-

bouì-d,ers ob servec[ by close photograÞhy, is covered. with

a fine layer of ord.er nicron síze, beiag s¡aooth to a limit

of O.01 0.05 nicrong, the che¡nical conpqsition being

siniJ.ar to that of the stony neteorites ancl- terrestrial

stones rather than being purely netal-l-ic after the forn

of the iron neteorites known to exist.

îhe suggestion thet the particle size is snall

is borne out by Ereasurenents ¡nad.e fron the televisecL photo-

graphs obtained. fron the Surveyor 1 sof t land,ing craft.

The linit of resol-ution of the instrunents carried ras

O.5 nilJ-imetres and. the basic particle structure acljacent

to the land.ing pacl of the cr'ef t was unrêsofved-. Jaff e (lgøl).

¡inother f eature of the photographs was the granulated-

structure where the surface was broken by the padr suggesting

that the surface struoture is not loose but that the basic

partíclee are bond.ed- together by sone surf ace interaetion

similar to moisture on sand particJ.es.

Because of t he d.if fi-culty of absolute calibrationt

it wou1d. be preferablB to observe the l-unar spectrum in the

ultravio1.et region with a single d.ispersing inEtrunent rather

than the ¡au1ti photoneter rnethod" enployetl in this investi-

gation as this would- a1low a nore d.irect nethod- of obtaining

the spectral d-epend.ence of the reflecti-vi-ty.
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CTÍAPÎER 8

AI{ AUSTRATIÂN EÂP.TH SATETLTTE PROJECT

8.1 ïntrocluction

In i'¡-ovember 1966, a preJ.ininary proposaJ- ras

naile relating to the constructíon and- instrumentation of

an earth satellite to be launched by the technical staff
associated. vith the Sparta Progranme of the UnLted. States

Êovernnent fron the '#oomera Rocket Range of the Departnent

of Supply. fn January 1967, the task of construction of

the satelltte ras set for the iTeapons Research EstabJ-ishnent

çhile the instrumentation f,as to be shared betreen Flight
ProJects Group of l[.R.E. ancL the Departnerrt of Physies of

the University of .Ad.e1alcle. The reason for this selectlon
J.¿y l-a the previous experienc e of these tro organisations

in the prod.uction of rocket borne sensors whích rere suit able

with little mod.ifieatf-on, for instrumentation of an earth

satellite. the ain of the combÍnecl experinente inelud.ecl in
the satellite was the d.eterninati-on of atnospherl-c d-ensities

by repeated- measurement of absopptÍon of solar rad,iation by

the earths atnospbere. Â second.ary purpose was the

neasurenent of the solar flux at the waverength intervals
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enpJ.oyed in the first experinents.

8.2 Launch Vehie]-e it Satell-1te Conf ieurationn

The launch vehicle to be used. ras a three stage

conflguration consistlng of

1 st Sta6e Ì,{odifiecl F.eêetone ¡aissile boost notor

in the first successful ûnltetl Stateg

launch. This unit has & liquid fuet

end. a burning tine of 122 seconds.

aõ used.

Sate]-]-ite

uaotor

2nð" Stage A solid. fueL notor r"ith a burning tine of 3,

second.s which also carried. a secondary set of

sna1.l motorg d.esigned. to spin up the second

stage and. vel.oeíty package before ignition of

the nain second stage ilotor.

A solicL fue1- ¡ootor rith a burning time of 8.6

eeconcLe rhich provitlecl the fi-na3. irnpuJ-se to

plaee the velocity package, consisting of the

thirtl stage notor and. the sateJ.J-ite, into an

orbital- traJectory,

Jrd Stage
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Tbe sateJ-I1te, which nacle up the greater

portion of the velocity package, coneisted. of â cone of

base dianeter 30 inches and" height of 5 ft 2 inches.

The fuel conpartment of the thírd- stage ¡notor extended. as

a henispherlcal section into the sate1-lite con.e to a

maxinum d.epth of 11 ínches. Because of the high heat

1evels generated. in the motor and. the nechanicaJ- connectioa

between the motor conpartnent aud the fuel- tank, a heat

shieJ.d. took up the lower portion of the cone volume,

protecting the instrunentation fro¡r heat generated" in the

motor conpartnent, The structure of the cone conàtstett

of fJ-at ring rib plates and vertical stringers coyered- with

plate aluninlus skin. The rear support for the vehicle

Ía8 the roating strong ring for the third stage wbile the

forward support nas the forward- aensor bl.ock. The shape

of the velocf-ty package is shoçn in Figure 8.1 antl the

launch vehl-cJ.e configuratíon in Fígure 8.2.

