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I a

SUMM.[R.Y

This thesis presents results from the Southern X-ray sky

obtained from flights of the University of Aclelaicle b'rlloorr-borne

observatcry in the period 1963-69. the al-titud.e ðepenclence of

telescope backgrouncl count rates in the pressure interval Xþ7OO em.

-2Crrì¡ Is also exa¡ninecl in cl-etail for the ascent phases of the

d-ifferent fJ-igh'bs.

chapter 1 consists of an introduction to the subject of J(-ray

astrononly and its literature, ancl also contains a brief sumnary of

thre experin¡ents performed. by'bhe Ad.e1aide Srorrp. The payload' and

ground-besect instrr.rnent,a'rion are clescribed. in chapter 2r while the

physicaÌ princililes of tho )[-ra.y cleteciiors ¿r're d.iscussed Ín the

follo'.ving chapter. Tìre unfo.!-r'l.i-ng of an X-ray source spectrum from

a measurett detector pulse height clistribution is clescrjbed hercr as

aro the laborat,ory-det,ermined. tletector characteristics and the pre-

flight envirorutrentat testing of the payload.

.å. theoretical discussiorÌ of the performance of the azimuth-

measuroment s¡¡stemr anil in partícu1ar the effects of geomagnetic

field. variatj-ons and non-horizontal orientation of the rnagnetometers,

follovs in chapter 4. It ís concluiled that the azímuth angle is

measured with an uncertainty not exceeiling 1.4o. Orientation and.

fielcL varietion ef,fects oTì a rots,ting null magnetometer are also

pred.i cted..

Chapt,er 5 :r:eports thc o'oservation of significant, hard X-ray

fluxes from the sources Nor lüì-1 a-¡rd Àra XB-1 end. presents upper

Iimits for numerous o+,her sourcors in the galactic longitucle r&nge
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32oo<Í<35oo. Comparison of theso data with lower energy rocket

results shows that a porver law spectrun (in tçey ".î2 "o"-1f"V-1 
)

of exponent 1.5 best fits the Nor J(R-1 data for photon energies

) 5 lCeV, whí1e Åra ffi,-l is best described by an exponential spectrurn

having kT = 11 KeV. The Arl.elaicLe clata for Nor XR-l makcs pcssíble

the revision of a previous estimate of 4 x 1021"rñ2 fo, the hycl.rogen

atom colu¡nn d.ensity in its tlirect,ion (Cooke ancl Pouncls 197Ü), to

the ner¡ figure of 2 x 1T22"rn12, which is in better agreement with

measurement,s frorn other nearby sources. The present status of source

posit,ional measurements for 32oo< fa]f,oo is also d'iscusseil'

Chapter 6 examínes the altitucte d.epenclence of various count

rates ín the atmospberic pressure intervar 1ÛO-<|$7OO gm. 
"^12

Ead.iation att,enuation lengths &re measurecl as a function of enerry

for each flight, Ðifferencos are observed. between flights. There

are also cliscrepericies betvoen ouT results and those of other

worhers. Thcse cliscropancies may in part be explainecl in terms of

the deponrlence of background. characteristics on the t¡rye of detector

employecì.. On any one fIíght the numerical relationships between

the attenuatÍo¡r lengths of (a) tfre active telescope energy channels,

(U) tfre aotive telescope guard rates, antl (c) tfre gracled shíetit

telescope energy ehannel rates, can be wolt explained. using the Gross

Transformation. The theoretical d.ifficutties of this intorpretaticnt

in view of the expected isoÈropy at these altitudes of the electron-

photon component, of second,â.rl¡ cosmic reJr'¡, are d.iscussed. Cornporisons

with the attenuation lengths of other radiation species are found

to give no posiii"¡e clu:es to the origin of the observed count ratcs.
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In chapter 7, the backgrorrncl count rates are investigatecl in

-)the pressure rânge 3*<FIOO gm. cml' vith particular emphasis on

the f ittÍng of fr¡nctional f orms to the altítud.e d.epenclence. lhe

active telescope pulse height rlistribution as a function of altitucie

is also d.iscuasetl.

fhe d.iffuse cosmic x-roy background is measured. in chapter B

a¡rd. resutrts ore consistent with those of Other groups. It is founcl

to be isotropic to less than 1Ø ("1 the one sigma level) with

respect t¡o the galactic plane, betueen the }ongituctes )Zao4.F-<4Oo

anil for energies 27--g<$f Keli-. TI¡is is the only such measurement

at these longitud.es and. energíes' A correspond.ing upPer LÍmit at

the 3ørevel of 7 .26 x 1O-4 photorr" 
",n12 """11 

KcVî1 "ndll *,n 
"

d.etermiired. for a line source of X-rays in the galactic plane.
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CIIAPTM, 1 .

IIüTRODUCTTON

Since the initial ðÍscovery in June 1962 (Giacconi et aL

1962l of cosmic X-radiation, many d.iscrete sources have been

discovered anc'i. the existcnce of a clíffuse backgrorrnd of X-rays

has been confirnrr¡cl:, ghich is apparentl¡r extragalactic in

origin. These discoveries heve, anâ will continue to havet

ínporta.nt coïlsequences with regard to the evolution of galactic

objects, t,o interstellar anc'l intergalactic matter, cosmic ray

physics an<l cosmologyo

This chapter contains a brief review of t'he current ststus

of the fielc=, anå concludes with an introcluction to the objectives

and experiments of tþe bsiloon-borne X-ray astronomy group of

the University of Atlelaide.

1 .1 . ÐISCREI'TI SOUP,CES.

Às of August 1970¡ about 6O ilÍscrete sources have been

reportecl in i;he literature. However, only about half of these

observations have been confirmed by subsequent experiments.

1.1 .1 . Knol¡n Sources.

Various catalogues of ciiscrete Ï-ray sources have been tabulated.

in the brief history of ü-roY astronorny. In the ilesi¡¡n phase

of the Àcle1aide programne, the catalogue compilecl by the Naval

&esearch Labora-iory (ii.tl.L. ) Uashingto¡r DC (Friudman et aI . 1967,

was used. Ti:is containec'l 35 sor¡¡ces and was usetl in clet,ermining

the scanning patt,erns in our earliest balloon flights. Subsequent,

stud.ies have faileå 'oo confirm many of the N.R.L. sourceso

']

r)
':i : ¡,
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ÌIebber (tg6a) in a re-exanination of the literatr¡re, conpiled

a catalogue of rrconfirmecilt sources numbering 22, which shoul'd

perhaps have only been 21 as I have been unable to fÍntt any

reference in tho literat'ure to the confirmation of Cep )G-1. More

rencently, Dolan (tgZOa) has published. a comprehensive list of 59

sources reporteil before December 1t 1969, in shich no attempt was

mad.e to eliminate unconfirrned observations. Of these 59 sourcest

the 2t of Webber plus I others can be regarded as confirmed' at

the present time (August 1970), ancl these 29 objects &re tabulated

in table 1 ¡1 in orcler of their appearance in Dolanrs cataloguêr

AIso listed. for eaeh source are galactic longitud.e ancl latitude

(tIr, oII), and. right ascensíon a¡rct cLecrina,tion ( (#) 195o.o).

These co-ord.inates are belíeved to be those of the most precise

observations to d.ate. Exhaustive references are citecl for each

source by Dolan and simplicity clíctates ttrat those shoulcl not

be 1ísteà here.

1.1 .2. Source rrositions and. onticol itLent'ificat'ions.

Examiiration of table 1 .1 reveals the long-reco¡pizect fact

that the majority of confirmecl X-ra)¡ objects ties within lOo of the

galactic equator and so are almost certainly galactic objects.

An apparent exception is Tir XR-l which has been tentatively

id.entified. wit'h the optical and radio galaxy knovn as l4B7 ancl Virgo

A (Frieaman et al 1967a ,Bradt et aI 19671, Sco IR-l and. the

spectacular variable Cen X-4 are both at high galactic latítud.e

but are belá.eveil to be galactic. The objects Cet )ß-1 (Barnd.en ar¡d-

Francey 1969) and. Cet ¡m-2 (Shukla and ÌIilson 1970) are taken to be

the same object and. the position given Ís that cleterminetl for Cet XR-2

it has not yet been cLeterminecl whether it is a ¡;olactÍc or

extragalactic object,
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Toble I - l Conf irrne tl X-rav Sour e(ìs (/rusust. 1970)

+ 4or3t

+z\o59'

-41or5'
-5go
Lzoii'
¿.o

-)zoL5'
-520

-57o30'
o3l t

-15

-51

-40048'
470

-77o42'

-t60)6'
-z6aog'

-i)o42t
-)64

^t
-25"0O

-zoo32'

-uoo8'
-r3o4B'
+o5olBt

+35006t

*4oo56t

o

+z9a

+JgoJ:

+3Boo5

+5Bo30

ozht4m

o5h3tm

oghS?t

trhz3t
t2h)z^

t3hz4n

t4h56*

t4h59t
tth4zn
r6httm

rchz¿-
t6h5tm

t6h54m

trhog*
t?h3o*

trhq3n
trh4:'*
t7h+7n

rrh59t
t-Bl'oom

tBhton

tBht3t
lBh+5t

t9hj6*
zoh3tt
zoh3Bt

ethog*

zLh4zn

2)hzt^

r59

185

263

2.92

284

-520

-060
+o3o

*o2o

+7io
+oOo

+z3o

+o5o

-o20
+z40

-ozo
*o2o

-30
+o1o

+o9o

+oIo

-o30

-o5o

-olo
+oto

+olo

+olo

+ozo

+o3o

+oIo

-0Bo

-060

-r10
-o2o

o

o

o

o

o

3A70

3JZ'

3zJo

3240

)5go

3340

3440

3400

34go

oogo

oo30

J560

3540

oo50

oogo

0130

0170

0370

oTto

ogoo

oTro

og30

oB?o

:-L20

Cet Xit-l, 2

'Xa,u Ei-l
Vel ,li-l
Cen XR-3

Vir )Gl-L

Cen X-2

Cen )r'-4

Lup ffi-I
Nor &.-2
Sco XR-I

Nor XR-L

L5¡ Sco X-2

L2, Aro ïR-l
GX 349 + 2, L6, Sco Xì-2

GXg+9
GX3 + I, $gr X-I
LLO, G'N-z.5

&X 354 - 5, GÍ,-5.6

GX5-lrGX+5.2
GX9+1
Gi(13+1
Ser XÌì-2, GN L7 + 2

Ser El-I, GX + 36.3

Cyg ,\-1

Cvg X-3

VuI XIù-1, Cvg, T-5

Cys X-4

Cvg X-2

Cas ïIù-1

2

4

5

I

9

13

15

16

17

I9
20

24

25

27

3l
34

J5

)6
39

40

4J

45

4B

51

52

53

54

55

58

ác{.-II
t)I II

Popular
Name(s)

Do1anr s

-t{..'t*-
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Gtrrsky et aI (rgoz) havo examined the d.istribution of sources

within the Galaxy and hnve concluded thot bhere is a correl¡rtion with

galactic spiral arm structure on¡L that the concentr:''tion of sot¡¡ces in

the quadrant 29got tê ,Oo (r.rhich is of interest' to southern hemisphere

observers) can be eonveniently locatecl within the Sagittarius spiral

arm (ns d.efinecl by Sharpless 1965) at a distance of *'2 kipc' The

cygnus sout.ces may br; placed nbout 4 kpo. clistant, beyonil the orion

arm ¡r.ncl in on ârm revealett by 2L cm' observatic'ns'

Tlremcstaccuratepositit;nået,erminationofonX-raysourcehos

been that of sco &-1, using th.e modulation collim¡irtor technfque (oaa

:|965, Gursk;r et al 1966). Its location in either of tr¡o rectangles

of dimension I t x 2t arc has leil to its optical id.entification with a

l3th mngnitucle, flickerÍ.ng blue star (sanilage et aI f966)' Its high

galoctic latitrrde (uII = +24o) flppes.rs to be the result of its

nearness, of the ortler of a fer¡ hundred p&rsecs (l4anley 19?O) ' It has

also been tentatively ittentifiett with a radio source (Ándreç and

Purton 1968), ancl aceura.te position measurements at 6 cm' vavelength

(.6Utes 1969) have shor¡n that the railio cmission is cent're¿ on the

optico,l object to r,ithin-tJt| 9,rc. Intensity meo,surements h¿rve

reveoled it, to be f¿n irregula,r variable over its entire observed'

spectrol rs.nge, from X-rays (niff et oI 1968 ' 
Lewin et al. 1968, I9zobt

0verbeck et aI t968r Evans et, aI, 19?Ct)through optical (ivestphal et

aI 1968) to rarlio (r\bLes L96gr. Non-perio<lic variations are observed

on time scs,Ies of minutes fÖr the optical flicker and of rninutes,

hours onc) clays for the x-ra¡¡, radio arnd lon6¡er term optical variations'
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¿\nother optical identification, in fact the firs'L of an x-ray

souïce, \üôs that of Tru ]&-t vrith NGC L952 ot the crab Nebula, o

gupernova rer¡nsnt and synchrotron rnclio s'Ju¡cer TauruS Â. llowyer et

al (fgO+) conducted a rocket experirnent tluring a lunar occultation of

the Crcb, It r¡o.s establisl¡et thet the Ïr¿r.cìiation originated from an

extencled solrrce vhich coinci<l¡¡d wittr the oplícr:,L nebulosity but hacl

onl-y about half ítsangular extent. The pt4¡sical nature of the C¡ab

vas cornplicated even further when S-baelin et aL (fq0A) f,ound' that it

contained. s, meaber of the recently discovered class of erbjects, the

pulsars (f or brief revier,¡s of the neture of pulsars see Itadhakrist¡nan

Lg6g, and. Chiu L}TO). Ðesign¡,rted NP 0532, the pulsaT wa,s also founð

to pulse opt,icaily (Cocke et aI 1969) oncl in the X-ray region as well,

in whÍch about LÚ/" of the t,otsl f!.ux r¡as founcl to be pulsed' at the

same periocl- t,33mS) as the radio pursations (Fritz et' aI 1969' Brad't

et aI 1969, Fishrnan et al ir969, Irloyd. et al L969\. The pr:'lsation rate

has been found to be slovíng down by abaut I part ín 24OO per year

(Richard.s 1968).

The optical prrlsor has no cliscernible cliameter sncl current

speculation is that this is a neutron sts¿r r'¡ith an inclined dipole

ma,gnetic field. wl¡ieh emits beo.med racli¡rtion anrl, whose rapiil rotation

produces pulsat,ions in t,he receivecl flux of períod equal to that of the

rota'cion (t+crft¡er L968). Àn attractive consequence of the energet'ics

of this model. (tlotdireich 1969 , Gunn et el 1969), reveals ttrs,t the

observed slowing down of the rotstion rate can provi<le sufficient

energy for thci ¡¡cc¿'lerq,tion of particles to ult,rarelntivistic energies

'gith the consequent, emission of synchrotron or magnetobremsstrahlung

X-rays.
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The sources Sco ¡fì-I, Cyg ,'Cl-I and Cyg XII-2 have been subjected to e

preliminary examination for X-ray pulsar characteristics but wíth null

rêsults (Friedman et al, 1969). Comparing the ro<lio pulsar catalogue

ond the X-ray ob.ject satalogue reveals that at this time, Tau Ïiì-l

provides the only inst¿¡nee of a one-to-one correspondence.

Other ideutifications of opticat objects with known X-ray sources

are st,itl in t,he tenta't,ive stage, ovinq mainly to the poor angular

resolutior: vith which X-ray observations can currently be maóle.

Identifications using the rnethoct which vas successful for Seo X-I,

vj,z, extrapolatÍng +"þs J{-ray spectrum back to optical wavelengt}rs and.

declucing the apparent mognitud.e and colours of the optical object, have

been claimecl f or Cyg Ï,-2 (GiacconÍ et aI , 1967, Ikaft 1967), Cen X-2

(Eggen et aI. f96A), and Cen;i-4 (Eggen et aI. 1969). ilot'ever, for

various reâ,sons, among then Ì:eing lack of agreement of the octual

properties of the chosen optícal object ¡rith the exùrapolation

(Cyg X-z), the large nu¡nber of stars within the ií-rey erlor circles

(Cyg X-2 , Cen X-2) anC. Iack of a,ny correlation in t'he temporal

behaviou¡ of the opticat and X-ray emission (Cen i(-a), these claims

are still in cloubt,, Hecent vork by Schnopper et 41. (fg?O) using o

rotating oodulation collir.rator Ìrss resulted in the elimi¡ration (Iiunkel

et al. I97O) from consideration of suggestetì. optic¡r,l cancliclates for the

galactic aentre source GX 3 + I (Freeriran et cI. 1968, Blanco et al. 1968'

Johnson et aI. 1968).

In atLd.ition to Sco XR-l, lau Xì-l antl Vir )(ß-l r¡hich have alreotly

been mentioned., some knovn optical and radio objects have been

tent,atively reported. to emit lov energf )i-rays.
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These have been¡

(a) an L.R.l,. (Lawrenco Rad.iation Lc,boratory) observation of a

strong soft source (0.2 to 2 KeV), Cyg X-5 which can be iilentifiecl

with both VuI ffi-'t (hiedman et aI 19671 antt the supernova remnantt

the Cygnus Loop (Gr"d.nr et oI 1g7O'); Schklovsky (1968) hos in

fact prei!.icteci that the cygnus Loop shoultl be an íntense

source of soft X-rays tlue to lines of ionize<l oxygen;

(t) tue supernova remnant Cas å, anû¡

(c) Tychors supernova, SN 1572 (Ao+h Gorenst,ein et sI 1970); both

of these sou-rces were examined for pulsar characteristics but

with inconclusive results owing to poor counting statistics;

ancl finaÌlyt

(¿), tue Large Þfagellanic Cloud (uarh et al 1969).

@¡
Time variations of intonsity have been mentionetl above for

Sco XR-l and. Tau XÐ-1 . In acLcLition there is eviclence for time

variabilÍty of Cyg f-l (Overbeck et aL 1968, Dolan 1970 br,

at energies above 20 KeV. Variability has also been suggested

to expJ-ain inconsistcncies betueen various other results r¡here

perhaps syst,ematic errors may have been more tesponsible.

Two spectacul¿r.r and undisput,ed. instances of source variability

have been recorõ.e¿l. Cen X-2 was not observed during a 1965

observotion of @¡acler et aI (lSøO¡, but sudd.enly blazecl out to

becomc comirarable in intensity to Sco ÏR-l shortly before April

4, 1967 when ít was observed by Harries et aI (tg6Z) in the energy
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range 2 to B IicV. Its behaviour prior to this clat,e can perhops

be inferred froir rêcords of lnJF rad'io recePtion vhich a'cts a's ri

meôsure of i[-re]t sollrce ¿ìstivjty by virttre of the resrrlt¿¡nt D

region eloctron d.ensity variat,Íons (E{warits et eI 1969r. After

the initial observation Íts intensity declined and. its spectrol form

changccl antl on Ì4ay 17 it was see¡ for 1,he last time at low onergies

(Fronccy et aI 196T t Cooke et al. 1967, Cho<Ii1 et aI 1967\. L;R.L

observa'bions on September 18, 1967 aÃd Nov. 31 1968, faiJ-ecl to

<letect ii (Cho.lil c.t al 1968r McGregor et al 1959), in spite of

the report of n positive flux by hs.o et aI (1959) on November 3

and 7¡ 1968. These obserr'¿t,ions have been interpreted. b¡r McGregor

et eI as 1,he effect of other n.earby sources. Cootrte u,nd. Ïound.s

figla) ¿¡,re of the same opín:'.;rn rvith respect 'i;..r tl're result of Eao

et al but report a signific¿¡.nt flux from Cen X-2 on r\pril 1, 1969,

at a r.ery low level consistent withthe otl¡er null results report'ed.

SÍgnificant hord. fluxes were observed from balloon cxperiments

on Oct,ober 15 anð.2g 1967 by Lewin et aI (tge8arc) ancl perhaps

on Fel¡ 29 1969 by Buselli (1968). These three balloon meôsìEements

vere all rrmd.o e.fter May 17 following the decline of Cen J(-2 ot

lower energies¡ onô tihe¡:c is c''¡idencc.. tlrat this hartler spectral

component' mly hl,ve cleveloped some time r¿fter t'he initinl low energy

outbr¡rst. the 2 tnca.surements of Lel¡in et al indicatecl that tlte hartl

fl'rx was experiencing cr, decli.ne in in4:ensÍ.ty, anct hacl d.iminisherl. by

about )cr/, ue+'ween Oct. 15 and, 24. By ùlafch 2Q, 1969 ín vas no longer

rletectable at hiy;h elergir.:s (Lewin et al 1970¡)
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The second specìts,cu}a,r1y v&riobLe sourcer C€n X-4, rvas observed

ín the energy range 3 to 12 äeV l"ront trfo VeIa satellites (Corrner

et aI 1969). îhis source appeDreal aìrruptly bet¡veen Juty 6 and 9t

1969 ai an intersity levcl comparable to that of sco )n-1. It

facled. and. b;,r tì:e er¡d of, Septenber 1969 wo.s l?Á of its maxímum

intensity (Evans et al 19TAa). l{eanwhile it had been observed. by

rockct, between 2 anõ- 25 KeT, on Âug' 7 (Kitamura et ø,L '19691.

A search for e bard, spectral cornponent anologous to that of Cen-T'-2

ÌrÐs cond.ucted. by the Àd-elaitle group on August 25t 1969 (Thoriias et

aL 19691 197t) ernp}oying the snaller of t'he t'wo payloa<ls rnentioneil

l-ater in thir: thesis (section 1.4). No such component was forrnrl but

tl¡is clicl not necessarily exclude the possi.bitity that Cen X-2 nrvl

Cen X-4 were simi.lar objects, since rio high energy observatíon of

Cen X-2 tfes mrlilc.u-nti]. 6 months after its lor¿ encrgy discovery'

¿\a a-norrlive attenpi¡ 'vjâs rnrde to test this hypothesis in liû,rctr 1970

by the iritelairle gror-tp. ItIo other observat,j.ons &re krrcwn l¡t'ich permit

exclusion of this possibility,

1.1.4. Source SÐectra

This brief reviev of the present observat,ional knowled.ge of

cliscrete sources is aow concluded. vith a cliscussion of their observe<I

spectral cha.rac-t,L.ristics' The observed d.ifferential energy spectra

E.N(E). dtrr'iqhere N(E)dE is tLre number of photons in the energ]r

interval E to E + dE, fatL j-n-bo tvo basic classes as folLc¡.¡s: -
(a) rue pcvel le'¿r spectrum, EI,l(Ð)¿g = constan't. ËrdE..........1 .1

where r5hc e:rpone¡rt'lís a positive constant, ancl

(t) Îkre exporicntial- spec'{,::um, gN(E)<lE. = constant."*p(r#).18 ..,.1.2
where thc; e-fol-ding enerff Eo is chars,cteristic of othe source.
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the two classic illustrations of these <liffere¡rt spectra are

provicled by Tau ffi,-1 (power law)1 and Sco fiù-1 (exponentiatr),

although these nov apF.egrr to be more compiex 
"han 

earlier

thought. lau lR-1 appears to suffer o spectraÌ- steepening at

lOO KeV ancl over the observed range of energies cannot be

clescribed by a power law with a unique exponent, while the spectrum

of sco xR-1 seems to fla'bten beyond 20 KeV, the clegree of which

is possi'sIy time-d.eperrí:Ì en'c,, with tl¡e result that it cannot be

describeð b;,¡ a un:i"qure Eo. This is discusseci witli reference to

source models anch emission nlechanisrns in the next section.

1 -2 iTSIA,OPHY'rqI CÀï, -ìI4, {iY ?I¿íIÐUCTI 0N l,lECluil'll SIIS :

The basic ¡rtrysica,l processes which produco the bulk of the

observecl cosmic T'-tay pho'oons are well unrìerstoOd. ancl in general

clepend on the presence of cosmic electrons. However, clespite

this u¡rd.erstanding it is not possible to uniquely relate an

observed. spectrum to a liartícular physical mecl¡anism, since

theoretioOl work has shor,rn that an emittecl spectrum can be

strongly <iepenÀent on the source mocìe.l usec]. and not so d'epend.ent

on the basic physical process operating vithj-n the mo<1el. The

physics of the most, favourecl production mechanisms is noç

briefly outlined..

This rad.iation is cTiaracterizecl by strong polarization anrl

results from the orbital moti<¡n of extremely energetic electrons

in magne-bic field.s. Less energetic electrons ancl/or weaker magnetic

field.s are believed. to be responsíble for strong raclio sources so

that a s¡rnchrotron X-ray source might be expected to be a

svnchrotron radio source (e.fi. Tau lG-1 )
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An electron of energy E=¡rnoe2 (eV) in a nagnetíc fÍeld with

component, B. (ßauss) perpentticular to the instantaneous electron

velocit¡r ¡¿iII rad.iate a photon spectrurn whose emittecl energy (eV)

peaks e-t, hl = 5.8x10'ur!2 ttto*"ison 196' .) For h>l-^--=1ooE----- -' - nÊax tu max

Ke.V and B. = '!oopG the corresponcì.ing c'Ìectron energy6 =[ moc2I/
n2x1O14 

"V. The electron half-life against this radiati.,n loss

is given uvTl= 3.9x1 aa n;h (n%u*)-ån1.3x1o8 s.cr¡ or 4 years.

The observed tÍmc stability of the hard X-ray etnission from Tau

ffi-1 meens th¿:t continuous electron acceleratiotr is required

to main'oain 'ohe supr-rl¡r' of energetic electrons against ratliative

loss.

the enittc.ù syriciiro-l;ron phot,on spoc-brum is determinetl by tbe

elecl;ron speetruir, vi.rich, ir'givcn try a porver law n(t)dtr = rr¡-tnA¡

(*>o)¡ wil-i irrr:d.lrce e, poT.¡er lav photcn spectrum,

E.l.I(E)d3 = constant Ð-ìd.E t \= t (n-1). ïIovr:ver, llanley

(tgA0) has shown that o¡¡ c.xponential photon spcc*,rum will rcsult

from sl¡r:.chrorcron e¡nission b'. en ai)j-.troxirnotoly f let olectron

spectrum wiüh a hí¡:1h ener6ry cut-.off. 'lfebber (lg0g) has also polntecl

out that tireoretical spectra presentcct by Stein antt Ney (gAl)

to explein solar fl¿ire sontinuum rad.iation by synchrotron emission

frorr an exponen-liel- electron d.istribution¡ bear a striking

resernblance; to1he spectrun of Sco lGù-1 as rneasured, over thc '! O

energy decad.es frorn X-rays to radio. It is thus possible for either

an cx'i-loltontie'1 or pover Iaw spcctrum to result from rnagnetobremss-

treuhlung.
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1.2,2 Thio Sour'"" Thermal Br¿ql¡rS:iEruhlpnÂo

If o source contains ¿¿ nesr-þia¡orc'llian electron <i-istribution

at charateristic tempe.rruture T, el.ectron-ioD collisions t¡iII

produce thermal brernsstrahlung or free-free emission. The energ¡

radiatecl per unit so1icl irngler Fer unit volumet Ber unit frequency

interval (erg. "*13 "."11 st"rll) is given by (Âllen l.963'

l4orrison 1967)

i, = 5.44r * lo-3eI t-" s(,,'r) Énon71"^, (ff¡--t'l

where k is Bo1tzmû,nnrs constantr no and' nr' are t'he number densities

of electrons a,nc[ ions of charge Z e respectively, the Gaunt ]'act'or

g(l.T) is approximately eqrral to unity, and varies only slow1y as

a, function of hJ. 'I'hus free-free emission produces 8,n exponential

spect,rum with e-fold-ing energy Eo = kî (c.f ' equations 1-'2)'

Tucker ond Goulcl (fqOO) have found that in add.ition to the

bremsstrahlung continuum t,here shoulil also be recombiuation erlges

anc] emission lines associated with such a soulce. FoI. a gas at

5 x Io7 oK th"y pred.ict the nost easily observable non-continr¡mrn

featiires to be ¿he o+8 ar.l i¡e*Io recombination edges. In contrast

to magnetobrernsstrahlung, free-frc'e emission is unpolarized'
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thermal necþanisms hcve also been advanccrl to explain power low

spectra (Hayakalra of al 196.¡), þIcrc recently, Sartori. and liorrison

(lgOZ) have er.guc;å tha-b superpoai+"it;.i of the ttrerrnal spectra f rom

s number of d.ístinct, temperaturc regions in a sor¡rce provides a

gocú fit to a single p<lüer law spectss'¡. they have suggestcd. that

this might be ttrc cese in lau )(fi,-l . Tho observed. sps.'ctrwn of ScoX-l

from about { to 1OO KeV is ctinsister¡t witll either a tvo-ternperatr:re

(about 4 auC- L5 KoV) expor.:entie,l ctescriptiol, or more roughly a

sj.agle exponeütiei (tr= 2.tJ) poo,¿er Io.t* (Buselli et s.i 1968, ÌIo1ü et

nI 1 969) .

Thus it ís no+" possiblu. to uniquely ídentify ex¡ronentiaÌ or

Þo'uÇr 1.1,v spec'lra v:i"th ei.+'ller the 'blrersral" or synchrotron procluction

mcchonisrrrs. ilcid.i-t,ions1 d.o.-bo frc:m more ilefinitive experimerrts are

requirerl. For oxample, the ilet,cction of polarizetl l'-rays would'

favour a niagnetotrrensstrahlranr¡ origin, while thc' detection of

spectrel lines or ed.ges i¡oul"d in¡Lice"to a thernlal soutrct-'.

Áttemp'us h¿ve been ¡nad.e to d.etect the poloriz¡¡tion of lr-rays

from Sco Et-1 ¡rnC. Tau iCÈ-1 (/.n¿¡el cL a! 1969 r,'tlolff et aI 19To) .

Ths measurements havo bcen severely lirni'bctL by cc.urrting rat'e statistícs

a¡rå no conclusi-¡e re,sults havo been cbt,ainecl . Howevcr, f,he prelininary

results arc (4.9É 5.2j% for Sco )tR-1 which ís cssentially a nuLl

resuit and, #2{ú fcr lau XR-1 whicli is consistent with oither zero

or tho observc,L :irtical anå r¿r,d,io polarirr.,tion. l{o radio ot op+,i.caì

¡rolariza*,ion l:¿is i;i.'e¡:L observerd. in Sco lüð-1 .
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Line emissicn fronr îe+24 otd' Fo*25 ã1,¡t7 KoV wes tentatively

claimecl for Sco ffir1 by Holt et aI (lp$g) antL has been confirmed

by .A,cton et al (lgZO). This al-niost certainly provides ilecisive

eviclence for thermal ernission. Thus far, onl;r null results have been

obt,ained. for iron line smission from the Crab (gof¿t et a I 1969).

'l . 2. 3 Corlplç4__Ë_g-n-!-þllqg¡

/¡.not,hcr inii:ortarrr! non-thermal f.-ray production mechaníËm is

Compton scattering (Fetten a;:ci. Iuiorrison'!963,1966)in which Í.-rac1i8+"ion

results frorn the transfer of energy from relativistic electrons

to phot,ons in eiec¿1.e¡¡-photcn interactions. It is sometimes ::efcrred

to as rrinvorserr Compton scattering since the photon gains energy

rathe.r than loses it as in the more familiar type of Compton i-ntor-

actiorio No ma¿¡netic fielil is necessaly Ëo there will be no rad.io

emission directly relat,ecl to the X-ray emission.

An electrcn of energy6=¡r.,oC2, I>t r ui)on untlergoing an

rrinverserr Ccmpton interoction rrith a low energy (Eo) pUoton imparts

c small frastion of its eneïgy to the ptroton. Tire photon energy is

íncre¿¿sed. *"o ¡¡-fE-. providcd. üE<<q,C2. Thus electrons of enerry
Qt - - ()

-101oeV intoractir€ vith phct,-;ns of energy En'-o.l eV, vill prod.uce

*.10 MeV ahotons. The electrons required, are of lower energy than

those requirocl fnr sync!:,.rotrcn enission of X-ray nncl ]-ray phot'ons

of t'kre särne enrJrg-w. Since aÌl colLision ar-rgles a.re possiblu=, a

spectrua of sca,-i'r,erer1 photon energies results and. this can be calculated

using the eclurr,ticns of classical [lromsc¡n scattering for the cond.ition

fE<<.C2. For €i power law elec'orcn spectrun given Uy n(lF¡=no l*¿Í,
tH. Co*pton photon speotmm observable at the Earth is also given
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by a power Law:-

rhu = to3(50.9)3-tnn

rn-.3 | - ,"

o *pTt',(hu) t .........1 .4

-tHere I is in eV cm sec
hr¡

is tke line of sight extent of the emission region in light yearst

T is the characteristic blackbody temperature of the photon

d.istribution in oK, hv is the scattereil photon energy in eV encl¡r is

the energ¡r tlensity of the lov energy photon tlistribution ín nV 
"'n-3'

Values of photon energy densities are given in table 1 '2'

Table '1.2 Cosmic photon energJ¡ densities
*("v 

"*-3)¡
-L5x1 O

-12.5x1O
-15x1 O

-)10-
6

-'t -1 -1 -3 ^'sr 'eV ' 
r ttois in electrons cm r ¡ú

Isotropic X-ray
Þticrowa,ve 2.7rÙK

Gale'ctic starlight
Extragrilactic starlight
Gata.ctic irr.fra red (0 .4 to 1.3'lnn.l

*I{orrisc¡n (tfeO¡, Ipavich and- Í¡enc}rc'}i (1970,

The erectr.o¡.r life,oime is given bvã"(td =# second.s, so that

'ro1o ev erectro's interactin¡- with garactic starright having ¡

- o.5 uv 
"rn-3 

wilr survive for -108 years. rhe compton effect

is not thought to be a sÍgnificant process in d.iscrete sources

(except perhaps in l-re¡i galaxies) because of the hígh etrectron

and. photon d.ensities roguired. lor objects of such small extent.

It has been sr4¡gcst,cd. by Dcmoutr-j.n and Burbidge (tg6a) as a possihle

origin for T-rays fr.om the I'fB[ jet but BurbiiLge himself has expressecl

d.oubt,s arril favours synchrotron emíssion ûr,s an explanation (Brrrbid.ge

1e6er.

Ilc¡vever, it is highly regarded os the process operating in

intergalactic spacc to prod.uce 'bhe d.iffuso background. flux of X-rays
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frorn ínteractions of cosrnic rey eloctrons with the 2.7 oK blackbod.y

radie"tion (Felten anè Plolrisoa 1966., Brecher ancl Morrison 1969)

anri the f,o1l-or;.;in{l secticn cliscusses this possibífity ir¡ more detoíI.

å

The existence of a <l.iffuse flux of bnckgrouncl f¡.-rad.iatían of

o¡rpr,r.rontIy extragal¿ctic crigin has raised important questions

concerning cosmolog.yr iniierstell-ar and intergalactic m¡rtter u¡lcl

cosr;i.c ray ¡rh,vsics. îhe d.iffr¡se [-ray bockgrouitd appears t'o havc

ai;. Ieast truo ec-,m;lonent,sr one e,t high ertcrgiesr¡ 1 iíeV, a¡rd. a lov

encrg:i¡ f Lux wlrich has l¡een observed et nA.25 KeY.

1t3.-1 . The Soflb CcrnnqrneÄlr 'Ci25-6erfa

The lorv energy {'v{).25 KeV) back5lrounrJ. flux (Bortycr of a,l 1968,

F.îenry ef, ¿i 196fi? Baxter o+' ß1 1')69¡ Bunner et a.I 1969r, has been

observecl to be abcr-+ th+ si.mpJ-e pr:wotr lav cxtrepolat,ion of the hard.

spectnrn (sce section 1,3,2.) end a clifferent origin seens likc'l¡r.

This ir¡.s J)r¡c<¡r,-;r: a ¡ur¿{,t¡:r of great intercsrt becouse closed, univcrse

cosrno3"ogies rec.i-lir,: ihe unj-verso to have ¿ì merrn density of 1O

hydro¡;Jen .rtorn" ,*-3. Gal¡-.,ctic na+,teÍ cann<;,t rneci this requirement,

cnd. i-f +"he rrlosttt s¡¿*,-l,s.3r exists¡ it mus4, be found. in the intergatractic

nredir¡n ancì m-urut have a l,ernperatr:re of ^t O.1 x 106 oK (Goula t 19681 .

îherrîe,I emissicn- cf soft Ji-rays proviiles the only means of dctccting

such a ,gas, and äe;iry e\ ai (lgOg) suggcst -bheir results arc

consistei:t wir¿h such intorgeJ-nctic emission.
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If this is so, the transParêrcy of tntcrgclactic spoce to the

raôiation plaees conctraints on heavy element abuntlanees fa the

iatergalactic mediun. In particular C end N must be present at' $2y'"

of their eosmie abuntlances ancl this in turn plaees li¡nits on t'he

cumulative 'rpollut,ionil of intergalactic lpace by galaries gnd e:çloclicg

objects rluríng cosmologÍcal time (Sciama f969).

/r,ttenr¡.otion of this low energy racliation is observetL in the

tl.irection of the goloctic plane, but Bovyer et aL ancl Br¡¡¡er et o1.

have notect that the amount, of galectíc absorption ís Ínconsistent

with the amount of golactic neutral hydrogen as indicatetl.by 2l cm.

mea.surements. They suggest thot a, rondornr clumpy, cloucl-IÍke

rtistribution of ínterstellar HI may resolve the question.

The questions raisetl by the low energy backgrouncl wiII not be

further pursued, in thís thesis, I nolr turn to ê sulilnary of the higher

energ5r backgrountl, for which some experimentol result,s obtainecl by

the Adelaid.e Group will be presente<l in Chapter 8.

]--1-2 The ttiffuse backpround spectrum (Þ1 Kev)

The clíffuse X-ray backgTountl intensity above I KeV has been fountl

to be isotropic with respect to the galactic plane to withín øbo:ut LV/o

(see section 8.2) e.n¿l this fact suggests on ext'ragaloctic origin,

lvlany moclels ha.ve been offered to explain the existence of this

rerliotion (see section 1.J.J), ond these models must satisfy not only

the constraint of isotropy, but also the observecl speetral

eharocteristics of the ratliatÍon.

Early observations reveale¿I that the d.iffuse background spectrum

could. be clescribecl by a Pover law with exponent |-t (see equation LI).
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Howevêr,morerecentmeosute¡oentgpoint*votheexistenceofebrealt

irrthespectralexponentintheenergyin.t,ervalbetweenloand'1oo

Ke,V; the magnitucl¡ of the exponent, ch¿ 4¿e and the energy ranBe ov€r

vhiehit,<rccursoTecurrerrilyunderd.iscussion.Bleekeran¿l

Ðeerenborg (rç7Orr) hnve tabukì,ted sotr"€ rôcent results concerning the

exponent )+ 1 of thc clifforential number spectxun H(U)dE = i'{oE

dE, and tablo 1,3 cont¿íns these ¿rnd in ¿cld.ition sone others.

(*.Ò

Table I : Iriff b¡.c t

Tlie exponent thus hs's nn cvers'ge value of ^¡t'lr below 'uZO Ke]i'

onil ry,2.5 eb,rve 2O Kev. Ilowever, exoct valrres for tlre expcnent's

and for tr¡ts þ3erjk enerFÕ¡ are 'liff icult to ascertain' Iloltlt et aü'

(Lg6gi sug¡1est a cha.rrge in spectral inilex of about unity bet'ween 2O

u,nd Bo liev. fJ.orenstein eb ¡.iI. (rgoa) believe thot a single pol.er

lav exporrent oll n!.7 is applícable up to 60 KeV' above rrhich there is

a change of ¿bout or¡e half llol¡cr'

L.6
nearly flat
1.lto.1

(.+0.o7

r.¡d- o.ro
L.7 !O.2
1..+J o,1
L.34 nl¡rù L,39
2,.40È. o.20
2.45 + O.lo

2.7 {
+L.7
-o.6

I 0.4
f 0,5
3t 0,05
! çt.z
6

2,4
2,.5
2.+
2.5
1. ì3

4-40
,,i.-8

2-20

2-20
L-13
t.5-B
2,5-L2
20-1BO ì
20-?20 :

20,-70

20-130
20-50
15-1ÔO
2î-1000
2.6-L9

sewar¿ e{: a1. (rgrrz)
l'ia,tsuoko et aI. (rgeg)
Bo1dt et aI. (rgeg)

Bolcìt ot aI. (f'909
Gorensteirr et aI. (1963)
Herury et aI. (iq68)
Ðu"räs et el, (rg0g)
Bleeker et a-1. (fgeg)
Eleel<,er et al. (fçZOa)

iiudson et, al (f900)
I(astr¡ri ilangan at eI'
( t?6q)
Tiothenflug et al. (fg6f)
Il,othenf lu[ et el. (fçe8)
Ilocehi¿r ei o1 . $goZJ
Cunninghem et r1. (rgZc)

Íipec'r,ral Irrdex ( f +f )Energy Ran6¡e (¡i'-'v)Itxperiment
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Bleeker and Deerenberg (fqZOa) mointaín thgt a shorp breah lies

between 10 and 2o IíeV from a eornpr.risirn of their bnlloon results

between 20 nntL 220 I(eY rri-bh rocket resul'us for lÌ <10 KeV. i'Iilson

(rgos) maintsr,ins tha.l, a sudc1en change of inclex can ¡ove little

physicol significance antl fgvours ri gradurLl variation of exponent

from ^.1.6 to -'2.4 over the 10 to 1Ú0 IteV energy int'erval'

The chcracteristics of, the spectrr:.'I inðex change ore prcsently -...

of high observnt,i*lnal priority sinee tirey irnpose strong corrst,roints

on ûny rliffust.' 'ce.ckgroun<ì' söurcc model'

1.3,3 ltrgorg3icb.l Mod'els

lhereærebasicallytwotypesoft,heoreticolmcd.elùrichhave

been construct,ed to satisfy the speutial and spectral characteristics

of the ciiffu.se bacltground at, the energies being consiclerec' here.

One, first sug64ested by Gouldt eud Burbidge (rgel) considers the

bacltgrounf.ì flux to result frorn the supcrposi-bion of clistant, usually

cosmologically-evoLving, X-rav-emittJ-ng galoxies, while the other

(Fetten and. Ï.torrison 1963, 1966) propose8 that the ,t-rad.iation is

producr-'ê in metagn'lg"ctie spr-lce by the inverse Corapton Ín-bera'ction of

cosmic rsv electrons {lnd lov energ¡r trrhotons. À num'oer of vr¡'riations

exíst upon these tr¡o besic model c:rtegories'

GouLd. and Burbidge (rgnf) first sugqested tÌ¡at the superposition

of unresolvect ¡rormer.I galaxies, eû'ch of l'rhich emits X-rays at an

intc'nsity comparable to our ovn galoxyr m¡r explain the ciiffuse

back¡lror.,Icl . Ilcvevcr, the predicted background intensi*,y falls about

two oriters tt1' n':tgnitu'le belov tlnt observed'
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Silk (1968) brought, cosÍnclogieal factors into consideration antL

assun¡ed that the l-ray intensity of normal grlaxies evolves with time

in a manner anclogous t,o raclio emission as inCicat,ed by radio source

counôs. In this way he rro,s able to obtain good agreement' with

observation if galactic sources such as Sco IR-I and Tau )fù-I were

t¡rpically present, in other galaxies. Ilowever, his assumptions

concerning normcll galox,v evolut,ion have no observational bosis.

Compton scatterin64 in roclio galaxies of 30 P,. blackbody photons

by the rad.io-emitting electrons wa,s suggested as a sor¡-rce mechanism

indepen<ì.ently by Berga,mini et eI. (fgeZ) and Brecher ¿ì,nd Morrison

(fg6Z). 1r.n attempt was made to account for the cosmologicrrl

evolut,ion of both the radio sources ¿nc1 the 30 K. primordial r:ailiation,

anrl it was founrl that the X-ray backgrouncl intensity could. be

explainecl if sueþ galaxies wêre locabed, al' red-shifts 3^r5. More

detaitecl developments of this moclel have appeared by Rees and Setti

(rg0g) and Felten ancl Rees (rq6g), Ilo''*rever, its weakness lies in the

foct that the assumptions with regard to radio-galaxy evolution are

based on rLat¡ whcse interpretotion still contains ambiguities

(Brecher anrl llurbidge 1970). Also the observet!. X-ray spectral break

is not, eosi.l¡r explained.

/rncther Cornpton scattering superposition model is -bhat of

Longair a,nrì Sunyaev (t969a) ín wirich relativistic cosmic ray electrons

anrl infra-red photons ¿ìre involverl. Both the electrons and. t'he

photons aïe assumerL to be prod.uced in the nuclei of galaxies which

are weak radio enuitters but very strong in the infra-recl.
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ExampLes mo,ybe Se¡rfert gala.xies &nd râ,dio-quiet quasi-Btellar objects

(O.S.ots). The model can give rise'bo a break ín the X-ray spectrum

of a single object ûue to electron energr losses. Howe'rer,

superposition of such spectra, whieh may not all have iclentical

intrinsic properties and. whj-ch originate at many clífferencl reü-shifts,

woulcl be expectetl t,o "smeor outtìthe breah in the observed spectrum.

Tbis objection is of course applicable to all superprrsition motlels.

The final significant superposition model is due ind.ependently

to Àpparao (fg6g) and Tuclcer (f.970) who consid.er that the iirt,egratetl

effects of ner¡-born pulsars in distant gcLaxies may account for the

observecl X-rer,y background.. 'Ihe assumption is matle that pulsars emit

X-rays f,ar:-more copiously ir: their very ecrrly life as supernovere.

thon n,'o a later ago, ond by assurning a pulsar evolutionary moclel,

taking NPO532 as a guide, it is possible to account for the observed.

background intensity. No spectral prerlictions are made. However,

there is a lack of direct eviclence in support of the assumption that

nev pulsars ere porrerful- X-roy emitters, In odtlition the usual

ttifficulties orise r¡hen one tries to account for the X-ray spectral

break using e superposition of many such sources.

Felten and Morrison (L963, I-966) first investigat,ed the

possibility that Compton interact,ions (a) U"tween galactic halo

electrons and galactic starlight photons, and (U) between metagalaetic

cosmlc ray electrons ancl 2.7o K. phot,ons, might produce background

X-rays. Hciwever, the expected intensity in each c&se lriùs inadequat'e

by al least 2 orclers of magnitucle. Brecher and. Morrison (t909)

re-exa,mined the quest,ion of electron escape from normal galaxies and'
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ass,'.rmed. that the obsorve.rl break in the local galoct'ic electron

spectrum ancl the inferre<l break in the rad.io spectra of normal

grr,ler.xies (at about SGeV) w¿¡,s intrinsic t'o the electron source

mechanisms in say sullernovae, pulsars or galeict'ic nuclei' Gcod

agreement was then obtained with observation and ¿rlso the 4O KeV

X-ray break coul,1 be reloteä to the proposed 3 GeV brenk in the

int,er¿3alactic eleotron spcctrum. llowever, thea,ssuntptions with

regarcl to electron escape from normal galaxies antl the inter¿zalactic

electron spectrum have no d-irect observe'tional support'

lililson (fqOg) hos develo¡re<l a variation of tha !'elten-

Murrison nroàel by using the rrork of Iiel-lermann (t966) in which the

sprend, of observecl raclio source spectral indices was explainerl by

proposíng the inject,ion of relativistic eleetons with e single polrer

law exporrent (..,, 1.5) into rt¿io source magnetic fields in series of

ìrursts. -tûnergy losses aue to (a) ionization, independeut of electron

energy Ee, (b) a¿iabatic expeinsion and bremsstrahlung, proportional

to 8", and. (s) synchrotron ¿ucl Conpton inter¡r,ctionsr proportional to

Eo3, r"srrtt in a 3-component power lal¡ electron spectrum with

exponents ¿bout I.5, 2.5 and 3.5

These electrons escape into the metagalactic medium ond upon

interaction rrith the 3oIi. racliation proriuce a 3-component X-ray

spectrum with exponents about L.f , 2.3 and 2'7 wít'}:. incren'sing

Bhoton energy, the spectral breaks occurring between IO ¿¿nd lOO l(ev

and et '- I.5 MeT.
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The X-ray resuLts âpi)eilr t,o be oonsistont witlr ttrig moil<¡l, ÌIovevert

t[e prefliction of the I.t i'aeV i,r'eak ¿]ppe&rs inco:rsistent with lihe gammo-

r&J, oì]scrvetÍons uf 'Vctte et aI, (19?0) rvhicìr inilicate a flat'teningt

rather than a steepenir:,g of the spectrum aboveeboirt I l{e\r. IJowever,

thc,se results con be u,ttributed t,o reC-shifterl (e-fOO) r7o decny

photons (fìtecker L969 a,rb) r¡hose flux exceeds the Bred'icted Com¡rton

flux o*, these energies cntì thUS rnnkes u,trobs<¡rv¡rblu the I.5 MeV

Compton s1>er ctrrr,I bre¡¡k.

liillc ¿nd l,!c1rs.:r (1969) ¿r.re a.ble lo pro'ùicttþe observer'l l{-rav

spcctrun ìrc,tween IO iíev ou¡L l iiev by postulcting non-thermal

bremsstrsl,hlunq r:f srrh-cosmíe rcy .tr"qd¡i.inS. vith enorgies '8"-I K*T

t,o I0 l4eY whj.ch at present nre u,nobsorv¿¡,b1e, with a low-densíty

(fO-z 
"*13) 

therr.¡al, ionizer.r, intergr.Lloctic plasma which itself has

been heated by the electrons, in an expondinl.¡ uníverse. Good

$greerlent witli observotion is r''!r+,ÍLineil but rrnfortur-rately the required

sub-co¡lnic rây electr<¡n flux or-nnot, bt-' indepanrler'tly verified.

Ila'.¡a¡or*' (f909'o)arrc.'L lloldt anrl Serlernít,sos (fÍga) ¡avo

inciepen¿ently colculated that the inner bremsstrahlrng of intergelaetic

suprnthernal pro:Lous with ambient electrons is ¿llso ¿lL¡Ie 'oc produce

a,n r\-rn¡r i.ntensit¡' ço*ntrraì¡Ie to th¿it Õbserved.

'Ihere is thus a'yealth c,f theoreì;ícc,I moe-',els from which to choose,

none of r¡hich is cornpletoly satisfactory. lhe superposition mo¿'[els

ene6unter rl-ifficulties in reproüuc'Í:cg the ¡'bserveil spectral breok

ancl ¿lso rel¡,r on speculntion concel'ninq the evoluf,íoir of nornal

galaxies, ratìic galaxies Qr.l pìrlsürS irt-:.]- concerning the properties

of Seyfer-t ga.laxic's anà rnrlío-quiet g.S.Ots.
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The metagalactic moclels tlepentl. on assumptiç,ns with regard to la'rgely

unltnown intergll*ctic particle fluxesr t,]ìL' intergalactic gas 'lensity

ancl elso on Íì,ssunptions 1rith reSpect to cosnologic.xl evolution'

It therefüre seems thst v¡ith Fio fnonlf tlreoret,ical alternatives,

it is now up ¿,o the experimenta.l astrophysicist to provide

observations vhich will learl to the el-iminsution of many of these

rnodels. ithis e8,11 be achieved by more precisely rle'termining the

riirectional properties of the X-ray background using inst'rurnents of

finer ongular resolution, in an ef,fort tO resoLve the superpose'J

contributíons fron discrete X-ray galaxies, -lilso necessa'ry are

neasurements of imprcveil spcctra.l rc'sol--rrtion to det'ermine the exact

qus,ntitcitive ncture of the spêctrril breah in the 1o to l-oo KeV rogion.

T.4 ?IIU ]ìSEL\TÐËj BÂLLOC]i-BCI; ¿i'ü ljlA'ntÌIÌ'ttlflf S

ilhe X-roy teloseçires of the University of :"r:lela,ide peyloeld- consist

of ollioli halic'le scintillators r¡hich irave been givcn'åirooticual

properties I'ith respect to the incitiel-b radiation, by aptrlropriate

shieldin.q and coIlir:a:r,tion t,echniques (see cï:ailter 2). In contrast'

to conventional ¿ì.stronomical ol;servations howeverr severe atmospheric

attenuetion ¿ut iK-ray wavelenp;tì:rs necessitiltt-s the operation of Ï-rn'y

ilstronomy observnt,ories above -the bulk of the earthrs a'bmosphere'

Iïi¡¡ure 1.1 i1';ustrat,es'hhis ¡,ttenuat,ion as a function c¡f photon energy

of diff erent &tmospheric d.epths. One optical d.epth f cr 30 IieY

photons coïres')on¿ls to fl,n atmospheric pressure of 3 gn. cml2 and' to

an altituae of ^¡.tO km or 13Or0OO feet'.
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Tl¡is altitude is accessÍble to large modern belloons cerryíng

typicol X-ray astronomy po,yloatls of a¡ 30O kg. veight, and is

sufficient to permit useful work dovn to photon energies of 'ø15 I(eV'

At energies Ìower than ,vI5 I{eV, observotions are best motle usíng

rockets or s¡tellites, since for exemple, et 3 KeV, unit' optical

clepth ís o.oo5 gm. "^12. 
I'he usefulness of rockets declines s,t

higher energies due to the }oss of counting stotistics resultíug

from ths shori; observing time evailabre ( 'v ¡ minutes) ond' the

clecreose in intensity of cosmic X-ra,y spectra with increasing energf'

Longer observing times ( o S hours) are possible using balloons and'

statistically significa,ntresults cêì,n consequently be obtoined' up to

energies of n¡20O KeV ín spite of the increaseal ottenuotion of the

primory X-rocliation ancl the increased cosmíc ray inctuced' beckgrouncl

originating in the resid.ual otinosphero, 0f course, the itl'eal

observing vehicles are sotellites (onil eventually the t4oon) which are

capable of conbining all the good. features of bo,lloons enå rockets

without theír dísodvanto,ges. To date, only relatively snroll X-ray

telescopes have been flown on spa,cecraft, antl tho ars¡a-time prod'ucts

for their exposure to any region of the stty have been only comparable,

anil often less, than that attained. with pointecl balloon-borne

observatories. The planned lounching of severel sotellites in 1970-74

shoulå alter this situation. Ì,teonwhi-le, bolloon-borne observatories

provide the best meens of making Ìrígh energ¡¡ cosmic x-roy observations.
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Bslloon experiments flovn ftom Sr¡uthern ilemisphere locations,

fbr exarople .{usùrn,lia, ore espeoielly valua}-rle. This is Ð, consequence

of the srlutherrn locctic'n of tbe gô,tractic centre region and the ad..i acent

6¡alectic Lon¿litutleu III betveen '.r3OOo anrL IOo, in vhicÌ: many cliscrete

X-re;r sourcesJ v¡ith hor,f spedtfo c¡e to be found (BuseIIi et c1' 1968t

Thonns l96$çelewin et aI. 1968a, L96g, Riegl.er et aI. 1968)' The two

most spects,eulrr X-ray vcriobles observed, Cen X-2 qnd Cen R-4 (see

section 1.f.3), as veII as the liagellonic Cloud.s, have southern

Locations also. fn fact, refererrctl t,o tnbte l-'I (section 1.l..f) shows

thet 19 of the 29 listecl confirme,lì soureei'J hírve southern ct;lesïial

decliirertions "

In 'che Universit.¡ of ¿'':"?ri¡ln,'jd.e cxperiments, tv'o ¡r.It'e'zinruth '

mountecl ìl-la¡r *,clescr>¡les vere usu,-,rll;,' arn¡1I:.yeiÌ. llhese lrere ail

act,ively colliril¡,teå en<l shieliled- t,eIesco"lre (the t'octive'belescope'r 
)

a.nd. a gr:ude<i. si:ielcl, irlrssive. col-li¡nator telesoope (the "gratled shield (GS)

te'Iescc'pet'), vhiclr rriII be thescriberl in chap-ber 2. l-¡et¡,iIs of flíghts

lounchecL from l4.il-riuri.r, Vietoria (excapt rrhere ind.icated.) are listed

in tables 1.4 (a,\ and. (¡). Botir telescopes rvere flor¡rr on the flights

ilIl-l-68, 1!ilL^2-68, iUIi,-1-69 anå i'tIL-2-69, vhile for '¿Ìte other flights

on1-'u tire nctivo f,elescoî-'e, ¡rointing verticollY, wtr,s employerl upon o

prrytr.orLCr of retLucecl veight. The bulic o:f 'the X-rcy rc.sulüs plesenteel

in *,hi.s thesis r,¡ere obtaine'-l fro;n tìre ¡r,ctive teloscope.
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Table 1.4 (a) I¿liBht details,. Unilgrsi-1,v of Âdeloí¿le

* To obtain Eastern Àustralian Stand.orcl Tine (I¡IAST), ddd

To Universal time.
**Iounchetl from'ifaikerie, South australia'

tohoom

MrI-t-68 1968,

r968,

1969,

L969,

L969 |

Lg7O,

Feb 28

r8h36n

Nov 26

tShotm

April 26

r+heBm

May I
zth+zn

irttg 25

o3ho9m

Ma¡ 25

2th3rn
Not

Reached

oth32m

zohtgn

eoh3tm

oTItr6n

o8hrBm

2rT 7 .OrL7.O Lo"o

MIÉ2-68
PremBture Cut-d.own

r.*
Mru-1-69

r6h55t ),2-3,7 L2.7,22.7 10.o
**
MI't-z-69

ooho6m ).2-3.8 r2.7,22.7 r0.o

MII-3-69
o5hrom 4.5 10.8,Ig.7 9.7

MrL-l-70 l\bortive' FIight

Àctive telescoPe
Rrbe llelght Anolyeer

chÊo
bouncls

(rev)

Channel
increments

(rev)

,A.Ititutte
gfl. em-Z

Cutdown
(u.r. )

FIoat
(u.r. )

Launch
Date ontl Time

U.T.*

Fligltt
D0sig-
¡rstion

I I I b

NiI
ra (u54 to t8l-o hrs. )

Ni1

NiI
Nit

5-;5Or50r5-

2-
Lor2o r2t

2o12- r3'r2o
l+ro+

I{II-1-68
MÍL-z-68

furur-og
MTI-2-69

MII-3-69

Solar flares
), inportanoe I

3 hourly
Kp inclicesFlight
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CIIÀPTEA 2

INSTRUMEI{TÀTION

2.1 IT{IBODUCTION

In this chapter a description of the experiment payload will be

gl.ve¡ vith the bias torrards engineering aspects. The physical

principleg involvetl in the X-ray telescopes r¡itl be dÍscussed more

fully in chapter 3, ancl those ínvo1vetl in the use of the magnet'ometers,

in chapter 4.

It will be commented now that the Âttelaide observatory is a

moderately complex instrunent, whose correct operation ilepentled greatly

on a nurnber of subsystems which reguirecl a great cleal of technical

development. Since these subsystems l¡ere erucial to the successful

performance of the flight objectives, and sinco they also excercigetl

a control on the ty¡re of data that could be obtained, they will be

reviewed now in conceptual de'ü4i1.

2.2 THE gÂLLOOII PÀYLO.ÀD

The flights MIL-I-68, MIL-2-68, l"lll,-I-69 ancl MIL-2-69 (see

table 1.+) used almost id.entical payloa¿s irhich comprised the tlro

x-ray t,elescopes briefly mentioned in section L.4. 'fhe payloacl was

attached to balloon rigging lines through a cent,ral vertical shaft

r¡hich was clriven in either cÌirection on comûand. by an electric mot'or'

The moment of ínertia of the balloon result,ecl in the payload' beíng

rot,at,ed in azi¡nuth. Care vas taken to minimize torsional oscillat'ions

by using s¡rreaded ribbon suspension. A pair of horizontal, orthogonal

flux-gate magnetometers proviciecl o. me$surement of the telescope

azimubh with respect, to the horizontal intensity component of tbe

local geomagnetic fie1cl.
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The zenith angle of the r.¡cl,ive telescope l¡os fixed. e,*' 32.o lor

MIL-1-68 but, cou1d. be varied by grotrncl eomrnrl.ncl in subsequent' flights.

Its value uûs moaslrecl trsing a verbical plumbot, and a shaft errco¡trer'

The zenith angle oj'the grad.ecì shiel<l -bc'lcscopc. -r,¡¿ls fixetl ì:efore each

flight &n¿l l¡Ds not vrriable.

$s.parate electronics paclrnges l¡ere crì,ltried cont:iining tha s,ct,ive

teleseope. 16 channel pulse height c.nc.I¡rser (P.H.A.), and 1'he G'S'

telescope P.il"A. 'jlhe Ð1ta Storn.ge Unit (¡.S"U.) cont,ained m:iinly

binary regísters forbhe aecumrnulci+,ion of energy chr:,u[ei counts,

whj le the ,Ðctn llrr,nsmission Unj.t (L'!"1.tI" ) contaj.ned the ì;elometry

circuitry r¡hich c('nverted the Bh;,'sical data intc a bit rate and' then

a mixed audio signRl rvhj.cir r¿as usecl to mo'lulate two orre wa,'bt liui

tr¿¡nsmitte¡:s ha,ving carriers of slightly ciifferent frequency near 7O

l.tUE . Â bl-ock riiagru,n of the tot¿¿l systemrs esscnì;ia1s is shor¡n in

figure 2,1.

i;.'o the active telescope v¡.Ìs ártttlchecl tþe in-fligirt t\nergy

c¿r,libro,tor whicir moved tD ]{-ra¡r Iine-i;rni"uroing isoì;ope (C¿I53 or Am24l)

into the f ieLct of viev f or about one minut'j i n seventeen in crder to

ch.eck on tire stabiljty of the t1e+,ector energy calibretion.

Control equipnent of tho Jiustrs.Ii¿rn Ðepnrtment of Supply b¿lloon

launch facility ile,s includ.ed. in the pavload. ¡rhich wa,s Ì¡Teùpped in a

1o cm. t'i:iek poly-urethri'ne-foa'm therno'l shiercl (""5 cm' thiek over

telescope fie.i-Cs of view) rrhieli ensured. temperature stobíIity to

vithin about, 5oC. for the dur:rtion of a flight. Protective trcrush-pad"

wr,s t,í+:d t,o thr: bottcn,;rnd. sicles of the pa¡rload to minimize aohe sirock

suffered. by the po.yloeC upon ì-*nding.
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ifhe co;::3rlr+te payloc.C weighsû obout 3OO ltg. ¡¡nil float c,l¿.ituclos of

the orcler of 4o }m. (residual air pr::essrrfe 3 !,o 4 gn. "tî2) *"t"

typically att,aínecl. Tfie experiment floatecl at ceiling altitutle for

betveen 3 and B hours, depond.ing on the wind vector and Depeirtment of

Cívil .tnviatíon äir space reguLations.

Tire fIÍ¡lhts 14IL*3-69 and MIL-1-70 rlifferect from the 4 previous

flights in that only the ncti-ve teloscope was flown, pointing

vertically ulnrarils and me,k-in.q tlie use of ntgnetometers unneeessary.

The d.eerea,ge in payloar<I veight ws¿s corrsideroble and allolred- +rilo use

of smaller balloons.

2. 3 TË.r:l X.-Rtuf DiìTECTOFLS-

Since the aetive teli.-scope proviil-ed the bullt of the data usecl in

this lihesis, i',, will be rìcscribecl more futly than the graclecl shielcl

telescopes. However, I shall Ci:scribe the lat,ter first'

2.3'-L'ilirer Orecìecl $hiel-cl'.lelescoÞe

Tlrc gra,tìed shield. telescope is shorvn diagrammatically ín fíg,2.2

anil is basicall¡r simil.ar to the pioneering design of Bold-t et al. (fg00l

It consists of a graded shield. weII of l.'c¡d. on the outside, then a

silver-tin alLoy whose rnajor constituent is silver, â,n¿l ínlermost a

cylindricaÌ sheet, of conetic shield.ing vhich is a eobalt-niclçel alloy

arid which also provides mognetic shielcting for ¿ photomultiplier

tube. 'fhe graded. shield makes use of the Zr-ray ed.ges of the materials

involved t,o progressivetr-y degracle high energy photons to energies

below the Io',¡er bound.ary of the enerfry rûnge being l.nalysed,
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In this way fncident high onergy photons are exelud.ed. from the

detectoù exeept vhen eoming from a large forwerd-Iooking solicl angle

definecl by the er.ystol-shíe;1t1. .qoonett'.y.

lihe viewing angle can bo further reduced by placing a pnssive

copper collirnator of the open ef:cl of thc'telescope. Tnside the outlr

passive graded. shieltl is on inner snticoincitlenee shield of ¡rolytoluene

scintiliator vhieh is viewed. by 4 photomrrltipliers and '¡hich mínimizes

the eharged prrticle contribution to the mein detector courrting fate.

The central ûs.teetor is o 19 cm. fliameter, 3 rrun. thick CsI(îI)

cryÊtal of sensitive area 22O cn? ancl is vier¡ed. through a lucite light

pipe (to improve uniformity of }ight collect,ion) by a single 22 cm-

d.io¡neter photornultiplier (mt) tuUe, Lig'ht pulses from this crystol

vhích satisfy the anticcínciclence requirenent are pulse height analysed

(4 channels from 3O to B0 i:.e\r for MIL-1-68, 5 char¡nels from 30 t'o L25

KeV for lator flights) antl the re'sulting spectrum, together r*ith the

guarct count tat,e, telemetretl to ground every 4 seconds, The øenith

angle of the graded shietd telescope is not, variat¡le and is fixecl

before a flíght rrt a value in accortl with tbe observing plan of the

experimenl,

2.3,2 Tlre Àc'bir¡e îelescope

îhe active teleseope is shown diagramrnatically in fig. 2.3 antl is

similar ín principle to ttre ilesign of Paterscn et aI. (fg6Z). It

comprises a 2 mrn. thick Naf (lf ) scintitlating crystal vier'¡ecl by three

IùC46199 photomúltipliers Ín parallel and shielale¿l by at least 16 mean

free paths (at lOC KeV. ) of scintillator in all tlirections other than

those çithin a conical vieving angle of B.9o Frilil4 (tuff ¡¡iitth at half-

maxinum responser.
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Fig.2.4. Photograph of ttre NùI(Tf) vell of

the octive telescope, shoving the

viewing ports for B photomultiplier

tubes.
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tr'ig" 2.5. Photograph of the CsI(Na) coÌIimator

of the actfve telescope, together

with one of four photomultiplier tubes.
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This shiéltling is ¿r,chieved by plccing tl:e centrel d.etectÍng crystal

within o eylindrieal "well'r scintillator mr¡,cle of 2.5 cm, thick NaI(Tf)

(see fig. 2.4) ¿:¡nd. viewed by eight RCÀ6199 phot,omultiplier tubee.

Collimation is achieved by a 5.9 cm. thick crystal o.fl CgI(Na)

seintillator through vhich are drillec1, paraì.Iel to t'he telescope axi.s,

65 holes of I cm. rliameter (see figr 2.5\. 'llhis scintilleitor is

vieved. by 4photomultiplierq oneo agoin RCI4.6I99rs. ?he sensitivo area

of the tletector is 54. 3 .rn? and the geometry foctor for an isotropic
.'

flux is L.36 cml sterad.,

This telescope tlifferg from the grad.ed- shielcl telescope in that

its shielcling and. collimation Erre ecl¡ievetl entirely by active meons,

thereby reducing the effects of rsdi¡rtíon vhich sco.tters fro¡n the

guer,rcl a.ntl collimator m¿rterials into the central detector ancl prod.uces

unvant,ed background.

'l'he major practical problem confronting experimentalists in this

fieltt ís that of suppressing cletector backgrou.nds to a level r¡hich will

ollow point sources to become eviclent, Components of the backgrouncl

counting rate are (a) or, inhcrent, cosmic ray intluced background or

guard leakaqe baekground- caused by int,eractions of charged eosmic rays

onil hir,r,h energy phot'cns with the teleseopers collimetor, guard andl

generaL sr:rrounclingsr producing daughter prod.ucts which then escape

detection by the guard system, (¡) a¿tfusc' ntmospheric X-radiotion

entering through the telescope nperture, which is secon¿lary radiation

originoting from cosmic roy in'teractíons with the overlying atmosphere,

and (c) a tÌiffuse X-ray background of cosmic origin r¡hich enters the

telescope aperture after attenuction by the overlying otmosphere.
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These cor.rponentS r¿¡ill bc¡ C,iscusscd. nnre fulL;,'in chopters 6 enå 7.

Here I will just point out that whereds ebmponents (¡) and' (c) will

eontriüute occording to the solicl angle of the telescope concerned',

irrespectiye of its structr¡ral configuration, component (a) is very

mueh det,o.rminetl by the methods of collimation anci shielcling used.

Component (a) contributes significantly less to the backgrounil

rate of an actively collimoteà det,ector, since Ð,ny energetic ðaughter

products of high energy cosmic ra¡r interactions r'¡ithin the collimetor

moterial vill generate an anticoincÍdence signal to prevent the pulse

hei¡¡ht analysis of any secondary ra,åiation which might reach the cent,ral

crysta.l. Itro such safeguard. exists for a passively collimated t'elescope,

although tire presence of tlre plcstic scirrt,itlator as part' of the graded

shieltl guarc). provid.es protection against such phenomena in the well

guard.. TÌre background rate crf the active telescope at float a,Ititude

is estirnatecl 'i,o be ¡rbout tA-2 +'Ua+' of an unshielde,il' 2 mm. crystcl

(Peterson et, al . L96T).

2..4 T'ITÐ P.TIOS\'IICiT S'fSTEI,4

The phoswich system -'rs designecl to rninimize the s¡rurious response

of the active telescope vhich originn.tes from Compton ínteraetions in

the eentral detector or in the light pípe vhich provides the aptical

coupling between the cerrt:rc,I cr3rstal and. tho Pll tubes. Goocl optical

coupling is necessary to ensure uniform light collection over t'he face

of the crysttrl and hence linertrity of detector response r'¡ith photon

elleræ|r. .r1, lucit,e tight pipe is generally enployed. Ìlovrever, Compton

recoils which oecï¡r either in the crystal of lucite ancl rvhich

simultaneously deposit a recoil electron in the Luoite antL o' scattered

photon in the crystal, will contribute to +"he spurious counting rate.
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In order to eliminote tbis source of background it w*s decided

to replaee the tucite' Iíght pipe with polytoluene pl.asticsú-irtillaiór;

in which Compton recoil ¿.lectr<¡ns would. be tletectetl. Bo+,h the NaI(Tl)

antl. the plastic are vieÌ¡ed. by the SEnB PM.trrbes. llowever, since the

light cleeay times for polytoluene and Nsl(tl) are l0¡:sec. and 25Onsec.

respectively pulse shape sensitive circuits con díscrimin¿te between

the pulses from each scíntillator. The plastic pulses tlue to the

Conrpton recoil elacl¡rons aro then usecl in antícoincideace ¡rith the

Naf(tf) pulses to reJecÍ centrol crystal events asgoci¡rtdil ^ víth the

Conpton electrons.

Eigrres 2.6 (a\ antt (b) ilLustrate schematically the operation¿l

ctetails of the phoswich, 'Ihe input signal to the PIi,t is taken from

the PM tubo anode which is hel¿l at a potential of +1000 volts. Àn

i<lentical sígnal, but of sm¿Ilor araplitude end inverteil, is taken from

the Pl'i tube loth tlynoôe oncl ie used sgpereteLy to generato the

phoswich anticoínciclence signal. Pulee shape clíscrimination is

achieveil by meons of a tlelay line clipping cable eomprising 2t netres

(d.elay,-,lonS) of RG-58IJ cos,xial cable of characteristic impedonce

5O.¡e- and terurin¿tecl with a resistance of 5¡a- ,

This choice of clipping crble ¡rarameters he.s been found' to be

optinol . fo¡ effective pulse shape discrimine.t,ion which is achievetl by

means of the reflectiou, with inverted polarity, of any signel

aPpeoring at the open end of the cable, 'Ihe plastic pulses of very

short rlurotion d.ecay to zoro before the return of the reflection from

the 5¡r termination r¡hich adcls a lorge negative backswing to the

origínal posftive pulse.
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Ilowev.¡rr a i;l'$.I(Tf) puLse of lcnger decr,,y iime is still very nearly at

its ma,ximurì empLj.¿uüde as the reflc'cticn returns. Superposition of the

oppcsif,e p4lari-t¡¡ originnl s.nd reflected eornponents results ín abrupt

cancellttion of the pulse '¡ith velyli-btle nega"tive backsr*'ing.

circuitrl, rlesigned. to ru=coÉtnise a negc.+,ive backsuing numerictilly

grea.ter tÈriin a preset cliscrimirlation value is tlien employe"i to "pick

off" es,,ch plc.stic pulse. rtPicked off'r pulses activate a single shot

nultivibrgitor, thereby generat,ing -bhe phoswich input signal ta the

ont ic o inc id enc e gt:,ie .