8.3 REðiation Detection Instrunentation

Tl-."e purpose of the satellite instrumentati, on was

the investigation of the regioa'of interaction of solar

racl-iation with the atnosphere of the earth. The experi-
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ments were 3

By neasurernent or the tine dífferentíar absorption
of rad,iation fron the sun, in the waveren€th regíon
lo5ol to 1660"^ iluring satelll-te sunset and sunrise,
conbined rith knowled.ge of the satellite orblt, to
d.eternlne the d.ensity of nolecular oxygen up to
al.titudes of 25O-3OO kl]-oneters.

2. By similar neasure*ents in the region of z40oi, to
neasure the d.enslty of ozone over as çid.e a heÍght
rauge as possible.

7).

l+.,

tr

By

the

AS

sinnilar neasurenents in the Bl. region to Eeasure

total atnospheric d-ensity over es w1ô.e s range

possible.

To nonltor the lntensity of

the same wavelength regions

the suns racliation oyer

d-uring d.ay passes.

1o s'eÊsÌ¡re the resonantly scattered. rad-íation f ron

atonic hyd-rogen at the wavelength of Lynan c at a

nuuber of d.ifferent posÍtions in the earttrs shad.or

above and. be].ow the orbit altitud.e.



To üeaaure the seattered raoiatLon fron the

at¡nosphBre over the weyelength renge about

to obtal-n a Ereasurc of hish altitucie ozone.

'152.

sunl-it

2LOOE,

6.

1050 1

2 ion

rinclor s

lhe instrupentatLon to nake these meaaure&ents

consisteri of

2 ion cha¡qbe¡s fillecL çÍ-th Nitric 0xld.e having Lithiun
Flouride rincl.ons being se;-eitl-ve to a ravelength râ¡nge

rð

]4o4.

cheabers, fiJ-Ied. wLth xylene encl having saphire

being sensitiye to a ravele¡Ìgth re¡lge 1425 1t+8O8.

2 ion chanbers f11Led rl.th triethylanine anð having

quarta rlnd.ore being seneitlve to a rravelength range of

1 550 1 660å.

1 photoneter eonsi-stLng of s.u intèrfererce fLlter
front of a quarta rLu.d.or photonultl-p1ier operatecl in
d.iorle node sensl.tlve to a ravelength of 2hO0i. rith &

wielth at half maxlmune of 50ñ.

ln

photo-

hetf

1 X-ra$ d.etestor sLth mioa r¡inilor antl neon argon fill.ing
sensitÈve to & ¡terror band. about 81,.

I gas gaia Í"on

1l-thiun f]-ourlde

consisting of a f

chauber with nl-tric oxid-e fillJ,ng and.

wind.or aE a d-etector f or a tel.escope

e lLthlun f1ourid.e lens operating at
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to give a fie]-d 2c fuI]- ritlth at ha]-f
fì+.5 stoPPecl åown

aaxinum.

TheSensorg'erenounted-i.ntroseparategrouPs.

the flrst group tas mounted' at the apex of the cone' the

sensors beiag coveretl ritb a renovable eover unti1 the

conpl-etionoftheinjectioophaseofthelaunehtoproteet

then from atnoepherie heating up to 
"his 

sta6e' This

groupconsl-steil-ofoneeachoftheionchanbertypesa¡¡,ti
r¡ - ,-! -- ^Jl lLacô eênSô?'S il4.5

the 25OOL photoneter' The vier of these seuaors wa's

along the 1.ong axis of the oone' the fieldL of vier of

the ion chambers telng 40$ ha1.f angle rrhile the 2l+0oL

photoueter had a mean half angle about 15" the actual

f ielcl being : êsYnetrlcel.'

The seeond group of Sensors Íere mounted near

the surface of the cone t 2 ft 6 inches fron the apeft

sueh that their fie]-d of vier ras nornal to the long

axls of the cone. This grouP consiste¿L of one of eaeh

type of j-on eharnber, the Lynan a telesoope and the X'-ray

tletector. A sini].ar removable coYer was in place over

these detectors cr_uring the preinJection phases of the

launch.

The bl. ock holding the forrartl sensors Ías an



integral parü of the cone structure being

of the con€r

p ositi oning

wa I n¡ou1cled.

,À rear retaining

of the ion ehanbers

into the b1ock.

plate ¡nad.e

while the

1 3t,.

the apex block

possibJ-e the

2¿+OOl" clete etor

the sicle viewlng sensors rere nounted- in a

renovable nodule which a]-so containecl the e]-ectronie

units assoçiatecl rith the sensors in that sectioa.