T?re effectiveness of the p iris'trich antl the other gurr,rd retes n'ith

regarc'l tcl ba,ckgrt-unCl rejec-bion is iliscusserJ vi+,h qucntita'i;ive results

in chcLpter 3.

2. 5. IJ{JLSÍI }I5IG]T'I A}.I.'tL]iS.I-S

llhe octive telescope 16 ch¿rnnel- pulse hc'ight analyser is shown

sclrem¿tically in f ig. 2.7. . .Pulses from the central crystol

are first cmplifiod by er chrLrge-sensitive preomplifier in order to

minimize the prilSe atte¡:;u¿rti,¡n causetl ìry coaxial cable crp"lcitenee"

A stondard vol'bage a.mplifif..r f,hcn follows. The output of the volt'age

amplifier then goes to tw6 pa.rallel seeticìns of the s¡rstem, the

heig,lrb-+,o-time converter, anü -bhe anticoineíd-ence circuitry.

â-5

lwo discriminators g,re trseð to ,fefine the uppnr a,n'f lower levels

oftheenergyrf¡Il8ctob¡;aner,I¡rggd.Apulsevhoseheightexceeôseit,her

reference level triggers the respeetive single-shot multivibrotor' The

resulting outpu-bs ¡¡,rt; ìrotlr tronesrr (+5 volts) only for a pulse vhose

height is '¿ithin 'rche ar:cr,l-ysis ::ange.
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Three other discrininator sÍgnals of the NAND gate input come

fron the collinator, well and phoswich scintillators respectively and

a,re f'ones" in the quiescent or non-vetoing slatre' Shoutd' a veto pulse

arrive, the appropriate input drops t,o'rzerort level to indicate its

presence. À1I d.iscriminator pulse lengths are 5 ysec, The remaining

NAND input is from o singie-shot which inðicates whether the circuitry

is nbusyw analysíng a prevÍous input pulse. It is a tronett in the

quiescent state and zero during the busy stot'e'

The N/.ìID gate into whicb all these signels a.re fed obeys the logic

that its output will be o trzerort if alt inputs a,re I'onesit and' luill be

a, ,rone,f if atr least one Ínput is s, 'roner'. Consequently the N,llND output

will be quiescentrin the'ronerr staterexcept for a central cletector pulse

which sat,isfies the anticoincídence requirements, i.e. a pulse whose

amplitude faLls within the d.esireù enorg¡¡ renge, vhich is not coincident

vith any event in either the collima,tor, well or li5ht piÞer and which

does not orrÍve cluring the analysis of the previous pulse.

such a pulse is inalicatecL at the NÁ.ND output byr a, zero and this

signals the pulse height analyser to begin analysing'

2. 5.2 lleisþt-to-time Converter

This crucial unit of the PIIA itigitizes pulse heights, theÉby

facilitating their me¿surement ancl sorting ínto ch¡rnnel's' À block

cliagram appears in fig. 2.8.

¡ll I cent,rar ðeteet,or pulses â.pIlea'r at the iuput but only those

satisfying all antieoinoiclenee criteria poss beyonit tbe linea'r ltND

gate. Thís is opened ìrhoa the NÀì'iD output signals a valid event' flrea

a single-shot and generates ø 2ysec. gtrobe signol'
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strobect pulses pe,ss on to the rflnp generator, in which a mica

capaci+r,or (C farad) is charge¿ to the pulse height (V volts) onct is

immediately cr,l1oweC. to d.ischorge through a constant crrrrent (i" amp)

circuit. In this way a linear vclta,ge ramp is generotecl, of duration

/)t seconcls, where .5t = CV/íc. Iire 'Sischarge rate is r-r.bout 3 volts

per miLli¡¡econå ancl l-inearit¡¡ lrith the original pulse height is

conberved for pulses not exceeding -7 volt,s in amBlitude. Temperature

stabilíty Ìrrs Ï.reen establishetl to vi.thin 6/" over the range -2OoC' to

+jOoC. by use of a thermistor bias control in the consts,nt current

<lischarge circuit.

ir d.ifference amplifier c.et,ec*,s tìre instant ett whích the rs,mp

voltage reaches esrrth potentiol and. prod.uces a rectangular output

pu1se, also of duration At seconils. 'tr'his signal is useå to ga,te the

output from a looÍJla crystal oscilletor to procluce a, pulsa train
5

containing IO'.¿\t pulses (*V). 'Ihe puÌ.se train is scaled tlown by a

factor of 16 such thot f or t,he enÊrgy Tû,nge a,nalysecl, the number (""'V)

of output pulses lies between l and 16 inclusiver colresTloncling to

the 16 energ)¡ channels. 'xhe use of o high frertruency pulse train'

folrowed by a scarerrminimizês iln)' error intro.:1uced' into the energy

calibrcr,+,ion Ê,s a result of the c)-igitizotion operation'

Logic oper:r.tions then f,ollow l¡Jrich recognize the number of output

pulses nn-ci generete a pulse vhich is assignecl to a 5'þj-t binary register

in tire IISIJ corresponding t,o the approprir,'.te enerær ctrannel. The

contents of ea4jh energy channel Ð.re o,ccUmuls¿ted. for 4 Seconds before

being read out into the telemetry stream and the register reset' The

chonnel rerldj-níj operation Ís describeå more fully in section 2*IO'
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A more complete d.escri¡rtion of tire pulse height onolyser ancl of

f,he laborn,tory performance tests on the oetive t'elescope syst,em are

t,o be found elsevirere (ctancy Lg71 ).

In c¡rrlel to verÍfy tlre stabítlty of the active t'elescope energy

calÍbrotion rrn¡lef the pecrrliar ênvironmente,l conditions pertaining to

a bn,Lloon flight, it vas nece:lstîry to tlse a system of in-flight energy

c:rlibration. ?his w.:;s accomplistied by dríving a ga¡nma soì.Irce into the

telescope fielô of viev for 64 sec¡:nd.s every IO24 secc'nds' The

timing signals to achieve this ryere cì.erived from the coun'bCow¡r chain

of the IOO IGI= crystal cscillntcr loc¿¡.tetì Ín the DTtl.

For l.tll,-t-68 the sorirce rsod. r"s G¿I5 (see toblel.3)which has a

peak of ,î1 t(eV ençL trro peaÞ.s of s,lmos'b equ,:ll intensity at' 97 and 103

KeV. lrhicl¡ in vier¡ of, the d-etccborrs r:nergy resolution could. be regarded

as a sinqle line ¿'.t 100 KeV. 'IÌ¡is scrrrce provi'J,e."l trvo calibratíon

points thercby allowing a check cn the system lirreu,rity s,Iso. tlcvever,

its shcrt hnlf-Iife cfl. 2J6 da¡¡s rendered it, ino'ffective r¡ithin about

a. yearr Consocluently, for fli.Ér,hts Ì'{II,-I-69 e1oc,, u,t Ârl*' sollrce was

usèd, with a line energ'' of 60 iieV anrL ¡.r, hatf-lÍfe of 46O yeârs.

rrna,Iysís of in-flight cnLíbrotion date. verifie<l tlrsr.t no

signifÍcant, ene.rgy calibration changes occurred. on nny flight of the

pa.yload.,

2.7 ifHE Ì'ÍI^'.GNE!01'IETEIiS

i'hu e.zimuthel orientctíon of the payl-rrad is measured by a poir

of nomine.lI3r orthogonal anrå horiøontn1 flux-gate rnagnetometers, each

of which meõsures t,!.re geornagnotic fietd- component, in the axiol
rlirection of tÌ¡e sensor.
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2-7.L Tho liiensors

iil¡¡,ch sensor consísts of a high peroeobility mogneùic core vhich

is ilríven int,r¡ saturaf,ion by an alternatlng magnetic fieltt generated

in ¿r. surrounding coil by a 5 KII* exciürtion current' Even harmonics

are generated whose arnplituile (lr) is proportionol to the clirectecl

ambien'b fieLd- component (Hff) percllel to the core axis. îhis

amplitucle ls then trnnslated. into a ÜC level. (V) proportional to ¡\

l..rrd hence to *lr.V moy Ì¡e either positive or negatÍve accor'iling t'o

the clireetion of tlrr. Holrever, the final output ÐC level (Vo) is

olvays positive and eq.ual to V + V, where Vgf 
" 

positive bías voltage'

FJenco

V'=VB * constr:,nt. HII' .orr..Ç.....2.1a
The geomagnetic field is of sufficient intenslty to lnduce a'

r:nagnetization fieltt vhich is a signiflcont fraetion of the total

saturatÍon of the Ìrigh pernoability core' and is measurable with easer

'Ihe ins-iruments employed. vere m&nuf¡rctured by the fichonsteilt Instrusent.

Co. (netiflux 'l4a,g¡sl,l¿ hspect Sensor, type Rrlll-3).

?.?¡2 Diaitíza.-lion and' re¡'tI-out

Figure 2.9 shows the nzimrrth measuring system schematically' the

tvo Schonstetl.t units are supplietL by a stabilized 6.3 volt DC supply

a.nd th¿' analogrre outputs are sampled. for B0o m$ at iutervals of 4

secontils. 't-he two sampletL DC levels c,,re then ctititizecl' by anologue-to-

d.igÍtal (tr-l) converters and the resulting pulse trains are countetl

by tvo lo-bit regi.sters vhieh are eleored and reacl out into the

t,elernetry format (see sc.ction 2,10) overy 4 second.s. The syst,em

ehoracterístics are r¡alibrate<L cluring fli.qht by replacíng the ma.gneto-

meter âncüIogue signals vith a, stabilizetl reference voltage * Va at the

samo time o,s the in-fli¿ht energy crlibration ie prfoued (seesectiot2.6\
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The knor,rleclge is eseential of the time relationship of the

magnetometer sample intervalc and reacl-out timeS to f,he eoctrululat'ion

íntervals an¿ rea¿l-out times of ínrlividual energy channels in order to

dstermine charurel count iate profllss as o function of ozirnut'h, These

time rel¿rtionships are shown d.iagrammatically in fig. 2.1O, The mean

ozimuth d.uring a data ocquisition pariod muEt be saparately colculated.

for each channel by assuming a linear azimuth variatíon with t,ime and

interpolating between cçnsecutíve azimuth angle reod-outs.

2-7-3 the Eesoonse of the Ì'iapnetometers

The iclealized response Mr(S) of the íth hori"ontally oriented

magnetometer as a function of true azirnuth p is siuusoidal, thus:

l4i(+) = rrr,o * #* "o" (f* Cr,o - o); i = I, 2 
-2'L 

.

M
I is the sinusoid. mean value which is related to the DC bias v"

o,

in the analo6¡re output (see equation 2.1o), H is the geomognetic

horizontal intensity component, K. is the magnetometer sensitivity'

9. _ is the azimuthal displacement of the sensor axis from thet rro

teles-oope axis and D is the geomognetic d.eclínation or the angle

between magnetic ond. true north.

The quantj-ties Mí(É) antl Mr,o o,re in units of rrcountsrr (frequeney

multiplied. by sample time) frorn the A-D converters. If H is in ga,mmÐs

( I gammo (l) = l0-5 oersted of intensity or Io-5 go,uss of inductíon

in regilons of zero susceptibility), thenfi. is in units of gemnras per

countÒ Va1ues of K. r¡ere obtainecl by eombining the measured. amplítudes

of thecalibration curves t'li(+), i = 1, 2, with mea,surements of H

obtaine<t of Mil<lura by the Geophysical Branch, -/lrrstralian Bureau of

Mineral Resources (tìI'lH , see table 4.2\, antl were ty¡rically between

100 ancl 2Oo f,eer count (see tabLe 4.6).
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The quantities torro, þrro (i = 1, 2) must also be determined' by

calibration, while D is knol¡n Õver an entire balloon flight palhfrom

BPIR measurement,s.

Solution of the tvo simult,oneous equat,ions 2.1 yields for /:

to,n (Þ * þn,o - Ð) = cot (Çrro - f ,,") -ffi'ffii '

cosêc (þr,o - *r,o!, ¡frr ,or,o- --- 2.2 ¡

from which two possible ntrmerical solutions for p ore obtained.. The

quactrrant of the correct, solution is Obtoine<l by usirrg either of

equatíors2.1. This value of f is independent of any variations in tri.

AIso a neã,surement of the val-ue of H m*-ry be m.cd.e by substituting the

solrrtion f back into equation 2¿1 oncl solving for [I. this measurement

provides a check on the correct operation of the magnetometer system.

Equations 2.1 an'J 2.2t l,heír use, and' the determinat'ion of, the

calibration paramet,ers involvetL vill be fully discussed in chopter 4¡

2-7 -4 Instrumente.L Limif,ntions Unon Measrrrement Accuracy

?he d.igitization of magnetometer outputs sets a limit to the

ottainable engul-ar resolution of an azimuth measurement, Equation 2.2

shovs that the change in azimuth per unit chu.nge in output count is

given by

-Ki
,-H

Þ
èt4

cos (*+þ O)¡ í+li i, j=1r2- .2.3

Tables 4.2 ønð.4.6 give v¿lues of II and K. respectively, vith the

result, 
l#J 4 't n"" count for the angular resolution. similarly

the error in an o,bsolute azimuth measurement per unit emor in a

sinusoid mean value is given by

3É x S cos tf**¡,o -o) i í*i, í, j = r'2 

-2'4
èMt, o- H

jro
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fypically, þli,o = 250 counts (see Ùnble 4,6) þnå a one count error

(= O.4/") nr.ry result in ¿l possible ozimuth error .î ].6.

.¡lnother smoll instrrxncntal effect, which for precisely

horizontol mngnet,oneters l¡iil not influence the ozinnu'¿h measulernent

but vill ¿r.ffect erny deter:minotion of '!\, is ¿ result of the finite

nrr.gnetomctor sample tine (gO,J m$) ant-l the rotation of the payloacl.

For a rotntin¿¡ payload, ¡\-lj converter counts are accumuls','bec1 not' at

a, single azimuth but ov¿'r fl, ra.ngÈ

vhere èÉ is the time rate of chnn6
æ

is the se,mple perioCr.

ff !i(<¡¡(t)) is the,'.-D convc.r'ter ou'Lput freoruenc¡r for the ith

mcgnetometer at ;rzi¡ruth qó(t), then

u.(S{t)) ='vi,o *)\i cos (ó(n") *fr,o -D), i = L,2 

-2.5If {p(t) = ccnstarìt a,rirL 6t = C"4 secnn:1sr integration over -the sample

¡ieriod. yiel<1s r:quat,ion 2.1 wilh !t-. = 0.39., Ì'i. - - O.h). ^ and' Ï{ = 0.8}"--i i' iro - :-ro f. I
1

Iloryever, if 4(t) is Ìine:rr withi.n the snmple interval i.e" t'(t) =fo *

c((t * to), vhere éo ande(¡rre cons-b¿¡nts, integrotion of 2.5 gives

,'ai åE_L¡4f , "o" 
(% *Ér,o - Þ)

0.4ê(
Ë
::-
]:L

i,l + 2.6
lro

Conparison with eq.uatinn 2.1 shows th:r.t the merurr and Fhese of the

resllonse sinusoid. :r.re u¡rr.ffect,etl but thet ir:he anrplitrrclo !s r¡,cluced.

Ilcr an ex'bremel.y ropid pe¡rlnad. roi¡tion ralercc = 25Ð per sec,r the

m:,,¡lnitgtt-e of i;he effective relative i{ chan¡Ee is l4gl - 1- ¡iin O.{',<.
llit o.4,(

¡O.OO5, anù 'r,Ìie cbsolut,e va:'iation is z\iI "' - 1251, fr¡r ä = ?5'OOO f .

lhis is only ju,s'b ccrni)f-rí,b1c; r.Eith ihe instrumen+.¿1l sonsitivi+"y. Ilore

typical pa;rtr-oad ro*,¡.¡.tion r¿rtos of 10 per s€c, result in a negligible

effe cf.

I
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Becouse the change is effectively in the measuredl value of H

and is identical for both magnetometers, the accuracy of the azimuth

measurement wilt not be impairecl (see equa!,íon 2.2).

2.7.5 Sl¡stem stabílity

The stability of a Schonstedt unit as a frrnctíon of time has been

checked. in o 3O hour lsboratory test. No i\-Ð converter wts employed

antl the anologue output of an arbitrority oriented magnetometer,

powered. by a stabilizeil bonch supply, was sampled by a digítal volt'meter

at 5 minute intervals. Negtigible drift wag observed.

Ilowever, the flight system consist,s of one ii-D converter per

magnetometer and a battery por¡er supply whose discharge d'r.rring flight

results in a small variation in the nonínalIy stabilizecl 6.3 volt

magnetometer supply. This producês a smoll change ín the system

out,put characterístics which con be monitored by means of the periodic

in-flight calibrotion alreod'y described.

I'iggre 2.1I sholrg the time behaviour of the battery pack anð t'he

reguLatecl 6.3 volt supply dr:ring a 14 hour laboratory nrn¿loril of the

paylooct batteries. Also shown ore the mngnetometer outputs ivl .

(arbitrary azinuth) ond. the magnetomet,er oolibrotion outpu Otrr.",.

An ind.ependent me&surement (not plotted) of the reference voltage

used for calÍbration shc¡ecl that it decreased by IO mV over the 14

hor¡rs. From the known Ji-D converter frequency vs. input voltage

charaeteristics, a. correspôn,J'ing 2 to 3 count decrease in Mtr cal

woulcl be expectetl. This was in fact observed (see Fig. 2.I1) and-

d.emonstratecl that the À-D converter che¡r¿:,cleristics remained constant

for the 14 hor¡rs, a period. eompa,roble to the maximum expecterl

dr¡¡ation of a balloon flight.
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since both the 14. r"ol "td t'trro o"" deriveil from the Schonsteclt

bias voltnge vu (see equation (2.tot)), variations in M'rca1 imply

variations in I"f . rrhich
ar o

czimuth rneasulement. Howeverr *,he M shoul<l be inrlePenclentlY
aro

monitored for chenges since they are determined. by other factors

besides V, and c.r,nnot be simply ad.justeci using the c¡bserved variations

in the Ì.{. t. In-fliglrt checkÍng Brocedures for the I'1. a,re åescribed
"ircal' Þ Ã----- Lto

in chc,pter 4. Sinusqid. ampliturle cho,nges due to the effects of I'unùol¡n

on the v¿lues of I(. may be regarcled in terms of on equivalent

horizontal intensity voriation, since both the magnet'ometers have a

coflutron stabiliøed supply a,ntl irlentical relative changes in amplitud'e

will occur. ,Is o result the onl¡r effect on the azimuth meâ'surement

<lue to battery runrl.own will be in lhe values of t'he i"i'ro (i = trZ)

and t?rese shoulcl be closel¡r monitored cluring c flight. the time

variations of l.{, anrl. M, (arbitrary azimuth) shov¡n in f ig. 2.I1 result

from the combination of variat,i<.:ns in the sinusoid- mea.ns *iro "o-t'*t"
amplit,rrcles Il (i = 1r2).

ïi.
t-

Temperaturs effects are not significant und.er flight condit'ions'

The thermal insulation surrounding the psyload ensures that internal

t,emperatures remnin r¿ithin at¡'rut 5oC. of those at launeh (^',,2OoC).

The Schonsted-t unit,s have been temperat,ure-t,ested between 1 ZOoC' û'nd'

reveal cr, negligible temperature co-efficient. The /¡'-Ð converters have

a negligible co-efficient ¿¡bcve OoC", but belo'w 6oC., their output

frequc-ncies change by about +t%t"C. clrop in tenpercture, I-Iolrever, the

electronics pachoge conta'ining the À..Ð converters hrs never croppetl

below +15oC., d.uring a f light.

¿.4

will hsrve a,n effect on the accura'oy of the
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Conseqrrentl¡, ¿*tn"roture offocts shoulé be insignific¡r.nt with regord

to the relieble operation of tile rnr'.gnetome*,er system'

2. B TÊIIJ ¡^i,PI-{xiJlItON Pllli$$Lfll.1l l}¡'U0'ili

lhe correctiong r,rhich nust be .:,¡rplied, to cosmic X-roy fluxes d'ue

to absorption in the overl¡ring atmosphere e,re strongly depend.ent c¡n the

:rir thicl'ir:rèss, especially at low energies (see fig. 1.1). It is

therofort) neeeÈsa.ry to know sr.t ¿L.!. times the rlepth a-b which the

bolloon is floeiting. Thc Deþurtnent of liupply balloon lounch facility

at Mífulufa provi:ies three rne&ns of åetermining this ¡arabt'ter. îÌre

¡r,neroirL beLl,rws-typo tr&rotransmitters become inodequote rbove about

IOO K ft. (,ar10 gm. 
"n.|?), 

errd. t¡eir olphntron ptauges contribute

significr-r,ntly to'bhr,. telescope b.rckgrouud rates 
"Irackíng-rldar

rneasr¡reriretrts, use.:L in conjuuctir¡n ui'tl¡ tiie ÜS ;lxternion to the IC/rO

Sto,ndnrd Àtmos¡:here, L962, 1:rovícÌe ¡ln &ccurn+,e me¿¡,ns of determiníng

the resir:ìual ;:ressure. Iíowever, i,he possibility of rr'¿ar ¡nolfunct,ion

or sigrnl loss is e'¿er prërlcnt and it is tberofofa rLesirable to have

an inrleilendent measurement.

'Ihe olpl'ra*,ron employeil lrv us consi.s'os $f a sc-'rrsitive electrometer

r¡hich. me,Ìsur.es the ioniøation current frorn a r¡eak (< I¡Ci) olpha

particle soìrrce (ïInr,¡ûrà et aI. 1968 ). ,1r.241 is useC. anil unlik, PI2LO,

its long haif-Iife of 460 yo!ìïs cbviates any necessity for regulnr

reirl;'aeenent anå frequont, i-lrgtrunent recalibr¿rtion' Its r:utput is o

rectc-ngul.¿r wirvefôrmrthe rei:eti.+,ionr rr¿te of rrhjch is ¡' me¿lsure of the

at,rnospheric .liensitrr. This Ís ¡:ut, un ;irr r.nalogue telernetry srrl;ca'rrier

for dsic trrrnsiuission, srul ulron recepiion r,t the telenetry grounrl

stotion is d.e¡na:l.r¡i)tetl ¿¿nf ïecorded on mlr.grretíc tape anà on e strip
chn,rt recor¿er.
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The alphatron contribut,es negligibly 'bo the telescope buckgrouncl

count rates. 'r'Le pressure is rLet,ermined to Íì,n occur&cy of rr,bout O.lmb,

in the interval betr¡ec'n I n.nd to mb (tmu 
= I.019716 gm. "tl2).

2 . 9 IIOUSEKflEPTI'JG Þ¡i.lA$Lrßtli'.'¡i.ilillii

Ii; r¡as dee'med clesirable to ¡noni'üor certain parameters of on

enqineering nature to check the overall system operation. Examples

¿r.re 1,he aetive telescope guart! r¡.tes, the upper and. Iover level

iliscriminator rartes, l,he PIIA busy flip-flop rt'.Le, b*t,tery vo)-tage

Ievcls eind. temperatrrres in various parts of the payloacl.

Ihese qua.ntíties Ìrere seouenf,ially su.mplc'cl by a 32-position

subcomrnrrtator over the housel,teeping c¡fcle of perioil 128 second-s. 'I'he

eount,ing rr'.tes rlÍerê s1rÌìplsù tvice per eycle nnd the slowly varying

annlogrre qurn*,ities onee onl'u.. TLrc rnteS, vhen Sampled, were Scolecl

lnd fe,:l into:r L0-bit regíster in-bhe.1iSU, vhilo e¿r.ch er,nølogue

c4rr:r,ntit'7 r¿as svitched. by aetivation of one of 16 reed rela.vs and

cligitized by an .li-ji converter. 'rÌre stability onrt linearity nf the

.å-Ð converter v¿.is checked, once per cycle by inclusion of three

T€forencc. voltages in eight voltages mcnitorecl.

lemperatlres at "eight pl¡,ces in tl¡e paylootl v'ert- monitorecl by

ther.aÍsto¡s. the potentir:I clrop ';â,cross e¿:ch resistor was amplified

ond switched into the lr-Ð cor¡verter r¡hen the appropriate sub-

commutatíon sigtal activaterl or¡e of tÌre eigh'C reed relays assigned to

tl¡c. 1,i:ermistors. the temperaturcs of i,tre follr:wing were monitored:

tlie batteries; bhe ¡¡etive telescope cent,ral crystal, the toi.' and

bot,-boro of the :¿etive well crystal , *,he grsd-s'tl shielcl telescope erystol,

the PHâ,, the t,elemetry eleetronics packages (itSU ona ÐTU) , and the

alphl'bron,
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The pa¡rload r¡as therma.lly shielded wi+,kr sheets of st¡mofoan insulation

ancì tempcratures rarely v¡l'rícrf, by more th¿ln srbout 5oC' fronr t'he pre-

launch tompertiture.

ir-n Ï-rny estrr:nomy bslloon fligh'c lasting for approximrtely 1-0

hours vill prorLuce s, consicerabl-e clunntity of cla.ta which nust be

recorcled for future analysis. The ðigital I'Ci'i telonetry (PuIse Cotle

l{oclulE,tion) was chossn for the ;(-ray ol¡servatory to guarant"ee computer

competibility ancl ¿rlso to permit the incorporation of clata validation

codes. Ihe I'tnZ (ncrn-retrrrn to zero) PCt4 system used" is o d.i¡1ita1

system in ç,hich the presence ot) absence of a pulse is used {,o transmit

inf ornration.

2-1O-l'ii¡ elernetrv ilcrd. irornltm

The telemetry fr,.rnot cornpriscs lc pulse vitl-ths o¡ bit widths per

word l¡ith 2O vords constituting rr. comple+,e telemetry frame of dur¿tion

4 seconcls. the fr¿ime format is set out in toble ?'1 just as it is

printed. fotLowing resl t,ime ilecod,ing llhe :first 10 bit word is th'e

Rarker fr,;me-synehronization word r+hich aiås in *,he groun'I clecoüing

of the dat¡¡. l.[ext in turn ¡,r,re the ]ruusekeeping word and the two

m..gne.bcmeter words, 'lhe rernrinder of thc' Ieft h¿nå side (i,u. worôs

Z to g) is occupie<1 by tire 16 channel PfI/i , each chennel of which

usr¡s 5 bits, or he,If cf the tele,-ue''r'ry worå.

lford. 2 on the right hand. sicle is the t,ime word or fro,me counter

which is the output, of a IO bit register rttrose accumuln'ted count

aclvalces by one unit per frame' It rocyeles every 2O4B Seconds (-3+

mÍnuto's ri¡: it does not characterize each frame unambi¡¡rously, but

this is never o, pr+ctical 'proble¡n.
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Tab1e 2.1 Telemetrv lfortl Format

STATUS

GRADED SIIIELD GIIARI)

GRADED SHIELD

CHANNET 5

GRADED SHIEIJ)

CITANNET 4

GA.ADE) SIIIEI,I)

CIIANNEL 3

GRAIED SIIIEI..I)

CIIANNET 2

GR.ÀDED SHIEI,I)

CITAII¡IEI 1

îIME

}4AGI{ETOÌ'IETEf" 2

HOUSEKEEFING

ch.14

ch..l2

ch.10

Cl¡.15

ch.13

ch.1 1

ch.8 ch.g

ch.6 ch.7

ch,4 cb..5

Ch.2 ch.3

ch.o ch.1

I{AGT.IEIOMETER, 1

BARKER

9

I

7

6

5

4

J

2

I

o

Right hantl sifle
10 bits r 2OOn'S

Left hantl siôe
1O bítsr 2OOrE

lÍorcl
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Worcls 3 to 8 on the righ-ü hand sicle rrre 5 gradecl shield. FIIÄ cho,n¡rels

plus the gSuord count rate, cind worcl 9 is Et rrstt,tusrrword which permits

the monit,ûring of the status of quantities which have a "yes/no'l

character anil w]rose state can be ind.icated- by either of 2 levels, 0 or

* 5 volts. Colibration soulrce positions (i.e. trinrt or 'routtt),

rot$tion relay positions, etco¡ or.ê telemetereil in this fasÌrion¿

TL¡e least significarù{2o) of the 10 bitg is lost upon ínsertion

of the pori+,y bit, r,rhich is either a zero of a one c{epending on what

is required. to give the sord. the necess&ry odd' parity, i,e, an od'd

nurnber of ones, The requirement of oc1rl pcrity f or o valicì clat,'1 word

assist,s in d¡.t,o anolysis by enabling the recognition of errors in the

d.emcdul¡ite<l bit strecm owing to poor telemetry reception or a decoding

malfunction. An error in one bit cho,nges th.e '.vord pa,ri'i;y from ocld to

incorrect even parity vhich is ensily reccgnisert. Such ilato is omitted

fro¡n anolysis. Error rclrr'es c're norm&rl5-'¡¡""" Iow e'nd the case of two

errors in one worC- giving or1tl pr.rity incorrectly may be ignerecl.

2.LO.2 T]ne D.rta Storoøe ünit (DSU)

The ÐSU cont:¡ins o lO-bit accumulation regisr)er for each type of

data to be mer,sured. and. I 1o-bit shift register for each sicle of the

word. forn¿t, Sequenticr.lì.y api:Iietl rtworå readrf pulses insts,ntaneously

transfer the rlata vorcl in e,rlch accumuletion register into the shift

register. ?Þre accumuk:tion registers i¡rc. also reset by the word read.

pu1se. Thi-s occurs every 4 seconcLs for any given word oncl the worå

read. pulses to consecutive wor<ìs a,re sePaTate<l by an interval of 400

míllisecond.s. ,,ifter a I'ord has been read into the shift register,

application of I'bit shift" pulses (lo ¡its per seconcl) shifts the wo¡å

out, one bit e¡t a time, thereby generot,ing o bit stream r¡hich after
parity insertion becoues the t,ronsmittec-! digital data.
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The dato are reoil frorn tho ¡,ceümuLfl,t,+rs of times vhich differ by

4O0 mS. from one woril t,o th.e next' This means that the 4-seconð perioôs

over which tho vnrious clato wcråS a.ro accurnulotecl are nr:¡t' concurrentt

vith the result that the speictrr:ro derived from *r. single telenetry frome

cloes not correspontl t,o a siagle azimuth (unless the poyload iS constant

in gøinuth).

?he reLetionship of the Fií-r'¡ clata acquisition periocls tr¡ the times

of sizimuth measurement a.nå reed.-out is strown in fig. 2.1O.The mean

szimuth C.uring the data õcquisition period of e¿ch channel- must be

calculrLtec] for th¿rt cho¡rnel by linear Ínterpolation of the ozimuths

reOA out Ín consocutive frames, using t,he known tÍme relo,tionship

between the voriorrs oPeratic,ns.

2-10.3 The Iìo.ta 'llrans¡nissicn TJni*, (mU )

The ÐÎIi crrntrc¡ls the extrnction of rleto form the ÐtiU, inserts

pêrity, subcommutates the hiiusekeoping rlata, generates the III,ÏG

subcarrier signals and mixes thon to prorluce thecolupositevidao signel

rrhich moclulates the transmitter. À crystal-controlled IOOICI:a

oscilLatcr sup¡',Iies timing nnd gating pulses aft'er scaling and the

use of logic circuitry.

IRIG SubcarrÍer bar¡C.s which ha,ve been used. are band. 11 (l.lS Wig¡

for the Pci'{ data, while bands 6 (L.7 IGIz), g ().9 ]jl i^z), L2 (t0.5 lClc)

and 14 {ZZ f.JJ'à }r¡rve beeu used for various r¿uologue purposes. Exomples

ore theralphatron signat, the PlLtì, busy flip-ftop (with a viers t<;

pulsar observations) antl a mognetorneter ertor signat r¡hen azimuth

servo-control rros attempted.
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These freqrrcncies rrre mixerl and the resulting vid.eo signal

modulates two I watt FM transmittèrs oporeting between 71 and 73 IvllISj

Coaxial sleeve antennas are employo.d anrì the power ouiput from e¿¡ch is

theoreticclly suffioÍent 'oo obtcin usable signals up to a ':Iistence of

750 Km., which is the maximum line of sight r&nge for a balloon at 40 Km.

altitude.

4 GrounC. ti

1t bLoch schematic of the grounrì. station a.ppeârrs in fig. 2.lJ.The

systen has tr¡o pnrallel sections to acconod."¡te the two carrier

freguencies transrrlittetl. from'uhe i:ayload.

One sec'oiou is used. solely to ùemodulate and record the digital

signal nnd print Ít out ofter clecorling in three-cligit octal forn plus

parity, Tlieconposite vicleo signal, the PCI4 signal an<l e reference

signal comprising voice annotati.:n, a stonrìard tine signal broadcast

by the ra,iio station VNG, Yictoria*onà ¡,n I KIIg e¡rnchronizotion tone

for tape ploybe"ch, are each record.ecL on one track of o three che.ruael

Arnpex 1¡i'Ì-3OO tope recorcler. ÎI:.e magr:et,c¡¡reter r¡erd.s ere extracte<ì by

the d.ecocler, the origincrl output levels Ð,re recovered ond. applied to

the X ond I inputs r:f an oscilloscope -bo proviûê ¿ real-timc' czimuth

inðj.cation, the time vorr:L end the sta''cus bits are also extracted anC

clisplcyed on the control panel to províè ûI,ers,tor guiCance,

In t,he othe¡ sect,i'rn of the g¡ound s*,ation, the'l,ots,l video signol

is also recorcierf on ûne trach of ¿in;Lkoi ivi-7 tnp'e reccrd-er- to pùovicte

retluntloncy. This signal i'å also clenodulatod in rea,l time and the

resulting data are ctisplayett on a multi-ehannel strip chart.
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The reference signal mentioneri ¿nbove is recoråed. using the other

channel- of the M-7 and the time signcil is put on íìne of the strip

recoriler channels,

this system offers excellent reol-time dotn, inspeotion facilities

¿ncï ochieves the proper record.ing of all do,t¿r, for subsequent' onalysis,

thereby provÍd.ing a suitable degree of rech¡ndancy for safeguard

purposes.

Upon return to the laboratory, the telenetry tapes û,re replayed.

ancl the recÒfcled. I,CM signaJ- is fed. into the Dota Âcquisition Systen

in order to generat,e a Fortron-compatible magnetic tape of the entire

flight. This tape can be usecl on the CDC 64O0 conpute¡ at the

University of .tdeì.aide to analyse data by employing special purpose

data s,n¿lysis prograJnmes.
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CHiIPTER 3'

LABOÌ¿ÀTOI¿Y X-RAY ASTRONOI'{Ï

i-1 IN"TMACTIONS OF X-RAYS- I,¡TTH }.{ÂTTEN.

lhed'etectionantlstucs.yofX.rayspectrarequiresthatthephotons

interact Ín somo way víth the d.etection apperatus. In the energ¡

range of interest here, lO to 2OO KeV the most important interactions

are photoabsorption ancl the Compton effect' Pair production beeomes

important, onlJr ebove 1.O2 luieV and wíIl not be consicleretl here.

3-l-1 Photoelectric absorPtion

This occurg when an inciclent ,rhoton of energy E is totally

absorbed by an atom snd is accompaniecl by the ejection of a photo-

electron usuelly from the K. or L shell, vrith a'n enerry t = E-% r¡here

E, is the electron bincting enerry. l'trhen the vaeant shelL is later

fillect, fluorescent X-rays and. Auger electrons are enittecl with enersf

EU anct usually reabsorbecl yielciing further photoelectrons, so that in

general there is complete tleposition of the incictent photon energy by

ionizatÍon loss of electrotrs. In practice some fLuorescent radiation

cloes escape the detect,or volume, resulting in incomplete energy

rtepositíon antL requiring an esca,pe-correot,ion to be made in any

spectral analysis (see sect,ion 3 .?..31 .

The probability that o photon of energy E will penetrate a

thickness x gE. cml2 of matter of atomic an¡mber Z without suffering

photoabsorption is gíven bY

t(t) - "*P [-7up(E) xJ 

- 

3.I

rrhere Ëp(E) ís the mass absorption coeff icierrt ("t? gt:l), whÍch

increased roughly a,s]-| E-3 at energies greater than the K absorption
eclge.
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Between l0 ond, lfJO KeV its exact eneïÍr,r rlopeu'J.ence is complex oving to

the irresen?e of Ii auå L shell zibsorption ec-lges at which li(g) increases

sh.arpl¡f. le'È"¡r,j.1ed. me-:',suremen'ts ancì talrles are availa.ble ho'¡ever

(Victoreon, l9$) .

3-]--Z 'ilÌ:'e Comrton llflfect

This involr¡es the elestic coilision of tli.e incident phoi;on

(I; -.trv -n<rlro0z¡ with o-n atonic electron of resb rnass moC2 l¡lrich

althQugh strictly bouncl, rney be regar<1aci. ¡¿s free iil its bincu.ng energr

EB << 1l, l-f the photon is scatter¿'d' -bl-irounEh an s.ngle ê , its energ¡
tt

after sc¿ttering is given bY ll = 'tìì-re energ¡¡ ofE

1_+ I - cos9
the recoii Ccnpton electrrin j.s ¿¡iven by iI" == trì - If t, rrhich has :;

maximum v¿ilue (thc. Ccnpionrrer'ige'r) of T^- = 2!s-E-, corrêspoarling to' cm !] 2.<

¿¿ head-on collision lrith â= lBOo'

/rn inporta,nt, d,ifference between the Üornptor: anrì photoelectric

interections is that tire photon encrtry is not oOn¡lletöIyabsorbed in o

single C6rrilbon interoction. ,ls a result the botal Compton attenuotion

co-efficiÐn+,,f"(e) iras t'¡¡o terms, e scattering cO-effícient for removal

of pho.tons from lb-e'i:earn sncl-'bhe *bsorptrorr co-effi.cient to account for

tire t::ansfer of energy from photon to recoil electrtrn. 'r\-b consts'nt

plrotori energy these co-efficien'bs go Ð.s z'/.it, r,rhj-cli is o.45iO"-05 for àIt

elements except hyd.rogen, so the,,t they are nearly incepenðent of the

absor:ber mr'.t'eria1,

Sir:ce ful.l enorgy d.eposition (per photo') in a detector is

fl.esir,lþIe for 0,n une.mbiguous slreetrtl d.e+uermino.*,ion, it is importrnt'

that photoehscri.r+,ion shculd gomin:ì.te cver ttre Conpton effect, ¿r'n'f this

requires that ;r ;jetector of trig.þ z nneteriü,I shoukl. lre useð.
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Figure 3.1 shovs the Índ.ivitluol co-efficients anå the total mass

absorption co-efficient y(n) for lJaT(TI) scintillot,or material in

which locline ( * = 53) ís primaríIy resironsible for absorption. Not'e

ths,t for i¡ SIOO KeV , f(E)^/ Íe(E) antL thatfc(Ð) only becomes

significont at higher energies.

3-2 Ir,]lSPOr;l[ìE 01¡ IIrrT (TI) TO TIICIDEIi'? T.-R.¿I.]IS

The basic interacticns of X-rays víth llal (tt) trave been descríbecl

and. nor¡ attention is turnecl to the ma,nner in which these interoctions

are detected an¡L converte{d into voltege pulses for the purpose of

electronic processing. Particrrlar attention ís given to the factors

involverì in the transformation of the original differential 't-ray

photon spectrum N(E)dË photons 
"rol2 """îI 

in tir" energy interv,r,l

(U, E + dit), into the d.iffereriti¿I pulse height distributioo !'(il)ag

observecl from the photomultiplier (ni) t'ubes 'urhich view the scint'illator.

Àn understancling of -'hese factors is essential to the correct

interpro'trrticrn of observed pulse heig,tr+, spectra as will be descriüred

in section 3.3.

).2.1 lrgr,nsÐo,Tenc1¡ of the Crvst¿¡l ¿';r i(-ral¡s

The energ¡¡ rlependence of ¡t(E) in Ìfa1(ÏI) is given in fíg. 3.1 and

shor¡s that for u 2 r$ít. thictr (0.î4 gm. 
"r.12) 

crystal, the probability

of absorption is > gV" for E *< 60 KeV but has decreased. t,o * 6Vi" aI'

l-00 KeV. Thus if the d.ifferential photon spectrum incident narmally

at tir¿ crysrar- s'rface is IJ'(u)an, t1re energy distríbution of

absorption events is given by N' (E) tl - exp (- ¡(n) * ] dE, r¡here

+2x g,Et, cm. , le rrhê crystal thickness. This is usually taken to be the

energy ctistribution of rletected events a1so, ond, thís is what will be

asgumecl in this 'ohesis.
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However¡ it must be recognizert that this is orrly an opproximation

to the truth. Patla and. Kiss (tgíS) have shown tbat nreasurecl and.

theoretical volues of d.etection efficiency do not always agree

as o result of ttre apþalent foih¡¡e of some obsorption events

to produce dotectable sÖintillat'ions. ft¡rther the crystar vill

deviate from its nomìnor thickness, further affecting the energ¡

clepend.enee of the efficiency. rn view of both these offects, it is

recognissct thot an actuol ¡neasurement of the cÌetection effÍciency,

i.e. the fraction of absorbed photons rrhích give cJ.etectobl.e PI'f tube

pulses is clesirable where possible.

3.2.2' The Scintil.lotio4 Process in NaI(T1).

llris subject has been thoroughly treated by Mott and. sutton

(rg5s) Bìrks (rge¿) price (tgøql ann Aítken (rgog(a)) ana only a

superficial teTiew is atteroptecl here.

f,he energy of an absorbed, photon is converted into visible

light by fírst exciting electrons frorn the Nar(Tr) volence ber¡rd.

into its conrluction bond.. Part of this excitation energy is then

transferrecl to the T1+ Iutrinescence centres which emit visÍble pleotons

upon cleexcitation. Approximotety 30 photons per Kev of incid.ent

energy are emitted. in a wavelength banct cen'crecl on o.42 microns,

ond' the light pulse has a decay time constant of about 25O nanosecond.s.

Therè Ís o, temperetu¡e veriation of +o.J% p"" oc. in right output

but this effect is minimÍzetl þ ensuring the effective thermal

insulation of the t,erescope tturing fLight. loble 3.1. rists some

properties of Nar(fl) in comparison with the two other ínorganic

scintillators empLoyecl upon the /id.elaid.e paylood..
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Toble 3.1 ScÍntil1¿rtol properties , 20 *1ht ,ç: 2OO KeV

The linearity of líght output with X-rny energy is go,rd buì: there exists

a smooth deviation of - 5'ft in tne proportionality ' constant ovor the

, range 2O tc¡ 100 KeV onC. there is a sudrleu chonge also of abouf, 5y'" Drear

the iodine I( eiLge (litken et aI. L967). Yariations of this sma1l

magnitud.e are not significant at tTic present sto.te of tleveloprnent of

X-ray r,lstlonomy and no a,t,tempt at correctiorr hnS been made in the

preson-b clat¿r Erntlysis. To the authorrs Ïr¡rovled'ge no oi;her workers in

the fielcl trave inclu<letl e.ny such corrections. i{ol¡el'er, q,s techniques

improve aixl. observations of highor statistical precision are ob'çoined

it wii-1 become necessiïry to folrl the non-tínearity effect into NaI(Tl)

t,elescope spectral resÞorrse functions, since corrections for the escope

of iod.ine K X-ray phoions are only slightly larger and are currently

applierl by mcst workers,

3.2.3 K-s,'scapg

Irlc'ä oll lrhatoelectric intersctions of photons in NaI(Tt) result

in cornpLete energ'r Cepositior'¡ sinee in s, smrrll fr'-¡,ction of these the

fluorescent å-:ra.y phot,ons pr,rduced by cle-axcits,tion of the L

escape from t,he crystal without re-absorption.

L27 atoms
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Betveen lO ancl 2OO I(eV Kshell absorptiotr preilominates in the prims,ry

interabtion. Each daughtef photon takes e,I;ay a meafi enerry of 29"2 KeY,

a value obtained by weightlng the K..and 
þ 

fíne energiee with theír

intensit,ies. Hence each photon that results in a K-esc8,pe photon only

deposits (n-e9.2) feV in the scintillat,or (provittecl that the incident

photon energy exceecls the K-electron bintting enersr of )2.3 KeV. )

For a collírnatecl photon beam normalty incitlent on a cryst'a1 of

thichness t gr. 
"*12 

who"e front surface has linear d.imensions large

compored. vith the mean free path of the K x-reys, l"fott and Sutton

(fqig) show that, ttre probability per inciclent deteeteil photon of

escrrpe from the front surfacê is given by

p(E) = å*n* á*¡(o) l: !!" ,* t (-t(n) + #) xl sinoaed 
i _-.".,

where v. is the iod.ine K fluorescence yieltl"Jn i" the fraction of
l(

photoelee+,rio events oeeu.rring in the K shell, /r(fi)ana t(Iii are the

photoelectric and total mass attenuation eo-efficients respectively,

tn is T(2g,2 Kev.), g is the an¡31e between the normal to the surface

ancl the I. X-ray escâpe direct,ion and x g^. 
"^12 

is the depth of

penetration of the incident, photon in the crystal, Secause Tn is

large for NaI(Tf), escape from crystals t'hicker than 2 rnm. is small and

t moy be regarcled as being infinitely large. Equation 3,2 thenbecomes

p(E)= å *od* # [ - ft, . rn (r . ry] I 
- 

3.i

A useful experimental parameter is the rotio P(E) of ùhe number

of counts in the escape peak (rrith energy (E - 29.2) KeV,) to tne

number in the fuII absorptign photopec,k for mono-energetic (U)

rarliation. This is given by P(E) = p(E) . The results of detailecl
r-p(o)

calculations of P(E) have been published by Àxet (fgi+) and their
signifícance to balloon K-ray astronomy emphasizetL by Stein antl Lewin
(rso?),
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The value of P(Li) t'or a 2mro. thick erSrsdsl or irl¿rl(Tl) is - L2'5/' far

E ?60 IieV., increi¡ses to *2i.5"/" rrt D = )2.2 KeY cnrl is zero fcr E

<32.2 l(ev. lhese probabiì.ities ar<; use¡1. in what fcllor*s to nc.ke

alLowaæe f or K-escepê in tìiu unfol<iing of soutce spectra from me¿surei

pulse height rlistributions.

3.2 .4 litectral rr-'s olution

As a result of statistícal fluctuotiorrs ir¡ the procesaes involved

ín the conversion of X-ri,y e¡Ìergy into,:, r'olteee ïrulse from the Pi¡i

tubes, monoenÉrgetic X-rcd.iation unriergoing photoabsorption proiluces

.Ð, pliotôpealç r¡ith e,n a,pproxirnettely traïnÍ*l distributíon of outpu't pulse

heights rather tlien +,hr-, clelt¿ funetion distríbution applicable to a

detection sysl;ern víth perfect, euergy resolution. iinerSlt resclution is

exper:i.rrentot)-¡r best, charfleterized. b;y either 
^.il(y;ev) 

the fu}I ridth of

tÌ¡e rlistribution et half thc m¿iximun ir-tensity (FilÍil'i ) or th* relctive

II\,¡HM given Uy n(D) = qp , whose energy <1ep+nrLence is åescribed below.
trt

'Ihe sì;:¡nticrd ,le'¡ieltion O-(!i) of +,?re no¡rmaL ,Listributic¡n is releted to

l)E ancl 1(i1) 
lhroueh AE = 2.354s rrnc. O, (E) - 

# \(.ü), res¡rectively

(Evans L}ffi).

the wirlth t(tl) has tìrras.' cotnFonerrt"r"ì1, Yìi, and. \nt which are

relared throush ft = fi * \3 * 1l.o (nitr.s . 1964) . thc pn.rtic,l wid'bh

\1 is attriì:u-lable tc intrínsic properties of tire scintillat,or such

as st,r¿tisticrrì fluc'buatic.ns in lltô nualter of photons proårrceû per

scin+"illaticlr, siratial non-u¡rifcrrnities in the erysta;l luminescer''ce

efficiency, 1,lne stntis+,ics of rnult,iple absorption events, both

ph.ot,oolectric niri.l i)ornpton, ¡ghich contriburte to tlie photoper,r.k sincl the

effects of the i:on-Iinear 6:ßergy response of {,he crystal .
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the vidth tln tt det,ermined b;r varie.+,icns in light collection

efficiàncy olrer tlie crys+,ol surface, bY statistical fluctuations in

tbe passage of scin+,illo,tion photons to the FÌ'I tube photocat'hoile ond

the subsequent enission of photoelec{,rons. }'or example, the system

optical geometryis dlfferent for oach ind.ivicluol scintillation, for a

large crystal especierlly, and so the tr,hoton collection efficiency of

the photocathcde will also be rlifferent, evon for an otherwise porfect

phosphor. A-lso, self-absorption, reflect,ion logses, light trapping by

total interno,l reflections at the crystal boundaries, and inefficient

light píping vill cause vn,riotions in the fraeticrn of photons collectecl¿

The photocs,thode ad.cls to the voriance of the pulse height d,istribution

thrcugh the usw¿I statisticol fluctr¡ations in the nr:$ber of emítted.

photoelectrc¡ns, through surfsce non-uniformities oni ronàom thermal

emission.

the statistics of electron multiplication through the PI"I tubo

d.ynode ch¿iin is responsible forl*r toøether r¡ith variations in dynode

responses ¿r.nd cotrIection eff iciencies.

The ryiclth 'r¡, usual).y contributes little to "ì in colnparison with

Yl ancl r'r nnd. lii;tle is knovn about its energy d.ependence. Ïhe
lP lm 

r

energJ depenclence of rto Boes approximately as E-Z r¡hile 1n t" energf

inclependeut. ÏIowever, the exact nnture of the vari¿tion of these

quantities vith encrgy arr<l their relative sizes have been shown to be

ilepenrlent on the confíguration of the tlet,ector employea (Birtrs 1964).

Experimental cal-ibration of the d.et,ectcr is therefore necessary o.ncl the

cr,libraticn of {i:ì) for each ftight cf the active telescope is shown

in fig. 3.2. Linecr fits to\(E) as a function of E were founcl to be

gooct approximl,t,i-ons for the purposes of clata anslysis.
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No attenpt was macle tc fit the C.atri. r¡ith fune+-ions of the form

',\'= ¡\ + BE-I (ÀrB constants) such as may Ìre theoretlcally expectetl,

since it was noi warranted uncleù the circumstaneês, but e*amina,t'ion of

fl]:g. ).2 indicotes that comparoble rele.tive contríbut,ions frclm 1* anct

tln o"* present,

3.2.5 Summary

The offect,s described above Ð,11 ¿.etermine the final form of the

output pulse-height <listribut,ion F(H)dH vhioh results r¡hen a photon

spectrum lftn)rfE is normally inciCent on the surface of a NoI(Tt)

crystol. The number of output pulses in the height interval ÏI to ÍI+tlH

(feV) çítI be given by

F(ir)dn =JN'(E) { 1- exp {-4{u).c$ p(Ð)

(z;ff)2 ú(E-29.2)

@

o

exp (- 1ø-r-zo.z)2 \I +r-p(E)
2& @-zg.z) (zr ) 'r(E)

wlrere fc@) is the mass absorption c

Nsr(Tr) crJ¡stel of thickness C g*, "rll p(E) is the K X-ray escape

probability ern,1 the terms in square brocìrets rlescribe the normal

energlr resolutíon of the esca,pe and toti¡l absorption events respectively.
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Eg.uation 3.4 above d.escribes the transforme,tion into a pulse

height d.istribution of a phbton spectrunn N'(E)c-¡r* incident at the crystal

surface. Horrever, in X-ray o,stronorny ap¡rlications, the spectrum I'lt (g)dE

is itself iLerl.veil fron a primary spectrum N(E)dll which has

int,eract,ed with the residuel atmosphere above the balLoon, with the

paylond thermal. insulation lying in the t,elescope field of view ancl

wíth the vinclow materials protecting both the active collimp"tor

crystal and the main NaI(T1) erystal.

. exp(ffJdc dil 

-3.4,o-efficient ("r? g^lr) of the
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At photon energies accessible to bclloon exP€riments, interstellar

absorption effects should be no'gligible a.n<l vilt not be considered- ín

this anal¡rsis. ;\nother point to consiC.er ìrefore equation 3.4 can be

a,pplic'.l to real ôata is tl¡at integrotion with respect to Il must be

performerl over the finite I'i{A channel çidths r¡hich are t¡rSrically

I0 I{eV in size .

These rnatters rì,re notr discussed r'rith respect to the u¡ÉoId'in¡; of

any cosmie )i-rery source spectrum ¡J(E)di¡ from observêd .jth chg.n¡re1

count, rates Rj =
/.Hj+I -2 -r,I n(H)d¡{ (cml" seci), i = or...,15 wherethe Hj
-Hj

¡,re the pulse height shannel bounclarias.

3.3. I Atmosr>hu.ric and. pavload absorption

If the depth of residual atmosphere abo'¡e tire pcyloacl is a gro. 
"*--"2

a is the telescope zenith angle, /^n(a), /i(ll) an¿ t\,r(E) are the mass

attenuatir;n co-effi'cients of air, the pa3']'oad' iusulating moteriaL ¿¡'ncL

the +"elescope winrì.or¡ material rc.spectivel;i, an,J i, w are the respective

thicknesses, then the d.iff,erential spectrum normolly incitlenl, ¿rt the

uaf (Tf) crystal srrrface is

ir'(B)¿u = I{(E) "*pf-¡;(ll) o. secz + ¡(u) í +/un(E) wl aa J.,

3.).2 The final response function

.Alt factors offecting the measr¡recl response F(H)AIi of an X-ray

telescgpe to an e,xially inciclent primary ec¡smic X-rei,y spectrum have now

l¡een onumc¡rot,ed. Ðeed time ef,fects cn the central crystal" counting

rat,e cLue tc pulse resolving t,imes e.nd r¡¡ndom accidento.I anticoincidences

are less 1"ltan 4y'" and therefore need nct, be considered, 'Ihe complet,e

response funetion ¡,'(lt)dH carn now be wrí-bten by combining equat,ions

J.4 and.3.5 thus:
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F(rr)dH =j *,r, "* [- få(E) #+ra(o) i +¡ç(n)*{[-.*nt-lu (E)"1'

o

"*pl-(,8-n-zg.z)") 
r-e(E\ -"'n¿;fn+$lanari )'6

'zsl @-zg.z\'* (¿r)-&.(n'l ú ß\.2 't

(n3) 
"¡*rrnel 

rates. lhe quantityx-2

p(n)

(z rl¡
1

2r(a-29,2)

the counting rate 1"""î1) in the ¡th "hu,*el 
with pulse height bounds

Hj, IIj+I (fev,) is then given bY

nj = A. Hi+If F(H)aII 

-_:..T

Hj t/

where l("m|) is the effective area of crystal exposed by the collimat'or'

It shculcÌ. be notect that equations 3.4 to 3'7 have been clerived for a

spectrutn from a point source on the telescope axis. The response for

anoff-axissrlurceísmoclulatettbythecollimatorangularresponse

fr¡nct,ion as describecL in seetion ).4.2.

'vlhen an isotropic f\:x is being measured-, the above discussion

remains valicl with F(H)diI ancl N(E)¿E ix. 
"rol2 

s""ll "t""]1 antl with

equation 3.2 repraced by n¡tlift = uTft F(H)itH 3.8, vhere
H5

e ("r? ster) is the telescope geometric factor which we take to be

energy inctependent and is defined in section 3.4'2'

consideration of equations 3.6, 3.7, ancl 3.8 shorrs that it is

impracticable to analyticatly unfolct the primary spectrum n(U)aE from

the channel rates Hj, A rnethod clue to Gorenstein et 41. (fg68) an¿

used by a number of vorkers, is to take trial spectra N(E)¿E

numerically through the integral transformation process and to make a

Ieast squå,res (42) 
"orparison 

between the comput"tl (83) anct experimental

= tnl - nl)2 , where v(R$) is

the statisticar variance of n$, is comp"r"N(llì d.ifferent trial spect'ra.
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The true prÍmary spectrum is taken to be that rrhish best fits the date,
cfor which /' ís a minimr:n. This methodl is of courso only valid as

long as the statistical uncertainty exceeds systematic uncertainties

due to calibration srnd background. subtractíon errors.

3, 3. 3. P.pe.otral C-orrectio$ FiLc-t'.ors

We d.efine tte ¡th eharurel correction fact'or Fj ns

,tfj+1Fi = ,JHj N(EidE

t¿j

This is the ratio of the count, rate which r¡oultl be obserVed by a, Peffect

rletectcrr (i.". no r¡inclow absorption, LOú/" photon detection efficiency,

no K-escape, energ:fi resolution 1+o) at the top of tho atmosphere, to

that observecl by ou¡ detector. It is founC that Fj is s function of

the spoctral shape of N(E)¿E a.s a result of the necessity to integro,te

energy-deirenclent eonections over the relE,tively broad energy channel

wictths (--IO KeV). Tab1e 3,2 gives Fj val.ues applicable to the flight

MIL-I-68 (vith o = 3.2 gr."rî2) for exponential spectra
., cosZ n

N(E)dE = NoE-rexp (#) with clifferent values of kT, and. power larr

spectra N(E)dE = NoE-(ã+ 1)dE, with different values of l(see sectionl.

1.4 for the physical justification of these spectral forms). These

tabular values have been used. in chopiers 5 end 8 to deduce the form

of X-ray spectra above the o,tmosphere for discrete sources an¿l the

isotropic background, res¡rectively.

3. 4 TEI,ESCOPE CALIBR,ÄTTON

Thorougb preflight testing is essential to ensure correct

operation of, the fi.etector ancl its anticoinciclence system and to precisel¡r

determine the calíbration characteristics necessaïy for the analysis
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of clata. The most important calibration measurement ís that of the

detector eneriJy response ',vlrich involves (a) aetermining the near linear

relation between output pulse heigtrt and photon energr¡rr ancl

(U) tue enorgy resolution {U) of the detector. hlso of great

importance Ís the experimental determi¡p"Èir¡n of the collimator rêsponse

funotion.
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a

Background rejection is achievect by active anticoincid.ence

methods. scintillators are employed. to shield. the central crysta,l

from ôirectly incident bactr"ground' racliat'ion and in particular to

urinimize the secondary background which results from Compton scattering

in the central crystaL ancl guarcl scintiÌlators themselves (see sections

2r).2¡ 2'4 an 2,5),

compton scattering in the central crystal will result in

a corLsiclerable num'oer of photr.rts treing scattered, into the colliroat,or.

The collimator cliscriminator {huesl.rolcl should therefore be set at a

sufficiently low velue t,o recognise these events and. inhibít their

analysis by the 16 channel P.9..¿.. However, sincc we include an

Íod,ine K escape correction in our spectral anaLysis, no detect,ion of

K-eseape photons (29.2 IíeV) from the central cr¡rstal necd be recorderl.

Consecluently the coilimator thresholcl was set at 4O KeV.

the backgroun,l resultin¿; fronr compton scattering of phot'ons

from ttre collimator or vel} into the centraì <letector is also minimized

using the anticoincidence tcchnique. Figure 3.1 shovs that ín NaI

(tf ) tf¡e Compton effect is the d-ominant interact,ion for incirlent

photon energies exceed.ing about 250 KeV¡ Howevef, oving i;o multiple

interactions which enrl in futl photoabsorptíon, tittle contríbution

to the central d.et,ector rat,e frorn Compton collisions in the tt¡af (Tf)

well is expected. until inciùe:rt photon energios of about 4OO KeV are

reached. (at r¡hich tbe rrell thÍcl.,ness corresponds to unit attenuation

Iength). Since recoil electrorrs corresironding to 4OO KeV phot,ons have

a maximum energJ¡ of 24O KeV, the well threshold setting at 8O KeY

ensureil the detection of most of the Cornpton interactions in the weLl.
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The bacrlground. proóucrgion from Gompton interactions

involving the plastic !íght pi;:c is minimizecl using the phosvich

pulso shape ôiscriminat'ion techníc1ue (see section 2.4). lwo factors

must be consiðered when settiug the phoswich discrimina,tion threshold'

Firstly, it shou}L be sufficíentLy low to achieve its purpose of

rrpicking-offrr the negative baoiiswing of the plastic pulses ancl so

redlucing tt¡e low energ'y Cornpton continuum. Secondly, it should also

be sufficiently hi¿1h to ¡;reveut the smell negative baclisning of

genuíne t{al(Tf ) events of energy 
-<1BO 

KeY fror¡ contributing to the

d.iscriminator rate. Failure to neet tbis second. conr.lition vilL

result ín a high ener'gy' cut-off to the observed central äetector

spectral responste.

In preflight tests, pulscs frorn the 0.66 l,ieV 1Íne of csl37

î¡ere uped. t,o ad.,iust tire threshcla level. Verification that the back-

swil¿ of these pulses was insuffi-cÍent to i;rigger the discrirninator

ensurecl that valid. I'hI(îf ) events betrreen about 1O s'nd- 18O KeV

certainly woulC. not. îhe Compton continuum generated' by scattering of

the 0.66 MeV photons i-n the lig!;.t pipe anii central crystalr rd¿{,s

ernployed to ensure thnt the threshoLd-'¡as not too high" Figure 3.3

shr:ws tire effect of corr:.ct phoswicli operetio¡r on a spec-brum accurnulatecl

frorn the central detecr)or usin.,7 a 4OO channel ano.Iyser. lrro sourcest

cB13*( ( to genere.te comp'Lc' baci.^r-rrqrinc.) anc. Ãm24L (to provid.e a photo-

peah at * 60 I(eV) r..lu're j¡Iacecl to¡.lether in the telescope field. o-f vie'*r.

Wj.+,h no i:hoswich cliscrr.i:¡:ne-tion thu A,.r24I photopeal,l cannot be rosolvetl.

Howc.ver use of tÌ-re r¡iicsw::-ch sys'bcn result,s in recluction of the Cornpton

contiüuuïì frorr erier¡;ies beiou 1C KeV upwarcl ancl enables the photo-

peatri to be resclved.
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I,aboratory measuromen-bs of the effects of various backgrouncl

reductÍon t,echnigues a,re sho'n in fig. 3.4. The curve" (t ) apply to

the unshield,ed. fli¡,:ht crys'üû.I of 2mrn. thickness anil to a crystal

of similal a¡.ea but 25.4 mrn. thich" The high ene36ly cliscrepancy

between the tvo cuïves is the result, of the greater transparency

with photon energy of the thin crystal. The curves (Z) were obtaj-ned

with each crystal passivel-y shieLd.ed. by the CsI(Na) collirnet,or arxl the

NaI(11) r¿ello In acl,Lition to the expectecL bacþrou.rril retluction in

comparison with the unshielded crystals, there is also ¿ lotr energy

fluorescence peak as â result of iotiine K-escape frorn the shÍeld.

Further background reduction is achieved (curves (¡)) by using the

guarcls actively, anrl. the f luorescence peak is also removed. Another

factor of 2 red.uction for the thin crystat is obtainecl when the phoswich

sys-bem is employecl.

The net result, of using active anticoincidence techniques

is to achieve a bachground. recluction in the laboratory of betveen 1

and.2 orðers of magnítuc1e compared with an unshielclecl crystal . Also

a ilecrease of greeter tha,n an ordrer of magnitucle is obtained. over the

background. rate of the grerC,ect shield. detectorr as is shown in fig. 3.4.

3.4.2. Enerpv calibration.

fhe ener¡¡y response of th.e cletector vtas measurecl by recording

pulse Ìieight spectra of a number of monoenergetic [-emitting radio-

ac'à,ivc nuclides placed. on the telescope axis. these were locatetL at

distances as rarge u's vlere altrowecl (à10 ft') b¡' the respective source

s'ürengths, in order to minimize the effects of surface non-uniformities

in the crystal response. Raùioaative sources used for the purPoses

of oalibration are listed- in table 3.3. (,i.etails from HoIt (1967)).
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Teble 3.3. Calibratiou i(-rav souLces

îhe calibrated energy resllonse for all ftights as measutecl

by the laboratcry 4oO-ch.annel a¡ralyser wås +vo & Sootl opproxírnat'ion

Iineer. the 4OO-channel caliì:ration spectra were comparecl with

the same spectra obtained throug.þ bhc 16-channel flight P.H.A.

and. in thÍs vay the channel bouncleries of the latter 'lrere

d.eterrnined. Channel boundary u.ncert,ainties varietl typically from

about, 1 1.0 I(eV for the logest energy channels to about + 2.5

I(eV at, ìrigher energies.

The d.etec{:or energy resolution 1 
(E) lJas determined. at this

time also. The resulf,s e.re sholtn in figure J.2 anð' d.iscussed in

section 3.2¡4¿

1-4^1 The lictive Collimator irnp-ular Rest)onseò

Aithen (lgleb¡ lias calculote<1. the transmission function T(Ø)

for an act,ive collimat'or crrnsisting of a nu¡nber of cylindrical

holes axiall;¿ pa.ralLel, cì.rillecl. in naterial with a mass absorpt,ion

coefficient which ap roaches inJinity at a1l energies.
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The result in this iclealized-¡ enersf-independent, case is:-

r(Ør = cos þ{.r-i(:%) -f, arcsin(,ë)}''''

r,¡here f is ttre engle between the photon d.irection of arrival

ar¡cÌ the axial d.irection of tt¡e telescope, ancl $ i" tft" collimat'or

opening hal-f-wid.th. 5'or $ StOo, equation 3.9 is well approximatecl

by

I'he theoretical response calculateù frorn equat,ion 3.10 for

the active collimator (3, = no 3zt) is shovn in figure 3'5, arong

with the meostu:u.C llesponse and its triangular approxirilat,ioni

'ø') = 1 -9 ............7.11 .T( 
Yo

The experinreni;al points were ob'¡ained. by measurin6; the inte teil

count rate c.ue to two raciiation sources (m2+r orra sr,119) tocatecl

60.5 ft. in front of l¡ire 1,elescope. The points thus represent

iìn energy-averaged (over the approximate interval 15 to 75 KeV)

an¡;ular response and. no attempt hsrs becn mad.e to cleternine the

exact energy åepericlence. Clearly the triangular ftmction with

ø = 8.9o is a bett,er fit to the rlata than the iclealizt-'d. function,o

T(ø), 1:resumably due to

(a) irnperfect geornetry of the d.riIle;l cylind.rical holes,

(¡) sc¿rtterin¡; off the co1lim¿¡,tor rvalls and,

(") enerijy C.epeuelence of the. collimator transparerclr

TIeis experirnen-ba1Ì¡r cleterrrt:i-necL transrnission function has been

useC to obtrri¡r -the results subsequently reported in this thesis.

t(/,\* 1 -Zrf. g.J , -4 -Z arcsin (8)...3.1o
g¿ 1T
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Note tirai¡ the i;f f-sxis angle þ *nd },c.nco Tt (Ø) .an be calouleted

for asircuth swco¡'s ecross a rcuroe cf knc¡srf posÍtion (azimr:th Az,
s

zenitii s ) usini.-s-

cos þ = sin z" sÍn zt cos (Àz*-Àz*) + cos zs cos z*r wirere

Az* e,niì, zt ð.re tÌre telesco.Þe ¡¡zimuth and aenith angies.

,3 . 4. 4. T?l.e s eo r:e g9_ojgegjs__{æLqr.:

The corlirne.tor anguÌ.ar response ftrnctio¡L T(Ø) finds direct
use ån t!r.e enalysis of point source diata as a function of telescope

azimutþ. i.r,nalysis of isotropic source qlata d,oes not involve its
tlirect usEa. rns't',oed. thc telesco¡re geornetric factor G(c*2 ster.) is
tlte irn¡-ortan'; opertrrre ehorecteristic and. is given ín the energy

f.."
Ínrlcpentleat lii:iit by G=ZnjrJ sin ø.y {ø,). ð, ø.......,...J.12
where -l* is the ex;.osecl ¿:rêt of 'ohe lÍar(tr) crystol and Ø"o i" tr."

cut-off ongre 1=B.go) f,or whÍch r (ø) = o. substÍtution of

equotíori 3.1C into 3.12 followecl by integration gives G=¡l-T*il vhere

X.=L62- 'co

ar""i., ({co
0

Ê,
øo

with the tesult, G = 1?O? crn2ster.
I

Using I (ø, (equation 3.tt) with lo .; g.9o gives G = 1.36

"tZ"te". 'rtrus a reiatively snrall chonge in the form gsed, for tl¡e

point source 'l;rs,nsnrissio¡r function r(l), results in r¡ variatlon
of olmost 3@o it ti¡e v¡lLu¡,r co,lculated f or the geor,:etric factor
for a¡: isotropic flux.

* 
Ëi -';" or-ø".f €'[r"" (or=Ø1ot&*n,

?'-Ás2 { ? Ïz' 
-t) arcsi" ( å"få""' ( 1 -

tÌ

i,*
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this emphosizes the necessity for an accr.ua;te experimental

determination of tho collimator response function. lfork on diffuse

fluxes reportecl in this thesis has employed the geometric factor

value, G = 1 .36 cm2 steracl.

3.5 PRFFLIGIIÏ EIMIB0NI''EI'ITAL TF"STINT '

A number of importent laboratory tests çere carriecl out

cn the payload to ensure its correct operation in the hostile

environment at balloon altitudes. The most important of t'hese

was vacuum testinii since this payload is not contained ín a

pressurized. gond-oI¿. I{i¿rh voltage discharges in the photo-

multiplier electronics norrnally'appear in their mild.est form as

art anornalous incrcase in telescope counting rat,e ancl at worst

will have a mfìssive loacì.ing effect on t'he high tension supplies

thus rencìerin6 the F.l'i. tubes inoperative.

The test was carried. out by placing tho telescopes antl a.II

systems corrnectecL with hi6h voltage supplÍes insicle the lar6e

vacuum chamber rnaintained. by the Ad.elaid.e Space Physics Group.

ÀtI PIv: tube output pulse shepes ancl rates were monitoretl by visual

ínspection on oscilloscope ttisplays and by employment of a

digital pulse counter. /¡ continuous fault-free run of 12 hoursl

d.r¡rat,ion (to allow for any d-eep-seatecl outgoasing effects) is

required. before the test is co¡sid.erecl t,o have been successfully

pas s ed.
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åqstþcr frnÞsrte.+t test !p tq e$sure thøt there ls negliliÞre

iwberference ùo the nayload electronics fro¡:r raclíofrequency (RF)

fieLds ra.'liated. by the cr-¡rt,a tetrerretry transr,ritters anil also

by the Depeirtnent of Supply conmancl systen. Ihis test ís d.ifficuit,

to control proporly since the fli-¡-iht confi¡luration of the ante¡rnas

e.nd the payload in free sp"ce cûn bs' onLy aprroximately d.uplicated.

r,-n the ground.. Tleis :;a;rlc'ad. has tr)roveu very pronc to ;:ðF effects,

especially in the very fast, hí6'h ¿1ain phoswich circuitr¡r

possÍbly owirr¡; to the rhnfortunate fei.ct, th¡¡t the payloacl lon¿;

d.imensior¡ ís alrnos'o cxactly ecluel to one quarter of t,he tr:lenetry

carrier waveien:-th. li.re effects are eliminated þr tod.ious trial-

ârncl-ericor F1.oced-ures of-' rc-routin¡1 a.rrtenna feeder cables ¿lncl

gcueralIy clurn¿in¡; tire po.yJ"uad-feecler-ontema gooroet'ric configur-

sition. Csrre takçn -b,: snsui'e ti:e spercing of feed.ers at, least two

inches fron the aLuniniu¡rr structural rnernbers has always bcen founci

rvorthwhile.