8.IÞ Electronic llnits for the Experinental Packages

the cur"rents prod.uced by the ion shanbers, the
è

22+OOA. photoneter and. the Lynan a telescope Ìrere alJ. fed

to logarithn:ic anplifi ers. Those associatec[ with the

NO- ti¡' chanbetrs, an<L the 24OCå photoueter covered. the

renge fron O to 5 volts for input currente fron 10-ro to

1O-é anperes rhile those associated. rith the other ion

chanbers and the Lynan ø. telescope coverecl the same voltage

raage tor input currents fron 1O-lt to 1O-e amperes. Ihe

count puì-ses fron the X-ray detector trere passeiL to a pulse

shaper rhich then fetl a d.igital. to analogue converter,

naking the fuJ-1 | volt excursion for a total count of

256 counts. ?he uuit gain poteatial for the ion chanbera
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was supplied. fron a battery antl entered. the sensor

packages from an external source. The high tension

required. for the gaõ Sain operation of the teJ-esoope

ion chenber was suppliecl at lOOO vol.ts fron a corona

tube regulatetl supply from a d.c-clc converter- A'

slrniler unit suppliecl the voltage at 5O0 volte for the

X-ray detector while the '1OO vo1ts f or the photometer

operatlon Eas tal:en f rorn a cLivid.er chain ecross the 5OO

volt supply" Another unÍt ras e. timer of tO seconcl period.

which provitletl a pulse that discharged. a capacitor chargeil

to 1.5 volts through a resistor conneste¿l in parallel to the

amplifier input. This current tas controll.etl by relay

snitches and. supplietL a 50n seconcl callbrati on pulse to

eaeh anpl ifier" À11 eleçtronic units were potted. in Dor

Gorning 85O BTV Silastic the leakage resistanoe of thíe

naterLaf being iust suitable for the curuent ranges

lnvolved at the anpti-f ier inpr:t s. The lÏl supplies f or

the telescope chanber and the X-ray sensor were carrletl

to thetr respective units by coexial cable links. These

cable links Eere pottetL at each encl to avoiil the possibillty

of gas leaking from the cable under vacuun envirou¡nent entl

aceumulating to sufficient pressure to naintain a corona

clischarge. All anplifi ers associatecl rith the side f acing

blosk ana[ the HT suppiies were uounted j-n that nod.ule
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while the anprifJ-ers f or the forrard rookf_ng set were

nounted. on a bracket suspenc!.ed ínternally fron the
forrarcl block for thls purposer fhe 1oo vol_t line ras
carried. fron the sid.e to forward. block by a eoexiar oable
incluclecl i-n the internal looning. -A"l-1 voltages for
operatíon of the units were also carried. in these loons.

8.5 Solar Åspe ct and. Àttitude Sens orÊ

As oae sf the purpo'es of the experiuents was

the measurernent of the solar f rux l-evels anrl a s the
cletectors hail known angurar responses it ras necessary

to know the angle betreen the li-ne of sight of t he

d,etector a nd. the po sÍt ion vector of th e sun. îhis ra6
to be measure(l by solar aspect se¡rsors, consístiag of
two photo traasistors mounted siðe by sid_e behind, teflon
d-iffusers. The shapes of these d.Lffusers ras sueh that
the angle responge of each transistor ras different and

the angle betreen the sua vector ancl the line of sight of
the Êensors could. be cr.eternined by taking the ratio of the
outputs and conparing these with a prefrLght calibration.
such an aspect sensor çaé in each experinent package. To

assist in the deter¡ninatiou of the aetual attituele of the
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space eraft l-n orbit, three eutualJ.y perpend.l-cul¿r

flux-gate nâgneteneters were includ.ed. in the payloatL,

mounterl diametrical-J-y opposÍte the sid.e facing experinent

package. Duê to veight lÍnitatione tro of these hacl to

be removecl from the satelJ-ite prior to launch J-eaving one

nagnetometer with it s axis para11e1 to the long axis otr

the coneÕ

8.6 Other Instzrrnentation Carried

Àn inportant part of the environ¡cent for both

the sensots ancl the eJ-ectrpnic units cas the tenperature

exieting Ínsid.e the satell"ite. Sensors to provid.e this

lnforsation çere sup¡rlietl and. nounted. by the Flight

Projects Groups of iieapons I(esearch 9stabJ.ishnent. These

corlsistetl of t hernistors caJ-ib raterL so that the voJ-tages

across th en f ittecl t he range of the t elenetry sy sten.