In ccnclusion, th<¡ L;ehlvicur of ttle pa¡'lsad electronics tc

'teinperature ciran¡ges Ìras ll.eteri,:incd, althou¡ih this is not as

critical as tÀe obove tes-üs d-uc t,o'she e'ffíciency of the payloacl

$rermal. insulat,lon ¡yhich heis been fountl to kecp tenperatures

stablc to witi:in about 5og. The electroaÍcs packo,gos, ttre

¡¡ilgnetÒmeters encl t,elenretr5¡ trensr;rítters have all unclergone

ternperature tes'bs howcvc;r, antl tlrc. correct operation of these

c¡ri'ts hes l;c'en vcri-ficil 'i.¡ithin the rc,:r6e + 3OoC.
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CII¡lPrm 4

TI{E I,IAGI{ETOI'{EIMS

Since the d.irection of pointing of the X-T"y telescopes is on

essential experímental porameter, roagnetomet,ers have been usecl

to cletor¡nine telescope azinuth anglesin those experioents

whicb employe<l non-vertically-looking tetescopes, T]re instru¡¡ents

ant!. tho basic theory of their uss for azinruth measrrrement' have

been tlescribecl in section 2.7. Ilowever¡ since no st¡n-sensor Or

other arrxiliary azimuth-mea,suring instrunent was employed. to

confirm the magnetometer mea.suremênts, it wos consiclered. nocessary

to investigate the reliabiLity of the magnetometers and. assess

their e,ccure.cy u¡der flisht conditions. In atlclitionr the atlequncy

of the arnbieni¡ magnetic field at balloon altitudes in provid'ing

e stable azimuth reference frame r,ros investigatedl .

the results of these studies aro prêsen¿"o.il in ttris chaptert

t,ogether rlith d.etsils of instrument colibration an<l in-flight

pcrforruance. The pcrformùnce of a rotating reference magnetometert

Íntenrleil for use in an aziouth servo-ccrntrollett systen, is also

examined,

4.1 TI{E GEOMÀGNITIC FTEIÐ.

V¿:rriations in geomagnet,íc fieltL properties tluring a f light

wl¡ich traverses 200 to 3OO m;iles aro significant and produce

cbanges in the properties of the preftight colibrntion ¡inusoid,¡

(see equation 2.1). In particulor the quantitios D and. II chonge.

The former of these is dircctly relevant to lhe measurement of
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azínutb þ ar,¡d. allowance must be macle for íts variation over a

balloon flight path. The latter e:<erts no influence on the azímuth

measurernent (see eqgotion 2.2) fot precísely horizontal magnetorneters'

However, Ít Ís ia principLe possibLe to measu¡e the horizontsl

intensity from a calculated value of f anct use it as o check on

the valid" operation of the magnetometers. It is then of interest'

t,o exenine the preclictecl behaviour of II ns it varies over a' balloon

flight path.

4-'t.1. 4r crêomâ.onetic element's.

trn dealing çitb the geoma¡¡netic field, the s;rmbols anð si'gn

conveûtÍons usual to the rliscipline of geomagnetisn will be used.¡

The diagram (right) ittustrates how the generally

recognised elsments are itefinecl. !- is the total

field. vect,or, H is its horizontal intensity

and f its vertical- (rlownward) component.

H can be res<;lvocl j-nto ort'hogonal components

Ze''ith

-Tû<¿l

'True.

F'ie.id F

X and I in tlre åirect,ions of true nortÌ' e,nd- east', respecti.vely.

Thc d.eclinatícn or d.evintion D is the angle measure'J ef¡stl¡al¿l

between *"tue elttd maLgnetic north, whiLe the inclina,tion or tf ip

I is the an"q1e by whichF<lips belov the horizon.

In this work, Garissian units are employetl in r¡hich the

permeability ( /ol ot free space is clefineð to be urity, with the

result that, in regions whore the susceptibility È*= o, tho magnetic

field. intensity is nr.unerically equal to the magnetic induct'iont

enit rrill be quoted. ín units of gauss or é!û,nrna (tÍ:to-5 gauss).
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4 1 -2^ Vari f.i ¿n o f smoothe¿l fieLl near Mil¿lura a

Hurr¡itz et al. (tg00) have publishecl a sphericol h¿rmonic

model using internal and ext,ernal coefficients t'o degree ûnd order

12 uhicb cìescribes the sncothed surface fielct for epoch 1965.O.

Thís moclel was used to conlpute variotions in FrH D and. I in the

vicini'oy of l,rild,ura,r É,s fu-nctions ofgeographic lotitude, longitutle

anci altit'¡6s. Itro secular variation ccrr€rctions ÌJore appLied.

since changes rather than exact obsolute vo}ues of ¡nrameters

rJeTc i¡Iip cr t,ant .

Êesults of theso computations fcr ¿ verticÉrl ascsnt to 140 K ft.

abo./e Mildur¿r (laiituae - 3.[,230, longituð.e 142.o5o) Ere shol¡ri

in tø,bLe 4.1 .

Teble 4.1;
MíiaËil-_*

tic e e¡ncntg s functions of altitucie above

A,ltituðo
(r rt. )

i)

40

30

120

14e

8.52

8.52

B.51

8,5A

8.49

-6r.52
-65.52

-65.52
-65.52

-65.52

5972n

59156

58991

58629

58450

24744

2¿rr93

244¿l.J

2429'

2422L

Ð I
(ðegrees ) (degrees )

F

(r)
E

(u)

.rl checl; on these compu'tations for 1965'0 ís providecl by

rneasurÐaents at lvíilrlr¡ra of t,he Geophysical Bronchr rtustr:a1ian

Bureon c¡f !Íi¡rer:lJ. ïàcsources (g,l¡.f¿) r¡hich ore listeò Ln tablo 4.2,

togei:her wi'th computelL valuos fr¡r sero K ft. altitui.e and aeosureè

valuos of, tlie secular variatíons.
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Table 4.2¡ B.M.tl. rneosurements at $Íildura.

I d.eD

.yi.ït.

.i"i.l¡1 .
i¿¿t

ecL values (t g6t.o)

meo,surements (1965.o)

meesured sccular
icns (tgol.o) +3.5 E 7

8.52

8.4

i

l-6i.iz
I
I

l-øs.o

t
24744

2448O

-25

Tab].e 4.1 reveals a negligible altitucle gradient ín D ancl I

but on ÏI gracLient of *minus 4Y pcr lr0oo ft. upvard, or"-5OOv

per 140 Iç ft. This is aì:out 4 times the mlniinun ttetecóable field

chalge for the instruments employed. anC. wiII prgð.uce a change of

about 4 count,s in tbe amplitud"es of the magnetometer simusoii!'s.

Table 4.3 shc'¡s the longitud.e variation at an altitude of

13o i{ ft. anrt a latitude of -34.20, which amounts to^¿o.35o

per longítucle degree, or per 60 miles eastuardrfor D. This is

a signif,icant variation with regard. to the rneasure¡nent of ezímuth

and must be compensatett for over the bo,lloon flight path.

TabIe--4J3þolng,e¡1gli-c--S].99"_nt9-.-v:'-I-9."9å!99J.

Longitud-e
(clegrees )

D
(aegrees )

I
(aegrees )

-6r.71

-65.77

-65.4i
-65.29

F
( d)

59709

58596

58476

58349

H
(r)

21t5t
24214

243t5

24394

14OoO

141.2

112.4

143.6

7.75

B.IB

8.6r
9.O3

The }ongítu,ì.e gra<).ient Ín II is about 1.1 ¡ ner mile eastwarcl

or 25O Y p"r 22C mÍIes which for a typical flight is a smaller
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total change than that d.ue to altiturle Blone.

îlhe latitude variation is greater, about 600Xpor degree north-

warå, but sínce the prevaili[g win¡ls are usually oasterlies or

westerLies, tl¡j.s is rarely of ony corlGêTrl¡

4.1 -3 Geomasneti.c ÂnomalÍes "

The nrathenatical fiel.d. model of lIr¡rwitø el aI ('tgíøl describes

onLy the s¡roothed surface field.. Horrever, localizacl geomagnetic

anomaLies åue i:o irregularities in geoLogical structure are also

superirnposed on this smootlred. field anct it is desirable t'o

investigate their possible effercts at bellor¡n alùit'ucÌes.

tr\ freq_ircntly encuunt,erec-. a,nometry appe&rs on a,er(rmagnetic survey

ne,¡s to lrave almost rad.ially symmetric irrtensity contoüfso

such a form may be ascribec most simply to o neerly sphericaL

magneti-c bod.y burieiT a short clistance below the earthrs surface.

Jakosky (lg¡0, page 2O5) gives a theoretícal treatmcnt cf the

magnetic effcct expecteè for such a bod¡r. Applying these

calcu}atíoas to thc maximurn observed. horizon'bal intensity anomaly

cf .*1rO0Oð (at 5OO ft. altitude, within 25O miles of Mi.ttlura)

shovs -bliat the resultín¡1 perturbaf,ion A H on the snoothcd. horizontal

íi:,tensi-by is rnany ord.ers cf magniturle 'oelov tl¡.e tl¡reshold.

se¡rsi-bivity of the rnagneto¡ncters empl.oyeå.

The mos-b ou-bstanl"ing feature (in Íreronugnctic mops of the

orer.. reseulbtee r,r, nragnetic sheat anomaly extend.ing some 1OO niles

in the nortl'r-sûuth d.írection ancl about 50 n¡il-es eost-west. This

enornaly is coinci,lent wit,h tirc t'it. Lofty Ranges, about 2OO miles

vest of Milôura. The moximum H anornaly at 5OO ft. attitud.e witÌrin
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this sheet is of tbe order of I 
'OOO)f. 

Boyd (tgZO) estlmates that

at balloon float eltiturtosr any effect' attributable to thlc

anomaly is an ord.er of magnitude below the instrurnentol sensítivity.

It is -bherefore conclu<led that geoma6lnetic locol onomalies

have no significant offect upon the magnetometer meagurements

mad.e by the Ad.eLoide payloarl at floot altitucles.

4.1 .4 Time Yer,riations.

Period.ic t,ime va¡iations of tbe geomagnetíc fielclr such as

the quiet-clay solar (Sq) variation r¡ith an amplitu<te of about 251

of Adolaid.e Curing solar-actÍve periocls, and. the }unar (L)

variation of about l¡ arnplitrrd.e, may bo irnportont for nagneto¡reter

me&surements na.le at float altitrr<ies since those, in co¡nparjeon

with measurements m¿d.e a't gruuncl levc1 , are closer to the ionospheric

curtent system sources. fhís is even morc strongly truo for tho

irregular Phenoænaof geomagnetic storms.

ked.icteil. effects at floot attj.tutles d.epend' on a,ssunptions with

respect' to the physical ¡rature an'I the height of tlre current

systems vhich produce the fÍeIil variatíons. If the currents flow

at a wetl-tLefined height:r- trrm.rAH(+O) anaaF{(o) are the perturbetions

in E at floa,t altítude (+Ofm) antl ground. levei (Or'rn) respectively,

then we con write

^H(4o) 
= ôH(o) ffio)^ ,

wbere the value of nclepencfs on the mod.el ailopted. f or the cument

system. For a Iíne current n = 1 r ond, for an infinite current

shcet, tì = o.
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k lùe latüûcase, ¿H(¿o)=att(o) ond only large and relrtivelj' infrdqu€É+

geomagnetic storng wiù¡Hàlool will be of significance' In t'ho

former ca,se, and for ï-= 120 Kn, (E region)r ve heve AH (+o) =

! aH(o)r an<I the conarusions aro litt}e different, frorn the

case Ìl=o.lhus Sq anrl L variations çi}] not have a significant

effect on the magnotorneters at an altitucle of 40 Km.

0nl;r I¿¡ge geonagnetic stornu-e, will procluce significant effectsr

Vcr¡iations ca,n occur in all geomagnet,ic element,s during srrch

phonomeaa, In partj-cu}q,r D variations can occur whicb will lcad. to

atSo1ut,e erïors in "bhe azir¡ruth measureulent. Tho size of any

such Ð varÍations at 4O l-u,r altitude would have to be ínferred'

from 6rcund'-bosed' observator)' record.s, making azimuth c orrections

rlifficuLt. It is tt¡us advantog¡eous to be alfare of the scale of

nn,¿potic acti-vity during a fli¡-¡ht, since tbis is relevant to

tlre accuracy of X-ray source position deterrninations.

4,2q .

lhís sect,ion contains computations which cLescribe the effect

onthe azimuth neosuremeut of deviations from the nominally

horizontal orlentotit;n of the two crossed. mognetomoters. Such

C.evÍcticns ca,n be d.ue to;-

(a) Oriontation errqrs Ín the r:counting of the mogaetometers

within the payload and

(¡) ô non-verticaÌ payloacÌ rotation axis resulting fro¡n a,n

uncve::r d'istribution of mass wit,hin the payload.
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4.2.1. Theo¡v.

The coordinate Ëystem definetl by the CartesÍan axes

heving r¡nít vectors (I.rJrK) where K is ilirected vertically

upwards an<l j is the direction of the horizontal intensity

is shown ín fig. 4. l(a). Thus¡ F=J H-ffZ =JÐ. (J cos I-Ii sinl) .-4r1.
--))1

where iFf = Ho + ?.o.

The axes (¡r,frX) wilL be referred. to as space axes.

Tle also define the payload coord.inate system by the unit

vectors (:,¿rI) where k is the payload rotation axis,

d.irectect ap,_,roximateLy upward, and j is the vertÍcal projection

of the telescope viewing axis in tfri pf"rr normal to k (see fig.

4.1 (UD. tne right-han<lecl conventíon is ad.opted for rotations.

lhen the natrix tra¡¡sformation from payload to spa.ce coord.iru;es is¡

.......4.2.r=ABCX.

where .Í=
I

J

I

J

K

x ,c=

o

-sine
cos e

cos (þ+þol

sh (þ+þo')

o

-sÍn (Mol

coa (fi+þol

o

t. 1, o

O cos0

O sine

cos lo sin\o

in

o

,A= tlo cos \o

o

o

1

B=

o

The angles Øt Øo, e and\oare shown in figure 4.1 (U).

fhe angle f is ttre teLescope magnetic azimuth, g the

angle between { *¿ k i.e. t,he off-vertical hanging angle of

the payload, Øogives the azimuthal ilirectlon of the (Erg) ptane

relative to the t,elescope azimuth, Iqis the projectíon in the (ir¿)

plane of the angle Øot attd, is gÍven by the cond,ition¡
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(a) Space coordinate sYstem ( !*[ )

defined such that the

geomagnetíc total fietd
¡s given bY

F =HJ-ZK

( b) paytoad axe s ( !! [ )

derrved from sPace åxes

by rotatíon¿t transf ornratìons.

0rder of rotatisns is

Q, 00,*, ?0.

J -- ì1

I z
g

K

k
\ s---- -10..-- - ¿þ

\\
\ \

¿

)
I

-T

I

k

t
k.)exeS

oadpe

)

,.t
( c ) Magnetometer

in ter ms of
exes (! i,I

( i, ),
v

\ \
)

\-
I J\'\

\ Cr:
\

II l
Co-orclinate systems usecl in the clerivation of
equation 4.6 for the magnetometer response.{ Fig:4.1

0
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......r...4.J

4r4

To be noteal is that if o#0, i.e. the payload is incorrectly

balanced, the rotation axis k will precess about the vertical

K as the payloeð rotêtes and, þ varies. The precession cone

will have half-angle e and. the position of the k vector on

the cone will be given f n azimuth by the ang'le (ø*øo).

The transformation describing tho oríentatÍon of a mountetl

magnetometer relative to the payloaô coordinatc systom ís

icientical in form to equation 4.2 (see fig. 4.1 (c) comparecl

with fig. 4.1. (¡))' Cousequontly, analogous formalisn is

used, and ve clefine the mountcd. rnagnetornct'er coortlinate system

rrll(i , j , k ) wtrere j is the unit vector ín the d.irection

";; ""1"o" axis, kr is perpendicular to i' ancl in the
I t t l.

(j'rL) plane a,rrd i' is tbe norrnal to the (i ,lt ) plane. Thus

*,iru io"rrt"a *gr"iometer axes in teri:rs or inn"puyloacl êxes are3-

lrl
)c=ABC=

,

cos

À -Slllwhere ¡r- =

Bl=

aaaaaaa

I

i
Ii

'l
n
o

I

o
I

o

sin r¡o
I

cos I
o

0

o

1

,

t*

To
O cos e -sin e

O sin e cos O

cos (ø +ø

sin (Ø +þ

l) - "t', (ø'*þ'o) ;
o) cos (ø'*ltol o

o1
c

0

Combinin¡ì eciuations 4.2. and. 4.4. gives the most general

expression fo:r {:he oriente.tion of a magnetometer in space:
ttlt

f< =.6 B C . 'ABÇ X ......,....4.5
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The response of the sensor to the geomagnetic fielcl is given

by the d.ot prorì.uct j t . !. Cartesian tensor notatÍon is ¿doptetl

Ín whi.ch surnmation ís imptieð over repeated subecrÍplS, thust

ÀBkI t-jr.F =.4,r u u''j tj* CF òr.af ....a r.4.6

r.¡here F1 = 0t X', = H = lfl¿o" I, u,ncl F,

¡rln n

=¿Z = II toh I.

The case of perfect alignmetrt; which lnas Øo = ê = /To = Øt = þL

= n, = ttå - O, yie1d" lt. I = H cos f,, the "otr"ct f esult .

Other simple cfì.ses *ru (.) that in whích et ís the only non-zero

angle¡ for vhich ¿t. I = l{l ccs (r¿) when f = oo, ana (b)

ccmparison of the results for the two cases (í) øo = Øt = Øj = e = 0o

e*or anå (ii') øo = ør = a, g+Q, Øo' = 90o, et arbitrary¡ vhich

are ièent,ica1 to each other due to the axíal symmetry of the sensor.

The result¡-

._4t.I= fgl (cos r cos e cosþ * sinl sin{}).....4.7

is in fact giveu by equation 4.6 for each câsê.

It shorr1C. be noted. that equation 4.6 no longer has the sinuscidal

form oi' ecruetion 2.1 . However for c¡all deviatíons from id.eal

orieutafion, i,he response is almost sínusoidal.

4.2.2. I'Iunerical conrÐutotir-'ns .

Fquot,lon 4.6. has been computod as a function of azimuth fo¡

a model balloon trajectory under the folLowing cond'itions:-

(o) gattoon tra;jectory: Launchfrom Milrtura (-J+.23n, 142.O54r,

westwarcl co¡rs'tant latitucLe ¿scent to 130 K ft. given byt altitutle

(<t¡o K ft) = -l85 ( longiturle - 142.o5oJ.
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(t) Gcoma6netic elements a,re c.mputeci alcng thc. traiectory

from the sroclel of Hrrrvitø et. ai. (lgee ).

(c) One caLculation is for zero altitude nt Milc'rura ancl fcr

a preciseì.¡r levelled payloacl i.e. S = K anri hence e = /o = O.

Tliis sinulate s the pref light ealibretion which isr, perf orrned

by pla cing i!h.e po,yle&d upcn an occurately horizontal platform

wl,ich is, rots,t,ed. througb all asimuth an¿íles. Tkre mngnet,lrneter

mauntinÉ! parnmeter " 
(Ø', Øto ret )frav¿ values listed- in (e)

lre Ìor,r.

(¿) 0ther calculations alon¡; the l¡c¡lloc;n fIí¡rht path are

performec} for a pooriy levelled Fa)¡loaC i.e. ! + lj . The FoylÐed

suspensi-cri paramot,ers (o, Øo) useù are O = 1o, Øu = 45o.

(") lio,¡guc-t,oirr*i;,¡r rnuuuting pi"rr,.riiretcrs, c'lof irriug t'Ìrc orierrtatit¡rr

of the -qe¡rsors wi-chi¡r i,ho payloacl , &re. for magnett¡meier lr 1:

Ø, = 2", Øtu = 120Ù¡ +/='io; aircr for 4*2 z Øt = 94o, Ø' o= 21oor

ot = 1r'. These values are tho same for both calculatÍon (c) antl (a)
al.rove

(f ) The f iner.l computecl values of i.t. L "" a function of azinruth

are ì:iesseii by r" constarrt f,ie1rl of 3OTOOOÏ, corresponc-Lin¡1 to

the bi:rs level V, (see eguation Z.b)t an<l the peak ent'L trou¡ih

veriues uf lt.-3 e,rêr uscd t,u c'.etermina the mean levels ancl

the rr.mpl5"tuüos of the resì:'ectív'e sinusojcL apr,roximatior¡s.

The relu}ts cre prescntecì. in table 4.4. ttttì shov that sinusoid.

meon le1'cIs sre Êsterminelì- neinj.y by the orieni;ationaJ- pararneterg

(0, Øo , Øt , ølrn ), an¿ the ar.rpiituëes b;.' the horizontal intensity

(sec a3.ao e.ius.,ti(ir! 'i..'l). .fr.n imnortan-b c'¡nseqlrcnce is ttiaì; fc¡r

bot'h fJ-igh+" e.fi;i pref}.ight aziinuih celibration, the conclition

k = ä sì:oul,1 Ì.¡e rriet if irregularities in the azimuth measurernent
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d.ue to shiftin¡1 metn values are to bc minimized. The effective

srnusoicL phasc an¡qles ø' ^ (i = 112, sce equation 2'1) are found'
" 'lro

to rer,rain consta,nt to witlrin O.1o of their expecteè values for

all perameter cbm6in¿itions triocl.

42.4

41.*
,11 ,r)

4',1.o

40.ü

39,0

F,T¿EFLlGHE

1Ù

46

1Ctz

13C

130

13C

24744

247A9

24554

2,1-324

24L86

24LLT

24445

to+0s

29780

2978<)

29'IBO

2.97&5

2978)

2978O

24735

2471A

24560

24325

24¡-ct5

24123

2ry¿54

3ûu30

3024O

302ÐO

JAzQO

30195

30195

30200

24743

2¿,',7?O

24170

2434t

242Cj

2413J

24060

Thc .l:recision ct' the e,zimu'ôh measurement r¡nder thc above

ccnC.itir:rgs r'¡!s invcstigoteri. Tly treatin¡¡ cornputed poirs of magnetcnct'er

outputs, j"t.F (i = 1r2l .üi¡ exactly lbhe sâiüe firâlysis as is uscd-Lù

wi'bh the fti¡rirt ou,tput iroirs. The Ð,ppropriete approximatic¡ns

to sinusci<ls as gi"reri in t¡rble 4.4. were enployed ¿¿s colibrot'ionst

End r. coml;utec ezinuth ou¡;ie Ø" to"* olrt'¿inerl using cquation 2.2..

the vsrlue Ø ^ vas the¡ccnrparetl- wíth thc' true azinutt¡ an¡¡le f usecl,c

in the oriiiin¿rl jt.F calculatio$ ¡¡¡rd the size cf the azimutb

d-iscrepancy, Ã:-;1 = l( g,)1 , was obtaineà. Tl¡e moxinuut varuo

of rShe Cisc::.lita.'*cy in the azinuth ran6;e Oo-< É -( 36fio was then

Lcng ÀItiti,le
(.ie¿¡rees ) (r rt)

Þite._4Ê I (T)

ME¡IN ,llfP

þi¡iq#z (Y,
ldF.i;il.i /ùiP(x)

H

Table 4.4¿ Cl¡enges irr sinusoitl characteristics for a modol fli¿iht'

cle'oorrninod..
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The foltowing parameter valucs vere usecl in thc calculations3

poyloatl suspension þ o'= Oo , 05 O < 5o; magnetoneter df | :

g'= 1o, Ø'= 20¡ nagneton6te;r42:0r = 1o, Øt = 94o, Ø'o= oÖ; ¿¡eomagnet'ic

fieli: H = 24744\ 2 I = -65 .52Q .

rt was feuncl uiet m'J(l(tøll{ o.5o( ot'*< Ø41øoo, oo-( g(50),

sr f igtrr.e conperable to the azi¡inuth resr¡lut,ion of - O,3o (ecluation 2.3'l .

4.?,.3 Sumnary

(a) Snal1 ð.eviations ( 5:;-5q) frcm precisely horizontal payloa,d

or,s[ rnagnetorneter orientation result in small <leviaticns from the

ideally sinusr.¡id.al form of the magnetorneter output as a functÍon

of nzimuth.

(b) Ehe cutputs iiny be opproximatc'<I by sinusoitLs and. the

azi¡r¡üths so rJ.e+,ornrineô will a¡iree with the true azÍmuth to^-4åo.

(") The sinusoici appr.xima'bions for small deviatic.¡ns, have

uree'rr }evt¡Is wirich ore cl'eterrnint;d' by the sensor I s $Bot iar oricntationt

enå rr,nrplitudes vhich are frrnctions of the horizontal inttlrisity'

(¿) The azi¡nuth d.epencte¡rce of the crror € (Ø) impries that if a

celest ial J[-rä,y sôuree of lurornposition is t.i be usc'ù to ¡rrc.rvirle

an in-fli¡¡ht calibration for th; azimuth roeasurement, any corxection

thus rlerivecì. rnay only be safely ¿i-'pliecl tcr azimuths in the vicinity

of the soürcer

4.J Cl\LrBBÅTÎot{ 0F TIm i:'I4GNI'TOI'trltERS,

Prefli¡3ht calibration (,n the ¡3roun,:l is used iu orrler to determins

magne'ùonett?r $onsítivity I(. an<I the si¡rusoicl phese angle Ørro

(see equatåcns 2"1 , 2.2).
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Ho'*¡ever r¡ncertainties cr¡ncerning the firro,I poyloacl. hanging cngle

e during fligh-b, ond the depenilence on O of the sinusoirl calibration

means M-. _, make necossary an in-fl-ight calibration of the values
1r o'

of l4lro (i = 1121,

4-3.1 Prefli¡:ht exnerimental uroceCure.

ltre payloaô is placed. upon a,n accurately levelletl rototing

platfornr, well removed. from any magnetic materiais. Â relative

azirntrth scale is provid.ecl by gracluations in units of one <ìegree

arcu¡r'L the table perímeter¡ arid magnetometer output paÍrs are

obteinect at 1Oc intervals aroundl the ozímutÌ¡ circle. I'he true

azimuth scale is cletermined fron the relntive azirnuth mee,surement

by usirry the active telescope to cletermine the reLative azirnut'h

of a rlist¿in-b (.",30 ft.) X-ray emitting isotope. Theoclolite

measureroents of the clirection of this isotope relative to astronomical

objects aù accura'bely tletermínecl times yie1d. its true azimuth

and hence +'he atrguJ.ar d.isplacement between tho true and. relotive

scales.

Tbug magnetomoter calibrotiun sinusoids are obtained as functions

of true a"qimuth aagle and, it is not necessary to know the

absclu'be value of the magnetic d.acli¡i¿ticn D et Mild.ura. Its vector

gradien-b ir¡ 'r,hc vicinity of Mi.ld.ura must be knoçn in order to make

fLight i:atb corrections, and. this can be obtained frr.rm a,eromagnetic

maps or can be com¡:.uted. (Hurwit,z et nl 1966).
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4. 3. 2, Red.uctíop of pTefl ipþt califirntign-dater

îhe measurecL amplitu<los cf the calibration sinusoid.s r¡erê

used. together vith B.l"l.n. horizc¡nta1 intensity measure¡lents

(Z+ræa,g at 1965.tr secular variat,ion = - 25Í pot yeax) to determino

the sensitivit,ies K. in gemmas per /t-D cqnverter output ccìullt.

îhe phase an'rles (øiro-Ð) vere d.eterrninecl by obteining a

first approximation c¿rlibr¡¡tion by careful visual irrspection of

the sinusoid., If h ó¡is the cix&ct, phose angle, the corroction J.

. ís forrncl by usin¿4 cquation 2.1 and forming the resiclual

orr, = tíi (l jrÐ * dr) - r"r, (Pt, o), for the jlt' ,l*t,rt point as

fol.Iows ¡-

r... r4.B

Sirnplíf3ring, assuming cos jrarl, squari¡g and sunrming over all

cal j.hra,licn i:oints, Yield.s :

sir,2 d. =(Fí rsi iro -Ð

J
........4. ..4t9

This rnay be regorêcr] as giving the seconcl apprcxinotion to

(Ørro-n) and. is usualì-y accurate to wittrin al¡r¡ut 1Or, mahing

further 'ltorotj-ons ì.mnecessaïy. îhe invariance of both the K' aadl

Ørr., (t = 1rzJ ovex a ba1l'rön flí¡¡ht path is assurnecl.

R. * = * þ"* (Ø3 + Øi,o - Ð - dr.) - cos (Ø, +Ø,,o- o)]
ttJ t"i L

n.2 .lrJ

j
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4.J.3 . In-fli calibrat,ion.

0n1y the Oiro tot require to 
"re 

<letormÍned' onð this is performeå

usingflightdatasincet,t¡eo,l.<iitionofÐepartmentofSupply

fli¡2:ht support equipment makes it vcry clífficuLt to coatrol the

conilition +, = I fc¡r the payload' rotation axis ' Xhe f light

M. valu-es invarj.ably show e, t}iscrepancy relative to the pre-fli¡¡ht
lro

cali'bration vaLues, oving to their àeperrc.ence on crientational

pflr&n.ieters.

The $f . p¡ï€ rletermined. by taking a trial calibration and-
aro

computin¡; H as 3, function of Ø¡ as outlínecL in section ?"7 '3 For

a suf.:îicien.bly srn¿Ii traverse of the l¡allo<¡n fliglrt path and for

tire ctv:rect, calíl¡ration, t,he function II (l) shoulù be constant'

Eowever, if incorrect values of M' 
ro 

o"n usecÌ, H (ø) will rlisplay

e sÍnusoid.al mciLuJati.¡n.

If 14.*^ is the a*¡tox:nat'ion empl-o¡rsrl to calculate values
1ro

of .bhe functj.on Ha (ø), if I'{.e^ ancl IIe are the correspondiog exact
lro

vatrucs to be founå an<1 if t¡e o,pÞrcximaiion þu*Øn is ma¿.e, then

¡i" (ø) = Ére + *, (tf,o toTro) cos (Ø-F Øi,o - D). r. . . . . . 4.1O

Thus the arrplitu.i-e onci Phasc

correctÍons to the 14.ru , i =

(ØJ to" Ciffercn-t ch.oices cf

i,iIt -2-69, fron 1t)32 lo 11i5

Sta:llard Eime).

of equation 4.1O give the necessary

1 12. Figure 4.2 shows Plots of H

I*l ond Ii^ iluring the flí¿rþt
,ro á¡ù

hr . E.ii.S .T. (E¿rstern l\usi;ralian

4.3./¡. Fi.nsl 'fe.tru"s pl -Calibration 
.

Fu}l cr¡.Iibre,tion itetails for all flig,hts which employed-

rnegnc-bometers a're listed. iri table 4'5.



Fig. 4.2 DeterminatÍon of magnetorneter carÍbrotion siuusoid

meons by plotting flight data in the form h(ø\,
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Tal-¡I-e 4 ^5: ivl"r.'notom r r:nl.ibrn-bion ,'lctn. a.II f lirhts.

(+

No Kl K2 ø -ï) ø -Ð1ro ., c
t'',,o 

'or,
onr,o

l+ Orr IviIL-2--rí? both i\i. and i'!^ IìIere observcrl t,,r chanS;'c <lurirrgl
I rD 'l¡ù

fÏ.Í.¡;h-b, r\.l,vin¡:; t,hcl rospectivo values of 322 rinil 239 coun-l;s fÏorll

09OO -bo 1232 Tl.ir,Í1.T. e,rri 324 a:r¡l 246 cor.rnts frorr 17J? to 1't1B

!:ours E.ji.S.T. Ihis change r¡&s attributeCr to a snall- sI !p of the

p*¡7Lar.ir-l ri.;¡in.,; un:!er ¿ucllsiotr 
.

Tn -Lìrís sectio*, e.n anomalous effect in ttre meåsurexrent of Ïi

is ciiscusseÌ, ¿rn¡-l th.e i,.ossible er:'ror in a final azi¡nuth d.etor¡"inatio¡r

is <;stirnr'oei..

4.4'1 . Àrtci'::¿ilct¡s il measurenront.

I'b i:ras i,een rnentionec', (Sec-bir-rn 2.7.3) tn¿rt tire rletermir.¿it,ion

cf ir<.rrizcrntnL ir¡ù¡:nsi'cy usiir¡i $ ¡lreosured. azimuti¡ vtrlue celi in

priüci¡:Ic be u.scc-L to choch the corrcct operat,ion of the nc,Sgretr:rmttefs'

Fi";,ure f-i.3 sh.ous Ií r,s a func-i:ion of tirne åurin;ì the fli¿;h'¡ Il.ÎI-2-69

enC revc¿rLs a,rì-;i'-?:cnt variations of up tt-' 2COOX in quite s?rort

inÌ,erv¿iIs. l},r,tsc v¿Lri¡r,tions &rL- lecorrrerl by iroth rnÛgnetotilet,crs

nnil, t'.i.it:ra Èrc tti,\ corr*-.Ìetions v:t,th aøitnuth or telcsco'rre uenith

an¡rio.
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The II varíatíon¡ pose åífficult proLrS.anrs vith regard. to their

intorprctation. Section 2.7.5 ind.ica,tes tbat inatr'.¡¡rental effect,s

are u.slíkely si-nce the stebilizeit 6.3 volt supply wes observed

to be velL-behnverf for ttre c'luration of the flight, as were the

calibration number" Mirorl and. the payload temperatures. Tbe

finite digigiøation time effect tloes not, produce effects of the

observed. maguitude (see sectíon 2.7.4)

A real geomagnetic fielcl variation does not seem possible

either since there is no correlation with known surface anomalies

and. in any case the variation is too large. Geomagnetic storm

activity is ruled out by the recor<ls (fig. 4.4.1 of the .çouncl-

basecl B.M.Iì. magnetic observetories at, Gnangora (lI.A.) anit Toolangi

(Vic). 'fhese nagnetogra¡ns rÊveôI no Ii excursions of the ord.er

of 1O3 | ¡ ,r" sectfon 4.!,4 has shown ¡¡ould. tre necessary to explain

the bllloon observatíons. Recorcl.s of the 3-hourly K ind'ex (Sota¡"p
Geophysical Data Report,s 1969) confirrn the al¡sence of large

sca,Ie nagnetic activity at this time. There is also no correlation

in time with any ballast rlrop from the payload..

there is no ex¡;lanati:n at present for the observations in fig.

4.3. However, since tt¡ç effect is a real horizont'al intensíty

chon¡';e or ís at least equivelent to one, the azirrruth meosurement

should, not be ¿iffecteù (see equation 2.2). However, the odvantage

of hovin6l an ind-opendent check on the azinruth angle using say a

Bün-sênsor or star-c€ußGrô is apirarent. A sun-sensor has been èesigned

in or¡r laborctory ûnC is expected to be used in the near future

(Ctancy 19711.
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4.4.2 Aecuracv of the .frzimlrth NieasurerneDtr

The fotlowing effects contribute to the unce¡tointy in tbe

final azimuth m€o,surement of any given time¡

(a) ¿ieitization of the magnetometer signal, (,o.3o (section

2.7.4r.

(b) misorientation of the payload' ancl/or rna¿¡netometCrs, -.-<O.5o

( section 4.2.2) .

(c) possibLe error in calibrated phase anp-:le f. ^r '{dilo'rro' -

(section 4.3.2).

(d.) possible error in inierpolating to a given time between

successive 1zÍmuth readot¡t,s for a payloacl rot,ation rate of -lo

lier seconcr., 
^<0.50 

(sectíon 2.7.21 .

Iience the telescope azimuth at any given time should never

be ín error by more 'bhan 1.4o.

These figures Epply to instïnda'l errors only and d.o not

includ.e the statisticaL uncertainty ossociatetì. r¿ith the cletectioo

of an Ï-rer,y sourcer This vill be iliscussed in chapter 5.

4. j I\ BoTATING BEFEIùÐlJ-cs .Mil'GI{ETo.l!ETq,.

IIp tc, this point, t):Ís chaptcr has clescriberl tl¡e azimuth

measuremcnt by a pair of crossed r,ragnetoÍùeters mountc<l upon a payload.

which is unstabilized. in azimuth. A single magnetotireter, ¡nounted

horizcntsJ-ly i:"nd al¡Ie to be <lriven about e vertical rotation axist

can be uscd tc; stabilize the payloacl within a, narrorl azimuth range

by aligning itsclf in ttre rnagnetic east-west clirection¡ thereby

acting Éìs rlrr azimuth rcference relat'ive to which the payloacl nay
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be rote,teil by the ilesireè anount.

Thc azlqutlo.l odgle betwecn tìe tele¿ilope virùidg axig o¡ô the

nagaetoneter sensor oxig must be knora in orêer that the telercope m¡r

be r[íreotetl by comahil toÍrorôs ô souros of lrlorn Fogitiog. Ttrie angle

is obtaíneil fron o ¡hoft encoder oor¡¡ted on the 44gnetoneter ¡ototion

axls ontl nhose outþut1 r¡bich Ís a telenetreô 9 bit Oraf, Coilel bat beet

collbated ¿s a fr¡¡ction of teloscope ozinuth. Its rosolutíon is about

O.7 deg¡ees per bite The colibration cr¡ryes preporeð f,or MIL-1-69 a^Eil

l'fiIr-2-69 ore shorfl¡ in figure 4.5 olthough neither ï¿tr urecl owÍng to

oalf¡¡¡ctions of tbe orlentation syrteu, a¡rd. ao inllight results GEn be

guoteô. EVlilent in each curve ig o con¡iilerable nvobblerr about tbe

thooretlcal straight liac, wÍth the ruggestion of a sinusoiital

com¡rcnent of ¡lerfod tSOo Ín ezinuth.

The unknonn origin of tbi¡ perturbation has led to a theo¡etiaol

anal¡rels ðf. oríentetion effectc aDålogout to th¿t for tào cro¡¡ed,

nagaetometers Ín ¡ectl,on 4.2,

4.r.L Theo¡v

-

Tho matrix formuretion bere dlffer¡ fron thot of rectr,on 4.2

only ln tbat tbe uagnetometer mou¡tiqg rotater. Â co-ord.inotr syeten

t¡i ¡T þT) ft thuc co&tructed to ile¡cribe the rotating nor¡¡t retotive

to the pa,ylood axer (lr ¿, 5). The porarneterc u¡eò are anarogour üo

those of sectLon 4.2 aail figr 4.6 illustrates the geometrye Note thot

f is magoetio azimuth, and the angre noagured, by the shaft eacodler is

the angre 1Ér, generoterl þr o rototion about tbe axÍs !r, beginniùg

f¡om tbe vertícar (jr{) prane which oo¡toi¡e the tere¡cope axic.
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If the sensor axis is given O" Jt and orientation is perfect,

the nulL magnetometer calibration curvo VÏ tøl is given byt

FT Øl = 9oo - ø ,..ir......4'11

wliich is a straight line of unit' slope. Misorientation is

now introduced a¡it the resulting perturbations c¡n equation 4.11

are examinetl.

The mounting coortlinates in terms of pa¡rload axes are

given by:

af= B"crnrd z ..... ....4.12

where f

.rI
.lr

J

kr

x,

BI .rs1n)l/

r
cosF ü'+ sin

cag

o o1

10

o cos el - sin
O sin er cos

cosÌ; sinlr

rx cr -sinhr costlflo Lo ,

o

o

1o

o

o I
o

DT

il
ET

"or {
sin Pj

o

- sin lj
ø:cos

o

o

o

1

,

To desgribe the orientation of thesensor in completely

general termp it is necessary only to produce a rotatíon þy an

I
angte -1i about lt t.". ftêkê the probe axis non-perpendiculqr to

the mount rotation axis. Rotation about it i" trivial due to

s¡rmmetry and about kr is unnecessa.y "iå it ad.<ts only a constaq!

to the angle p" "råay 
defined. Hence we rotate about åt uy *

angle -g'lo rlefine the magnetometer coordinat"" (flllkt) *o"to
Ij ís ttre clirection of the sensor axisl
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irf
X =A X

-
b. .. . ¿4.13

ryhere x

1 o

I
L

o

^rA
llo cos I -sint

O sin cos t

I

To flndt the magnetometer orientation ì5 ín terms of space

axes \ r¡ê oombine equations 4.2, 4.12 a,ttd 4.13 I'o obtain

r lrrtrl
11 = A B C D E ABC x .o.........4.14

The response of the sensor a*i" jt to the fieLcl.I i" by analogy

with equation 4.6¡-

)

I

Ij
t

k

i.I = sT.cl-DI-EË A B c F........4.15
i j JI{ IrI Im mn nP P{l fl

The necessary nuII constraint, i . I = O is no¡u applied and values

of the function fr @\ comput,e<l for different sets of orÍ.entation

pararneters in ord.er to examine any pertUrbations introduced intO

ec¡uation 4.11

4.5.2 Computations.

Resul't,s are plotted. in fíg. 4,7 in the form of t'he error

ín Øt C" Ø\¡ which results from incorrectly assuming ecluation

4ç11 *,o be vali<1. Th¿rt is, (r (ø) = 90o - (gt + ø1. The cr¡rves

are Labelled. with numbers correspontling to the paramet,er líst ¡¡iven

in tai:le 4o6 which also tabuletes the maximum of each Qr (lr.
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Figure 4.7 shovs sinusoÍ<lal forms for all (r(ø), of period

3600' other configurat,j-ons (not shown here) were also computed

but no lBOo periocl component, could be producecl by manipulatÍon

of orient,at,ional paramerlers. However, table 4.6 iloes show that

substantial errors Ín pointing azimuth can be expected. if in-

suffícient care is taken in the orientation of the magnetometer,

íts rotating mor:nt and. *"he balancing of the payloacl.

OF MAONEÎIC a

Materials ¡¡hich rney proc-uce undesirable magnetic effect,s

are kept t,o a minimum d.uring payloacl construction. However,

smal-I amou¡i;s are inevitably present ancl can produce both

permanent and. induceiL field.s r¿hich contaminate the geomagnetic

fielc1. Such materials exist in the Nicad batteriesr in Dept.

of Supply flight supi.rort equipnnnt, in the payload ballast
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(ir-crr d.us+,), oncl in the gradecl shieLl telescope which contains

a cylind.ricai¡ high permeabiÌÍty¡ cohetib shield intenclecl to

ninimize magretíc effects in the 7.5 inch Ir.M. tube. These

materials anit their field,s may have significant effects upon

both the crossed nagnet,ometers alrd. the null magnet,ometeri

4.6.1 Permanent fieLd.s.

Eoch of the crossed. magnetorneters will sense a constant

s.:mponent of any permanont field., Conaequently, the only effect

will be to ch¿nge t,he mean level of eadr sinusoial by an amount

ind.epend.e¡rt of the azimu'uh angle.

However a rotating reference magnetometer will be clifferÇ:rtly

affectecl, since ít senses zeró resultant magnetic fieL<[, anrt

r¡nless the payloact fielil is fortuitously in the vertical

d.irection, the d.irecti.oa of zero resultant, fielct wil} cLiffer

from that of zero geomagnetic fielcl as the payloatl rotates

in azimutti. .4, quich analysis sbows that the clífference,( between

She d.irections is a sinusoictal firnction of azimuth, rrith periotl

3600. the naximurn value Jrno* "*""ccl¡ 1o for & permenent fieltl

having o horízontal component in excess of about 4OOtr at tho

negnetometer. I{ence although permanent fielcls may affect the

nulI magnetometer colibration, the pefturbation so produced

.J.oes not b;, itself explain the discrepancies Ín fig¡re 4.5.
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4.6.?Jv4s$.-trerS€.s

À high-ì-y permeable Uod.y wÍth a two-folcl vertical a:tis of

s¡rmmetry will generate an ind.ticefl magnetization fíelcl of lBOo

s¡mometry, as Ít rotat,es about this vertical axis¡ Àn example

is a ho1lov right cylind.er, e.g. of conet,ic shielcling nateriäIt

with íts long axis in the horizontal plane. If the symmetry

axis ls gradualLy ínc}ined. to the veftical clirection, the lBOo

period.ic effeclv l¡ili. be progressively d.estroyed. A simple case

is that j-n whích the íncl-ination to 'Lhe vertical is by the angle

I, the geomagnetic dì.p angle' Qualitative considerations learl

us to expect'f,tat the maximum perturbation as a function of

azimuth shoui-cl occ,¿r with the cylind.er long axis parallel to

I. îl¡e azirmrth angle lBOo fron this position may protluce a

minor magnetization fie1cl erhancement, thercby introd-ucing a

srnall lBOo component, in the pertr:rbation fiekl.

It, is thus possible that t'he conetic shielcling nay havc hacl

the observcd effect on the reference magnet,ometer (fig. 4.5\.

Similar effects upon the crossed. m,gnetometers vere ínvestigated.

by plotti"ng the rcsiciusLs Or, j (i = 112) ¿¡s a function of

azimutt, ft, (er¡uation 4,81 t using the correct phase angle
¿

(Ørro-U). Any i::regularities or periotlic componcnt,s in the

magne{,oneter calibration clata with period.s other than 3600 should

reveal tlie¡nse1.¡es in such an analysis.
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tr'Ígure 4rB shows the two resirtuars R,, and. R, for the MrIr-1-69

prefríght oal.íbration. rhe form of R.¡ is eonsistent r¡ith the

suggested. h¡rpothesÍs and. contains an aìrpr:eciabre component of
periotl l8oo. B, has an essentially random scatter ebout tire mean

and revears no obvi.ous period-ic behaviour. However, ilris
magnetometer rnay not have been ad.vantageously orir.,nted to observe

the effect.

rt Ís thus suggosted. thot the pert,urbations evident in the

caribration eurves of both the crossed. rnagnetometcrs anr:I üre

rotating reference magnetometer, may ha,ve their origins in the

permanent anrL ind.uced. ruagnetic fielcls which arisc from the

Presence in the payload. of smarl amounts of nagnetic rroterÍals.
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nrscnÐîn s0ffi¿c.E Rì.'rsuL,TS . 32oo < trr<- 35oo

'"I 
II'TTROÐUCTTON

Ir¡ 'bhis ehepter I presont a re¡,ort cf a search f or weak )(-ray

sources in the rÊ,nge of galactJ-c longitui.es 32Oo .: lIf <.. 35Oo , cond'ucted

durin4 the flight þlJL-1-68 (see tables 1.¡r (o) and (¡)). TÌrese sources

previously havo tr¡¡¿ iimited exposure rúi:; '.rbservntion becarrse of their

southern celcsti:ll loca*bions, onli sc,lfÞof the resul¿s lre the first

reported for ¡:hctcin encr¡;ies in e:(cess of 15 KeV. li brief preliminrr.ry

roport h.¿s ¡,,Irr:a<1-y been publisl:+rì. (Th.rmt-rs lir6[b) ' The strong disorete

.cource^cr Glt 3+I , ÍJco l}l-l ancl tíT 354-5 vcre als'l obsei"¡errÌ tlurinS: this

flight ¿rnrl thess results have been publishecl elsewltere (Busel-Ii et 41,

1968, i3uselli 19.68, ülanc¡r Ll\6?,¡ Da,vison 1968).

'l'he i¡rstlrment¡¡.+.iori hos ltr¡en iì.escril.e¡:-1 in chapf,er 2. The resrrlts

r.¡ere ob'tain*:d witi. the active telescopc' rrhich q'ag $ot nt a const,ant

zêri'uh eirttle of 32o , In oràsr to ¿cletìuately stlrYey the Sky re'gion of

interest, ít w¿s rlriven back antl fortt, in ozimuth by meanS of rodiO

commsnC.s. $ource posit,ir-.ns given by the ÌJltl, Ërüup (I'rie:lman et sii¡

11967r-bhis thesiå section I.1.I) were the n<.¡nrinr,l objecis of intþlest

e,nd the region of sky sc:,Lnned- durin¡; the vhol'¿ flight is shovn ih

fíA.5.1. The scurce positions plotteC r.rre those of idiìL, the Lockhèecl

group (Ll,I'istrer et aI. 1.966) an*l the ilniversity of /idelaide (Cen X-2

llarrieset u.l. L967i GX 3+l and. G,{ 35'+-5, Busell-i et 41, 196S). -/t more

d.etaí};.C d.iggre.n of source positions r,s of .r\ugust L97Qr,flot the galact:i,c dÍsq.'

betr¡een longitrri:les 32Oo and,35OtJ, is presen*,ed. in fígure 5.5 unrl will

be cliscussed in st'ctian 5.5.
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5^2 DAT/\ ANALYSIS

The count rate ilata f or'cach .energy-cha,:rrel' were a.nalysecL þr

generatíng count rate vergt¡s azimuth profiles fo¡-caeh. lO.oi-nute

intervol of observing time. Azinuth bins of wi<tth 50 r¡ere used. By

this means a strong source can be cletected ancl the azimut'h and. ti-oe of

ma)timum telescope response for¡nd¿ The accurate aource position ond.

rar count rate speotrr¡m then ea.sily follonr þr þerformlng a löaet squareú

fit of the known tele5cbpe fêspoíse functioh to the count rote data

with backgrounil subtracted.

No stroug souroes were tletectecl in the 32oo < rrr< 35oo s¡rvey

however, and the approach adopted. tras t,o single out suspected source

positions, as given by the NRL. group, and improve the statistical

precision of the observations by superposing the tlata of successiYe

10 minute intervals, making due allowance for the approrirnøt,e azimuthal

motion of each suspectecl source. The Summing of two or more energy

channels t¡es sometimeg necessary also, Data intervals rvere used. only

in rrhich the mean source zenith angle Z was such that .lZ- 12ol < 40

in order that the gtín in statistico,l weight was not offset by d.egrailation

of any sorrrce count rat,e peak due to collimat,or shadowing at lorge off-

axis angles,

The superposition of up to an hour of data in this way resultecl

necess$riLy in the use of meon values for a nurnber of quantit,ies

essential to the anolysis. For exermple the response triangle

azinuthal wiclth r¡arlès significantly for a2'imuthal scarns..aÈ.r different

off-axis zenith angles.
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Ihe mean wiclth T taken over' n ten minut,e intervals of whích the I

(t -< L ( n) contri.ined N. telemetry frames of data was t'akeu to be

th

-f

- 

5.L

I
-tsrà ¡q.
=Il.

where Wr(*r) Ís the wiclth for the mean source zenith angle Z1 during

tfre ith clata intervall Note that in addition t,o the effect on lft of

the telescope eperture, tf. if in units of degrees of azimuth ís

further modulatecl. by * . ènA is related to the angular tr'l{IIM (see

section J.4.3) of the telescope through

llr(zr) = 2 (rw¡w ) cosecz (zr+ o).
la

For Zi =lZ - )2" I+ o, the response function depart,s more from the

assr¡ned trÍangulor shape. Howevel¡ for these weak sor¡¡ces, and for

simplicity Ín the least sgueres fit procodure, the assumed triangular

shape vos consiôered adequate.i

A simple least squa,res fít nethod was used, First, the backgroundl

was estimatecl (by averaging ove¡ I'off-sourcorr times) and subtracted from

th.e obse¡ved mean counting rate for each 50 bin.Xhe resulting counting

rote, n (#f) at azimutfr $, fot then fittêd by a function f(+) = Ar€

(+ - Éo), wbere g is the ürfaogulp¡ r€pponÊe centretl on azimuth fo ancl

given þr
s(+ - éo) =

r-zt*-9ol , ió-9d <+tù
F

o ,l.t+- ç"1 ,-åfr 

- 

5,2.

Minimization with felpect to Â of the error function E

T= I,f*(Zr) N

çI

whers V("(ff) is the variance of the ¿atum point "(Þi), gives the best

value of the amplitud.e of tha resPonse E,ss
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p(6i - 6o\ n(Øi)
v(n(Øi) )

A-
2

Ê. (6t:;- Øo)
v(n(Øi) )

with a stand.ortl tleviatÍon

X-
t-

c""(n) = o2 (a¡ - dr)
v(n(Øi) )

I
5.1

For this fo then, the nninimum value of E, Emin (Øo), is consequently

ealeulated. Variation of the parameter fo then tletermines the azimuth

for which EmÍn (Øo) is ítself n minimum. The etror in this 'rbêst'l

azimuth is given by (Giacconi et al. 1968)

c (Ø"\ = rr.JAl _ i,4
Â

It shoulrt be noted that not everybody uses equatÍon 8,4 to compute f (Ø.1

f/r exomple, L,ewin of MIT uses as a rlule of thr¡mbrr the telescope FWHM

clivided by half ot A/g$1.

Having founrl the best fit count rate ¡\to'(Â) for each channel, a

rnean off-axis shailorring correction must be applied, Its calcula,t'ion

is analoguus to the mean trianglê wid.th calculation ancl is gíven by

cs= ã clrz)N;

n(7
t''
i=1

N¡
I

where C: (*í) is the correction applicable to the mean off-axis angle

=í 
during tte ith dat,a interval. Finolly comections are appliecl for

atmospheric and telescope winclow attanuation, wsf (Îf) crystal
transparency, energy resolut,ion and iodine K-escape in order to obtain
a final, correcteil gou¡ce spectrum (see chapter 3).
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5 - 3 NoR¡'t\ XR-l AND Ani\ XR-I

The methoô of analysis d.esoribecl above rfa,s opplied. to the galactlc

disc regÍon between longitucles 32Oo antl 35Oor Sínce no Significont

beckground variotíons were obgerved as a function of azittluth ín

rroff-Bor¡¡cert rlÍrections, these cl'ato Were combined cluring tbe time

interval of source obgervatLoa in ortler to obtain a backgiound. of

bigh statistical Precision.

The completlon of the annlytlé resultedÌ i.h the observatior¡ of
,i

significant hord, fh¡xes from tvo souTcet and upper Limit E. for e

number of oùhers, Theee tvo ¡ot¡¡oel ïere observed res¡rcctlvely at

aúlmuthg vithfh O;7o ¿flI'Oo of the ltRL positlonc no¡ninated' for

Nor XR-I and. Ara )R-1.

5.3.1 The Soectrr¡n of Norma ÏR-l

In the enerry ¡.ange 27 to 5? KeV, Nor TR-I wag observeil to have

a,n ínteneity equal to 3.5 standartl deviations obove the backgroundt'

counting rate. This is the only balloon-borne observation of this

source reported to date. Figure 5.2 ghows the spectre,l results for

Nor ÏR-1. Also plotted a¡e the neosurements clue to MìL and to the

Leicester group (Cooke and Pounds, f97O). Tïo gets of .Atlelaide

points are tlísplayed, correrponiling to the use of two dlífferent

assqmed. spectra for the calculatÍon of energy-depend'ent correetions'

'fhese spectre are respectively a pouer lav witb e:çonent I = I.5, and

ar erqponentlal wlth kT = 13 KeV (see Section 1.I.4). The NRL

me¿turenent is inconsistent vith oll other data and v1ll not be

discusce¿t further.
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Cooke and Pounds found th¡¡t their dato aloue r¡ere best fíttecl by

an èxponentíal spectrum with kT = 5 KeV, attenuated by interst'ellar

matter having a eolumrr clensity of *4 x to21 tt atoms "t12. 
This

col.umn density was calcuLated using the total ìi-ray absorption cross-

section per H atom for norma,l cosinic abundances given by Ðrown ancl

Gould (fqZO). ijiowovcr, their data a.nt1 ours combined ¿re best fitted

by tlie ?cìvor l.¿¿l¡ t¡¡itir ì = I.5, vith interst'ellar attenuation

corresporrcliug to a coltunn densÍty of ^, Z.,tr t(. tC22 lt atorns cml2 rather

groater than tl¡e Leieester value. îhe exponential fit to the

combineri data is not as good and also yields a value for the column

clensity <<1021 H atoms cm:z.

'vlith re¡¡orC to the pover lav fit,, ít rnruy be significolrt that a

supernova romn¿lnt P 1613-50 lies very closc to the source position

(Coolce anr] Pounrls 1')70). 'fhe Crab Nelrulo is of course a sup"r'rrovn

remns,nt and has a, pover law ){-ray spectrum. The measure..f colunm

densiby af 2.+ x To22 II atoms 
".*12 

*,,ry be. eompa,Ìed vith resul'ls of

Rappaport et aI. (1969 a, b) vho find a.2 xLo22 "nl? fortbe neorby

Seorpius-Sogi.ttarius region.

lhus the revisÍon of tl¡e spectrrun of ltror .ÍJù-I which has resulted

from the preserrt high ener{gy merisurc'merlbs, h:rs prod.uced a column d.ensity

in r¡uch bett,er agreement vith thot from other nearby sources thon was

c}..{c,i,r¿'d b:¡ ûooke r¡n'l llounils usin¡q low energy <lata only. îhis result

is consistent r¡it,h the proposjtion tha.t arl these sourees lie in the

sarne Âalaetic spircl errn (se., s"çtrion I.I,1).
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ãr3.2 The Spectrr¡n of Ara Hì-l

/ira lR-l r¡as observed. to be 3.2 stcndarcl clevia.tions above the

background count rate ín the energy range 27 to 57 KeV. The d.erivecl

speetrum is presented in figure 5.3. The points have been corregtecl for

atmospheric absorption, etc. by assuming en exponential spectrum with

kT = 1I KeV. For comparison, the fit funct,ion EN(E)dE = L.4 exp (jE)an
I1

is shown, together with low energy attenuation corresponclíng to a colu¡nn

density of 2 x to22 u, ator "r]2 Ín the line of sight as for Nor XR-l.

.hlso shown a,re data points due to (a) Lewin et al-. (1969) for their

source Ì42, (u) ¡'istler et al. (rg0a) for their source L3, (c) Bunner et

aL (fgOg) for GX 340-2, ar'd (d) the NRL measuÌement d Àra )G-1" The

points (c) ana (A) extenc!. over a broad energ|¡ interval and have been

acljusted to correspond to an IL KeV spectrgm.

The fit function provides a very goorl fÍt to the data over the

eomplete observeC energy ra,nge. Àt present it is not certain that all

points epply to the sams source, but figure 5.5 shows that all the

sources listed above do have error boxes which overlap, sharing a sna1l

region of sky centred at about RÂ = 17h8m, Dec . = -45.oo. The complex

of sources observed. in the .hra region will be further cliscussedl in

section 5.5.

If the points shown on fig. 5.3 do oríginat,e at a single soutco,

the exeellent spectral fit indieates that any tíme variations between

t,he dates of the observatíons have been small. the lov energ|¡ turnover

incorporotecl in the fit by assurning a i{ydrogen column density of Z x LO22

-)atoms cml- is hy¡rothetical and it can be seen that there are at present

insuff icient 1or,¡ energy data ( 
-€ 5 KeV) to <letermine whether the amount

of int,erst,ellar absorpt,ion (it any) is conparable with that in the

d.irection of Nor ru-I.
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lhe spectral results obtainecl for bottr sourees, Nor J(P,-l and.

Âra XR-l, a.re presentecl in tabular form in table 5'I'

5.4 IIPPER LIMITS

0ther MìL sources for which seatcÌ¡es uere made vere Lup 'i3ù-t'

(see ctso ChoCiI et aI. 1967), Nor )G-2 (also Lavin et al. 1968a, Cooke

and Pouncls 1970). Sco Æ-2 and Sco )St-3 (Irishèr et a1. f 966), and

seo K:l-4. upper timÍts only coulcl be assignecl to these sources.

TlLe results to clate for lrlor iüi,-2 are shor¡n in fig' 5'4' Th-e

ltdelaicle uppeT limíts corresPond to 3 stanctard ôevi¿'.tious above

l'acUgro,rncl and eontain spectral c'rrectíons bâsed on the â'ssumption of

an II.4 KeV exponential spoctruú. These upper limits are consistent

with the other result,s plotte<], both at low and high energies. the

r¡id.e-bonit }tr[ìL result ha,s been plo+,toci by assrrnning en uxponential

spectrum rvith kÎ = 1I.4 HeV anû is nore tiran a factor of t'wo Ì¡elow the

measurements of Cooke an<l Pound's (f97O) ' It is interesting to note that

the low energy rlata show no evidencc' of interst,ellar absorption, in

contrast, to l.[or ffi-I, indicating that, the hyd.rogen atom column clensity

in the lÍne of sight to Nor )où-2 is considerabry tess tbs¡ 1o22 atoms

-2clll. .

l'fhe sun was in the fiel<t of vÍev for a short time anil no hartl

x-rays were deteeteô. seteltite observations have established thatthe

sun emits hard i(-rays in assoeÍntion with flares anå radio bursts

(Cline et al. 1968, Iluclson et aI, 1969). I{owever, there was no

abr¡ormal golar nctívity tluríng I"IIL-1-68 frn¿l no flare greater than

importance I occu¡¡erl (ÉlSS/r So1ar Geophysicsl Reports, 196S).
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5.5 SOtmCE LOC.TITIONS

Àlso listed in table 5.I are the lee.ct squa,res fit'positions

obtained for l,Ior )G,-I antl Ara )üù-1, which are also shown on fig.5.5.

The emor boxes correspond. to uncertainties of ! +o in both zenith and.

azímui:h angles.

The azimuth uncertainty has two component,s, (*) tfr" statistical

uncertainty, given by equation 5.4 rrhich Ls 2.5o for Nor IR-I and 2.7o

for Ara S"-I, and 6) the eyetomatic uncertainty of tbe azimuth

measurement, I t.4o (see chapter 4). The zenith uncertainty of I +o

corresponcls to the expectetl variatíon of zenith angle, d.uring the

period. of observation of approximr:.tely I hour" of a source in this

region of the sþ.

Results obtaíned from thís part of the sky by other workers are

also shown in fig.5.5. It shoultl. be noted that the clote listecl besid.e

each group of workers is the date of publicatÍon rather than obeævation.

Figure 5.5 presents a very confusing apBeara,nee a,nd t'he poor angular

resolution of the measurements is immeclÍately aplnrent. Ilovever, there

ís broad. agreement between observotions.

0f particular interest is the source complex at the vicinity of

¡\ra vhich can be token to includ.e Sco )Gl-3 ancl Sco IR-4, and which

roquires B, survey of fer better anguÌo.r resolution than has d'o far been

performerl. Tha results of Fisher et, al. (fq0g) and Bunner et al,

(fgAg) appear to be the most precise to date ancl shor¡ reasonable but

not perfect' agreenent' r¡ith each ot'her.
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thege results intlicate thot poor-resolutlou stuilios sueh a8 ot¡¡

experiment , erd tbose ex¡nriments of Lewin et aI. (1969) and' Friednau

et al. (fgOZ) would experience <lifficulty in resolvÍng reparate aources

in the Ara conplex. ltre problem ís es¡ncially ilifficult for balloon-

borne experiments because of the lor¡ intensity of the high energ)¡

radiation.

Inconsistencíes between clifferent observations a,lso exist nithin

the Sco ïR-2 complex which at the present tine consists of the Lockheetl

grouprs source L6 (Fisher et aI. 1968), a source designatetL M4 by L,ewin

et al. (fçOg) anrL one GX. )4g+2 by l,loyer et aI.(fgZO). Àlso assocÍated

with these so'rces is GX )54-5 (o{ = tf+{, 6 = -360, uncêrtêinty'-2o't

observe¿l by Buseltí et aI. (1968) and itlentifÍett vith G)G-5.6 (Gurahy

et al, 1967). This is reportect in tletail by Clancy (fgZf).

The sources Nor ffi-l, Nor XR-2 and Lup XR-I have hatl little

observational exposure anal demand oloser examination' VarÍebility has

been mentioned to aecount for Ínconsistencies vhich have eppeared in the

timitert number of observations of Nor Eù-á antl Lup XR-l (MoGregor et aI.

Lg6g, Lewin et aI. I968a, Cooke and Por¡ncls r97O). The linitecl data

avaíLable for Nor TB-I inilicateg that it has sufferecl llttle variation

in intensity between observat,ions (Cooke ancl Por¡nds I97O). The

inability of Lewin et al (t9684, f969) to d'etect a significant flnr< from

Nor TR-l tLuring the experiment Ín which they observecl Nor ÏIì-2t nay

suggest variability in either (or both) sources of high energÍes since

both regions of slry received. comporable exposure times from them and

comparison of figures 5.2 ancl 5.4 show that' Nor i{R-l was the stronger

of the tr¡o at the time of ot¡r experiment'
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The gelactic d.isc region J2oo < lII< 35Oo requires furthen

intensive stutly. It has been shovn to be riclr in X-ray sourcest as ís

the case f or the a¿jolning Centa'rus region also (Cooke anil Por¡¡tls I9?O) '

From our work it is elear that to be successfulrfuture experÍments

directecl t,owards thÍs part of the sky shoulô possess angular resolutions

better than about a tenth of a degree (rocket-borne) ' 't\ largë area'

proportiona,l counter plus rotating nodulation collimator experiment

sinilar to that carried out by Schnopper et' al. (fgZO) in Sagittarius,

woulð give resolutions of the order of one ninute of orc,

and voutril be a significant contribution. Intensity threshol¿ls for such

an experiment shoultl be of the orcler of O.I antl 0.05 KeV "tlz "erãl 
feV-I

at energies of I and IO KeV respectively. For balloon-borne experiments

with on intensity tb¡esholcl of about O.Ol KeV srnl2 """11 
f"vlt ancl with

a,n accurs,te t,elescope pointing syst'em, &n angula'r resolution of '- 10

seems a, rea,sona,ble goal for vhich to oim.
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CIÌAPTEB 6

â1Ì"10SPIüIRIC X-RAYS. I

6.1 INTH,GDUCTION:

-

0bservations of cosmic X-rays at balloon altitutles are

hamperetl by the presence of a large background. prod.ucecl. by

the interactions of cosmic rays with the atmosphere and

t'elescope surrounclings. Becluction of this background is

essential if X-ray astronomy studÍes are to be effectivel-y

pursuetl, ancl consequently an understand,ing of the processes

by vhích the background. is prod.uced ís clesirable.

.6,, 1 .'l . The l_el+scop€_Beghground :

Three clistinct sources cont'ribute to the total backgrouncl

count raie (.Brr) of 'the tstresc_opê r

(u) A tliffuse flux (8"**) ot photons which enters through

the teLescope aperture and. which is proclucetl by cosmic ray

inters.ctions uith atmospheric nuclei; the count rate B"rrn is

proportional to the telescope geornetric factor Q .rn.Z st,er.

(see chapter 3), ancl is a function of (i) photon energy U(feV),

(ii) ttre <!.epth of residuaJ- atmosphere p (er.qñ2), (iii) trre

geomagnetic cut-off rigittity (since this d.etermines the incid.ent

primary cosmic ray spectrum), (iv) ttre prevailing cosmic ray

flux at the time of the experiment¡ and. perhaps (rr) tfr" telescope

zenith angl-e l'. Clnatgetl particles entering through the forward

aperture havo been found to contribute É 4 +,o Brr,n (Bleeker ancl

Ðeerenbere 1969).
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(¡) ¡ cosmic ray indrrced leaho.ge bachground (Br) which is

a result of the detectorrs characteristics and of the aturospheric

racliation environment. It is caused by high energy gamna rays

which pass through the guard scintillator without interactÍon

antl nhich subsequently Compton scatter in the central crystal,

and by the high energy tlaughter prorlucts of interactíons

occurring in ancl around th.; telescope which also ev¿de the

anticoíncidence system. U, t" a functíon of (i) u, (ii)p,

(iii) cut-off rigírlity, (iv) tine, and (") the physical a.¡rc

geometrica.l configurotion of the de'bector and its guard. system

which lencls to variations in the meLgnitude and propc-.rties of B,

from detoctor to ùetector. B, is inrilepenrlent of G ancì can only

be separated, frorn F*t, b.y employing a varinble opening solid

angle. iíecently an oxperiment r,ras flor¡n in ryhioh the act,ive

telescope operture wls period.ically screened by another

scintillator in anticoincirlence with the telescope central

detector; hove'/er, no data regrrrling B, and tsatr rere obtained,

as there lras a major rnalfunction of the observat,ory. Ilencge in

the vorh done to ttris da't,e, the separote component" Bu,t. and B,

cannot be dístinguished ancl vill br: collectively referred to as

the local bacbground Blo". a.s opposecl to the count rate proiluced,

by the diffuse br,.ckground. of cosmic origin, O"n". That is, Blo" =
Brtr * Br

(") ii'he thiro component Ís the cosmic rliffuse :t-ray

background., lJ"o, (see chapter 8) vhich enters the collimrrtor

opening angre after attenuation by the resÍrluar atnosphere, rt, is

a function of (i) ü, (ii) p a¿c '¿J, Eùn¿ (iii) c.
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It is inclepend.ent of cut-off rigirtity and suffers no known

observable time variations. It contributes significantly to the

total background rate at pressures p^.(1 O gm. cm-2, increasÍng

with decreasingP r as oPi.rosed. to BIo" r¡hich clecreases.

the uncertainty of the relative contributions of Brr*

anrt B, anrl the clepenilence of B, on detector configtration

will lea<l to clifficulties in the intercomparison of the results

of cLifferent, workers on the cosmic ray productíon of X-rays

in the atmoSphere¡ For these reasons conversíon of measurecl

backgrountl. rates to abgolute atmospheric x-ray fluxes is a

rather speculative ventl¡¡e. However it is believecl that Bt

has been recluceil most effectively in the active telescope

tlescribed in previous pa,ges as å, result of background rejection

techniquos yhlob a,re generally superior to those of other

cletectors for whÍch atmospheríc photon results have been

reported in d.etaiI. This fact together with the sma1l effect'ive

soliit angle of n hx¡O-2ster me&ns that the results presentecl

in this chapter apply to uniclirectional atmospheric X-ray fluxes

more accurately than any others publishetl to cÌate.

It shoultl be emphasized. that since dífferent d'etectors

may be measuring fh¡xes of substantially <lifferent origins owing

to the Bt atbiguity, intercomparisons must be rnacle with care.

For the same reasonr corrections of count rates to absolute

aturospheric X-ray fluxes is uncertain and in this chapter

conclusions will be mostly drawn using rawr uncorrected count

rates ontry.
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6.1.2. The atno.spheric radiatÍpn e$vironnent.

The cosmic rad,iation wíthin the atmosphere consists of a

number of, oomponente wÌ¡ich can be classifiett in a nr¡mber of

ways anil the following is e very brief prfcis of t]re currently

acceptetl facts (Uayatcawar 196%)b Penetrability of matt'er is

one cl,ossification criterion which allows the ttivision ínto

two components, a bartl component which penetrat'es )., locm. of

leatl and ¿' ae¿-penetratÍng soft component.

Ihe proðuction of a shower of seconalary particles by inter-

ections of primaries wíth matter províðes anotlrer neans of

classifùcation. One type of shover is generotetl ín small thick-

nesses of nratter a¡rd its secondaríes emerge at large angles onô

are rapidly absorbeô. This electronic or E-component ls associatetl

with the soft component and. is eccorr¡rted for by the theory of

the cascade shower iuítiatett by electrons 6nal photonsr and

sustalned by paÍr product'l'on, bremsstrahllng and. Compton

scatterlng. Ihe other type of shower is generateô rr'ith large

mean free paths ar¡d. its secondaries ere very Benetrating wíth

Iittle angular spreail. This is associatett with the hartl component

ancl nucleons antl cborged pions ere its primary orr1 secoadary

particles. The sholter is prod.ucett by a conbin¿tion of multiple

meson prodUction and a cascede p¡'ocess ond. is d.enoted. as the

nuclear -sctl.ve or N-component, of cosmic Tê/sr At high energies

both E-e,nctN-showers occul together, tl¡e E-showers beÍng

initiatect by tbe decay of neutral pions.
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At sea-level oost cosmic rays are neÍther E nor ìI-particles but

form the penetrating component,consisting of harcl muons.

The man¡¡er in vhich this totcr,l radiation envifonment interacts

vith the active telescope is then responsible for the observed

Iocal background.. 'Ihe aLtitude d.epenclence or transition curve, of

the total background rate ín the energy renge 3T to 47 KøY for the

ftight Ì.{IL-l-68 is plottecl in figure 6.I as a function of slant

atmospheric tlepth (- p sec Z g ."^12, '¿=)zo). The count rate

increase as the balloon reaches float clepth, for p sec Z€1O gr""*ir2

is due to the contributto^ U"o" of the cosmic diffuse background

which beeomes progressively less attenuated by the decreasing

thickness of the overlying air. At slant depths exceeding 10 gtn.