They were ¡rounteð on the f orrard experd.ment block, on the

forryard anpllfier mount, oD the battery package, on the

telenetry unit and. at five positions on the ski-n of the

cone. A clock, cleslgned. and. constructed. by IT.F,.l.,

provid.ing a d.igita1. reacl-out of suffieient range to coyer

the expected life tine of 
"he 

satellite, Ías aJ.so nounted
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withthetelenetrysysten.îheteleinetryunitwas

purchased connercially and transnitted through four balf

d.ipole aeriale nounted. at 90" lntervals about a plane

nornal to the I-ong axi s of the cone' îhe signal ÍaE

on a 136"35 f'tcf s carrier as a single frequency modulatecl

subcarrier whlch was nod-ulated. by the io ltages appearing

on a 16 x I array rhich ras samplecl twl-ce a second' girl'ng

thesysienåsanplefateof2S6sanp}esperSeconcl.The

d-iEtributíoa of telemetry time among the inf ormation

transmitted. is as :et out be].ow'

3 ion Rað. xÐt. Te xpt. At tíüutle HK C].ock SYnc.

310 ,-7 91l1 ti ne 50

where EK refere

Sync. refers to

to aeasurements of vo1-tage J-evels anil

bit id.entification of the ¡natri= array'

Thevoltagesnecessaryfortheoperatíondthe

instrunentation anâ telenetrlr were suppll-ed- fron a bank

of, Yard.ney si-lyer-zj-:rlc cells of varying anp-hour capaelty

connecteeli-nseriestosupplythevoltage].inesatthe

requi-red. current levels. The voltage 1e'¡els supplietl

Íere 12,2¡ 9.15, 6.1 , -t+.6 and. -7.7 volts referred to
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the sate1l1te structure. -hs this type of cel-1 d-epenrls

upon a noist electrol.Íte, the battery pack ras encloseð

in a presaure vessel. Aa auxiliary battery in the form

of a d.ry eel-l was crounted- externally on the exterior of

the pressure vessel to supply the urrit gain voltage for

the ion chambers, the 1e ve]- b eing !+5 vo Lt s.

A requi-rement of Bange Safety uas the lnclusion

of a trackiag transpond.er in the cone. This systen

receiyes a signal fron a rad.ar transnitter, conyerts the

frequency and. retransmits giving positive proof of rad"ar

Iock on the vehicle. ff the signel l-s lost a rvehiele

d.estructr si6nal was to be transnitted- as the path of the

vehicle was then unknown. The unit w&s a C band. transponcler

and. separate batteries rere carried- to ectivate it, the

entire s;¡sten being nounted to the rear of the f orward.

experinenta] package.

The positioning of the experíøenta-L packages

and, other unÍts is shorn in gi-gure 8.3.

As wel.l as eJ'e ctri caJ- systen s, the co ne contaiae tl

a nechanical structure the purÞose of mhieh ras to aupJ.ify

the instabiLity of the rotation mod.e about the long axis

of tlre cone, inpartecL cLuring the launch phase and- bring

about & rapid. conversion of positiou of the axis of



tragaetlo
So e¡¡cl Fgrer Supply

Fackanpllfler hplotlve

traoklng
rnct batterT

Slile erpe¡l.nent
blook

¡oa1ar
h¡Ise ahapcr

Bcmovable
COY€T

lspcot

lcIe
&rl¡ts

Cba¡ber

cxperl.oant

l!

llnrre 8.1 lq¡out of tnstnbentatLon 1n tùû IRES.âÎ Setel]lte.



1 l+O.

rotstion to that of maximum noment of inertia" This

rras d-esignecl to be nor'¡nal. to the long axis and, normaJ-

to the l-ine of sight of the si<ie viewin6 experinents,

This consisted. of a tube which f ollowed. the insid-e of

the corre in a plane containíng the 1on6 axis and- norual

to the line of sight of the side viewing package. thls

iube was partial.ly fi-}1ed. ¡rith silicon oiI, the oiJ- beiag

f ree to r.rove under the f orces inposerl by the notion of

the cone.