-)cm.-r the count rate increages, reaches a maximum et about lOO gm,

cm.-, and then decteases.

îhe shape of the transition eurlre at d.epths greater than IO
-)gf,. cm.-r is broadly und.erstood from N- and. B-cascade shor¡er

theory and is charecteristic of secondary cosmic radiation

(i{ayakawa I969a). tr'or example, a I GeV cosmic ra,y proton interact-

ing with atmospheric nuclei will learl to the multipte production of

charged and neutral pions r¡l¡ich initiate E- cascarles of electrons,

positrons and photons. There is n rapid incfease in the number of

partieles in the shower until the average particle energy is

d.egroded. below that necess&ry for further secondary proituction, and

the number of particles reaehes a maximum (tt¡e pfotzer ¡rnaximum at

an atmospheric pressure of about, lOO gm, 
"*12).
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It then clecreases due to atmospheric attenuation with a constant

e-fokling attenuation leng.tJr ( L gm. " 
'21 between about 2OO a¡ct

7oO gm.cm-2. The ¡ate of tlecrease then slows down tlue t,o

(a) tfre Íncreasing contribr¡tion of bard muons ¡elative to the

severely attenuatetl soft coríponêDt¡ and. (b) crustal ratlioactívityo

Thus it would seem that the broad featu¡es of figure 6.1

are r¡rd.erstood.. However, ttetaílett analysis reveals sone anom¿lous

features vhich rnay be due to phenomena in the second.a,ry cosmic

ractiatÍon which have not been observed before because of ineclequa.te

techniques of background. rejection. A stucly of the atrnosphería

backgrountL is then of veluo for tÌ¡is rea,son and also .lor the

necessity of u¡rd.erstaruling the bacþrou¡rd production processes

in the tletector.

6,2. TBA¡GtrrrOIlI clt¡EtvE8, 200.<p-< 700 Eì{.cM:

Iho attenuat,ion tengtb I¿ of tho exponential portion of the

cor¡nt rate trar¡sition curve has been det'ermined as a functíon

of photon enorry for fou¡ flights and^ for both the active autl

gradetL shield telescopes. Differences Ère observetl between

d.ifferent flights, and. betneen the tvo telescopes. &.rrthert

values of L obtained, for the active telescope guaral rates iliffer

from thogo qf the snergy channel cor¡¡t tates.

6.2.1 . Rosults.

Fig. 6.2 shovs a comparison of three coust rates plotteil

against pressure for the f1í6¡ht lvill¡.l-69¡
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(u) the active telescope channel ) (42.7-52.7 KeV);

(t) the actíve telescope NaI(TI) anticoincid.once r¡ell (>BOKeV);

(") the graite<I sÌ¡ieltt (G.s.) telescope charurel 2 (4o-5o KeV).

These plots are typical examples of the three types of count

ra'te as they have been obtained. on at1 flights. À strikÍng

dÍscropancy is observed between the attenuation lengths of the

count, rates ín the active telescope channel 3 and. thc G.S.

telescope channel 2, wtrich cover approxfmtely the same photon

energ¡¡ range. This serves to emphosize that cautÍon should.

be exercised. in the conporison of the results obtainecl using

<tifferent instrurnents. l¡Iso notable is the close ogleement

between the attenuation lengths for the G.S. telescoPe channel

2 and the active well rate.

The guarcl. rates of the active telescope i.e. the well

(>8oKeY), the collimotor ()4otreV), ttre lower level diserioinator

()lOfeV), and. the upper level d,iscrimi¡'¡¿tor ()-lBoKeV), are all

Ln excellent agreernent with each othsr for a given flight. Tbese

values and. their avera,ge (Lo) ar" tabuletecl. for the tlifferent

flights in table 6.1 , Values ancl u¡rcertainties of íntlivitlual

rates were êeterninod. graphically.

ülÍght ell ,Collimator Lowor ilisc I

Upper Disc Averago

l{IL-l-eg
lt'fÏ--l-69
vlrL-2-69
MfL-7-69
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150 + I
t65t7
L63¡5

L



119

Ihe valuss of t(U) obtoinctt for the d.ifferent active ar¡<l

G.S. tolescope energy charurels are plotteð against photon

onergy E in figs. 6.3 ancl 6.4. Error bars correspond to one

stand.artl ðeviation and. the telescope zenith angle for each set

of observations is intlicaterl. These results were obtâ'inect þ

performing a least square fit to the bockgrouncl data of eactt

eaerry channel as a function of pressure . The dat'a were fitteti.

by the exponential function

Bro.(8, p ) = "ro"(u,o) 
exp (Tfrl)

anrl the method of least squarcs given by llolberg (t96?) was

employect to dotermine thc bost fít values of BIo"(oro) a"nd L(E).

Chi-sguared tests intlicated. thet in all cases this function

was a satisfectory fit. Also shor¡n a,re points d.ue to Ha¡rmes et aI

(tgOç) which accentuate the problem of d.etector-dependence

in the results obtained.,

Table 6.2 lists for each flight the three types of at'tenuation

Iength

(") Lrr the averû,ge over all energy channels of tho active

telescope (except the lowest chclnncl whose att,enuation length

was always much greater than tbe others d.ue t,o its susceptibility

to noise and. the large number of spurious lor¿ enerry bachgroruld.

events ) ¡

(t ) Lor the avers,ge of the active telescope guard cou¡rt, rates

(see table 6.1)¡ od

(") Lurr ttre {ìvoro,ge over all energy channels (except the

lowest) of the attenuotion lengths for the G S t,elescope Í¡e.

energy channels 2 to 5 (qo to 125 KeV).
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ÀIso tabulatec!. are the active t,elescope zenith angle z for eaala

flight, the correspond.ing value of L=Lu/cos z, and the ratios

L/Iuo and, t* /to, whÍch vill be seen to have relev&nce in sect'ion

6 ¡2.4o

Teble 6.2 Çompprisob of Attenuat'ion Lengths.

ve e scope escope

tG' i h=/""cos

MIi.-1-68

Iv¡IL-1-69

'$TL-2-69

I:IL-3-69

&

21U)r

1 95t1 B

224 l5

23+t37

ø,

25.37

2o6t19

2B+19

320

z

19
o

o o

1 71t8 1.5o¿o.28

l5qt8 1 .37!O.2O

L65+7 1.72¡o.L9

1.O*rO8

1.13t.O93go

r5915

LB7t7

?J 7 16Jt' 1.4+O.27

Fig. 6.3 ancl tablcs 6.1 and 6.2 show variations between flights

in each of Lu.r Lor and LUr. Possíble reasons for these variations

include instrumental effects, ilifferences in the local times of

the ascentsr itifferences in local geomagnetic cut-off rigictities

for the d.ifferent flights and differences in telescope zenith anglesr

The fa,ct that var:iatfons show correlation between fllghte indicates

that instrumental effects are unlikely. Fig. 6.4 compares the two

telescopes antl shows that in MÍI-2-69 compared. with llll,-l-69¡ both

instruments indepenrlently recorcled. an increase in f,(n) for E à 70

KeV, although the increase was relatÍvely more pronounced for

the activ-o than for the G.S. teLescope. There has been no reason to

tloubt the correct operation of either telescope on a,ny of the

fligbts concerned here.

oo

Flight
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It therefore eppears thot real physicel variations have been

observedn fhe geomagnetic latitudes cluring the ascent phases

of the <lífferent flights <tifferecl by less ttran lo and are not

expected. to result in significant effects (see section 7.5)n For

example, Sobermen (tgl|) has noted. a geo¡na,gnetÍc latitutle effect

in slow-neutron attenuati.on lengths of about minus 2 gm,cm-2.

per tlegree lncrease in geomagnetic latitutle. l{hile it is not sugges-

ted. that photon attenuation lengths behave in the same mflnner ¿s

those of rlow-neutrons, ít nevertheless appears thot a geomognetic

latitucte variatÍon of less than |o is insufficient to províde

an explanotíon for the d.ata report,ed here.

Differences in the local tirnes of the respective &scents also

do not provide an arlequate explanation. Table 1.4(a) shows that

the ascents of !lIL-1-68 anô I'EI-I-69 took place at night¡ while

those of lvilÏ¿-2-69 anil IvlIL,-3-69 were in ctaylight,. Þcamination of

table 6.2 reveals a slÍght suggestion of a, d,ay/níght effect in the

values of lr*r which are marginally smaller for the night' flights.

The values of Lo do not support this suggestion but this may be

due to the fact that tkre guord count rat'es are rrcontominateclrl by

cosmic ray interactions and are not due entirely to photons, as ís

very nea,rly the case for the channel rates.

Another flight p,arameter whích may be of importance is the

t,elescope zenith angle. lable 6.2 shows no obrvious zenith angle

Correlations. However there are other good reasons to believe that

zenith angle effects rlo exist, and. this topic will be further

d.iscussed in section 6.2.4.
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6. ?. 1 Dif f erences let¡re en- the tlqe_ Je=les eqpess

The ti.iscrepancy betveen the a,ttenuatioa ì-engths measr¡red.

by tho two t,elescopes has been mentioned. One possible

explanation ma,y lie in the tlifferent shielcLing characteristics

of the two telescopes which lead t<¡ differences in the relative

ccntributions of B, ancl Batrn. the G.S. telescope count rate

doubtless possesses a greater amount of B, contamin¿rtion than

d.oes the active telescope and this may lead to the shorter

observed. attenu¿tion length. The value L-12O g*."r-2 for very

energetic primary cosmic ray protonc (see table 6.4, section

6.2.61 which nay contribute to the generation of B, Ín the

grad.ecl ¡híeld. mat,erialr m{r.y support .this id.ea.

ALso tire active anticoincidence rates Í.e. the collimator, the

welI, t'he low enerf.5' ( >.,t OfeV) ¡ and. high ener W ( >- 180 KeV)

central iletector tliscriminator rates, which reflect the total

cosmic ray baekground. rather than genuine X-rays, all tLisplay

comparable attenuation lengths,

An aLternative explanation to account for the discrepancies

between Lu, Lo and. L* is achievecl by me&ns of the Gross

Transformation and. is now described..

6-214, TIte Gross Trausformation.

The time correlation betveen l,r(E) antt Lna(E) for E à Zo feV

observerl in thc two flights MIL-1-69 antt MTL-2-69. 5 clays ap*rt,

has been remarked. upon. The larger change noted. for the actíve

telescope d.ata relative to the gratlecL shíelcl telescope¡ and the

fact that the active zenith angle changed from 19o to 3Bo while

that of t'he G.S. telescope variecl only from 3Oo to 3Io lead.s to

the consid.eration of zenith angle effects.
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In fact if there are zenith angle effects, the attenuation

length discrepancies may roceivea self-consistent explanation by

rneÐ,ns of the Gross lrarsforma,tion (Grcrss 19371 Janossy 195Ot Bossi

IgiZ, HayaÞ,ava 1969a). This can be used. tO relate the counting

rate d.ue t,o a unitl.irect,ional pressure- and zenithdepenclent

intensity J(prz) (u,s is opprcximately neasured by the actfve

telescoBe central fletector) to the rate of the omnitLirectional
I

íntensity ¿-(p) measured by o tletector whose response is integratecl

over c.Il zeníth angles (for cxarnple the active telescope guaTd

ratos). It, is derived by assuming thot the direction of prirnary

ancl secondary particles is conserved ín all interactÍoasr that'

sponta,neous decay phenomena are neglected ancl that the rad.iation

responsible for the count rate is isotropic at the top of the

atmosphere.

It is acknorrledge<t that there are serious doubts with regardl

to the applicatíon of the GSoss Trsnsforma,tion to atnnospheric

photons, since if they belong to the seconclary electron-photon

cosmic ray component, multipl,e Compton scatteri-ng would be

expected to invalldate the first assumptíon above. Ilowever, no

a priori assunptions will be rnade concerning the origin of atmosph-

eric photons in this section. The only a<tclitional assumption macle

rvith respect to the application of the Gross Transformation to these

results is tbat the telescope PII/r channel rates and guarcl rates

are ctue predominantly to photons'



124

rf the u¡rid.ir<¡etio'al intensity J(pr.) is .roponentiarry

absorbed, by the total air thickness along its path i.e
-ñ

J(prz)=,Io exp ( #u"u)= Jo exp G¡/1,1.. . . ! ....6.1
t'hon tire oruiidiroctional- intensity inte¿¡rated ovcr a1l angÌ.es

of incid.enco in the upper hernisphere is
,lt

;'(p) = 2tr I ,$rz) sin z ð. z = 2rr to Éi(p/l)....6.2
o

wlrere t, G/nl is the GoId integral, ¡¡iven by

€.' (n/r,) = p î ,-'*xp (-yli,) ¿y.
,Þ

Figure 6.5 compares the altitud,e cìepenclence of the vertical
intensity J(pro)"cu*¡., (-p/nl r¡ith the omnicrircctionar intensity

I
J (r)"c 6.. G/t'). The deviation of Lr$/t) from an

exponentiar shape is smarl for 1íp/t, {4 and, its form can be see¡r

tc be apuroximate.d by exp (-p/O.ZTt) " Thus the appare¡rt, on¡nid.irect-

ional atienuation length i.e. the atter¡uation length. of, the actíve

guard rates is giveu by

L-.+' O.77L, and. so L/L æ 1.3C.oo

AIso sh,own is the theoretical behaviour of the ¿lracled.

shield- telescope, wliich is obtai¡rett by integrating over the

telescope aperture sotid_ an¡iIc thus:

.rojtr) = Itb,z) *,(z) ¿gr a . a . t . ¡ . o t . . . . . a . . ô . . , ,6.3 2

rqhero R(z) is the ccl.limator responser fur¡ctiou in zenith, ancl

tl¡t is tire soricl arr¿,re erornent, which can be written as dr1=

const¡lr¡t.dz , since ùhc ct¡rl-im¿rtlr !'riIIH in azir¡uth is very

rìarrc)w (5o f.,r l4IL-1-69 arrcl Ì'1IL-Z-69). the tolescope axis is

¿¡ssunreil tr; ì:e at a zenitir an¡¡J-e cÊ j4'': a¡rd the integrertion is

carriecl ,¡ut from z = oo tr.; s = 6g0¡ sincc- the corlimator FlÍTII,l in
. -.oze-:r.ltfr rs -J4 .
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The va1ueg calcula,tefl usin¿; eqrration 6.3. are plottett in fígrre 6.5¡

a,nd ít cen bo seen that thc effoctiv€ .gre¿Lecl ¡hiekl attenr¡a'tion

length is given by LOS/!. - 1.08.

Comparíson of the theoretic¡l rotj'os L/l'on 1.3O anil

Lcs/Lo d 1.08¡ with the experimental values tabulatett in table

6.2 teveals gootl agreement. Both the active auil grad.etl shielcl

telescope results therefore support the Gross Transformation

h¡4pothesis and. this implies a zenÍth angle d.epertdence of the

background, attcnuatíon length. A consequence of this hy¡rothesis

is that the vertical attenr¡¿tion length 1., = LJcos z' lor a' given

energy interval, should. be Ínvariant during eny given flightr a,ud

invariant faom flight to flight in the absence tÉ real time

variatíoirs. No experiment employinpg a variable zrnith anglo has

been floun to test the first suggestion, althougl- other resul'bs

have been reportetl which imply near ísotropy for tùre atmospheric

X-ray flux (Brini et aI. 1965). Table s'2 shows that the suggestion

of flight-tO-flight invariance only roughly holcls, but this may

be inclÍcative of the occurrence of real time varial¡ions. Certainly

significant clifferences €lre observecl betwcen MIIJ-1-69 ancl MIJ-2-69

for bo'oh telescopes.

In view of the currently aceepted belief that atnrospheric

I'ray photous atre part' of the soft E-component of second.ary

cosmic radiation ancl as such have probably und.ergone rnultiplg

large angle scattering, application of the Gross Transformation

to the results reported here would appear to be theoretícalIy

questionable. But since photons of these ,enerÉlies are almost'

cornpletely absorbed. in 
-(.1Ogm.cm-2 

of air, the observetl altítuc1e



126

depenclence of photon count rates in realíty reflocts the photon

proiluction rate rather thon the properties of Lray photon propagaLion

in the atmosphere. Consequently, the value obtained for L' is

determinecl by the altitude d.ependence of the photon-producing

interactions and. hence of tbe parent ratliations. Therefore the

apprarent vaticlity of the Cr¡oss Transformotíon nay simply refleot

a zenith ongle dependence in the photon-producl.ng roclíation.

teïever theoretical <lifficulties stiIl exíst ifras is believed't

the photons are produced by interactions of electrons of the soft

component which themselves bave probably und.ergone nultiple

Iarge angle scotteríng.

Nevoltheloss other experimenters have been temptecl to use

the Gross Ttra¡rsformation in recent years to explain observational

discrepe"ncies in the al,titud.e of the tronsition maximum (Peterson

Lg63, Vette 1.1962]- but have not comnittetl themselves because of

the theorotical objection. I shall make no further attempts horo

to theoreticolly justify its use aDtl shall simply point out that

these results and ce¡tain results obtained by othor workers

intl.icate that its use does havo so¡ne observational justifisa'tion'

6.2.5. Comparíson with other experiments¡

Comparatively few investigations of atmospheric X-roy

phctons in the pressure range zoo S p 
^-€ 

7oo gt.".-z t¡ave boen

publishect in the literatu¡e (Jones L96I, Anåerson L96L, Vstte L962,

Peterson L963t Bocchia et aI 196r, Brini et ol 1965, L967, Haynres

et aI 1;969, Frost et a]. 1966). These me&surements were matLe wíth

a voriety of experimental bchniquee i àt tlifferent energiest using

cliffe¡ent zenith angles, fron: il.ifferent opening solicl anglest
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vorÍous sÏrield.ing configtr:rations, frcrn marÀy georua,gnetic latitud.es

ancl at d.ifferent times in the sclar cyc1e. Às a result care nust

be exercised. vhen making cornparisons.

Tab1e 6'3 lists experimentol attenuation lengths obtaínetl

by different, workers under this multiplÍcity of conclitions.

lÍo atternpt has been mad.e to correct measurements to vertical

attenuation len¿4ths but the opening solict angle is tabulatecl to

ind.icate tbe type of measurement. In the col.r¡nrn (gU) ¿esoribi,ng {re

ty'pe of shielcling, the letter P denotes the active rejection of

charged. particLes with or without a phosvich system, U represents

a completely unshield.ed" detector, L d.enotcs lead. collimation

and. A active1y c<¡l-i.imated anð shielcled. The height of the

transitioïr curve naximul is also tabulated. (see section 6.3).

An omnid.irect,ional d.etector is d.enotect by a 4fi sterad.ían so1id.

angle.

a

Olll ¡t. z
Ener¡¡v
Beasä"

Depth of
th aReference d"e) (a"e) (ster) (Ke . ctn

4t o -O.5 ,L 250-1 16)
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rl )tooo

iSoN 4n 37-75 -170

h ll 51r 185

4?0N 4Tr u 5Il rBo
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(t gor )

Vette
(tgøzl
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( rgo¡ )

Rr¡cchia
et at lr9oi)

P

U

ll

P

n

)
60-70

gm

70

55

90

90

95

L63

lr tr u 100-1500 170 100
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Beference

Frost
et ar (rgoo)

Brini
er aI (1967)

Haymes (rg04)

Crine ( 196I )

Ihrthie
et al(rgof)

Okuclaira
et at (rgoe)

Kond.o et aI
( rges )

Ilaymes et al
( rgog )

4jo¡l oo

4loN

55ott

4ooN oo

260ì'l

-2O1'¡

4ION

Att,
length .
t-é(gm. cm,

lBO

L65

165

r86t5

lBO

180

195

190

130

160

180

r60

1Ð'

135

110

1r5

L&

Depth of
Tto--s.
)( gmpm. )

30

100

100

90

180

lBO

100

100

5842
inct'of
enerry

Geom, Z Solicl, 8nerry
lat(deg)(¿"g) Ângle Sh. Range

(ster) (KeV)

55oN oo -*l A )3ooKeV 17o 50

ll

lt

il

ll

/tlT U )5OKeV

417 U )'3.5MeV

0.46 P,L 2O-2OO

4lT P 47O-3.5$leV

4T/ æ5OI"ieV

Vert -lOOi'ieV
(Spari'. Chamb)

4T P )1.2 I'leV

4îr P 1-30MeV

-4jo0)jo.r5 ¿,

*Approx. values are
read. off graphs.

- O.15

- O.15
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^,O.2
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- C).3

nO16

-1.0

*
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-15O

-180

-220

- 300

*4OO
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The ruicle clivergence of iniliviclual results is obn¡ious'

In particuÌar, tbe L values of Haymes et aI. witl be s¡'stematically

^,1Ø smaller than other coúìparable values owing to the fit to

their d.ata of aD exponential-plus-background function (i.e'

A+B exp(-]))rather ttran a pure exponentíal function (À exp É))
L

as is usuaily d.one by workers in this field.. The r emaining

rliscrepancy between theír values q.ntl those obtained' from the

Àdelaièe active teloscope is perhaps the most serious

tn table 6.3 since of all the Ínstruments tabulated.r theirs

shoukl be comparable ¡nost, ðirectLy uith ours. lheir only zenith

angle information is that ft is rroften but not always æl5ott. If

Z = 4jo is talien anel the correction is mAclo to a vertical

attenuation length, their table 6.3 values are raised by *@

e.nil conte close to the actfve telescope f' values '

Lùttle more than this oan be saitt since owin¡¿ to the

ím¡iossÍbIe complexity of nornralizing each result to a standard

set of experimental circrunstances, direct ccmparison cannot be

valiclly nrade r

6-2.6 Other radiations:

In atternpting to find the ori¡.1in of the atmospheric i(-rr:y

spoctrum, previous workers havo cornpared their measured L values

with tho attenuation lengths of various otber cosmic ray components

at the sE¿me geonì.l,gnetic latitudersome of which are listetl in

table 6,4. VerticaL (V) or omniclirectional (O) vatues a1e

indicat'ocI.



-Table 6.4¡_Attgnuation leneths for qosmic rg,v gomponehts.

Component Geornag.
lat.

Vno

Total cosmic rad¿

Soft component

450

450

450

w5
o

oo

450

45
o

o

v

v

v

v

v

v

v

o

Att. lenglh
(gr. 

"r-')
200

190

220

160

123

150

160

160

n

lr

5

oo

550

il

il

n

lt

Components of soft:

electrons from #ts

elect,rons from
Knock-on and. d.ecay
proc@sses of nruons

soft muons

soft prot'ons

electrons .,(1O GeV

low energy muons

ga.mmas¡ 0.3-1OTeV

slow mesons

Hard c;mronent

ll

v 130

45()

45()

450

450

280

âto

110

r50

300

110

v

v

v

v

v

v

v

v

v

v

50()

500

7

450

0() o
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Beference.

Hayakawa (lgøgøl

Rossi (tg¿A)

Rossi (rg+s)

Hayaka,wa (tg6ga)

Pnppi et aI (lgSZl

Bossi (rg+a)

Rossi (rg¿g)

Peterson( 196É,

Ilayakava (tg6ga)

Hayakawa (tg6ga)

Bc¡ssi (t g+s)

Hayakawa (tg6ge)

Rossi (tg4S)

Rossi (tg+e)

il

il

ll

lt



Ta.ble 6.4. (cont) ¡

Componont

131

120 Hoyakawa (tg6t)

138 Rossi (tg+s)

169¡1 3 Haymes (tg6+)

212

212

206

L96

tBr

LJ6

L64

162

164

118

123

Simpson (tg¡r)

Soberman (rg¡O)

Simpson (tgrr)

Staker (tgSo)

Simpson (rg¡r)

tuan (t9¡r)

Soberman (tgSø)

Staker et al (tgfr)

Soberrnan (tgS0)

Tinrot (rg¿e)

Fretter (lg+gJ

It is inte¡est'ing to note the conclusions of others witJx

respoct' to their photon results when face<l rrlth the bewild,ering

erray in teble 6.4. For example, ,Jones (tgef ) conclu<ted that the

atmospheric photon component was directly procLucecl by the nucleonic

aomponent since his L value ì{as nore in line with slow neutron

values than with the soft component results of hrppi et, aI (|SSZ),

-)12) gm.cm '.

Penetrating shor+ers

il

u

h

il

o

45
o

o

v

v3Bo

5Jo

BB.6()

o

0

o

0

o

o

o

o

il

n

ll

ll

4Lo

v

o)/;50

Nucleonic compt

oo

10.10

lgo

10.40

400

510

55.10

6go

Slow neutrons,
(5oOKeY

Fast neutrons¡
1-14 MeV

Ìow energ¡¡
nuclearactive

Belativistic
nucleons

Geomag
lat

Vro IAtten
gm.cn

Beference
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Ilowever, other soft component meosuremen*,s Éhow values of 15O

-)to 160 gmr cm -, very close to Jonesr results. Had he used these

results for comparison, he would bave fountl the choice bet'ween

slow neutrons ancl the soft component very tlifficult to make.

As airother example, Peterson (lge¡) obtainecl about 180 gm."*J,

comparecl Ít with tbe value of n 16O gm""*-2 fot an omniclirectiona,I

Giii counter measuring the soft component, and concluctett that

photons a,re associated with thc electronic coaponent' 0n the

basis of at,tenua,tion lengths alone it is of course equaliy valid

to conclucle that photons are associated. with the lor.r energy

nucleonic component.

Haymes (1964) obtained 18615 gr."r-2 for low energ¡

Lgar¡nas)barely greaterstatieticelly than the value 16911 3 g^."rri2

obtained. ín the same experiment for fast neutrc¡nsr ed conch¡ded

that the two components probably were not associatecl. I{e then

proceed.cd to connect the gammas vith the soft component'r when

by tho sarne re&soning its attenunticn length of 123 gn 
"*-2 o"

-)even 16O gm.cm -¡ makes this even less likely than the associatíon

witlr fast neutrons. Hayrnes ct aI (lgøg) four¡d. a large variation

ôf photon at;enuøtion lengthvith enerð/ ranging from 110 to 180

-)p.,rl¡¡crn - bet¡reen 30 ancl 57O KeY. Upon averaging these, they

obtained. a value closer to the soft component.rs 123 gm.ct-2 of

Puppi et aI than to the f¿st neutron value of 169 g*.".-2. The

conclusÍon was then reachecl that the photons rnost likely have an

electronic origin rattrer than nucleonic, even though (i) t¡ree

of the sixteen plottect t(E) points r¡ere closer to 169 g*."r-2 thrr,.

-tt'o 12J gm.cm-o (no error bars rrere given on these points);
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(ii) tUey usecl an exponential-plus-backgrcrund' fit functicn to

determine L, which gi'res a value about, 1Ø smatler than does

the pure expcnentiai. which has been useil by all other r¡orlcers

for all other radiation conponents¡ ancl (iii¡ othe.r soft connponeut,

measurements give L-15O gt."t-2'

It therefore seems that spurious arguments ha,ve occasionally

been used. with regard to using attenuation lengths to associate

atmospheric X-ray photons witir the electronic corr'tpoÍr€nt'. AIso

in only a f ew cases havo there been simultaneo/u:s' rnea,suremenfs of

the attenuation lengths of photons and. ot'her rad.iatíon species.

It is therefoce concluded that there is in fact little obscrvatlonal.

evi,Lence to connect photons witl¡ the electronic component.

From tbe theoret,ical viewpoints of production rrlechanisnts and. total

cosmic ray enerry balance considerations (Puppi 1956r Ïette 1962,

it does seem the most likely h¡potiresis. However it is clear that

radiation attenuation length cornparisorls are not of major

írnportance in the support of this hypothesis.

6.3. The Trans.itioncurvemaxi (p-loOgm.cm-2).

Another property of the atmosptreric photon intensity which

ma.y be of help in determining its origín is the ctepth (prno*Bnt'"*-2)

at which the Pfotzer maximum oecurs i¡¡ the transition curve.

Ás iu tho case of L ¡reasurements, the experimentaÌ configuratÍon

is a6ain important, since if the Gross Transfotmation is valitl,

an omnid.irectional mea.surernent will yield. a maxi¡uum at a smoller

ctepth than will a vertical ftux measurement'. tlhen this is

consid.ered., cornparison of photon results with those of other

radíationcomponentæ will hopefully 64ive a clue to the photon soüro€¡
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Eowever, tJ¡Ís ruethod experieucea the same difficulties as do

L comparisons and. the results too are someïhat inconclusive.

6.3.1" Results:

The value" of pr*x, wit'hout a.ny corrections +,o Z=Oo ¡

obtaíned on each flight are llste<t in table 6.5. UncértaintÍes

are typically about ¡ 20 gr."*-2.

Tobte 6.5¡ Transition maximum altitudes (gr."rn-z).

Fi.ight .Active
Energy Range

(Kev)

Þ*t
(pn¡i)

Pto*
(Guartl avg)

GS tetescope
(+o-'t25 KeY)

Prn"*

These results are in general agreement with those of other workers

(taUte 6.3).However sûgortfieortdifferences are apparent, espooû,ally

betr,¡een MII.,-1-69 antl lrillr-2-69, as was noted. for the L value

cleterminations. /rlso the enerry dependonc" of p*** obtainetl

for l,fll,-3-69 is not apparent in the other flights. In acldition

Pro" fo" the averaged, guard. rates is consistently s¡naIIer than

for the nearly unid.irectional active PIIA rat,es as would be expectod.

fronr absorption va4fing as exp (-p/1" cos z). The G.S telescope

results however tend. nc¡t to agre,e vith this expectation since they

group with the active PiI/r values rather than those of the active

guards. This apparent d.isagreement, if in(leed it is a disagreement,

since statistics are poorrcanrì<¡t be explained. within the fra¡nework

Þrrl,-1-68

MIr-l -69

þ.iTL-2-69

iliIL-3-69

27-167

12.7-142.7

12,7-142.7

20-90

110

130

100

140
110

90

110

80

100
0-1 50

140

100
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of the Gross Transformation h¡pothesis;

6.3 .2. Discussion:

-

Value's of prr* obtained. for other cosmíc ra.y components

appear in table 6,6.

lable 6.6 - Tr.snsi *.i on mo*i 'P^n â^êhi ô anmnnnon*-c

orV Pr*
(gm. cm

Beference.

Puppi et ar (tg¡z)

Peterson (lgøll

Ivlillikan e+ a,L(194/,,

Meyer antl Vogt(t962

Duthie et ar(t963)

Ha¡rmes (lgøql

Soberman (tgSO,

Staker (tgro)

Soberman (tg¡0)

Staker et al (tg¡f)

Soberrnan (rgSA)

-2\)

Electrcns 690

Soft

Soft

Soft

Chargetl
particles

Fast
neutrcns,
1-1 4!IeV

Slow
neutfons
( < loorev)

4ro

550

410 o

o
10.1 o

JO,40

55.10

690

Bg.go

200

50

70

t50-200

130

120

110

100

90

75

v

o

o

v

v

at

400

95

ll
o

o

o

o

Ù

It

n

The variations evident in table 6.5, together with the

variety of results in t¿ble 6.6. eneble photons to be associotecl

with practically any cosmic ray component if only pru,* 
"orparisons

Component Geomag
lat

are mad.e.
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Yalues of p*r*, as âre those of L, are thr¡s r¡nreliable

intlicat,o¡s of Lhc generlç reloti,o¡r of e-trnosphoric Xray photone

t¡ ccsmic rays and. any c<lnclusiqns reached. þ such means canno-b

be -taken too seriously.

6.4. SUlvll&rflT:

The results presented. show differences between flights of

the oriler '$f 15% in Ï¡lay attenuation lengths L in the atmospÌ,reric

d.dpth intorval 2OO{p -€:7OO grn.crn 2. lnn"o is onLy a small

enorgy d.eÞeudence in L for energies 1O<8.<lBO KeV.

Gooà evidence exists that at thesc d.epths either the

¡rhcton intensity itseif or the photcn-prod.ucing radiation

Fossesses ¿i zenith an¡1re d.ependence. îhis is so because of the

èmpirÍcnl fact thb.t the Gross lransfc¡rmation is founcl to provid.e

a gcorl explanation of the obstlrved numerical relationships betrseen

L values for the activ<-' telescope Èneïg,r charurels, for the

active guard. rates and. for the grad.ed. sh{eldrtcrescope energy

channcls. Iìouever the theoretical ve.Iid.ity of the Gross Trens-

formation when apprierd to secqnd.ar¡¡ ¡hotonF pr electro¡rs at such

Ierge atmospheric clepttrs is guestionablel ,

Comparison of plioton atte¡ruaticn lengths obtained. here wi'bh

those of otþer workcrs shourd be med.e r¡ith care since L ìras been

shovn tc be a funct,ion of enc'r6r, the ce'i;e.ctor configuration, ?enith

angre and. detector acceptance sorid. angre and possibry of time.

sinee the active telescope of this oxperiment',: is beri+ved. to

possess supcr:ior backgroun,:t rejection characteristics ¿r,nd. has a

s¡naLl corrirnator opening angrc¡ it is believed. to give tho most
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aonprabonsivo rêËults to d.eto on directional X-lay flures in ths

atmosphere.

Gomparison of photon attenr¡atlon Lengths an¿L Pfotzer naxlmr¡m

heights vith the correspontlÍng velues of ot'her etnospheríc

racllat,ions does not appear to be a relíeble mothotl of detormining

the generic relationship of photons to the seconilary cosmio

rad.iatlon.
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?.1 flilnoDuclloN

This chapter is basicaily a continuaticn of chapter 6.

the atnospheric t¡aasition curvo wirr be examined. for p<loogm.cm-2,

an important region for the d.eterminatiorr of the d.iffuse cosmic

ïfay spectru¡l¡ The spectrar form of atmospheric xrays wilr be

exarníned. as a function of ttepth, t,ime variations in background.

characteristics wilr be further pursued. and mention wir.r be

made of geomagnetic latítude variations.

7.e TIIE IiIGHFIST ¡.LîITLDES (o<1oO Gti.Ct"t 
2).

The cha¡rnel 3 transítÍon curve obtained. during the ascent,

of the fright YiIL-l-óB has been shown in fig. 6.1. The corresp-

oncling curves for other channers are given for comparison in
figures 7.1 t'o ?.5. rn fíg. 6.1 the approximate background.

contributÍoo" Blo" ( = B"t**Br) and, B"o" or" intticatect where

Elo" i" the local- þckground. due to x-rays of atmospheric origin
(Batm) and to the leakage background (Br) çhich entors un-

d.etected. through the telescopo shiord.ing. These components

are clescribed. more fully in cþapter 6.

The evaluatÍon of the cosmic background cornponent B"o"

at clepths ress tban obout 10 gm.cm-z i. aopun{ent upon its
effective seperation from the locar bockgrou¡d. For channel 3

this separation would not appear to be <tifficutt. However in
the ot'her chennels the relative contributions of B"o" are

consid.erabry smarler owing to the form of the diffuse background.

spectrum and- the spectrar response of the terescope, and. it
is important to makc the best cstimation possibre of the rocar

background.¡
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This hs.s been accornplishect by the loast-squa,res fitting

of an appropriate function to the total background. data poiuts

(t*or) in t,he depth interval 1olp57o gm,cmî] where Btot=

BIo" * B"o"- BIo". îhis least squares fft function is

then extrapolated to balloon fLoat, depth to give a value there

for B, _ . Upon subtraôfion of B, _ from the total background.loc Ioc --
rate, the cosmic component is obtai,ned. This o,nalysi.s

proceclure has been followed. using thc d.ata from the ftights

}IIL-I-68 antt ÞlII-3-69.

7 .2-1 Tra.ns ition crrrwo - I o {n( 70 pm.c -)¡n.