8"7 rêmnê rå.t ur e Lìe'l ¡ rì!¡ .Ên dfe ag ht of the Conenc l_

The planned orbit of the vel:icl-e was such that

it would spend soÍÌe 60'r, of an orbit pe,:'ì-od in sunlight,

fhe absorbing of ra,Liation cver this peri oC. f cllowed by

a L\erioû in d-aricness with the loss of absorbed energy

by rad.ia,tion would ]rave pro.lt-iced a varíable tenperature

environnent perhaps too severe fcr the effective operation

of the instrunentatj. on whieh sas 1i-:ited- to ternperatures

fron -10èC to 60"C, the level-s at these ter:.peratufes belng

beyond the useful range althou.gh change of the ternperature

t owards 2-5" C would. a1loæ return to nornal operation.

Tenperatur es abov e thi s linit ¡:e rnanently cha-ngecl some
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of the instrumentation, the task of naintaining

tenperature balance was carried. out by I'i.P..8. through

F1ight Projeots Group. the sorution lay in painting

the bulk of the exterior wlth a flat black paint whil_e

the interior ras painted, white in all are&s which did.

not end-anger electrical systeros. By this :neans energy

balance ras reached- at fairly high tenperatures on the

skín but, d.ue to the poor railiation property of the

interior which ras thernally insulated- frou the skin

rhere possible with teflon spacers, tittle of this

energJr reÊ rad.iated internally by the skin. Regions

of the aurface close to the experinentaJ. packages rrere

covered rith AI. tape. Thf.s tape was checkerl for heat

tolerance both in aír and untler vacuum prior to

åppJ.ícâti on.

The conpleted cone containing the instrunentation

described ín previ ous sections hacl a mass d.istribution
as ].isted. below.

Structure 32.O tb e

Ekin, stringers, rib BJ-ates etc

fherual Insulation 9.6
Heat shieJ-d-, cork, pai-nt etc



Enerev Ðis sipater
Tube, oí1, etc

Egperinent Pgckages

F orward.
Sid_e

lç{apnet o¡oeter
Head, nount etc

Eeleggtrrr
Strueture aeríals unit etc

egleq
Main batterles, regulators etc

1'of tv Break-un end, Trackins Svste¡ne

Transpond.er, batterie s aeriaJ-s etc

C over g

Balance treights

¡qlråns

8.8 Pre-f11eht Checks of Instrumeatatlon

Prior to flight all sensors
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7.4

2.7
7.9

1.1

8.7

18.O

5.5

1.9

1.9

6.1

1O7iL Ibs

i¡r the experinental-

of ea].ibrationpa ckage s

for each

rere calibrated.. The

type of sensor was as

method-

fol1or s.
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ION ÜHAMBERS

These were caJ.j-braterl. by conparigon of sígna1

output ss a functi-on of the output of a pbotonulttplier

víering a calibrated sodllun salicylate bean splf.tter.

This had. previously been cal-ibratecL by co'aparíson rith

the output of a fu1Ly absorbing i{itric Oxide ion ehanber,

illuninated. with lynan tt, aspuning the ionization

effieiency of tynaa s for Nitrlc 0xide is knoçn. îhe

response of sodiurù salicylete as a function of navelength

is a]-so aesumed kuorn,

24oQa Pþ-q!.-q4-eggg

. This was eallbraterl by neagurenent of voltage

output es a fuuction of ravelength rhen illuninatecl ri.th

the bean from a Bausch and Lonb Ïligh Ïntensity monochrol*

ator. The IÍght source usetl ras a high preseure ¡enon

lanp. The spectral energy output'of the xenon lanp-non-

ochromator system had beea Iaeasure<[ previously rLth a

calibratetl ther¡nopile. Ths spectralenergy tlistribution

of this conbinetíon is shoun in Figure 8.4 whlle the

response of the photoneter iE shown i-n Figure 8.5. The

anguJ.ar response of this cletector is shoçn ln Fi6ure 8.6.

Õ
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X-RAY D115CÎOR

The detector, pulse shâper and sealar rere

calibrated. for pul-se d.etection as a function of count

rate. ft was found- that the systen satu.ratecl for an

lnput rate of, 1000 counts per secondr for this reason

the 256 couats for fu11 scale d.eflection at two sampJ-es

per second. was chosen to pr e,rent anbiguity in th e reaclout.

.$. lower count woul-d. have allowed a possibility of a fu11

count range to have bren und-etected whí1e a higher number

of counts would. have causeô l-oss of resolution. the

photon efficiency of the d.etector was ineasured eeparately

rith a stand.ard source, which ras also used. to d.eternine

the angular response of the sensor.

tYilAN q, îELESCOPE

A previously calibratecl ion chanber was

operated at unlt gal-n then at Bas gain with a voì-tege

of 500 volts applied.. fhe current per photon t&s

cleternLaed. fron these measurements. The transmission

of the lithium flouride lens was then d.eterminecl antl

aJ. so the angular t-i e1d. of v ietr of t he t ele scope . Knoring

the nunber of photons per second- faJ-ling on the fens from

within a knorn angular fieId" of view a6 a function of
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the brightness of an extend.ed source, t;-re J.ens trans-

nlssion gives the nunber reaching the chamber. ?hus the

current from the chanber for a given brightness of an

extended- source may be d-eter"nined., ancl through the

anplifier, the voltage out for a given bríghtness in

e?gs cm"t sec r sterad--r.

. A1I types of sensor to be incì.ud.ed. in the pay-

Load., though not the fllght instrunents r,4.ere taken through

a temperature tegt. this invol-ved. the heating of the

units to tenperatures 25OeC, in steps of 50"C, the units

beíng recheckecl at eaeh step. Al.l unj-ts survivecl this

chebk, but changes in sensitivity above 15OeC set thj-E

as the upper llmit that could be reached. by the equipnent

at any tlne d.uring the ascent, iniection ot orbital phases

of .the progralume .

Sold-er jcints under 1oad. nere also f ound- to

weaicen at this temperature. Âl-1 electrËnic corcponents

to be used in the constructÊon Fere subjectecl to this

tenperature of 150"C and, with the exception of transistors,

pÍn up capacitors and- tubular ceranic capacitors, sho¡Yed.

no effects in operation. fllP transistors showed. a gaia

change of 2.5'o while NFN|¡ showed no gain change. Pirr up

capacitors emitted. some nax and, showed. sone change of
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val.ue, a sini1.ar chaage being noticecl in tubular

eeramic capaci.tor s.

The completed. electronic units were subiectetl

to both co].d- anil hot checks. The ]-ogarithnic aup]-ifiers

showecl some change in gain when taken to -79' C but

recotrered. to precalibration 1evels on returning to roots

tenperatrrxêr 0n being raiee¿L to 75"C a d.rift of 2011.

i-n output 1evels for fixed. input current occurred., the

arnplif ier returning to nornaL on reC.uction of tenperatll¡êr

The X-ray detectorn on being taken to -65tC,

went into contlnu;us d.ischarge but reoovered- on returning

to rooa temperature. Othe:: uaits showed. soue sna1l changes

in operation at tenperature: extremes but returned to

normal at room temperature.

After being assembled, into the satellite cone '
the whole package ras placecl ín a space environnent

chamber at Àclelaicle llnitersity ancl sub jectecl to hot and-

colrl cycle s extencling ov er a periocl of f our cl'ays. The

equipnent employect in these tests is shorn in Figure 8.7.

Â11 units survíve¿l this test without observable change in

operation, the temperature effects being as in the

previous tests.



llsure 8.7 Vacuun ohanber, hot ancl ooltl ¡oak

punps and porer supplLes cLurÍng spaee

enyironuent teÊts¡
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The entire unit ras al.so subjected. to vi-bration

enð acceleration tests without chang e in operation of any

measureable parameters. Prior to integration with the

launch veÌ:icl-e, the setelJ.lte was transported- to the

Orroral- -rlalley stati-on of the N.Ä..S.4. l,linitrack network

to check telenetry conpatabiJ-ity rith the net.

the forn of the completed. cone

the thircl stage notor is shorn in Figure

before nating with

8.8.

B.g Launeh ancl Operation of the Sate].lite

The satellite Eas mated to the l-aunch vehiele

d-uring one week prlor to the proposed, ì-auach cl-ate" -{

neehanical failure of a support unit prevented. launch on

the f írst d-ete but this Eas follored. by a suecessfuJ.

launeh at 1l+25 hours Central Stand.ard. line on Novenber

2911a, 1967. l*ionitoring spin nod.uLation to the signal

receivecl by traeking stations during the first orbit

coaflrned. the convergi.on of spin about the longitud-ínal.

axis to a prope1-J.or node within 15 ninutes of launch

rhiJ.e receipt of signal by the minLtrack station at

Carnarvan, lïest ÅustraJ.ia confirmed. acquisiti-on of orbit,



Flgule 8.8 $atellite cone rlth Lnspection
panels renoretln showl.ng colour treatucnt
for thernal environnent controL.
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and the satelllte Eas giren the COSPÀR ðeelguetf.oa

1967-118 A"