Thrcc different functional forns f¡{nn)hvebeenfittêd to ilato

fron I'ÍIL-I-68 and IviIL-3-69. I'hcse have been respectively

linc'arr (j=tr sêe oquat,ion 7.!) poner law 1¡=2) ancl logarithmic

1¡=3) count rate functions of pressure (see Elua,tion.?.3h,..The ll¡ear I'*¡st

squares method. d.escribed by i{olberg (1967) was used in all

three cases and. the computations were clone on the CDC 6400

computer at the Unívorsity of Atlelaide. The good.ncss of each

type of fit was evaluat,ed. for each energy cha¡rnel by computing

I ,L (n(nr)-n(rif
L -rTñTef-)(. j 'l .1

i=1

where B(pf) ls the count rate at pressÌrre ei, V(Rþi)) is its
statisÌ;ical vari¿rnce, F- (p, ) i" the fit function valuo at pÍ

ancl N is the number of clata points. In the case of PlIl¡-l-68

tlata points for 1O(p < 70 gr."rî2 wcre used..
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For !iIL'-3-69 the float tlepth was greater (4.5 gt.c^-2 a,s

comparerl lo 2.7 gm.cm-z for MII-1-68r see table 1.4s1. As a

result tt¡e locaL background was consÍiterably larger (see figo

7.9) and. a rather less reliable cosmic background. d.etormir¡ation

oould be macle. Consequently it vEìs resolved to use this data

to examine in rletaíI the Blo" "*ttapole'tion-to-float 
procedure

antl in particular, cletermine which form of count rate vs d.epth

fr¡nction was most approprÍat,e..

To d.o this the est,imated cosmic bacþrourrlr B"o"r was

eubtracted from the total bocþround, cl,ata point" Btot in the

interval 4.5 \< p <1O g ."^-2. The ctÍfference d.ata wero

simply values of BIo" which provid.ed. additional points for the

least squares fit proced.ùre. By usíng data from the depth

ínterval 4.5-<p(7O gm.c^-Z í+, was hoped, to obtoin a better

cletermination of the fit function than could. be obtaincd using

the smaller nu.nber of points from the interval 10(p(7O gm. 
"r:-2.

The cosmic background. spoctrum used. to calculrtn B"o"

followed the results of Seward et aI. (tg6Z) who obtained. a

power law with spectral ind.ex * 1.6 between 4 and 40 KeV, anil

the results of Bleeker et, aI. (t97Oa) who found an ind.ex of

,v 2.5 between 20 and. 22O KeY. The exact magnitucle and locatíon

in energy of the ind.ex break is still the subject of speculation,

but for the present purþose it is assumed. t,o be at 38.1 KeV,

almost at the bound.ary of channel-s 2 and.3 for MIL-3-69.

Normalization at 38.1 KeV led to the ad.option of the folloving

spectrura (photons 
"*-2"o"-1 "tur-l ):
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dLE, E<38.1 KeV.

N(E) dE = ..... ¡.cT"2

The telesoope response to this spectrum was calculatetl for

4.5-(p(10 gm.cm.-2 .t"irrg equations 3.6 and' 3'8, the results

fo¡ channet 2 (2g.4 to 39.1 KeV) being presenterl in fig' 7,6.

The inadequacy of using MII-3-69 for a cosmic backgrounil

spectral salculation can be seen from the fact that B"o" ( Btot,

even in channel 2 fot which the expect,ed response is greatest'

(see fig 7.9). The computed' telescope response was then

subtract,etl from the total backgrouncl in each enerry channel

anct the least squa,res fits applietl t<¡ the d.ata ín the <lepth

intervar 4.5-(p(fo gm.c^.-2. For comparison, Least squa.res

fíts were also made to the ciata 1o<p <7O gn.cml2, since ext¡a-

polation to ftoat of these fits is the usual method of tletermining

B_ _ _ experimentally.cos

Linear, power law, and logarithmic functions were used

as triol fits t'o the tlat'a. the functional forot were

[s E-1'6

lroo E-z'5 dE, E )38'1 Kev.

Ft (prB) = ¡(n)p + B(E)

r, (nrE) = l(u¡n B(E) .. '.. . r, ...7.3

F, (n,E) = A(E)torto ( Ëtrl)

where the parameters A(E) and. B(E) were tlet,erminecL by the method-

of least squares for each channel (Volberg 19671.
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Illre gootlness of fit of oach of these funct'ions in each enerry

channel oan be examined by reference to table 7.1 (a) in which

best flt values of :t3 (i = 1 ,2r3, see equation 7.1 ) are compared.

Fits to both the 4.5<p<7o gt."*-2 data and the lo(p<?Oeurr.f2

dat'a are consid.ered.

-2

Cb. Energy
i Bange

(rev)

In table 7.1 b the clata are groupecL into 3 lots of ctronnel

surnss (a) channels O and 1, (b) channels 2lo 8, antl (c)

*
J

per chonnel in each

probability is

channels 9 t'o 13. The overage value of

group is conpoted and the corresponcling

tabulated..

o

1

2

3

4

5

6

T

B

9

10

11

12

1J

10

10

16

I6
16

16

r6

16

I6
I6
16

r6
16

I6

1 0.8-1 9.7
19.7-29.4
29.4-J9.1

39 .1 -48 .8
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126.4-116.

136.1-145.

14.A)

L5.44

29,5J

34.25

2L.87

18.34

)5.O4

27.O9

16.39

18.66

9.41

L5.21

16.2L
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0.43 'QrlO

1.68 1.32

15.2) 1 1 ,gO

17.r5 15.7O

4.79 2.58

4.64 5.54
g.69 8.29

2.82 2.11

11 .94 12.08

8.86 9.62

5.60 432
7.4L B.2L

5.59 6.34

),70 4.88
1

xl'4 4
eed
g

No,"î 44No.
grees
eed.om

*



1 tL3

Concerning tables 7.1 (a) ancl (¡) ¡

(i) lff three functional forms con be msd.e to proirid.e

reasonable fits to both set,s of data¡

since the probabilitisg corresporxling to thc' average varues of
)

T," per charrnel lie vithin the ra.nge O.O5SP*( O.95.

(ii) lhe power law provid.es t,he best fit to the 4.5 -(
-)p<70 gm.crn - d.ata, witl¡ tho logarithr,ric funstion only a rittle

poorer. [he rinear function gives a fit whose gua]ity shows

rapid. improvement in tho high energy ch¿lnnels.

(iii) As rvourd be expeci;ed. there is ress d.iffererrce between

the probabilities of the three differcnt fits to ttre d.ato 10(
,-)p<7a gm.cnr ', since there are fewer experimentar points to

define a fit. once again the improvement of the lineor fit in
the high onergy channels is apr_:arent.

L6
a

a 7

7I6

)

I

a26
o

15
o

0.90
Q.67

6.80
o.47

7.76
o.35

6.2) 6.67
0.5O O.¿15

9,52 B.3l
o,2o o.30

1.O5 0.gl
o.75 0.85

14,76
o.55

07 17 .'t1 17.81
06 0.38 O,J5

12.O
o.29

92 13.OO
48 0.68

10.9
o.38

Àvera.Ee, 9-n'3
Probability

Average 2-B
Probability

Averager O-1
Probability

10 14.73
0.1 5

No
deg
free.
dom

))Yr: lü t't¿t
No
d.eg.
free-
clorn

'tI

,qrï 4
Channe| group
Avg. 2(" &
Probability

I
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7r2 
" 

2 . Extrgpo l@oet__èr.Éh.

In view of the uncertaínty involved. in the choÍce of fit

function, it is of interest to see vith how much reliability the

clifforent functions extrapolate to float depth. Since in what

follows in chapter B, the fit to the d.ata in the ctepth range

1O(p<?O gm.cml2 will be extrapolated to f loat, we wish to

examine the agreement, especiolly at float, pressure, betweenl

(f ) the curve of best fit for 10<p<7o gn.cm:? and

(Zl the curve of best fit, for 4.5 -(p 17O gm.cnil

using the MIL-3-69 channel 2 d.eta frorn fig. 7.6. These two

curves, a logarithmic function for (1 ) anct a power law

for (2) (see table 7.1(a)) are cornpo,red irr fig. ?.7. Also

plotted. is the poïer lav fitrcurvc (3), to the 1O ( p<7C gr,.cm-2.

clata,.

It can be seen that the logarithmic function gives a

progressively poorer extrapolation as float is approached.¡

comparecl vith the actual variation of BIn", vhÍch is closely

d.escribed. by curve (2). The logarithmic function thercfore

is rather unsetisfactory for the purpose of predict,ing the float

value of BIo". Thc polfeï lan fit (f) to the lO(p(?O gm.cm-2,

data hcs only a marginally smaller ¡2 probabiLity and. is seen

to result in an extrapolation-to-float, vaLuc vhich is in much

bet'cer agreement with the calcultted. form of B,Ioc
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lhe float extrapolation valut Blo" (oxtrap.) for oach

type of best fit function (locp<7O g*..^-2) is compared'

with the calculated flo¿r,t value of 8lo" ( = Bro* - B"o") as

a function of cnerry in fig. 7.8. The residual

Rj= (utot-n"o") -(Bro"(extrap))r, i = 1r2r3,

Ís plotted against energy for each fit F. (i=1r2r3).

. ExanrÍnation of fig. 7.8 shows t'Ì¡at althougLr the errors

on each B. are large the resid,uals B, corresponcling to tlie power

law fÍt provide the closest' agreement vith the calculated.

value of BIo" over the cornplete ran¿îe of energies from 1O.B

to 145.8 KcV, and positive and. negative values appear with

almost, equal frecluency. In contrast, the logariÙhmic fit geo-

erally has residuals IÌ, of larger magnit'ud,e snd rnostly of positive

sÍgn, inc!,icating that F, gives less reliable resuLts ancl

fr¡rther that extrapolatetl values thus obtained. may be

systematÍcally smaller ttran the ¿rctual- values of Blo".

îhe linear fít {l be}raves in the opposite fashion, yielcling

a majority of negatÍve resíiluats R., which intlicete a systenatic

overestirnate of the float value uf Bto". However it is to

be notecl tùrat for channel B and. above, the resicluaLs 8., become

very close to zero¡ ancl that

13

In
i=B I

s-L (¡s ,1 
2

, [t", to'r)] '1t
ï.

!.

where AE
1

d.enotes the í tlr enerÍnr channel.
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Ttro linea¡ fit tùrerefore rivals the power larr at higher

energies in giving an extrapolatíon-to-float in close agreement

vith B,^-. However at the lover energies, the polrer law isloc

clearly the better choice.

Further observational eviilence in support of this appa.rent

energJ¡ depenclence of ttre type of fit function, wiLl be presentecl

in chapter 8 using the d.ata fron the flight l'1IL-1-68.

7 .2.3 Discussiont

It Ís thus concluded that from about' 10 to l5O KsV, the

polrer law probably provid.es the best fit to the count rates

as e f u.nction of residual pressure for p (.7O gr.o*l] while

the linear fit is also satisfactory at the higher energies.

Although the logarithrnic fít has a. compara,Ufe # probability

in the int,ervol 1O< p(?O gm.c^l? ¡+, gives an extrapolat,ion

into the region p(1O g*."rî2 which lies consitlerably below

the expected. va¡iation of BIo" *ith pressure.

Bleoker et aI. ('t9ø0, 1968, 197oa) and. Kastrüi Bangan et al.

(tg6g) fountt ttrat power law fits to their d.ata providect the

best extrapolat,ions to floot d.epth. Bleeker et al. (tg7Oa)

found. their power law exponent to lÍe between O.3O and O.4O

and. to be ind.ependent of energy ancl geornagnetic latitude.

Nothin¡J can be said of the latitud.e d.ependence from our result,s

but the exponent value of !lIL-3-69 is approximat,ely energy

ind.epend.ent with a,n û.verage val-ue over aII energy channels of

o.32 for both sets of data (a) 1o(p (Zo gm.cmTz ana (t)

4.5-(pqJO gm.cmîz the IviIL -1-68 d.ate olso yield. an average

exponent of O,J2.
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A porer larr is also consistent vith the ctata of Riegler (to0s1

gIlhgugh tþlp pu.ühor prefçrrcd to use tÌ¡o funotl'on

F(p) = A exP (- *) - B exP ( -ü)'

It is not consistent with the data of Brini et aI (1965) vtro

used F(p) - A-B exp ( - bp), or of Peterson (lgøl) who usetl

F(p) = Ap+B' It is also at variance with the theory of electronic

cassade showers result,íng frc,m ¡f decay, which preclicts a

Iinear variation (Hayakawa 1969a1'

7.3 ENEiIGY TOSS SPECTR/^'

The uncertainties involved' in applying correct'ions to

índ.iviclual cha¡rnelrotes to derive an absolute atrnospheric x-

ray spectrum have been mentioned' Hence the spectral ¡esults

presonterl in this section refer to active telescope pulse

height rlistributions (or NaI(11) enerry loss spectra)

rather than -to absolute photon intensitíes. conclusions can

however still be draçn.

7.3.1 . Fulse HeiP,U@

FíeToshowsenergylossspectraobserved.tlr¡ringMII-I-68

an¿ ìtIL-3 -69 øt tliff erent otmospheric ttepths (slant tlepths

for l"ÍII-1-68). The ortlinat,e is counts per 64 frarnes (64 framos

=256sec)perenergychannel.Ihereísreasonableagreemen,o
between the two flig,hts at lov altitucles but with íocreasing

heíght a dramatic intensity difference becomes appalent in the

energy range 20 < E ( 8O KeV.
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Since the two results come frorn the sarne detector rvhose

spectral response function (equation 3.6) was essentially the

ser¡re for both flights a¡rd. vhoge correct opcration on both

occasions has been verified, it is ap1:arent that a real time

variation occurred. in the rodiotion environrnent from wÌrich the

teLescope background originates. Spectra from IviIL-1-69 and

l"iIL-2-69 are in close agreement wíth the I,IIL-3-69 results.

Comparison of G.S. telescope background.s betwcen the ftights

tvlll-1-68 on one hon<l oncì itill-1-69 and. MTI-Z-69 on the other,
is d.ifficult since thc cletector o¡rening solid ângle ¿nd al¡o the

shieltling efficiencv were different.

Environmcntal cond.itions d.urÍng each fli¡1ht are tabulated.

in table 1.1.(b) an<l the 3-hourly KU indices d.o reveal a

greater geomagnetic d.isturbance fr¡r ÌlII¿-i-68 than for the

other fligltts. Hcwcvcr a rocar geornagnetic rigictity change of

even cxcel:tionarry 6;reat sizc shourd. l¡e quite unabre to procruce

the observed. clifference in buclqrou¡rd, intensity of about o

factor of 5. coqparison of the active uelr ra,tes for the two

frights revears rittle cì.ifference (ríg. 7.1o)¡ o fact whÍch is

Cifficult to reconcile with any h¡rpothesis of real time variations

of atrnospheric rad.iation. The presence of radioactive d.ebris

as fcll-out frorn nucrear wearron tcsts is such a h¡rpothesis, The

intensity difference observcd in fi¿-E. 2.9 ttus has not yet

been satisfactorily explainad..
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For E I 20 KéV onrt E )too I(eV the intensity agrees well

between flights but at interrnctliate energies a¡rd a,t pressures

between 3OO ontl 10 gm. "^.-2, the ÙlII-1-68 pulse height

clistribution is almost flat, while that' of MII-3-69 closely

follows I power law dependence of the approximate form E-o

whero n-¡l.1 for 1@-(p 53oo gt."rnîl and n¡¡l.3 for

4.5<pÉloO gt. "tîl implying a softening of the atmospheric

X-ray spectrum at ttre highest altitudes.

the lor¡ MIL-I-68 background, coupled t¡ith the small resid'uol

pressure of ceiling altitucle (2.7 gt."t-2¡ rnacl.e MIL-1-68 an

itteol flight from which to examine the cosmic diffuse backgroured.t

and. this wiII be described in the foLlowing chapter. Àt float

srltitutte the intensities on the two flights show closer agreoment,

presumably ctue to the ¡¡reater contribution of the cosmic tliffuse

background B--- to the MIL-I-68 counting rates. The relative- cos

contributions at float attitude of B"o" in MII¿-1-68 and MÍI-3-69

are shown in fig 7.9.

7.3.2. Snoctral colour inclices¡

The apparent background spectral softenin¿l at depths .-(' 16tg

-2
Bmocm " remarked upon above, is seen to better advantage by

clefining colour indices (Ilaymes et aI. 1969),

, . -i lle ctefine the following ind.ioes:

I
(P)

+ .15
-<r¡r = T.Pirpr ,' \139

R

B

F rp, = Ë nr,p, /f R,<¡r
¡=5 i=9

Ytpr = å n;r,,/ Ë_ R.rp)í=z I

f'1rL- t-69



r50
t3

*o(P)=Rotpr /irR.t¡r
mtr3-6e <(P) I R,,Þ

aÊl I t

R¡tp)
+

a
t3

,et'Pr= E Rirpr
l'9

/L/ i=9
R .( p)

th
where n.(p) Ís the cor¡nt rate in the í

t-
-2resiôual Pressìrre P gm.cm'

cnergf channel at

the pressure varíation of these indices is plotted in fig'

7.11. The spectral softening at hlgh altit'udes is evident in

both flights and is supported by results obtainect' in the other

flightsforbotlrtheactiveand.gra<led.shielcttelescopes.The

degree of softening ís olmost intlepentlent of töe cosmic diffuse

backgrounil contribution and for MIL-3-69 the effect has been

estimated. to be less than 676. ltre obsen¡ed spectrar softoning

is in agreement with the results of vette igaz\ ancl Haymes et

ar. qtso:),

?.3.3. FPcctral stJucture'

Very little structure is seen to be superposed' upon the

spectral contínuurn of fíg. 7'9' The most' dístinctive featr¡re

aïrlears at the lovest altítudes at about 8o KeV and has not

receivecl an explanation. There ís also a suggcstion of an

€nbancer¡ent above the continurrm level betrseen obout 50 and' 60

KeV but this is not statistically significant. If it is realt

a possibÍlity ís that it results from the inelastic scattering

of fast (1 to 10 MeV) secondary neutrons Uy 1127 ,ruclni in the

Naf(ff) crystal, since a cleexcitation g&mma ray has been

observed at about 6O KeV in laborat,ory scattering experimente

(Van Loef and L,incl' 1956).





00900¿

( - is3 'ou¡6 )
{-

001 0ç

3ErìS53ëd lvfì0ls3u
0¿ 0tI¿

I

z

t

,T

s'0

8'0

ooacc o ooo:o 
E g g 

: 
g

x

x

x

x
o

o

x

x
\
\

xx

o

o

o

o o

o xxtxx

0

o
o

o
x

o

o

x

Ð

x

( 3d03s313r

x

xx
un0l03 rN33sV

þ

3^lI3V) S33l0Nl

B6'T-IF¡ R

xx
xx

E

o eo
ooo'

a

x

o

o

x

o

o

x

o

o

x

o

o

t,

o

o

x

o
o

x

o
o

/
)c

0

xx

a
o

þ

o

o

€)

x

o

o

x

o

o

69-€ -11ûrìl

xx

o
o

o

o

x

o

o

€'l



L'I

No other 1127 d.""*citation lines vould be observed Ín fig.7.9

as they tie at energies great'er than t'he energy interval analysetl'

Therehasbeenspeculationastowhetherthcsehigherener6¡

lines have been observetl by other ballonn experíments (Cfrupp

et al 19671 19681 1g7}t Haymes et al-' 1969) but no satisfactory

conclusions coulcl be reached. Theoretical calculations a'rgue

against a significant effect of this type¡ as is the case for

thermal neutron capture effects also (Vett,e 1962\. Neutron

interact,ions with air molecules e.g. ("t ü ) capture reactions

and inelastic scattering are also thought to be insignificant

(Peterson 1963).

ThereareotherpossibleoriginsfortheexÍstenceof

atmospheric ganrrna ray 1incs. For exarnple¡ Rrrst et' al(1900)

have reportecl observing at hi¡¡h altitude a line at 660 KeV and

attribute it to the contarnination of Cß197 ín nuclear foII-

out d-ebris. Chupp et aI (lqAZ) have also been led to believe

that suctr fission prod'ucts are instrumental in prod'ucing line

sources of garnma rays at ballo<¡n altitucles. there is also the

possibilityt,hatlinesmayresultfrominteractionsofcosmic

rays with the ctetector shield.ing masses '

The uncertainty evid.ent in these spectral moasurements

ca,n only be resoLvecl by performir4l experigrent's with much

improved. enerry resolutit¡n usín6, say, Ge(I'i) detectors

(llomack and. Overbeck 196ß).
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7.4 TtrMF] VÁR,IATIONS:

Flight-to-fltght variations of certain characteristics of

the atmospheric racliation envirorunent have been d.escríbetl already.

Exanples have been attenuation lengths for 2@ <p(700 6rn."tl2,

altitucles of transition rnaxima, and. back¡¡round. pulse height

ttistributions. Cne peculiarity which has not yet been discussed

and. whích has appeared d.uring the flights MII-1-68 and. NIIL-3-69

only, has been a count rate increase in the lor¡ energy eha¡nels

at clepths of 2B I 5 gm.cm. 2r corresponiling to a time interval

of +1O minutes. fn MIL-1-68, chonnel O was subject to register

overflow problems vhich led to some ambiguity in the d,etermi¡ration

of the transition curver Hslr€ver¡ the dato for the charurol 1 a,re

to be seen in f ig. 7.1 . The channel O count rate for MIT'4-69

wos not great enough to cause overflow problems and. the results

for it antl channel 1 are shown in fig. 7.12, Some of the higher

energy transition curves for both flights aleo su¡¡gest this

feature but at a statistically insignificant level (see figure 6.1).

There was no significa,nt effect in the act,ive guard. rates (tlg. 7.1O).

the possibility that the variations resulted, from corona rlischarge

in the central cletector livl tubes can be rejectecl since vacuum

testing perforrnecl prior to each flight failect to fincl any such

malfunction.

The only racliation for which a transition rnaximun has been

observed. at ebout 3o grn .cm-2, is the seconclary neutron flux

resulting from the interactions with the atmosphere of energetíc

(àtOO MeV) solar flore protons (Smitf¡ et aI L962, L,ingenfolter
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and Flomm Lg64, Groen¡il1 et elo 197.0)" This effect is only

observèd. d.uring solar proton evonts.

Hayrres (tgA+l observed,.is¡a,rp tine-correlatotl intensity

íncreases for both fast, neutrons &nd gamma rays (gammas O'47 tO

3.5!ieV) while at a ceiling altitude of 4'7 gr.'cm'-? ' No good'

explañat:ton coulcl be forurcl for theSe variations since no solal

flares of greater than importance 1 were reportetl and ttre geomagnetic

fielå was quiet. Haymes et aI (tgOg) also remalkecl that events

as sma]I as subflares ma,y protluce sufficient hard. racliation

to cause second.ary photon intensity variations at balloon

alt,Ítudes.

There was little solar activity ancl no solar proton events

whích correlat,ecl vith MIL-I-68 or MII-3-69. Consequently if

the time variations arc solar-controlled, they must be associat'ed'

with small events such as subflaresr as suggestecl by Haymes

et aI (f g69). h¡rther since the above-rnent,ioneð neutron dat'a

were taken cluring the solar proton events, there a're no groun<ls

for Íàentifying the observed. Ï-ray time variatÍons with neutron

effects. No significant background time variations were observeil

while the balloon floatett at ceiling altitucle cluring eíther

flight.

?.5 GEOlvrliGNETIC IÁîITUDE VJTRIATIOIJS:

Since the prevaíting winds at - 4 gm."m-2 u'bot'e Mild'ura

are either eosterlies or rvesterlies, little variation in geomagnetic

Iatitu<le occurs for the balloon tluring a typicat ftight. For

example, MiLctura has a geomagnetic latitucte of 44.ooSr with a

rate of ehange of O.1o per tl.egree of geographic tongitud.e (Finch

and Leaton 1967).
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Henoe a t¡avers of 2Æ roiles or 40 of longitude to the east or

ltest resurts in a geomagnetic rotitude cl¡ange of n o'5o irnpLying

a change in cut-off rigitlity of vo.' Grv. In vÍew of this

sma}l variation, no attempt has been macle to determine t'he cle¡r

enclence of atmospheric Xray intensity upon geomagnetic latitude.

Other results have been given by Bleeker and. Deerenbeg (t97Oa).

7.6 CONCI,USIOI{S:

ft has been shown in this chapter thet:

(t ) Linear, power law and. logarithmic functions of pressure

are all goocl approximations to the atmospheric background

("ro") transition curves ín the pressure interval

10(p(Jo gm.cm-z. However for p(1o grn.cm-2 ùh"

Iogarithmíc fit eppears to extrapolat,e to values which

are too small. With respect, to extrapolation the power

Iaw is the nost satisfactory over the complete eoergy

ra,nge and there is evidence to believe that the linear

fit is acceptoble at the higher energies. However its

Iow energy performance is not as goocl as the power law¡

(Z) ffrere rùas a significant d.ifference in the intensi-by of

B, observed. ín February 1968 and' April, liay ancl August
loc

1969, This d.ifference was about a factor of 5 in the

pressure interval 10( p<3o0 gm.crn -2. and, the enerry

interval 20 < E(80 KeV. IiIo such difference wa,s observecl

in the anticoincirle¡rce weII rat,e for the d.ifferent flights.

The pulse height d.istribution in February 1968 r¡as alrnost, flat'



r.5ä

while Ê power low r¡as a good approximation to the 1969

d.aùa.

(l) TUere Ís a spectral softening at pressures

adr
(+) ¿n intewity enhance¡nent

of 28 t 5 gm.cm-2 and at

was obso¡wed. on MII-1-68

other flights. No effoct

guarð üates.

-2
p (1OO @nlroIIt¡¡'

of uncertain orígin at a depth

energies less than about 2O KeY

antl Ùl"IL-3-69 but not on the

was observetl in the entÍcoínciclence
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Tab1e 8 l: Soeetra tr¡o diff trnnsition curve fíte
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8.2.2. Spectral resrrlts

It is therefore eonclucled. that fig. 8.3 gives the best det,ermi¡sbion

from this experiment of the diffuse. oosmic X-ray backgror:ad. It is

statistically eonsistent with the other mea,surèments ptotted on the

same' graph, Hor¡ever, the large error bars reflest tho d.isaclvantage of

using the actíve telesc6pe for diffuse background worh vhich results

from tìre small geometric factor of - t.+ cn? ster. which is between 5

ancl 1O tí¡nes less than is usually employecl in this work. In particular, it

is not possible for conclusions to be drawn with respect to any change

of spectral ind.ex within the observed energy ra,nge.

' I'Iote shoulal be mad.e that a srnall correction rnust, be made to the

results of this experiment and also to the other data. points on figs.

8.1, 8.2 antÌ 8.3 r¡hich were obte.ined from balloon experiments (i.e. all

exeept Malzger et al. L964). Ìfakino (fqZO) has very recently poínted

out that failure of balloon experimenters to allow for the

cont'ribution of atmospheric Conpton sc¿¡ttering to the d.etector count

rat,e has resultetì. in intensity over-es-bima.tes of about 2Ø" to 4Ú" ¡n

all results published tcr date. the necessary correctirn factor is

almost energy Índepenclent and vories from abcut O.85 for a float

ctepth of .- 3 gm. "ñ2, to about o.65 c¡t IO gm. "ñ2.
8.3. GÂLACTIC DI]¡}USfl X-I¿ÂYS

The question of the c'xistence of a high energy ,vr-rftf, anidropy

in the direction of the galactic plene has been investigated. Ât

energies ) 5 äeV, the galoxy is transpi¡rent to X-roys and no anisotrolÐf

is expected for a background flux of entirely extragolactic orlgin.

Ilowever, the concentration of motter and. photons in the gelaetic dise
rnayleatl to enhanced. )Lrayemission at lovgalactic latituües. I.laras-shi et ¿¿1 (lgøll



ioi
have shown that this is possible a.s a result of interactions of galactic

cosmie ray erectrons with matter (bremsstrahlung) or with the loK' antl

starlight photons (inverse compton effect). They predict a galactic plane

anisotrop¡r t f - Jt*#, of betrreen 1 and' LV/o depend'ing on ttre form

of the rÌemodulated galactíc electron spectrum. Âlso the recent' discovery

of intense ¿iffuse galactic infra-retl radíation (Shivanandan et a1' 1fe0A) t

Houck and Hnrwit (fgeg), Ipavich aurl Lenchet (fgZO))has provi'ctetl another

possibles'ourceoflowenergyphotonsfortheComptonprocluctionof

galactic X-rays.

It is thus of interest to determine obseÌvationally whether t'here is

an anisotropy ín the dtiffuse x-ray backgrountl, oriented relctive to the

galoctic Plone.

8.3.1 Gclactic ?ls,ne anisot'roPv

A galactic lat,itutle survey vos corried out for MIL-I-68 in the

longitucle range izoo < lII< 4oo en¿l for energíes 2'l to 6? KeV' Regions

of the sky containing resolved cliscrete sources vere exclutlecl from the

analysis. the sky rras tìivicled, into two parts for the purpose of accu '-

rnulatingcounts.Oneoft'heserthegalacticplaneregion'includedall

telescope axis dírect,ions for vhich the galactic latitt'de bII satisfied

the requirernent lotl <1oo' The other was for dÍrectiont lorlf )1oo' out

of the galactic plane. counts in each region r¡ere acld'ett together without

subtracting the non-cosmic terescope backgrouna (BllciJ to obtain an

aveTs,ge total count rate (" 
nJ. 

the tr¡o total background rates (corrnts

per franne of 4 sec. duration) between 27 antl 67 KeV r¡ere

< too) = 4.46! ! o.ogz

>roo) = 4.L79 l o.org
B

rtl
ttl

(lb
(lb

tot
totB
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The urcorrectetl X-ray emission from the galactic plane is therefore

,ß= o.ZB2 ! o.lo9 counts per 4 secon¿ls, since the atmospherÍc X-ray anil

terescope reaSage bacltgrounds aro ind.epend.ent of brr. This d.ifference is

2.6 standard. clevia,tions above that expected for an isotropic flux and ís

significant at about t}re 99" confidence level. The atrisotrolrJ¡' factor

is given by { =
< 1oo) '

which gives r*:= (I7.5! g.>)y'".

If insteað of using I ¡Ul = 10o as the criterion for sorting counts,

I ottf = r5o is used, the rtifference A becomes o.o7l o,09 counts per 4

geconcls, ancl the 2.6Cranisotropy has become a null result. This factt

together with the serious problem of un¡esolvect discrete sources in the

analysis interval SZOÛ< lII<4Oo (containing the galactÍc centre) sugeests

that the observed anisotropy is not the result of a cliffuse flurç.

The contribution fron unresolved ôiscrete sources can be estinatecl by

assuming thnt they nrlnber about IO, have spectra simil'ar to that of

Sco X-1, ancl intensities of about I photon ctl2 se"ll b"t*""r, I ontt I KeV.

(Mayer et aI. lrgT}, Gur.sky et aI, L967). Each soÌrrce is estimated' to have

been wíthín 40 of the telescopo axis for about 300 seconcls iluring the

flight. Extrapolatíon t,o the energ¡ interval 27 t'o 67 KeV predicts a

contributÍon of ., I00 counts to the total accummulated cor¡¡rt from the

directíon" I Ottl < loo during the flight, this is in gooil agreenent, with

observation since the observed. disc contrlbution of O.28! 0.lI counts P€r

4 secontls from ^,2OOO seconds of àato, corÌesponds to a total eccuruoulation

of laoj 55 counts.

Â1so the University of Leicest,er group has recently withd'rawn a'n

apparent apisotropy ín the range 22Oo < III < JZOo of -5Ø" (CoOke et al.

1969) andl have replacecl it wíth Dn upper limit corresponding to a line fltuc

B rlu
cos '1
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<LØ" of that originally claimed., owing to the ¡esolution of the region

concernecl into a nu¡ober of d.iscrete eou¡cos (Cooke ond' Pau¡d"g I9?0).

Conseguently it is preferable to interpret the above reeulte in tcrns

of an upper limít foro( , which at the 30/leve1 ís gíven þr

aL $ )V/,.

This result is al¡oost ind.epentlent of the functional forn use'l in

extrapolating background rates to float.'

It is of interest to comps,re this result r¡ith those obtainecl by other

workers who he¿ve attemptetl to fincl an X-ray anisotropy nith respect to the

galactic plane.Sewarcl et al. (rgOZ) examineè the intervel 85o 1. lII< 13Oo

at photon energies betçeen 4 and, 4O KeV ¿ntl were unable to d'etect any

anísotropy greater than the uneertainty due t,o their counting statistics

vhich were deternined t,o about tQy'o (one standor¿l devietlon) ' On this

basis they reportecl the cosmic background to be isotropic to wíthin l@

anil this is essentially a, one sigma reEult' Gorenstein et aI. (fgeg)

examinecl IgOo < 1II< ljOo between L and 13 KeV and determinedl that the

background. was isotropic to vithin Ùy'" in the same mannef as Sevard et aI.

ho¿ ctone. Bothenfl¡& et al. (196S) observed 1.6oi o.35 photoo" "tl2 "."1I
ster]I betveen 20 ancl 80 KeV from the Cygnus region of the galactic plane,

anrl I,721 0.16 photons cm:2 """1I sterîl from the galactic pole an<L noted

that thero ïas qo ttiff,etrence within the errors of the counting statistics'

They conçl.udled in thg seqg v*y as had Sewartl et ol" ancl Gorenstein et al.

that thq ttiffuse flux vas is9tropio to lri.tbiq ?uî, øtot'her one sigma result'

In opder to make a fair conparioon rr+th these other results, the

¡esult of this exper{ment shoultt be quotetl at the one sigma leve1 also.
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Hence it is conclu¿ed that for energies 27 <.8(67 KeV and for galactic

Longitucles 3ZOo < LII< 4Oo, the d'iffuse backgrounil ls isotropic wltb

respect to the galactic plane to wíthin 1Ø' This result is conlmreble

with those obtained above by other gloups. Ehe regíons of sky fron which

the varíous neasurements we¡e taken a're shown in figure 8'4'

8.3,2. Garlactic IirB flux

otherworkershavepreferre<ltopresenttheirresultsintermsofa

clerived line fltuc in the galactic plane, rether than as a value for the

degree of anÍsotropy, a( . In this experíment the act'íve telescope ¡espollEe

factor for a line sot¡¡ce passing through the centre of the field of víew

is 8.44 "t? t"d. Using this the uPPer linít (tO) for ¡he intensity of o

line source in the galactie plane ís 7.26 x 1O4 photons-ctl2 """1I 
feVll

""i;t 
between 27 a¡¡d.67 Kev ¿ncl for longitudes Jíloo '4 1rr'4 4oo' This

upper limit assu¡nes a thermal s¡rectrum with temperatu¡e IO Kev, after

Bleeker ancl Deerenberg (fgZOU).

Itisplottectinfig.S.5alongrriththeresultsofBleekerand

Deerenberg (fgZOU) for l3oo .- LIÍ ¿ 1600, 20 1E<80 KeV, a¡d' of Scbwartz

(fgeg) for I3Oo ¿ tII.- 1600, 22Oo< fII<" 24Oo, 7.7 <. E 4I1O KeV. The

uppor limit shown for the Leicester results is an estimete basecl on their

report (Cooke ancl Por¡¡rd,s 1970) that cliso¡ete Eor¡rces can account for more

l:¿inangØoofthepreviouslyreportetl(Cookeetal.1969)tliffuseflr¡:<

betveen I.4 ancl 18 KeV at22Oo ¿ III< 32Oo. lhe results of Schwartz

(1969) have only reachecl the author seconcl-hen¿ but it is interesting to

note that the significant point between 717 8,nð' L2'5 KeY shown in fig' 8'5

has been Ínterpretetl by many otirers (e,g. Vette et al' f97O) as an uPper

limit, presumably d'ue to the rrncertainty of the unresolved. tliscrete source

contribution'
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Thus no detection of a significant gala,etio x-ray line flux has yet been

mad.e in the energy range I { E -( 80 Kev. This resurt does not conflict
with any t'heoret,ieal predictions (Maraschi et ol. Lg6T, rpavich and.

Lencheh LgTo), ancl greater instrumental sensitivity is neecled to push the

obsarved upper lirnits to smaller valrres, 'Ihe observed. galactic line fl-r¡x

at 100 KeV (Ctark et al. 1968, Lg6g, Garmire L}TO, I(nlffen and Fichtel

1970) cau be explainecl by eithcr pion decay resulting from interstellar

¡rp int'eractions, or compt,on seattering of galactic erectrons on the

submirliûretre far-infra-red. radiation (rpavich and. Lenehek t9zo, steeber

antl Stecker 1920, LongeÍr and. Sunyaev I969b). However, neither of these

mechanisms is expect'ed to contribute a flux at X-ray energies which is
obseryable with present instrumentatiou.
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