The vehicle transnlttecl, tèIenøtry for 5A. orblts,

the planued lJ-fe aî the poter supply anil all censort

opereteet satisfactor3-J.y. Prel.f.nlnary stuilíes of teX.eoetry

reeeLved. indi"cate thet a nuqber of suurises r€re obtal.aecL

1a the region of 20! to 25" south latitudle and that a1l

senaors ser these eyentó. To elate ûo eecurate luforuation

is available ae to the eornplete e¡lheneriE of the ¡atclU.te

eo that no quentítatlve results are avallabì.e"
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AFPET{ÐIX 1

DYNODË },{ODULå.TOR

the circr.rit for thls conponent is sbown in

Figure 4.1.1. The purpose of this circuit is to provicle

a square wave of '100 vo1ts, peak to peak, whichr applietÌ

to the selectecL dynode of the photonultiplier, rill mod.ulate

the photonultiplier current in ord.er to take advantage of the

lor d,rift charaoteristic of an A.C. anplif ier systeu.

The basis of the circuit is the saturated. core

oscillator. The forn of operation of this system is as

fo11ors.

'r'Ihen the supply volts &re applied' one of the tvo

transistors ¡ T1 sa,Í I will cond.uct ¿ccord.ing to the Ínitial

state of unbalance existing. The ¡aaln inpecleace in the

circuit is in the wínding 1Y1 of the transformer so that the

collector of Ti will be close to grountl. The Yoltsge

ind.uced. in the coupled- wind.ing lTJ, wound. on the sane core is

such that, when appliect to the base of Tlr ril1 hoJ.d- this

transistor harcl on. This wi].]. be the caae until the core

saturates rhen the l-nd.uceti. voltage ri1I d.rop to zero. líhen

this occura the col1ector current rrilI dedrease, because of

the clecrease 1n the base-eoitter potential. This decreage
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in current rilI indluce l.a WJ a furttrer tl.eorease in the

base-enf-tter potential of Ti and, at the s&Ee tine' by ffåt

aa lnerease Ln the bese-emitter potentlal. of TZ causing

thls tranELstor to contluet. The eyele ia nor repeaterlt

prod.uelng e square têye aerose the output of the eeeoad.ary

rinding, the aagnitude of rhieh le d.eterninecl by the turns

retio ctr the prinary entl seconilary rind.ings.

the bias resiatorE are lnclucletl to assure the

inltial- unbalanced condj.tion upon srltoh on of tbe 1or

voLtage eupply.
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A¡Pl,]trDrx g

FHOTOMULÎIPITTP. HTÊH îTi'I.SI01í SUFPLT

The circuit for this conponent is shown in

Figure !\.2.'l . The operatíon of this circuit, which supplies

the negative high tenslon for the photomultípliers car¡ied

in the experinental package is basecL upon a saturated core

osciJ.J.ator as waa the d-ynod.e nod.ulator clescribed. f.n

Append-ix 1. In the case of this system the output squere

wave is appliecl to a voltage doubler aetwofk.

Tf the polarity of the transforioer output is such

that d,iod.e D1 conclucts, eapacitor Gl become e char6ec[ such

that the potential acrosa it ls V*. Ûn the reversa,l of

polarity, diod.e D2 wilt conduct and capacitor C'2 becomes

charged, rith a potential across it of 
"n 

so that the total

pctential between earth and. the -tsìT point i-s 2Yp. This ie

the cond.ition f or zero current d-raín" Ïn the case of the

practical systen, the current drain was 25O nícro an¡ps con-

std.tring one half of the network, the potential is 60O volts

whlch, at a current of Z.5x1O-'anps gives an effectlve

resistance of 2.I+xl06 ohms resi staace. The time c onstant of

the d.ischarge of a. capacLtor of O.22 nicrofarad-s is tben

O.5 secontls. fhe running frequency of the oscil-lator was
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1-J kc/s ao that the ca.pacitor will onry diseharge to
(t exp(1.3x10-t))yl d.uring a cycte naking the ripple
voltage negJ.igJ.ble.
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usetl for

ro cket a.al].

The

sensors

c ircu it

.å TIiREE SfÉ.l;E A.C. ÀIIPLIFIER

This is the type of amplifier which ras

carried. in the instrunentation of both

is shorn in Figure 4.J"1.

The A.C. input sigaal- is applled to the base of

transistor T1 rhich is bl-assed. by reeístors *r*O but rhich

nai-ntal-ns a high iaput inpedance through resistor R2. The

output of f1 is cascaaled through T2 onto an emitter load of

resistor RJ. The fu1I slgnal is appliecL to a rectifying

aetwork C1, Êl+ and D1 and. gi.ves ou''"put of stage 1. îhe

eigna]' at Ll is A.ü. coupled to the base of \3 and- the Sain

of this stage is set by the nagnitucle of the å.C. coupletl

feed.back resistor R5. The output in thl-s ease apPears on

the collector load and. is similarly treatecl to the output

of stage 1, supplying the output of stage 2 and the input

to stage 3. Stage J is sinilar to stage 2.

lhe initial gain of stage I rhich mey require

variation, d_epend_eat upon the sensitivity of the photo-

electric d.etector, nay be set by changing the input

inpedance through 86. Also in the input cireuit 1s the

tenperature eompensation net of Hl 5 and- L/.

Because of the ll-nitation of the excursion of
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a;!y signal appiieiL io the

false synchronous sígna1,

1 "5 volts by the net D2 arb

telenetr;r, set to avoid. any

all outputs Trere J-inited. to

ana- the battery B1 .ancl c

. Cwing io the f orward. cond-ucting cheracteristic

cf the C.iodes the signal appfied- to the telenqtry r'¡iI1

rise a little &bove 1.5 volts but this rise is not great

enough to stinulate a sync signal.
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¿FPr.ll{DfN h

r}I FIT3HT C¡J TBT.,å,TI Û,1I SYSTEM

the Ín f}íght calibration systen coneisted of
grain of v¡heat bulbs which were ener6ísed- period.ically

f or the duration of the flight. îhe eircuit provid.ing the

, tining and. the switching of the system is shown in
Figure ¡!. I+.1 . Thè operation of th e ci rcuit is &s follors.

lransistor T'! is biessed to ccnd.uct I micro ã&pr

By gaÍn of T2 cu:"rent through lorer blas resistor turns T1

hard, on, 
.ch 

argi ng CJ ti1I potential appf i_ect thr ough

collector of T1 is s uff icient to cut off T2. Rei!.uced.

current throu8h lorer bias resistor euts off 11 and. C1

discharges directly tilr 11 is bi asseat otrr turning on T2,

prod.ucing neôative gfrfng ed-ge whlch is passed. to a nonostable

the output of whi-ch is appliecl to transistor îJ rLth lanp

B as the colLector load. The positive going ed.ge of the

pulse appliecl to the first flash cincuit fi-res the seconrl

flash' The zener in base circuit of the output transistor

of the Eonostable prevents regeueratíon of a negative ed-ge

d"ue to the high current load on the -15 volt line.
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A?PENDTX 5

CCNIP.OL SJTÏlGrJT¡{G OF I{JI}H TENSION ST]FPIIES

Because of the vibration of the vehicle cause<l

by the rapid. aceeleration through the dense layers of the

atnosi:here, it is necesaary that the high tension roJ-tage

be applieiL after the conpletion of the powered stage of

the f }ight. No continuous switching was avai1.abl-e frorn

the ínternal roclcet sy sten the clock pulses resuì-ting

from the notion of a w'iper arln over isolated. contacte.

To engure the continued- operation of the high tension

unit, a switching net aa eh.own ín Fi6ure ,fi.5.1 was used.'

The operation is described- be1or.

Relay ÈL2, which is normally closed., uay be helcl

open by ground. station controJ.s. Voltage J.ines permittl-ng

such operation are rencved as the vehicle }e aves the

lauucher.

¡'or laboratory and. gro und. checks, swit ch :1

supplys control of the circult, c1-osing -!.L1 whíeh both

loeks itseJ.f cl-osed. anð. closes the low voltage line,

actiïeting the high tension unit. EL nay be opened by

energising ÈL2 after opening S1.

Ât launch RL2 is cLosecl and. S'l is open. Àfter
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a period. of 27 second.s âfter launch the event clock

brief'ly cJ-oses 52. This energises P.L1 which now remains

closed. irrespective of the later condítion of 52 and. thus

maintains the 1or¡ voltage sulply to the hÍ-gh tension unit.
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APPETDIX 6

PUBLICATTOfrS

the fol'I.orlng papers have Þeeu rrltten oa the

rork rleEerl.be<l in thl.a thasis.

J.TI. Catrver, B.l[. Ilarton aad. F. Eurgef , 1966 s!{oeturaal
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JourôaL of GeophyeicaL Research, Z!, h189.

JrH. Caryer, B.lI. Eorton anc[ F. Burger, 1957, üRoeket

Deternlaation of the Night 0zone Dietrlbutlon

aneL the Lunar tltraviolet FlurF, SBace Research

VII, North Ïlo13.and. Publ,ishÍ.ng Co.¡ pplO2O.ãrlO28.
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